
 

American Academy of Orthopaedic Surgeons 

 

 

Supplement to the Diagnosis and 
Prevention of Prosthetic Joint Infections 
Evidence-Based Clinical Practice 
Guideline 

 
e-Appendix 2 

 Study Quality Evaluation 
 Summary Data Summary 
 Detailed Data Tables 
 Excluded Literature 

 
 

This supplementary material has been provided by the authors to give 
readers additional information about their work 



  

  

 

Contents 
Risk Factors Section............................................................................................................................................................................................... 11 

Quality Evaluation Table 1- Non-Modifiable Risk Factors Prognostic Study Quality .....................................................................11 

Quality Evaluation Table 2- Modifiable Risk Factor Prognostic Studies .........................................................................................13 

Figure 1: Summary of Findings-Obesity ..........................................................................................................................................17 

Figure 2: Summary of Findings-Cardiac disease .............................................................................................................................18 

Figure 3: Summary of Findings-Immunocompromised Other ........................................................................................................19 

Figure 4: Summary of Findings-Immunocompromised transplant ................................................................................................20 

Figure 5: Summary of Findings-Peripheral vascular disease ..........................................................................................................21 

Figure 6: Summary of Findings- Inflammatory Arthritis .................................................................................................................22 

Figure 7: Summary of Findings-Prior joint infection.......................................................................................................................23 

Figure 8: Summary of Findings-Renal disease ................................................................................................................................24 

Figure 9: Summary of Findings-ESRD (kidney failure) ....................................................................................................................25 

Figure 10: Summary of Findings-Liver disease all ...........................................................................................................................26 

Figure 11: Summary of Findings-Liver disease cirrhosis .................................................................................................................27 

Figure 12: Summary of Findings-Liver disease Hepatitis ................................................................................................................28 

Figure 13: Summary of Findings-mental health .............................................................................................................................29 

Figure 14: Summary of Findings-Alcohol Abuse .............................................................................................................................29 

Figure 15: Summary of Findings-Anemia........................................................................................................................................30 

Figure 16: Summary of Findings-Smoking/tobacco use .................................................................................................................31 

Figure 17: Summary of Findings-Malnutrition ...............................................................................................................................32 

Figure 18: Summary of Findings-Diabetes ......................................................................................................................................33 

Figure 19: Summary of Findings-Uncontrolled diabetes ................................................................................................................34 

Figure 20: Summary of Findings- Obesity:bariatric surgery ...........................................................................................................35 

Figure 21: Summary of Findings-Drug use ......................................................................................................................................36 

Figure 22: Summary of Findings-Recent infection: Urinary Tract Infection or Asymptomatic Bacteriuria ....................................37 

Figure 23: Summary of Findings-Active infection at other sites ....................................................................................................38 

Figure 24: Summary of Findings-Active thromboprophylaxis/anticoagulation state ....................................................................39 

Figure 25: Summary of Findings-Immunocompromised HIV .........................................................................................................40 

Figure 26: Summary of Findings-Age ..............................................................................................................................................41 

Figure 27: Summary of Findings-Dementia ....................................................................................................................................42 

Figure 28: Summary of Findings-Poor dental health ......................................................................................................................43 

Figure 29: Summary of Findings-Institutionalization .....................................................................................................................44 

Figure 30: Summary of Findings-Autoimmune disease ..................................................................................................................45 

Table 1: Obesity ..............................................................................................................................................................................46 

Table 2: Cardiac disease .................................................................................................................................................................68 



  

  

Table 3: Immunocompromised Other ............................................................................................................................................77 

Table 4: Immunocompromised transplant .....................................................................................................................................82 

Table 5: Peripheral vascular disease ..............................................................................................................................................84 

Table 6: Presence of inflammatory arthritis with or without the use of biologics/immune modulating drugs ............................86 

Table 7: Prior joint infection ...........................................................................................................................................................99 

Table 8: Renal disease ..................................................................................................................................................................100 

Table 9: ESRD (kidney failure) .......................................................................................................................................................108 

Table 10: Liver disease all .............................................................................................................................................................111 

Table 11: Liver disease cirrhosis ...................................................................................................................................................114 

Table 12: Liver disease Hepatitis ..................................................................................................................................................115 

Table 13: Mental health ...............................................................................................................................................................118 

Table 14: Alcohol ..........................................................................................................................................................................121 

Table 15: Anemia ..........................................................................................................................................................................124 

Table 16: Smoking/tobacco use ...................................................................................................................................................127 

Table 17: Malnutrition ..................................................................................................................................................................132 

Table 18: Diabetes ........................................................................................................................................................................134 

Table 19: Uncontrolled diabetes ..................................................................................................................................................145 

Table 20: Obesity:bariatric surgery ..............................................................................................................................................149 

Table 21: Drug use ........................................................................................................................................................................151 

Table 22: Recent infection: Urinary Tract Infection or Asymptomatic Bacteriuria ......................................................................153 

Table 23: Active infection .............................................................................................................................................................155 

Table 24: Active thromboprophylaxis/anticoagulation state .......................................................................................................156 

Table 25: Immunocompromised HIV ............................................................................................................................................158 

Table 26: Age ................................................................................................................................................................................161 

Table 27: Dementia ......................................................................................................................................................................174 

Table 28: Poor dental health ........................................................................................................................................................176 

Table 29: Institutionalization ........................................................................................................................................................177 

Table 30: Autoimmune disease ....................................................................................................................................................178 

Intra-articular Injections Section .......................................................................................................................................................................... 179 
Quality Evaluation Table 3- Intra-articular Injection Observational Studies ................................................................................179 

Figure 31: Summary of Findings-intra-articular injection vs. No intra-articular injection ...........................................................180 

Table 31: Intra-articular injection vs. No intra-articular injection ................................................................................................181 

Preoperative Diagnosis Section ............................................................................................................................................................................ 189 
Quality Evaluation Table 4- Preoperative Diagnosis ....................................................................................................................189 

Evidence Summary: Serum ESR ....................................................................................................................................................193 

Table 32: Summary of Findings- serum ESR .................................................................................................................................195 

Table 33:  Serum ESR- Knee ..........................................................................................................................................................197 



  

  

Table 34:  Serum ESR- Hip/Knee ...................................................................................................................................................198 

Table 35:  Serum ESR- Hip ............................................................................................................................................................200 

Figure 32:  Meta-Analysis ROC Curve – ESR 30mm/HR (3 hip and 3 knee studies): ....................................................................202 

Figure 33:  Meta-Analysis Forest Plot- ESR 30mm/HR (3 hip and 3 knee studies): ......................................................................203 

Figure 34:  Meta-Analysis ROC Curve – ESR 30mm/HR (4 hip studies) ........................................................................................204 

Table 36: Meta-analysis statistics: ESR 30mm/HR (4 hip studies): ..............................................................................................205 

Figure 35:  Meta-Analysis Forest Plot- ESR 30mm/HR (4 hip studies): ........................................................................................206 

Evidence Summary: Serum CRP....................................................................................................................................................207 

Table 37: Summary of Findings  serum CRP .................................................................................................................................209 

Table 38:  Serum CRP- Knee .........................................................................................................................................................211 

Table 39:  Serum CRP- Hip/Knee ..................................................................................................................................................213 

Table 40:  Serum CRP- Hip ............................................................................................................................................................219 

Figure 36:  Meta-Analysis ROC Curve – CRP 10 mg/L (3 hip and 3 knee, 1hip/knee studies): .....................................................221 

Figure 37:  Meta-Analysis Forest Plot- CRP 10 mg/L (3 hip and 3 knee studies): .........................................................................222 

Figure 38:  Meta-Analysis ROC Curve – CRP 10 mg/L (4 hip studies) ...........................................................................................223 

Table 41: Meta-analysis statistics: CRP 10 mg/L (4 hip studies)...................................................................................................224 

Figure 39:  Meta-Analysis Forest Plot- CRP 10 mg/L (4 hip studies): ...........................................................................................225 

Evidence Summary: Serum ESR + CRP ..........................................................................................................................................226 

Table 42: Summary of Findings  serum ESR + CRP .......................................................................................................................227 

Table 43:  serum ESR + CRP- Knee ................................................................................................................................................228 

Table 44:  serum ESR + CRP- Hip ...................................................................................................................................................229 

Evidence Summary: Serum WBC ..................................................................................................................................................230 

Table 45: Summary of Findings  serum WBC ................................................................................................................................231 

Table 46:  serum WBC- Knee ........................................................................................................................................................232 

Table 47:  serum WBC- Hip/Knee .................................................................................................................................................233 

Table 48:  serum WBC- Hip ...........................................................................................................................................................234 

Table 49:  serum polynuclear neutrophil count- Hip/Knee ..........................................................................................................236 

Figure 40:  Meta-Analysis ROC Curve – Serum White Blood Cell Count: thresholds ranging from 6.2*10^9/L to 11.0x10^9/L (1 
knee, 3 hips and 3 hip/knee studies) ............................................................................................................................................237 

Table 50: meta-analysis statistics: Serum White Blood Cell Count: thresholds ranging from 6.2*10^9/L to 11.0x10^9/L (1 knee, 
3 hips and 3 hip/knee studies) .....................................................................................................................................................238 

Evidence Summary: other serum tests .........................................................................................................................................239 

Evidence Summary: IL-6 ...........................................................................................................................................................239 

Evidence Summary: Serum CRP + IL-6 ......................................................................................................................................239 

Evidence Summary: Serum procalcitonin .................................................................................................................................239 

Evidence Summary: TNF-Alpha ................................................................................................................................................239 

Table 51: Summary of Findings- other serum tests......................................................................................................................240 



  

  

Table 52:  serum IL-6- Hip/Knee ...................................................................................................................................................241 

Table 53:  serum IL-6- Hip .............................................................................................................................................................242 

Table 54:  serum IL-6 + serum CRP- Hip .......................................................................................................................................243 

Table 55:  serum TNF-alpha- Hip/Knee ........................................................................................................................................244 

Table 56:  serum procalcitonin- Hip/Knee ....................................................................................................................................245 

Table 57:  serum procalcitonin- Hip .............................................................................................................................................246 

Synovial fluid test section .................................................................................................................................................................................... 247 
Table 58: Summary of Findings synovial fluid culture ..................................................................................................................249 

Table 59:  preoperative synovial fluid aspiration culture- Knee ..................................................................................................250 

Table 60:  intraoperative synovial fluid culture- Knee .................................................................................................................250 

Table 61:  preoperative synovial fluid aspiration culture- Hip/Knee ...........................................................................................251 

Table 62:  preoperative synovial fluid aspiration culture- Hip .....................................................................................................251 

Figure 41:  Meta-Analysis ROC Curve- Preoperative Aspiration Culture (1 hip/knee, 6 hip, 2 knee studies) ..............................253 

Table 63: meta-analysis statistics: Preoperative Aspiration Culture (1 hip/knee, 6 hip, 2 knee studies) ....................................254 

Figure 42:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture (1 hip/knee, 6 hip, 2 knee studies) .............................255 

Figure 43:  Meta-Analysis ROC Curve- Preoperative Aspiration Culture (6 hip studies) ..............................................................256 

Table 64: meta-analysis statistics: Preoperative Aspiration Culture (6 hip studies) ....................................................................257 

Figure 44:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture-Excluding Eisler (1 hip/knee, 5 hip, 2 knee studies) ...258 

Figure 45:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture (6 hip studies) ..............................................................259 

Figure 46:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture-Excluding Eisler Study (5 hip studies) .........................260 

Table 65: Summary of Findings preoperative- synovial fluid WBC ..............................................................................................261 

Table 66: Summary of Findings intraoperative- synovial fluid WBC ............................................................................................264 

Table 67: preoperative - synovial fluid WBC- Knee ......................................................................................................................266 

Table 68: preoperative - synovial fluid WBC- Hip/Knee ...............................................................................................................268 

Table 69: preoperative - synovial fluid WBC- Hip .........................................................................................................................269 

Table 70: preoperative - synovial fluid mononuclear percentage- Hip ........................................................................................271 

Table 71: preoperative - synovial fluid neutrophil count- Hip .....................................................................................................272 

Table 72: preoperative - synovial fluid neutrophil percentage- Knee ..........................................................................................273 

Table 73: preoperative - synovial fluid neutrophil percentage- Hip/Knee ...................................................................................275 

Table 74: preoperative - synovial fluid neutrophil percentage- Hip ............................................................................................276 

Table 75: intraoperative- synovial fluid WBC- Knee .....................................................................................................................277 

Table 76: intraoperative - synovial fluid WBC- Hip ......................................................................................................................278 

Table 77: intraoperative - synovial fluid neutrophil percentage- Hip ..........................................................................................280 

Table 78: intraoperative - synovial fluid segmented cell count- Knee .........................................................................................281 

Figure 47:  Meta-Analysis ROC Curve- preoperative percent neutrophils/percent PMN (4 knee studies. cutoffs ranged from 
64% to 80%) ..................................................................................................................................................................................282 

Table 79: meta-analysis statistics: preoperative %neutrophils/%PMN (4 knee studies. cutoffs ranged from 64% to 80%) .......283 



  

  

Table 80: Summary of Findings synovial fluid CRP .......................................................................................................................284 

Table 81: synovial fluid CRP- Knee................................................................................................................................................285 

Table 82: synovial fluid CRP- Hip/Knee ........................................................................................................................................286 

Table 83: synovial fluid CRP- Hip ..................................................................................................................................................287 

Table 84: Summary of Findings - other preoperative synovial fluid tests ....................................................................................288 

Table 85: Summary of Findings - other intraoperative synovial fluid tests ..................................................................................290 

Table 86: preoperative synovial fluid alpha-defensin- Hip/Knee .................................................................................................291 

Table 87: intraoperative synovial fluid alpha-defensin- Hip/Knee ...............................................................................................292 

Table 88: preoperative synovial fluid leukocyte esterase- Knee ..................................................................................................292 

Table 89: preoperative synovial fluid leukocyte esterase- Hip/Knee ...........................................................................................293 

Table 90: intraoperative synovial fluid leukocyte esterase- Knee ...............................................................................................293 

Table 91: synovial fluid PCR- Knee................................................................................................................................................294 

Table 92: synovial fluid PCR- Hip/Knee ........................................................................................................................................295 

Table 93:  synovial fluid Alpha-2-Macroglobulin- Hip/Knee .........................................................................................................296 

Table 94:  synovial fluid IL-6- Hip/Knee ........................................................................................................................................297 

Table 95:  synovial fluid IL-8- Hip/Knee ........................................................................................................................................298 

Table 96:  synovial fluid VEGF- Hip/Knee .....................................................................................................................................299 

Intraoperative tests section ................................................................................................................................................................................... 300 
Quality Evaluation Table 5- intraoperative diagnostic tests ........................................................................................................300 

Evidence Summary: Intraoperative cultures ................................................................................................................................303 

Table 97: Summary of Findings intraoperative cultures ..............................................................................................................304 

Table 98:  intraoperative culture- Knee ........................................................................................................................................305 

Table 99:  intraoperative culture- Hip/Knee.................................................................................................................................306 

Table 100:  intraoperative culture- Hip ........................................................................................................................................309 

Figure 48:  Meta-Analysis ROC Curve - Intraoperative Tissue Cultures(2 or more positive) Hip and Knee: ................................311 

Table 101: meta-analysis statistics: Intraoperative Tissue Cultures(2 or more positive) Hip and Knee: .....................................312 

Figure 49:  Meta-Analysis Forest Plot- Intraoperative Tissue Cultures(2 or more positive) Hip and Knee ..................................313 

Evidence Summary: Histology ......................................................................................................................................................314 

Table 102: Summary of Findings- histology..................................................................................................................................315 

Table 103:  histology- Knee ..........................................................................................................................................................317 

Table 104:  histology- Hip/Knee ...................................................................................................................................................318 

Table 105:  histology- Hip .............................................................................................................................................................320 

Figure 50:  Meta-Analysis ROC Curve- Histology: 5 PMN/HPF (3 hip/knee studies and 1 hip only study) ..................................321 

Table 106: meta-analysis statistics: Histology 5 PMN/HPF ..........................................................................................................322 

Figure 51:  Meta-Analysis ROC Curve – Histology 10 PMN/5HPF(1 hip, 1 knee and 2 hip/knee studies): ..................................323 

Table 107: meta-analysis statistics: Histology 10 PMN/5HPF (1 hip, 1 knee and 2 hip/knee studies) ........................................324 

Figure 52:  Meta-Analysis Forest Plot: Histology 10 PMN/5HPF (1 hip, 1 knee and 2 hip/knee studies) ....................................325 



  

  

Evidence Summary: Sonication ....................................................................................................................................................326 

Table 108: Summary of Findings  sonication ................................................................................................................................328 

Table 109:  sonication culture- Hip_Knee.....................................................................................................................................330 

Table 110:  sonication gram stain- Hip/Knee ...............................................................................................................................334 

Table 111:  sonication PCR- Knee .................................................................................................................................................334 

Table 112:  sonication PCR- Hip/Knee ..........................................................................................................................................335 

Figure 53:  Meta-Analysis ROC Curve –Implant Sonication (4 hip/knee studies; positive thresholds of studies: 5 CFU -1 study ; 
20 CFU 1 study; CFU undefined- 2 studies) ..................................................................................................................................337 

Table 113: meta-analysis statistics: Implant Sonication (4 hip/knee studies; positive thresholds of studies: 5 CFU -1 study ; 20 
CFU 1 study; CFU undefined- 2 studies) .......................................................................................................................................338 

Evidence Summary: Tissue PCR ....................................................................................................................................................339 

Table 114: Summary of Findings  Tissue PCR ...............................................................................................................................339 

Table 115:  tissue PCR- Knee ........................................................................................................................................................340 

Table 116:  tissue PCR- Hip/Knee .................................................................................................................................................341 

Advanced imaging section ................................................................................................................................................................................... 342 
Quality Evaluation Table 6 Advanced Imaging .............................................................................................................................342 

Table 117: Summary of Findings Advanced Imaging ....................................................................................................................344 

Table 118:  CT- Hip ........................................................................................................................................................................346 

Table 119:  MRI- Knee ..................................................................................................................................................................347 

Table 120:  PET/CT- Hip ................................................................................................................................................................349 

Nuclear imaging section ....................................................................................................................................................................................... 350 
Quality Evaluation Table 7- Nuclear Imaging ...............................................................................................................................350 

Evidence Summary: Technetium-99- or Indium-111-labeled-Leukocyte Imaging .......................................................................351 

Evidence Summary: Combined labeled-Leukocyte/Bone Imaging...............................................................................................351 

Evidence Summary: Combined labeled-Leukocyte/Bone Marrow Imaging .................................................................................351 

Evidence Summary: Technetium-99m Bone Imaging ..................................................................................................................351 

Evidence Summary: FDG-PET imaging ..........................................................................................................................................352 

Evidence Summary: Gallium-67 Imaging ......................................................................................................................................352 

Table 121: Summary of Findings  Nuclear Imaging ......................................................................................................................352 

Table 122:  Combined labeled-Leukocyte/Bone Imaging- Knee ..................................................................................................353 

Table 123:  Combined labeled-Leukocyte/Bone Imaging- Hip/Knee ...........................................................................................354 

Table 124:  Combined labeled-Leukocyte/Bone Imaging- Hip .....................................................................................................354 

Table 125:  Combined labeled-Leukocyte/Bone Marrow Imaging- Hip/Knee .............................................................................355 

Table 126:  Combined labeled-Leukocyte/Bone Marrow Imaging- Hip .......................................................................................356 

Table 127:  FDG-PET Imaging- Hip ................................................................................................................................................357 

Table 128:  Indium-111-labeled-Leukocyte Imaging- Hip ............................................................................................................358 

Table 129:  Indium-111-labeled-Leukocyte Imaging - Knee .........................................................................................................359 

Table 130:  Technetium-99 Leukocyte Imaging- Hip/Knee ..........................................................................................................360 



  

  

Table 131:  Technetium-99 Leukocyte Imaging- Hip ....................................................................................................................361 

Table 132:  Combined Technetium-99- or Indium-111-labeled-Leukocyte Imaging - Hip/Knee .................................................361 

Table 133:  Technetium-99- or Indium-111-labeled-Leukocyte Imaging- Hip .............................................................................362 

Table 134:  Technetium-99m Bone Imaging- Hip/Knee ...............................................................................................................362 

Table 135:  Technetium-99m Bone Imaging- Hip .........................................................................................................................363 

Table 136:  Gallium-67 Imaging- Hip ............................................................................................................................................363 

Gram stain section ................................................................................................................................................................................................ 364 
Quality Evaluation Table 8: Gram Stain ........................................................................................................................................364 

Evidence Summary: Gram Stain: ..................................................................................................................................................365 

Table 137: Summary of Findings Gram Stain ...............................................................................................................................365 

Table 138: gram stain- Hip............................................................................................................................................................366 

Table 139: gram stain- Knee .........................................................................................................................................................367 

Withholding antibiotics for 2 weeks when diagnosis has not been established Section ...................................................................................... 369 
Quality Evaluation Table 9: withholding antibiotics for 2 weeks when diagnosis has not been established ..............................369 

Figure 54: Summary of Findings: Use of antibiotics 2 weeks before PJI diagnosis is established................................................369 

Table 140: Antibiotics 2 weeks before diagnosis is made: data ...................................................................................................370 

Antibiotic prophylaxis when PJI diagnosis has already been established Section ............................................................................................... 371 
Quality Evaluation Table 10 Diagnostic studies: preop antibiotic prophylaxis when PJI diagnosis has already been established
 ......................................................................................................................................................................................................371 

Quality Evaluation Table 11: RCTs: preop antibiotic prophylaxis when PJI diagnosis has already been established ..................371 

Figure 55: Summary of Findings: Use of Antibiotic Prophylaxis in Revision Surgery after Diagnosis Has Been Established(the 
effect of antibiotics on diagnostic accuracy) ................................................................................................................................372 

Figure 56: Summary of Findings: Use of Antibiotic Prophylaxis in Revision Surgery after Diagnosis Has Been 
Established(Efficacy in Preventing Future Infection). ..................................................................................................................373 

Table 141: Antibiotics when diagnosis has already been established .........................................................................................374 

Table 142: placebo vs antibiotic prophylaxis: prevention of PJI ..................................................................................................376 

Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected PJI Section ....................................................... 377 
Quality Evaluation Table 12: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected PJI
 ......................................................................................................................................................................................................377 

Figure 57: Summary of Findings: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected 
PJI ..................................................................................................................................................................................................377 

Table 143: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected PJI: data table ........378 

Choice of Antibiotic Prophylaxis section ............................................................................................................................................................. 379 
Quality Evaluation Table 13 Antibiotic Choice- RCTs ...................................................................................................................379 

Quality Evaluation Table 14 Antibiotic Choice- Observational Studies ........................................................................................380 

Figure 58: antibiotic choice part 1- 2nd generation cephalosporin vs. 1st generation cephalosporin Summary of Findings .....381 

Figure 59: antibiotic choice part 2- 2nd generation cephalosporin vs. epoxide Summary of Findings .......................................382 

Figure 60: antibiotic choice part 3- 2nd generation cephalosporin vs. fusidic acid Summary of Findings ..................................383 

Figure 61: antibiotic choice part 4- 2nd generation cephalosporin vs. glycopeptide Summary of Findings ...............................384 

Figure 62: antibiotic choice part 5- fusidic acid vs. glycopeptide Summary of Findings ..............................................................385 



  

  

Figure 63: antibiotic choice part 6- glycopeptide vs. 1st generation cephalosporin Summary of Findings.................................386 

Figure 64: antibiotic choice part 7- lincosamides vs. penicillinase resistant penicillins Summary of Findings ............................387 

Figure 65: antibiotic choice part 8- timing Summary of Findings .................................................................................................388 

Table 144: antibiotic choice part 1- 2nd generation cephalosporin vs. 1st generation cephalosporin: Complications(Hip/Knee 
Combined) ....................................................................................................................................................................................389 

Table 145: antibiotic choice part 2- 2nd generation cephalosporin vs. Epoxide: Complications(Knee) ......................................390 

Table 146: antibiotic choice part 3- 2nd generation cephalosporin vs. fusidic acid: Complications(Hip/Knee Combined) ........391 

Table 147: antibiotic choice part 4- 2nd generation cephalosporin vs. glycopeptide: Complications(Hip/Knee Combined) .....392 

Table 148: antibiotic choice part 5- fusidic acid vs. glycopeptide: Complications(Hip/Knee Combined) ....................................394 

Table 149: antibiotic choice part 6- glycopeptide vs. 1st generation cephalosporin: Complications(Hip/Knee Combined).......395 

Table 150: antibiotic choice part 7- lincosamides vs. penicillinase resistant penicillins: Reoperation(Knee) .............................396 

Table 151: antibiotic choice part 8- timing: Complications(Knee) ...............................................................................................397 

Antibiotic Cement Section ................................................................................................................................................................................... 398 
Quality Evaluation Table 15 Antibiotic Cement RCTs ...................................................................................................................398 

Quality Evaluation Table 16 Antibiotic Cement Observational Studies .......................................................................................398 

Figure 66: Antibiotic Cement vs No Antibiotic Cement(knee) .....................................................................................................400 

Figure 67: Antibiotic Cement vs Systemic Antibiotics (1 hip and 1 hip/knee study) ....................................................................401 

Figure 68: Antibiotic Cement vs No Antibiotic Cement(Hip) ........................................................................................................402 

Table 152: Knee RCT results .........................................................................................................................................................403 

Table 153: Knee Observational Study Results ..............................................................................................................................406 

Table 154:  Antibiotic Cement vs Systemic Antibiotics RCTs (1 hip study and 1 hip/knee study) ...............................................408 

Table 155: Hip Observational Study Results .................................................................................................................................409 

MRSA and Staphylococcus Screening and Decolonization section .................................................................................................................... 415 
Quality Evaluation Table 17 MRSA and Staphylococcus Screening and Decolonization RCTs .....................................................415 

Quality Evaluation Table 18 MRSA and Staphylococcus Screening and Decolonization Observational Studies .........................415 

Figure 69: Summary of Findings: screening and selective decolonization with 2% mupirocin nasal ointment vs. No screening 
and decolonization .......................................................................................................................................................................416 

Figure 70: Summary of Findings: universal chlorhexidine cloth decolonization ..........................................................................417 

Table 156: screening and selective decolonization with 2% mupirocin nasal ointment vs. No screening and decolonization ..418 

Table 157: universal chlorhexidine cloth decolonization .............................................................................................................419 

Intraoperative Technical Factors Section ............................................................................................................................................................. 422 
Quality Evaluation Table 19: Intraoperative Technical Factors- RCTs ..........................................................................................422 

Quality Evaluation Table 20: Intraoperative Technical Factors- Observational Studies ..............................................................422 

Figure 71: Summary of Findings-anti-septic wash vs No antiseptic wash ....................................................................................422 

Figure 72: Summary of Findings-antibiotic powder vs No antibiotic powder ..............................................................................424 

Table 158: anti-septic wash vs No antiseptic wash ......................................................................................................................425 

Table 159: antibiotic powder vs No antibiotic powder ................................................................................................................426 

PICO questions in which no recommendation for or against could be made due to low evidence strength or conflicting evidence................... 427 



  

  

Intraoperative Environmental Controls Section (no recommendation for or against was able to be made due low evidence strength and 
conflicting evidence). ........................................................................................................................................................................................... 427 

Quality Evaluation Table 21: Intraoperative Environmental Controls RCTs .................................................................................427 

Quality Evaluation Table 22: Intraoperative Environmental Controls Observational Studies .....................................................427 

Figure 73: Summary of Findings-OR traffic control vs. No OR traffic control: less OR personnel vs more personal ...................428 

Figure 74: Summary of Findings- Greenhouse ventilation vs. Ordinary Ventilation ....................................................................429 

Figure 75: Summary of Findings-laminar air flow vs. No laminar air flow ...................................................................................430 

Figure 76: Summary of Findings-space suits vs. No space suits ...................................................................................................431 

Figure 77: Summary of Findings-ultra clean air vs. No ultra clean air ..........................................................................................432 

Table 160: OR traffic control vs. No OR traffic control .................................................................................................................433 

Table 161: Greenhouse ventilation vs. Ordinary Ventilation .......................................................................................................434 

Table 162: laminar air flow vs. No laminar air flow ......................................................................................................................435 

Table 163: space suits vs. No space suits .....................................................................................................................................437 

Table 164: ultra clean air vs. No ultra clean air ............................................................................................................................438 

Postoperative prevention techniques .................................................................................................................................................................... 440 
Quality Evaluation Table 23: Post-Op Prevention Techniques Observational Study Quality .......................................................440 

Figure 78: Summary of Findings-silver impregnated dressing vs No silver impregnated dressing ..............................................441 

Figure 79: Summary of Findings-sutures vs. staples ....................................................................................................................442 

Table 165: silver impregnated dressing vs No silver impregnated dressing ................................................................................443 

Table 166: sutures vs. staples .......................................................................................................................................................444 

Excluded Literature .......................................................................................................................................................................445 

 
 
 



  

  

RISK FACTORS SECTION 

Quality Evaluation Table 1- Non-Modifiable Risk Factors Prognostic Study Quality 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Adams,A.L., 2013 
      

Include Low Quality 
Aggarwal,V.K., 2013 

      

Include Low Quality 
Bedair,H., 2015 

      

Include Moderate Quality 
Berbari,E.F., 1998 

      

Include Low Quality 
Best,M.J., 2015 

      

Include Low Quality 
Bongartz,T., 2008 

      

Include Low Quality 
Bozic,K.J., 2012 

      

Include Low Quality 
Bozic,K.J., 2012 

      

Include Low Quality 
Bozic,K.J., 2014 

      

Include Low Quality 
Cai,J., 2014 

      

Include Low Quality 
Cavanaugh,P.K., 2015 

      

Include Low Quality 
Crowe,B., 2015 

      

Include Low Quality 
Dale,H., 2009 

      

Include Low Quality 
Dale,H., 2011 

      

Include Low Quality 
Dale,H., 2012 

      

Include Low Quality 
Debreuve-Theresette,A., 2015 

      

Include Low Quality 
Deegan,B.F., 2014 

      

Include Low Quality 
Deleuran,T., 2015 

      

Include Moderate Quality 
Dowsey,M.M., 2008 

      

Include Low Quality 
Dowsey,M.M., 2009 

      

Include Low Quality 
Gallardo-Calero,I., 2016 

      

Include Low Quality 
Gandhi,R., 2009 

      

Include Low Quality 
Garcia-Alvarez,F., 2010 

      

Include Low Quality 
George,M.D., 2017 

      

Include Moderate Quality 
Gou,W., 2014 

      

Include Low Quality 



  

  

Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Grammatico-Guillon,L., 2015 
      

Include Low Quality 
Hailer,N.P., 2010 

      

Include Low Quality 
Hinarejos,P., 2013 

      

Include Low Quality 
Honkanen,M., 2017 

      

Include Low Quality 
Issa,K., 2017 

      

Include Low Quality 
Jamsen,E., 2010 

      

Include Low Quality 
Jiang,S.L., 2014 

      

Include Low Quality 
Kao,F.C., 2017 

      

Include Low Quality 
Kildow,B.J., 2017 

      

Include Low Quality 
Kildow,B.J., 2017 

      

Include Low Quality 
Klement,M.R., 2016 

      

Include Low Quality 
Koenig,K., 2012 

      

Include Low Quality 
Kreder,H.J., 2003 

      

Include Low Quality 
Kuo,L.-T., 2017 

      

Include Low Quality 
Kuo,S.J., 2016 

      

Include Low Quality 
Lee,Q.J., 2015 

      

Include Low Quality 
Lin,C.A., 2013 

      

Include Low Quality 
Long,G., 2016 

      

Include Low Quality 
Lu,M., 2017 

      

Include Low Quality 
Miric,A., 2014 

      

Include Moderate Quality 
Miric,A., 2014 

      

Include Moderate Quality 
Mortazavi,S.M., 2010 

      

Include Low Quality 
Muilwijk,J., 2006 

      

Include Low Quality 
Namba,R.S., 2012 

      

Include Low Quality 
Namba,R.S., 2013 

      

Include Low Quality 
Ohmann,C., 2010 

      

Include Moderate Quality 
Ong,K.L., 2009 

      

Include Moderate Quality 
Pedersen,A.B., 2010 

      

Include Low Quality 



  

  

Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Pour,A.E., 2011 
      

Include Low Quality 
Pulido,L., 2008 

      

Include Low Quality 
Rotevatn,T.A., 2017 

      

Include Low Quality 
Schrama,J.C., 2010 

      

Include Low Quality 
Schrama,J.C., 2015 

      

Include Low Quality 
Silva,M., 2005 

      

Include Low Quality 
Song,K.H., 2012 

      

Include Low Quality 
Soriano,A., 2008 

      

Include Low Quality 
Tabatabaee,R.M., 2015 

      

Include Low Quality 
Tan,T.L., 2016 

      

Include Low Quality 
Tayton,E.R., 2016 

      

Include Low Quality 
Triantafyllopoulos,G.K., 2016 

      

Include Low Quality 
Wang,H., 2015 

      

Include Low Quality 
Wilson,M.G., 1990 

      

Include Low Quality 
Wu,C., 2014 

      

Include Low Quality 
  
 
 

Quality Evaluation Table 2- Modifiable Risk Factor Prognostic Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Adams,A.L., 2013 
      

Include Low Quality 
Alvi,H.M., 2015 

      

Include Moderate Quality 
Amlie,E., 2016 

      

Include Low Quality 
Berbari,E.F., 1998 

      

Include Low Quality 
Best,M.J., 2015 

      

Include Low Quality 
Bozic,K.J., 2012 

      

Include Low Quality 
Bozic,K.J., 2012 

      

Include Low Quality 
Bozic,K.J., 2014 

      

Include Low Quality 



  

  

Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Cai,J., 2014 
      

Include Low Quality 
Chan,P.K.H., 2005 

      

Include Low Quality 
Chee,Y.H., 2010 

      

Include Low Quality 
Chen,A.F., 2017 

      

Include Low Quality 
Chrastil,J., 2015 

      

Include Low Quality 
Davis,A.M., 2011 

      

Include Low Quality 
Dowsey,M.M., 2008 

      

Include Low Quality 
Dowsey,M.M., 2009 

      

Include Low Quality 
Duchman,K.R., 2015 

      

Include Low Quality 
Erkocak,O.F., 2016 

      

Include Low Quality 
Frisch,N., 2016 

      

Include Low Quality 
Gandhi,R., 2009 

      

Include Low Quality 
Garcia-Alvarez,F., 2010 

      

Include Low Quality 
Gou,W., 2014 

      

Include Low Quality 
Greenky,M., 2012 

      

Include Moderate Quality 
Grosso,M.J., 2017 

      

Include Low Quality 
Hailer,N.P., 2010 

      

Include Low Quality 
Hanna,S.A., 2017 

      

Include Low Quality 
Hinarejos,P., 2013 

      

Include Low Quality 
Honkanen,M., 2017 

      

Include Low Quality 
Inacio,M.C., 2014 

      

Include Low Quality 
Jamsen,E., 2010 

      

Include Low Quality 
Jamsen,E., 2012 

      

Include Low Quality 
Kamath,A.F., 2016 

      

Include Low Quality 
Kao,F.C., 2017 

      

Include Low Quality 
Kildow,B.J., 2017 

      

Include Low Quality 
Lee,Q.J., 2015 

      

Include Low Quality 
Lehman,D.E., 1994 

      

Include Low Quality 



  

  

Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Lombardi,A.V.,Jr., 2013 
      

Include Low Quality 
Long,G., 2016 

      

Include Low Quality 
Lubbeke,A., 2007 

      

Include Low Quality 
Lubbeke,A., 2008 

      

Include Low Quality 
Lubbeke,A., 2016 

      

Include Moderate Quality 
Manrique,J., 2017 

      

Include Low Quality 
Maradit,Kremers H., 2015 

      

Include Low Quality 
Martin,J.R., 2015 

      

Include Low Quality 
Mazoch,M., 2016 

      

Include Low Quality 
McCalden,R.W., 2011 

      

Include Low Quality 
Meehan,J.P., 2014 

      

Include Low Quality 
Meller,M.M., 2016 

      

Include Low Quality 
Meller,M.M., 2016 

      

Include Low Quality 
Namba,R.S., 2005 

      

Include Low Quality 
Namba,R.S., 2012 

      

Include Low Quality 
Namba,R.S., 2013 

      

Include Low Quality 
Nickel,B.T., 2016 

      

Include Low Quality 
Pedersen,A.B., 2010 

      

Include Low Quality 
Pedersen,A.B., 2010 

      

Include Moderate Quality 
Purcell,R.L., 2016 

      

Include Low Quality 
Rotevatn,T.A., 2017 

      

Include Low Quality 
Sahota,S., 2018 

      

Include Low Quality 
Shohat,N., 2017 

      

Include Low Quality 
Singh,H., 2015 

      

Include Low Quality 
Singh,J.A., 2015 

      

Include Low Quality 
Song,K.H., 2012 

      

Include Low Quality 
Soriano,A., 2008 

      

Include Low Quality 
Sousa,R., 2014 

      

Include Low Quality 



  

  

Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Tan,T.L., 2016 
      

Include Low Quality 
Tarabichi,M., 2017 

      

Include Low Quality 
Tayton,E.R., 2016 

      

Include Low Quality 
Wagner,E.R., 2016 

      

Include Moderate Quality 
Wang,H., 2015 

      

Include Low Quality 
Watts,C., 2016 

      

Include Low Quality 
Watts,C.D., 2016 

      

Include Low Quality 
Wu,C., 2014 

      

Include Low Quality 
Zorrilla,P., 2006 

      

Include Low Quality 
 
 



 

  

Figure 1: Summary of Findings-Obesity 
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Figure 2: Summary of Findings-Cardiac disease 
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Figure 3: Summary of Findings-Immunocompromised Other 
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Figure 4: Summary of Findings-Immunocompromised transplant 
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Figure 5: Summary of Findings-Peripheral vascular disease 
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Figure 6: Summary of Findings- Inflammatory Arthritis  

M
od

er
at

e 
Q

ua
lit

y
Lo

w
 Q

ua
lit

y

↑ Better Outcomes
↓ Worse Outcomes
● Not Significant G

eo
rg

e,
M

.D
., 

20
17

Bo
zi

c,
K.

J.,
 2

01
2

Bo
zi

c,
K.

J.,
 2

01
4

So
ria

no
,A

., 
20

08
G

an
dh

i,R
., 

20
09

W
u,

C.
, 2

01
4

So
us

a,
R.

J.,
 2

01
6

Ho
nk

an
en

,M
., 

20
17

Bo
zi

c,
K.

J.,
 2

01
2

M
or

ta
za

vi
,S

.M
., 

20
10

Sc
hr

am
a,

J.C
., 

20
15

Da
le

,H
., 

20
12

Da
le

,H
., 

20
09

Sa
lv

at
i,E

.A
., 

19
82

Tr
ia

nt
af

yl
lo

po
ul

os
,G

.K
., 

20
16

Sc
hr

am
a,

J.C
., 

20
10

Pe
de

rs
en

,A
.B

., 
20

10
Ha

ile
r,N

.P
., 

20
10

Bo
ng

ar
tz

,T
., 

20
08

Ja
m

se
n,

E.
, 2

01
0

Kr
ed

er
,H

.J.
, 2

00
3

W
ils

on
,M

.G
., 

19
90

Hip/Knee Combined Complications
Infection(PJI)
Infection(postoperative wound infection)
Knee Complications
Infection(PJI)
Infection(deep)
Infection(deep tissue)
Infection(revision for infection at 6 or more 
years after surgery)
Infection(revision for infection at 1 year)
Infection(revision for infection between 1 
and 6 years)
Infection(readmission for knee infection)
Hip Complications
Infection(PJI)
Infection(deep)
Infection(revision due to infection)
Infection(revision for infection at 6 or more 
years after surgery)
Infection(revision for infection at 1 year)
Infection(revision for infection between 1 
and 6 years)
Hip Reoperation
Infection(revision for infection)
Revision(revision for infection)  
 

 



 

  

 

Figure 7: Summary of Findings-Prior joint infection 
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Figure 8: Summary of Findings-Renal disease 
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Figure 9: Summary of Findings-ESRD (kidney failure) 
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Figure 10: Summary of Findings-Liver disease all 
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Figure 11: Summary of Findings-Liver disease cirrhosis 
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Figure 12: Summary of Findings-Liver disease Hepatitis 
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Figure 13: Summary of Findings-mental health 
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Figure 14: Summary of Findings-Alcohol Abuse 
 

Lo
w

 Q
ua

lit
y

↑ Better Outcomes
↓ Worse Outcomes
● Not Significant Bo

zi
c,

K.
J.,

 2
01

2
G

ra
m

m
at

ic
o-

G
ui

llo
n,

L.
, 2

01
5

Jia
ng

,S
.L

., 
20

14
W

u,
C.

, 2
01

4
Ro

te
va

tn
,T

.A
., 

20
17

Bo
zi

c,
K.

J.,
 2

01
2

Hip/Knee Combined Complications
Infection(PJI)
Knee Complications
Infection(PJI)
Hip Complications
Infection(PJI)  

 



 

  

 

Figure 15: Summary of Findings-Anemia 
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Figure 16: Summary of Findings-Smoking/tobacco use 
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Figure 17: Summary of Findings-Malnutrition 
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Figure 18: Summary of Findings-Diabetes 
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Figure 19: Summary of Findings-Uncontrolled diabetes 
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Figure 20: Summary of Findings- Obesity:bariatric surgery 
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Figure 21: Summary of Findings-Drug use 
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Figure 22: Summary of Findings-Recent infection: Urinary Tract Infection or Asymptomatic 
Bacteriuria 
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Figure 23: Summary of Findings-Active infection at other sites 
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Figure 24: Summary of Findings-Active thromboprophylaxis/anticoagulation state 
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Figure 25: Summary of Findings-Immunocompromised HIV 
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Figure 26: Summary of Findings-Age 
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Figure 27: Summary of Findings-Dementia 
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Figure 28: Summary of Findings-Poor dental health 
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Figure 29: Summary of Findings-Institutionalization 
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Figure 30: Summary of Findings-Autoimmune disease 
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Table 1: Obesity 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wagner,E.R., 
2016 

Moderate 
Quality 

Infection 
(deep) 

Post-Op 22289 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

BMI 30 to 
34.9 vs. 18 

to 24.99 

age, sex, surgical indication, and 
time period of the surgical procedure 

Hazard 
ratio(CI) 

0.93 (0.64 to 1.36) NS 

Wagner,E.R., 
2016 

Moderate 
Quality 

Infection 
(deep) 

Post-Op 22289 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

BMI 35 to 
39.9 vs. 18 

to 24.99 

age, sex, surgical indication, and 
time period of the surgical procedure 

Hazard 
ratio(CI) 

1.35 (0.88 to 2.07) NS 

Wagner,E.R., 
2016 

Moderate 
Quality 

Infection 
(deep) 

Post-Op 22289 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

BMI 25 to 
29.9 vs. 18 

to 24.99 

age, sex, surgical indication, and 
time period of the surgical procedure 

Hazard 
ratio(CI) 

1.03 (0.71 to 1.48) NS 

Wagner,E.R., 
2016 

Moderate 
Quality 

Infection 
(deep) 

Post-Op 22289 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

BMI 40 or 
greater  vs. 
18 to 24.99 

age, sex, surgical indication, and 
time period of the surgical procedure 

Hazard 
ratio(CI) 

2.25 (1.45 to 3.49) morbid obesity 
increased risk 

of deep 
infection 

Meller,M.M., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(wound 

dehiscence) 

3 months 10712 Modifiable 
risk factor 

optimization 
(primary 

THA using 
medicare 

claims data) 

BMI 50 or 
higher vs. 

BMI 40-49 

age, sex, race, resident census 
region, economic status. hospital 

type, bed size, hospital teachin/non 
teaching status, hospital volume 

hazard 
ratio(CI) 

2.85(1.77–4.59) superobese 
patients were at 
higher risk of 

wound 
dehiscence 

Meller,M.M., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(wound 

dehiscence) 

3 months 377487 Modifiable 
risk factor 

optimization 
(primary 

THA using 
medicare 

claims data) 

BMI 50 or 
higher vs. 
BMI less 
than 25 

age, sex, race, resident census 
region, economic status. hospital 

type, bed size, hospital teachin/non 
teaching status, hospital volume 

hazard 
ratio(CI) 

9.81(6.31–15.24) superobese 
patients were at 
higher risk of 

wound 
dehiscence 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Meller,M.M., 
2016 

Low 
Quality 

Infection 
(PJI) 

3 months 377487 Modifiable 
risk factor 

optimization 
(primary 

THA using 
medicare 

claims data) 

BMI 50 or 
higher vs. 
BMI less 
than 25 

age, sex, race, resident census 
region, economic status. hospital 

type, bed size, hospital teachin/non 
teaching status, hospital volume 

Hazard 
ratio(CI) 

6.48(4.54–9.25) superobese 
patients were at 
higher risk of 

PJI 

Meller,M.M., 
2016 

Low 
Quality 

Infection 
(PJI) 

3 months 10712 Modifiable 
risk factor 

optimization 
(primary 

THA using 
medicare 

claims data) 

BMI 50 or 
higher vs. 

BMI 40-49 

age, sex, race, resident census 
region, economic status. hospital 

type, bed size, hospital teachin/non 
teaching status, hospital volume 

Hazard 
ratio(CI) 

1.87(1.28–2.74) superobese 
patients were at 
higher risk of 

PJI 

Meller,M.M., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(Wound 

dehiscence) 

3 months 585127 Modifiable 
risk factor 

optimization 
(primary 

TKAs from 
Medicare 

claims data) 

BMI of 50 or 
higher vs. 

40-49 

age, gender, race, resident census 
region, economic status using state 

Medicaid buyin as a proxy, and 
overall health status as captured by 
the Charlson Comorbidity Index, 
diabetes, heart failure, pulmonary 

disease, depression, and acute renal 
failure, Charlson comorbidity index, 

hospital ownership (eg, private), 
bed-size, teaching or nonteaching 
status, and urban/rural location, 

hospita/surgeon volume 

Hazard 
ratio(CI) 

1.84 (1.36-2.47) patients with 
BMI of 50 or 

more had 
higher risk of 

Wound 
dehiscence 

than those with 
BMI of 40 to 

49 

Meller,M.M., 
2016 

Low 
Quality 

Infection 
(PJI) 

3 months 585127 Modifiable 
risk factor 

optimization 
(primary 

TKAs from 
Medicare 

claims data) 

BMI of 50 or 
higher vs 

those 
without any 
BMI related 
diagnostic 

codes 

age, gender, race, resident census 
region, economic status using state 

Medicaid buyin as a proxy, and 
overall health status as captured by 
the Charlson Comorbidity Index, 
diabetes, heart failure, pulmonary 

disease, depression, and acute renal 
failure, Charlson comorbidity index, 

hospital ownership (eg, private), 
bed-size, teaching or nonteaching 
status, and urban/rural location, 

hospita/surgeon volume 

Hazard 
ratio(CI) 

3.14 (2.33-4.22) BMI over 50 
had higher risk 
of PJI than non 
obese patients 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Meller,M.M., 
2016 

Low 
Quality 

Infection 
(PJI) 

3 months 585127 Modifiable 
risk factor 

optimization 
(primary 

TKAs from 
Medicare 

claims data) 

BMI of 50 or 
higher vs. 

40-49 

age, gender, race, resident census 
region, economic status using state 

Medicaid buyin as a proxy, and 
overall health status as captured by 
the Charlson Comorbidity Index, 
diabetes, heart failure, pulmonary 

disease, depression, and acute renal 
failure, Charlson comorbidity index, 

hospital ownership (eg, private), 
bed-size, teaching or nonteaching 
status, and urban/rural location, 

hospita/surgeon volume 

Hazard 
ratio(CI) 

1.74 (1.27-2.38) patients with 
BMI of 50 or 

more had 
higher risk of 
PJI than those 

with BMI of 40 
to 49 

Meller,M.M., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(Wound 

dehiscence) 

3 months 585127 Modifiable 
risk factor 

optimization 
(primary 

TKAs from 
Medicare 

claims data) 

BMI of 50 or 
higher vs 

those 
without any 
BMI related 
diagnostic 

codes 

age, gender, race, resident census 
region, economic status using state 

Medicaid buyin as a proxy, and 
overall health status as captured by 
the Charlson Comorbidity Index, 
diabetes, heart failure, pulmonary 

disease, depression, and acute renal 
failure, Charlson comorbidity index, 

hospital ownership (eg, private), 
bed-size, teaching or nonteaching 
status, and urban/rural location, 

hospita/surgeon volume 

Hazard 
ratio(CI) 

4.22 (3.20-5.56) BMI over 50 
had higher risk 

of Wound 
dehiscence 

than non obese 
patients 

Purcell,R.L., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(wound 

dehiscence) 

Post-Op 1621 Modifiable 
risk factor 

optimization 
(THA) 

bmi >= 35 vs 
< 35 

none relative risk, p-
value 

2.1, p= .256 NS 

Purcell,R.L., 
2016 

Low 
Quality 

Infection 
(PJI) 

Post-Op 1621 Modifiable 
risk factor 

optimization 
(THA) 

bmi >= 35 vs 
< 35 

none relative risk, p-
value 

7.1, p= .0044 Higher BMI 
associated with 
increased risk 

of PJI 

Frisch,N., 2016 Low 
Quality 

Infection 
(Deep 

surgical site 
infection) 

Post-Op 896 Modifiable 
risk factor 

optimization 
(TKA) 

THA none Cochran-
Armitage test 

for trend p 
value 

p=.043 higher BMI is 
associated with 
greater odds of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lubbeke,A., 
2016 

Moderate 
Quality 

Infection 
(PJI) 

Post-Op 12836 Modifiable 
risk factor 

optimization 
(all primary 
TKAs and 

THAs treated 
with 

antibiotic 
prophylaxis 
consisting of 
cefuroxime 

30 min 
before 

surgery) 

BMI 35 to 
39.9 vs. 
under 25 

age, sex, ASA score (ASA 1–2 vs. 
3–4), presence of diabetes, smoking 
status, etiology of OA (primary vs. 
secondary), site of arthroplasty, use 

of antibiotic-laden cement, and 
length of operation 

Hazard 
ratio(CI) 

2.1 (1.1–4.3) higher bmi 
increased the 

risk of PJI 

Lubbeke,A., 
2016 

Moderate 
Quality 

Infection 
(PJI) 

Post-Op 11200 Modifiable 
risk factor 

optimization 
(all primary 
TKAs and 

THAs treated 
with 

antibiotic 
prophylaxis 
consisting of 
cefuroxime 

30 min 
before 

surgery) 

BMI 40 or 
more vs. 
under 25 

age, sex, ASA score (ASA 1–2 vs. 
3–4), presence of diabetes, smoking 
status, etiology of OA (primary vs. 
secondary), site of arthroplasty, use 

of antibiotic-laden cement, and 
length of operation 

Hazard 
ratio(CI) 

4.2 (1.8–9.7) higher bmi 
increased the 

risk of PJI 

Lubbeke,A., 
2016 

Moderate 
Quality 

Infection 
(PJI) 

Post-Op 17574 Modifiable 
risk factor 

optimization 
(all primary 
TKAs and 

THAs treated 
with 

antibiotic 
prophylaxis 
consisting of 
cefuroxime 

30 min 
before 

surgery) 

BMI 30 to 
34.9 vs. 
under 25 

age, sex, ASA score (ASA 1–2 vs. 
3–4), presence of diabetes, smoking 
status, etiology of OA (primary vs. 
secondary), site of arthroplasty, use 

of antibiotic-laden cement, and 
length of operation 

Hazard 
ratio(CI) 

1.0 (0.6–1.8) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lubbeke,A., 
2016 

Moderate 
Quality 

Infection 
(PJI) 

Post-Op 6306 Modifiable 
risk factor 

optimization 
(all primary 
TKAs and 

THAs treated 
with 

antibiotic 
prophylaxis 
consisting of 
cefuroxime 

30 min 
before 

surgery) 

BMI 25 to 
29.9 vs. 
under 25 

age, sex, ASA score (ASA 1–2 vs. 
3–4), presence of diabetes, smoking 
status, etiology of OA (primary vs. 
secondary), site of arthroplasty, use 

of antibiotic-laden cement, and 
length of operation 

Hazard 
ratio(CI) 

1.0 (0.6–1.7) NS 

Amlie,E., 2016 Low 
Quality 

Infection 
(Revision 
due to PJI) 

Post-Op 2931 Modifiable 
risk factor 

optimization 
(revision 
surgery 
THA) 

BMI age, sex univariate, chi-
squared, p-

value 

.67, p= .715 NS 

Sousa,R.J., 2016 Low 
Quality 

Infection 
(PJI) 

1 Days 228 Modifiable 
risk factor 

optimization 
(elective 

primary THA 
or TKA) 

bmi of 30 or 
more vs. 
under 30 

surgery duration, obesity, diabetes, 
inflammatory arthritis, ASA score, 

patient S aureus carrier 

logistic 
regression odds 

ratio(CI) 

1.35(0.59-3.12) NS 

Lee,Q.J., 2015 Low 
Quality 

Infection 
(PJI) 

Post-Op 200 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

Body mass 
index 

(kg/m^2) 

age, gender, BMI, comorbidity 
(diabetes, liver disease, heart 

disease, anemia, thyroid disease, 
renal disease, lung disease, stroke, 
gout), varicose vein, steroid intake, 
dermatitis, acupuncture, bilateral 

TKA, same day surgery, anesthesia 
(spinal), continuous femoral nerve 

block, operating time, trainee 
surgeon, drain, intensive care unit 

admission, transfusion, large 
effusion, blister, soaked dressing, 

deep vein thrombosis, acute 
retention of urine, foley catheter, 

invasive procedure 

multivariable 
logistic 

regression 
model; p value 

0.367 NS 
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Grammatico-
Guillon,L., 2015 

Low 
Quality 

Infection 
(PJI) 

4 Days 32582 Modifiable 
risk factor 

optimization 
(PJI Hip or 

Knee 
arthroplasty) 

Obesity Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, urinary 
tract disorders, cancer, chronice liver 

diseases, alcohol abuse, tobacco, 
hypertension, drug abuse, obesity 

Hazards 
models, hazard 

ration (95% 
CI), p-value 

1.70 (1.38, 2.80) p= 
<.001 

obesity 
increased risk 

of PJI 

Chrastil,J., 2015 Low 
Quality 

Infection 
(PJI) 

Post-Op 13372 Modifiable 
risk factor 

optimization 
(diabetic 

primary THA 
or TKAs in 

the 
Department 
of Veteran 

Affairs 
Informatics 

and 
Computing 

Infrastructure 
(VINCI)) 

bmi of 30 or 
more vs. 
under 30 

preop HbA1c, preop glucose, age, 
bmi, gender, charlson index, joint 
location, diabetic complications, 

smoking status. death outcome was 
incorporated as a competing risk 

hazard 
ratio(CI) 

0.992(0.713, 1.381) NS 

Alvi,H.M., 2015 Moderate 
Quality 

Infection 
(deep 

incisional) 

1 months 19305 Modifiable 
risk factor 

optimization 
(primary 

THA or TKA 
for 

osteoarthritis) 

BMI 25 to 
30 vs. 18.5 

to 25 

ASA class, age, gender, race, 
smoking, steroid use, hypertension 
medication, history of COPD, type 
of anesthesia used, pre-operative 
platelet count, white blood cell 

count, hematocrit levels, and CPT 
levels 

Hazard 
ratio(CI) 

0.73 (0.23, 2.27) NS 

Alvi,H.M., 2015 Moderate 
Quality 

Infection 
(deep 

incisional) 

1 months 17574 Modifiable 
risk factor 

optimization 
(primary 

THA or TKA 
for 

osteoarthritis) 

BMI 30 to 
35 vs. 18.5 

to 25 

ASA class, age, gender, race, 
smoking, steroid use, hypertension 
medication, history of COPD, type 
of anesthesia used, pre-operative 
platelet count, white blood cell 

count, hematocrit levels, and CPT 
levels 

Hazard 
ratio(CI) 

1.06 (0.38, 2.97) NS 
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Alvi,H.M., 2015 Moderate 
Quality 

Infection 
(deep 

incisional) 

1 months 11200 Modifiable 
risk factor 

optimization 
(primary 

THA or TKA 
for 

osteoarthritis) 

BMI >40  
vs. 18.5 to 

25 

ASA class, age, gender, race, 
smoking, steroid use, hypertension 
medication, history of COPD, type 
of anesthesia used, pre-operative 
platelet count, white blood cell 

count, hematocrit levels, and CPT 
levels 

Hazard 
ratio(CI) 

3.22 (1.34, 7.72) BMI over 40 is 
associated with 
increased risk 

of deep 
incisional 
infection 

Alvi,H.M., 2015 Moderate 
Quality 

Infection 
(deep 

incisional) 

1 months 12836 Modifiable 
risk factor 

optimization 
(primary 

THA or TKA 
for 

osteoarthritis) 

BMI 35 to 
40 vs. 18.5 

to 25 

ASA class, age, gender, race, 
smoking, steroid use, hypertension 
medication, history of COPD, type 
of anesthesia used, pre-operative 
platelet count, white blood cell 

count, hematocrit levels, and CPT 
levels 

Hazard 
ratio(CI) 

1.40 (0.52, 3.73) NS 

Jiang,S.L., 2014 Low 
Quality 

Infection 
(PJI) 

6 Days 880786 Modifiable 
risk factor 

optimization 
(THA or 

TKA 
athroplasty) 

Obesity Age, sex, procedure type, hip 
fracture, number of medical 

comorbidities 

Multivariate 
regression, 

Hazard Ration 
(95% CI), p-

value 

1.25 (1.17-1.33) p= 
<.001 

obesity 
increased risk 

of PJI 

Sousa,R., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 2278 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
patients.) 

BMI of 30 or 
more vs less 

than 30 

none logistic 
regression odds 

ratio(CI) 

0.99 (.69–1.41) NS 

Cai,J., 2014 Low 
Quality 

Infection 
(PJI) 

3 Days 903 Modifiable 
risk factor 

optimization 
(primary 
THA or 
TKA) 

exact coding 
is unclear 

Aquacel dressing, age, bmi, former 
smoker, thyroid disease, Liver 

Disease, History of Systemic steroid 
treatment. 

logistic 
regression odds 

ratio(CI) 

1.10(1.03,1.19) higher BMI is 
associated with 
greater odds of 

PJI 
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Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Modifiable 
risk factor 

optimization 
(patients 

undergoing 
THA or 
TKA) 

BMI (>=28 
kg/m2 vs. 
18.5–28 
kg/m2 ) 

diabetes, age, BMI, place of 
residence, alcohol abuse, treatment 

of diabetes, chronic pulmonary 
disease, hypertension, substance 
abuse, cerebral infarction, dental 
procedure w/ or w/o antibiotics, 

renal disease, gout, cardiovascular 
event, chronic liver disease, anemia, 
tobacco use, ankylosing spondylitis, 

THA vs TKA, gender, prostatic 
disease, oncologic disease, 

neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 

developmental hip dysplasia, 
fracture 

multivariate 
conditional 

logistic 
regression 

analysis; odds 
ratio (95% CI), 

p value 

2.77 (1.20-6.40) p= 
.017 

Patients more 
easily 

developed PJI 
if they had a 

history of high 
BMI 

Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 9901 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention) 

patients with 
5% weight 
decrease in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

1.27 (0.66–2.42) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 5323 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 

subgroup 
with initial 

bmi of 30-34) 

patients with 
5% weight 
increase in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

0.77 (0.22–2.74) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 5441 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 
subgroup of 
patients who 
initial bmi 

was 30 to 34) 

patients with 
5% weight 
decrease in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

1.57 (0.56–4.43) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 1611 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 
subgroup of 
patients with 
initial bmi of 
40 or above) 

patients with 
5% weight 
decrease in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

2.27 (0.76–6.72) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 2849 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 
subgroup of 
patients with 
initial bmi of 

35-39) 

patients with 
5% weight 
decrease in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

0.62 (0.08–5.18) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 9386 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention) 

patients with 
5% weight 
increase in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

1.59 (0.83–3.06) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 3808 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
THA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention) 

patients with 
5% weight 
decrease in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

1.83 (0.83–4.02) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 1405 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 

subgroup 
with initial 

BMI of 40 or 
above) 

patients with 
5% weight 
increase in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

3.13 (0.95–10.30) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 2658 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
TKA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention. 
subgroup of 
patients with 
initial bmi of 

35-39) 

patients with 
5% weight 
increase in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

1.07 (0.29–4.00) NS 
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Inacio,M.C., 
2014 

Low 
Quality 

Infection 
(involves 
deep soft 

tissue) 

1 Days 3334 Modifiable 
risk factor 

optimization 
(All obese 
(body mass 
index >=30 

kg/m2) 
primary 

unilateral 
THA patients 
(no multiple 

joint surgery) 
who had the 
procedure 
performed 

for 
osteoarthritis, 
without any 
history of 
surgical 

weight loss 
intervention) 

patients with 
5% weight 
increase in 

the year 
before 

operation vs 
those who 

remained the 
same weight 

bmi,gender,blood loss logistic 
regression odds 

ratio(CI) 

0.88 (0.20–3.81) NS 

Bozic,K.J., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 587 Modifiable 
risk factor 

optimization 
(Primary 

THA) 

BMI of 35 or 
greater vs 

less than 35 

age, gender, race multvariate cox 
regression; 

adjusted hazard 
ratio (95% CI); 

p-value 

2.12 (1.08-4.16) p= 
.0292 

Patients with 
obesity more 

easily 
developed 

periprosthetic 
joint infections 

Namba,R.S., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 56216 Modifiable 
risk factor 

optimization 
(primary 

elective total 
knee 

arthroplasties 
registered in 
the total joint 
replacement 

registry) 

BMI of 35 or 
higher vs 

BMI under 
35 

age, sex, race, diabetes, bmi, ASA 
score, diagnosis, hospital and 

surgeon characteristics, bilateral 
surgery, anesthesia type, surgical 

exposure, antibiotic prophylaxis type 

hazard 
ratio(CI) 

1.47(1.17, 1.85) higher bmi 
increased the 
risk of deep 

infection 
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Hinarejos,P., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 2948 Modifiable 
risk factor 

optimization 
(TKA 

patients) 

continuous none mean(SD) 
group1; 

mean(SD) 
group 2 (p 
value from 

mann whitney 
u test) 

32.18 (6.17); 
31.56(4.99) (p=.38) 

NS 

Namba,R.S., 
2012 

Low 
Quality 

Infection 
(deep) 

1 Days 30491 Modifiable 
risk factor 

optimization 
(primary 
elective 
THRs) 

BMI 30-35 
vs 18.5-30 

ASA grade, bilateral surgery, sex, 
age, diabetes, BMI 

Hazard 
ratio(CI) 

1.56 (1.03 to 2.37) pji risk was 
higher in the 

high bmi group 

Namba,R.S., 
2012 

Low 
Quality 

Infection 
(deep) 

1 Days 30491 Modifiable 
risk factor 

optimization 
(primary 
elective 
THRs) 

BMI 35 or 
greater vs 
18.5-30 

ASA grade, bilateral surgery, sex, 
age, diabetes, BMI 

Hazard 
ratio(CI) 

2.37 (1.55 to 3.61) pji risk was 
higher in the 

high bmi group 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Modifiable 
risk factor 

optimization 
(Primary 

THA in the 
5% national 

sample of the 
Medicare 
database) 

obesity vs. 
no obesity 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, 

depression ,psychosis, congestive 
heart failure, alcohol abuse, , 

hypertension, malignancy, 
metastatic tumor, 

Hypercholesterolemia, chronic 
pulmonary disease, renal disease, 

pulmonary circulation, Hemiplegia 
or paraplegia, Urinary tract 
infection, Valvular disease, 

Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 

Ischemic heart disease, Chronic liver 
disease, dementia, drug abuse 

Hazard 
ratio(CI) 

1.73 (1.35-2.22) Obesity 
increased risk 

of PJI 
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Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Modifiable 
risk factor 

optimization 
(Primary 

TKA in the 
5% national 

sample of the 
Medicare 
database) 

obesity vs. 
no obesity 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral 

vascular disease, Valvular disease, 
Ischemic heart disease, Cardiac 

arrhythmia, Coagulopathy, Urinary 
tract infection, Cerebrovascular 

disease, Lymphoma, Peptic ulcer 
disease, Malignancy, 

Hypercholesterolemia, 
Hemiplegia/paraplegia, Chronic 

liver disease, Alcohol abuse, 
Hypothyroidism, Hypothyroidism, 

Hypertension, Dementia 

Hazard 
ratio(CI) 

1.22 (1.03–1.44) obesity 
increased risk 

of PJI 

Davis,A.M., 
2011 

Low 
Quality 

Infection 
(deep, based 
on clinical 

and 
radiological 
grounds and 
confirmed by 
intraoperative 

culture 
during revi) 

5 Days 1617 Modifiable 
risk factor 

optimization 
(primary 
unilateral 
THA for 

osteoarthritis) 

continuous Age, gender, prosthesis, operating 
consultant, preop HHS and SF-36 

scores, cancer, atherosclerotic 
disease, cardiac disease, diabetes , 

osteoporosis, and phlebitis 

% relative 
increase in 
odds per 10 
point bmi 

increase(CI) 

61.3(-52.1,450.6) NS 

McCalden,R.W., 
2011 

Low 
Quality 

Infection 
(septic 

revision) 

2.1 
weeks 

3290 Modifiable 
risk factor 

optimization 
(primary 
THA for 

osteoarthritis) 

bmi 
comparisons: 
40 or more 
vs 30-39 vs 

25-29 vs less 
than 25 

none p value vrom 
kaplan meier 
analysis with 

breslow's rank 
test to compare 
survival curves 
from multiple 

groups 

p=.045 patients with 
bmi of 40 or 

more had 
higher risk of 
revision than 
all other bmi 

groups 
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Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Modifiable 
risk factor 

optimization 
(first revision 

TKA 
patients. 385 

revisions 
were for 

infection and 
91 were for 

aseptic 
causes of 
failure) 

BMI 
continuous 

none univariate odds 
ratio(CI) 

0.97 (0.93–1.02) NS 

Chee,Y.H., 2010 Low 
Quality 

Infection 
(reoperation 

for deep 
infection) 

5 Days 110 Modifiable 
risk factor 

optimization 
(THA for 

osteoarthritis. 
Two types of 

cemented 
femoral 

component 
were used: 

the Charnley 
THR and  the 

Lubinus 
SPII) 

morbidly 
obese 

patients (bmi 
over 40 or 

bmi over 36 
with one 

comorbidity) 
vs non-obese 

patients 

matched for age, gender, type of 
prosthesis, laterality (right or left, 

unilateral or bilateral) and pre-
operative HHS 

% risk 
difference with 

newcombe 
confidence 
intervals 

3.636(-
3.403,12.323) 

NS 

Gandhi,R., 2009 Low 
Quality 

Infection 
(deep) 

1 Days 1625 Modifiable 
risk factor 

optimization 
(THA with a 
diagnosis of 
primary or 
secondary 

osteoarthritis 
or 

rheumatoid 
arthritis) 

continuous antibiotic cement, age, sex, bmi, 
charlson index, education, preop 

womac score, Rheumatoid arthritis. 

logistic 
regression odds 

ratio(CI) 

1.0 (0.9,1.1) NS 
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Lubbeke,A., 
2008 

Low 
Quality 

Infection 
(PJI) 

Post-Op 204 Modifiable 
risk factor 

optimization 
(revision 

THA) 

BMI 30 or 
more vs less 

than 30 

ASA score odds 
ratio(exact CI) 

3.021(0.392,23.3) NS 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection 
(PJI) 

1 Days 1207 Modifiable 
risk factor 

optimization 
(Primary 
elective 
THA) 

continuous none median BMI in 
infected 

patients/median 
BMI in non-

infected 
patients(p 

value) 

32/28 (p=.02) BMI was 
higher in the 

infected group 

Lubbeke,A., 
2007 

Low 
Quality 

Infection 
(deep) 

5 Days 2495 Modifiable 
risk factor 

optimization 
(primary 

THA) 

bmi of 30 or 
more vs. 
under 30 

age, sex, and diagnosis incident rate 
ratio(CI) 

5.1 (1.9, 13.5) obese had  
higher risk of 
deep infection 

Lubbeke,A., 
2007 

Low 
Quality 

Infection 
(deep) 

5 Days 2495 Modifiable 
risk factor 

optimization 
(male 

primary THA 
patients) 

bmi of 30 or 
more vs. 
under 30 

stratified by sex incident rate 
ratio(CI) 

1.0 (0.2, 5.3) NS 

Lubbeke,A., 
2007 

Low 
Quality 

Infection 
(revision for 

septic 
loosening) 

5 Days 1382 Modifiable 
risk factor 

optimization 
(female 

primary THA 
patients) 

bmi of 30 or 
more vs. 
under 30 

stratified by sex % risk 
difference with 

newcombe 
score 

confidence 
intervals 

1.045(0.273,3.028) NS 

Lubbeke,A., 
2007 

Low 
Quality 

Infection 
(revision for 

septic 
loosening) 

5 Days 2495 Modifiable 
risk factor 

optimization 
(male 

primary THA 
patients) 

bmi of 30 or 
more vs. 
under 30 

stratified by sex odds ratio with 
exact 

confidence 
intervals 

0.895(0.017,11.195) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lubbeke,A., 
2007 

Low 
Quality 

Infection 
(deep) 

5 Days 2495 Modifiable 
risk factor 

optimization 
(female 

primary THA 
patients) 

bmi of 30 or 
more vs. 
under 30 

stratified by sex incident rate 
ratio(CI) 

16.1 (3.4, 75.7) female patients 
were at higher 

risk of deep 
infection if 
they were 

obese 

Namba,R.S., 
2005 

Low 
Quality 

Infection 
(reoperation 
for infection) 

1 Days 1071 Modifiable 
risk factor 

optimization 
(THA) 

BMI over 35 
vs 35 or less 

none odds ratio with 
exact 

confidence 
intervals 

4.16(0.345,36.627) NS 

Lehman,D.E., 
1994 

Low 
Quality 

Wound 
healing 

complication 
(Delayed 
wound 

healing) 

Post-Op 202 Modifiable 
risk factor 

optimization 
(uncemented 

THA) 

bmi of 30 or 
more vs. 
under 30 

none odds ratio with 
exact 

confidence 
intervals 

0.586(0.012,6.088) NS 

Hanna,S.A., 
2017 

Low 
Quality 

Revision (re-
revision for 

deep 
infection) 

Post-Op 112 Modifiable 
risk factor 

optimization 
(revision 

THA 
patients) 

BMI over 40 
vs 30-40 

matched by age, gender, date of 
index surgery 

% events in 
morbid 

obese;%events 
in non-morbid 
obese (p value 
from kaplan 

meier) 

4%;2% (p=.039) morbid obesity 
increased risk 
of revision for 
deep infection 

Chen,A.F., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 32580 Modifiable 
risk factor 

optimization 
(primary or 

revision 
TJA.) 

BMI bmi, comorbidity, length of stay, Adjusted odds 
ratio (CI) p-

value 

1.03 (1.02- 1.04) p- 
<.001 

BMI increased 
odds of PJI 

 
 



  

  

Table 2: Cardiac disease 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Non-
Modifiable 
risk factors 

(patients 
underwent 

THA or 
TKA) 

Mycardial 
infarction 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

1.48 (.60-3.64) p= .40 NS 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Non-
Modifiable 
risk factors 

(patients 
underwent 

THA or 
TKA) 

Congestive heart 
failure 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

1.23(.45-3.38) p= .69 NS 

Long,G., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 906 Non-
Modifiable 
risk factors 

(TKA) 

atrial fibrillation 
vs no atrial 
fibrillation 

matched by age, gender, BMI odds 
ratio(95% 

CI) 

2.10(1.84-2.40) atrial 
fibrillation 

increased risk 
of PJI 

Lee,Q.J., 2015 Low 
Quality 

Infection 
(PJI) 

Post-Op 200 Non-
Modifiable 
risk factors 
(Primary 

TKA) 

heart disease age, gender, BMI, comorbidity 
(diabetes, liver disease, heart 

disease, anemia, thyroid disease, 
renal disease, lung disease, stroke, 

gout), varicose vein, steroid 
intake, dermatitis, acupuncture, 

bilateral TKA, same day surgery, 
anesthesia (spinal), continuous 
femoral nerve block, operating 

time, trainee surgeon, drain, 
intensive care unit admission, 

transfusion, large effusion, blister, 
soaked dressing, deep vein 

thrombosis, acute retention of 
urine, foley catheter, invasive 

procedure 

multivariable 
logistic 

regression 
model; odds 
ratio (95% 

CI), p value 

5.13 ( 1.14- 23.10) p= 
.020 

Heart disease 
is a risk factor 

for PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Grammatico-
Guillon,L., 2015 

Low 
Quality 

Infection 
(PJI) 

4 Days 32582 Non-
Modifiable 
risk factors 
(PJI Hip or 

Knee 
arthroplasty) 

Cardiologic 
devices 

Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, 
urinary tract disorders, cancer, 
chronice liver diseases, alcohol 

abuse, tobacco, hypertension, drug 
abuse, obesity 

Hazards 
models, 

hazard ration 
(95% CI), p-

value 

1.13 (.77, 1.65) p= .55 NS 

Tabatabaee,R.M., 
2015 

Low 
Quality 

Wound 
healing 

complication 
(hematoma 

and/or 
seroma) 

Discharge 1584411 Non-
Modifiable 
risk factors 
(primary or 

revision 
THA or 
TKA in 

National In-
Patient 
Sample 

database) 

patients with a 
history of 
coronary 

angioplasty 
and/or stenting 

vs. patients 
without a history 

of coronary 
revascularization 

Elixhauser comorbidities, type of 
TJA, type of insurance, age, 
gender, race, year of surgery, 
cardiac dysrhythmias (atrial 

fibrillation and other arrhythmias), 
and hospital size, type, and 

setting. 

p value from 
logistic 

regression 

p>.05 NS 

Tabatabaee,R.M., 
2015 

Low 
Quality 

Wound 
healing 

complication 
(hematoma 

and/or 
seroma) 

Discharge 1584745 Non-
Modifiable 
risk factors 
(primary or 

revision 
THA or 
TKA in 

National In-
Patient 
Sample 

database) 

coronary artery 
bypass graft 
(CABG) vs. 

patients without 
a history of 

coronary 
revascularization 

Elixhauser comorbidities, type of 
TJA, type of insurance, age, 
gender, race, year of surgery, 
cardiac dysrhythmias (atrial 

fibrillation and other arrhythmias), 
and hospital size, type, and 

setting. 

logistic 
regression 

odds 
ratio(CI) 

.81(0.72,0.91) risk was lower 
in patients 

with history of 
coronary 

artery bypass 
graft 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Non-
Modifiable 
risk factors 

(patients 
undergoing 

THA or 
TKA) 

cardiovascular 
event in cases vs 

controls 

diabetes, age, BMI, place of 
residence, alcohol abuse, 

treatment of diabetes, chronic 
pulmonary disease, hypertension, 

substance abuse, cerebral 
infarction, dental procedure w/ or 

w/o antibiotics, renal disease, 
gout, cardiovascular event, 

chronic liver disease, anemia, 
tobacco use, ankylosing 

spondylitis, THA vs TKA, gender, 
prostatic disease, oncologic 
disease, neurologic disease, 

history of tuberculosis, 
rheumatoid arthritis vs 

osteoarthritis, femoral head 
necrosis, developmental hip 

dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

1.32 ( .39- 4.52) 
p=.654 

NS 

Bozic,K.J., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 587 Non-
Modifiable 
risk factors 
(Primary 

THA) 

Ischemic heart 
disease 

age, gender, race multvariate 
cox 

regression; 
adjusted 

hazard ratio 
(95% CI); p-

value 

.71 (.31-.64) p= .4239 NS 

Aggarwal,V.K., 
2013 

Low 
Quality 

Infection 
(hospital 

readmission 
fo PJI) 

Post-Op 222 Non-
Modifiable 
risk factors 

(aseptic 
primary or 

revision 
total joint 

arthroplasty) 

atrial fibrillation 
vs no atrial 
fibrillation 

age, sex, involved joint (hip or 
knee), laterality, procedure type 
(primary or revision),body mass 

index (BMI), surgeon, 
postoperative prophylaxis against 

deep-vein thrombosis, and 
approximate date of surgery 

odds ratio 
with exact 
confidence 
intervals 

27.251(3.63,1213.126) atrial 
fibrillation 

increased odds 
of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-
Modifiable 
risk factors 
(Primary 

THA in the 
5% national 
sample of 

the 
Medicare 
database) 

Valvular disease 
vs. no Valvular 

disease 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative 
anemia, diabetes, cardiac 

arrhythmia, peripheral vascular 
disease, depression ,psychosis, 

congestive heart failure, alcohol 
abuse, , hypertension, malignancy, 

metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, 

Hemiplegia or paraplegia, Urinary 
tract infection, Valvular disease, 
Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 
Ischemic heart disease, Chronic 

liver disease, dementia, drug 
abuse 

Hazard 
ratio(CI) 

0.96 (0.79-1.16) NS 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-
Modifiable 
risk factors 
(Primary 

THA in the 
5% national 
sample of 

the 
Medicare 
database) 

ischemic heart 
disease vs. no 
ischemic heart 

disease 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative 
anemia, diabetes, cardiac 

arrhythmia, peripheral vascular 
disease, depression ,psychosis, 

congestive heart failure, alcohol 
abuse, , hypertension, malignancy, 

metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, 

Hemiplegia or paraplegia, Urinary 
tract infection, Valvular disease, 
Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 
Ischemic heart disease, Chronic 

liver disease, dementia, drug 
abuse 

Hazard 
ratio(CI) 

0.99 (0.85-1.16) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-
Modifiable 
risk factors 
(Primary 

THA in the 
5% national 
sample of 

the 
Medicare 
database) 

cardiac 
arrythmia vs. no 

cardiac 
arrythmia 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative 
anemia, diabetes, cardiac 

arrhythmia, peripheral vascular 
disease, depression ,psychosis, 

congestive heart failure, alcohol 
abuse, , hypertension, malignancy, 

metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, 

Hemiplegia or paraplegia, Urinary 
tract infection, Valvular disease, 
Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 
Ischemic heart disease, Chronic 

liver disease, dementia, drug 
abuse 

Hazard 
ratio(CI) 

1.30 (1.11-1.52) cardiac 
arrythmia 

increased risk 
of PJI 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-
Modifiable 
risk factors 
(Primary 

THA in the 
5% national 
sample of 

the 
Medicare 
database) 

congestive heart 
failure vs. no 

congestive heart 
failure 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative 
anemia, diabetes, cardiac 

arrhythmia, peripheral vascular 
disease, depression ,psychosis, 

congestive heart failure, alcohol 
abuse, , hypertension, malignancy, 

metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, 

Hemiplegia or paraplegia, Urinary 
tract infection, Valvular disease, 
Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 
Ischemic heart disease, Chronic 

liver disease, dementia, drug 
abuse 

Hazard 
ratio(CI) 

1.22 (1.01-1.48) congestive 
heart failure 

increases risk 
of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-
Modifiable 
risk factors 
(Primary 

TKA in the 
5% national 
sample of 

the 
Medicare 
database) 

congestive heart 
failure vs. no 

congestive heart 
failure 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, 
psychoses, metastatic tumor, 
Peripheral vascular disease, 

Valvular disease, Ischemic heart 
disease, Cardiac arrhythmia, 
Coagulopathy, Urinary tract 
infection, Cerebrovascular 

disease, Lymphoma, Peptic ulcer 
disease, Malignancy, 

Hypercholesterolemia, 
Hemiplegia/paraplegia, Chronic 

liver disease, Alcohol abuse, 
Hypothyroidism, Hypothyroidism, 

Hypertension, Dementia 

Hazard 
ratio(CI) 

1.28 (1.13–1.46) congestive 
heart failure 

increased risk 
of PJI 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-
Modifiable 
risk factors 
(Primary 

TKA in the 
5% national 
sample of 

the 
Medicare 
database) 

Valvular disease 
vs. no Valvular 

disease 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, 
psychoses, metastatic tumor, 
Peripheral vascular disease, 

Valvular disease, Ischemic heart 
disease, Cardiac arrhythmia, 
Coagulopathy, Urinary tract 
infection, Cerebrovascular 

disease, Lymphoma, Peptic ulcer 
disease, Malignancy, 

Hypercholesterolemia, 
Hemiplegia/paraplegia, Chronic 

liver disease, Alcohol abuse, 
Hypothyroidism, Hypothyroidism, 

Hypertension, Dementia 

Hazard 
ratio(CI) 

1.15 (1.01–1.31) Valvular 
disease 

increased risk 
of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-
Modifiable 
risk factors 
(Primary 

TKA in the 
5% national 
sample of 

the 
Medicare 
database) 

ischemic heart 
disease vs. no 
ischemic heart 

disease 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, 
psychoses, metastatic tumor, 
Peripheral vascular disease, 

Valvular disease, Ischemic heart 
disease, Cardiac arrhythmia, 
Coagulopathy, Urinary tract 
infection, Cerebrovascular 

disease, Lymphoma, Peptic ulcer 
disease, Malignancy, 

Hypercholesterolemia, 
Hemiplegia/paraplegia, Chronic 

liver disease, Alcohol abuse, 
Hypothyroidism, Hypothyroidism, 

Hypertension, Dementia 

Hazard 
ratio(CI) 

1.11 (1.00–1.23) NS 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-
Modifiable 
risk factors 
(Primary 

TKA in the 
5% national 
sample of 

the 
Medicare 
database) 

cardiac 
arrhythmia vs. 

no cardiac 
arrhythmia 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, 
psychoses, metastatic tumor, 
Peripheral vascular disease, 

Valvular disease, Ischemic heart 
disease, Cardiac arrhythmia, 
Coagulopathy, Urinary tract 
infection, Cerebrovascular 

disease, Lymphoma, Peptic ulcer 
disease, Malignancy, 

Hypercholesterolemia, 
Hemiplegia/paraplegia, Chronic 

liver disease, Alcohol abuse, 
Hypothyroidism, Hypothyroidism, 

Hypertension, Dementia 

Hazard 
ratio(CI) 

1.11 (0.99–1.24) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-
Modifiable 
risk factors 

(first 
revision 

TKA 
patients. 385 

revisions 
were for 
infection 

and 91 were 
for aseptic 
causes of 
failure) 

cardiac disease 
vs no cardiac 

disease 

none univariate 
odds 

ratio(CI) 

1.38 (0.71–2.66) NS 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-
Modifiable 
risk factors 

(first 
revision 

TKA 
patients. 385 

revisions 
were for 
infection 

and 91 were 
for aseptic 
causes of 
failure) 

cerebrovascular 
disease vs no 

cerebrovascular 
disease 

none univariate 
odds 

ratio(CI) 

1.23 (0.15–10.09) NS 

Dowsey,M.M., 
2009 

Low 
Quality 

Infection 
(PJI) 

1 Days 1214 Non-
Modifiable 
risk factors 

(elective 
TKA) 

cardiovascular 
disease vs no 

cardiovascular 
disease 

cardiovascular disease, diabetes, 
respiratory disease, smoking, 
obesity, Rheumatoid arhtritis, 

transfusion, drain tube, antibiotic 
cement, gender, age 

logistic 
regression 

odds 
ratio(CI) 

1.92(0.40–9.19) NS 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection 
(PJI) 

1 Days 1207 Non-
Modifiable 
risk factors 
(Primary 
elective 
THA) 

cardiac disease 
vs no cardiac 

disease 

none odds 
ratio(exact 
confidence 
intervals) 

1.379(0.524,4.029) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Honkanen,M., 
2017 

Low 
Quality 

Infection 
(PJI) 

1 Days 20226 Non-
Modifiable 
risk factors 
(primary 

Hip or Knee 
replacement) 

chronic heart 
disease vs no 
chronic heart 

disease 

peroperative bacteriuria, Gender, 
joint site, age, chronic heart 

disease, chronic lung disease, 
hypertension, malignancy, 
neurologic or psychologic 

disorder, rheumatoid diseaes 

logistic 
regression 

odds 
ratio(CI) 

0.58(0.28,1.21) NS 

 
 



  

  

Table 3: Immunocompromised Other 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Non-Modifiable 
risk factors 

(patients 
underwent THA or 

TKA) 

Tumor or 
leukemia or 
lymphoma 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

2.47 (1.45- 4.22) 
p= .001 

Tumor or 
leukemia or 
lymphoma 

increased risk of 
PJI 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Non-Modifiable 
risk factors 

(patients 
underwent THA or 

TKA) 

Malignant 
Tumor 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

1.3 (.007- 23.05) 
p= .86 

NS 

Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection 
(PJI) 

Post-Op 32582 Non-Modifiable 
risk factors (PJI 

Hip or Knee 
arthroplasty) 

Cancer Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, urinary 
tract disorders, cancer, chronice liver 

diseases, alcohol abuse, tobacco, 
hypertension, drug abuse, obesity 

Hazards 
models, 
hazard 

ration (95% 
CI), p-value 

1.02 ( .74, 1.41) 
p= .89 

NS 

Cai,J., 2014 Low 
Quality 

Infection 
(PJI) 

3 Days 903 Non-Modifiable 
risk factors 

(primary THA or 
TKA) 

history of 
systemic 
steroid 

treatment 

Aquacel dressing, age, bmi, former 
smoker, thyroid disease, Liver 

Disease, History of Systemic steroid 
treatment. 

logistic 
regression 

odds 
ratio(CI) 

22.22(1.83,269.45) Age 
significantly 

increases odds 
of PJI 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Non-Modifiable 
risk factors 

(patients 
undergoing THA 

or TKA) 

Oncologic 
disease 

diabetes, age, BMI, place of 
residence, alcohol abuse, treatment of 
diabetes, chronic pulmonary disease, 

hypertension, substance abuse, 
cerebral infarction, dental procedure 
w/ or w/o antibiotics, renal disease, 
gout, cardiovascular event, chronic 
liver disease, anemia, tobacco use, 

ankylosing spondylitis, THA vs TKA, 
gender, prostatic disease, oncologic 

disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

.90 (.08-10.69) p= 
.936 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-Modifiable 
risk factors 

(Primary THA in 
the 5% national 
sample of the 

Medicare database) 

metastatic 
tumor vs. no 
metastatic 

tumor 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, 

depression ,psychosis, congestive 
heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.40 (0.91-2.15) NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-Modifiable 
risk factors 

(Primary THA in 
the 5% national 
sample of the 

Medicare database) 

lymphoma 
vs. no 

lymphoma 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, 

depression ,psychosis, congestive 
heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.39 (0.81-2.36) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-Modifiable 
risk factors 

(Primary THA in 
the 5% national 
sample of the 

Medicare database) 

malignancy 
vs. no 

malignancy 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, 

depression ,psychosis, congestive 
heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.13 (0.97-1.31) NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-Modifiable 
risk factors 

(Primary TKA in 
the 5% national 
sample of the 

Medicare database) 

metastatic 
tumor vs. no 
metastatic 

tumor 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.59 (1.03–2.47) metastatic 
tumors increased 

risk of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-Modifiable 
risk factors 

(Primary TKA in 
the 5% national 
sample of the 

Medicare database) 

lymphoma 
vs. no 

lymphoma 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.34 (0.85–2.11) NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-Modifiable 
risk factors 

(Primary TKA in 
the 5% national 
sample of the 

Medicare database) 

malignancy 
vs. no 

malignancy 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.07 (0.95–1.20) NS 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-Modifiable 
risk factors (first 

revision TKA 
patients. 385 

revisions were for 
infection and 91 
were for aseptic 

causes of failure) 

Cancer vs no 
Cancer 

none univariate 
odds 

ratio(CI) 

1.70 (0.7–3.86) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Hailer,N.P., 
2010 

Low 
Quality 

Infection 
(revision 

for 
infection) 

Post-Op 170413 Non-Modifiable 
risk factors (totally 
cemented or totally 
uncemented THAs 

in Swedish HIp 
Arthroplasty 

Register) 

operation for 
tumor vs 

operation for 
osteoarthritis 

primary diagnosis, age, sex, cemented 
vs uncemented fixation 

Hazard 
ratio(CI) 

1.7 (0.5 –5.3) NS 

Berbari,E.F., 
1998 

Low 
Quality 

Infection 
(PJI) 

Post-Op 924 Non-Modifiable 
risk factors (THA 

or TKA) 

systemic 
malignancy 

vs no 
systemic 

malignancy 

matched by gender, joint location, 
controlled in model for age, date of 
prosthesis, postoperative SSI, NNIS 
surgical risk index score, systemic 

malignancy, prior joint arthroplasty, 
prior joint arthroplasty. unclear which 
of the other variables were screened 

out of stepwise model 

matched 
conditional 

logistic 
regression 

odds 
ratio(CI) 

3.1(1.3-7.2) systemic 
malignancy 

increased odds 
of PJI 

Honkanen,M., 
2017 

Low 
Quality 

Infection 
(PJI) 

1 Days 20226 Non-Modifiable 
risk factors 

(primary Hip or 
Knee replacement) 

Malignancy 
vs no 

Malignancy 

peroperative bacteriuria, Gender, joint 
site, age, chronic heart disease, 

chronic lung disease, hypertension, 
malignancy, neurologic or 

psychologic disorder, rheumatoid 
diseaes 

logistic 
regression 

odds 
ratio(CI) 

0.55(0.17,1.72) NS 

 
 



  

  

Table 4: Immunocompromised transplant 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

Post-Op 2321 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Kidney 
transplant 

age, gender relative 
risk, p-
value 

1.56,p=<0.001 kidney transplant 
increased risk of 

PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

Post-Op 561 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Liver 
transplant 

age, gender relative 
risk, p-
value 

1.6,p=0.022 Liver transplant 
increased risk of 

PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

Post-Op 196 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Lung 
transplant 

age, gender relative 
risk, p-
value 

0.99,p=0.988 NS 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

Post-Op 428 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Heart 
transplant 

age, gender relative 
risk, p-
value 

1.82,p=0.006 Heart transplant 
increased risk of 

PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

Post-Op 149 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Pancreas 
transplant 

age, gender relative 
risk, p-
value 

1.31,p=0.543 NS 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 428 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Heart 
transplant 

age, gender relative 
risk, p-
value 

2.32,p=0.004 heart increased 
risk of PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 149 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Pancreas 
transplant 

age, gender relative 
risk, p-
value 

3.03,p=0.009 pancreas 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 2321 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Kidney 
transplant 

age, gender relative 
risk, p-
value 

1.32,p=0.099 NS 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 561 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Liver 
transplant 

age, gender relative 
risk, p-
value 

2.09,p=0.006 liver transplant 
increased risk of 

PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 196 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

Lung 
transplant 

age, gender relative 
risk, p-
value 

2.3,p=0.054 NS 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI) 3 months 2321 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

any organ 
transplant 

age, gender relative 
risk, p-
value 

1.7 p<.001 any organ 
transplant 

increased risk of 
PJI 

Klement,M.R., 
2016 

Low 
Quality 

Infection (PJI 
overall time 

point) 

3 months 2321 Non-Modifiable 
risk factors (THA 

patients after one or 
more solid organ 

transplant) 

any organ 
transplant 

age, gender relative 
risk, p-
value 

1.67 p<.001 any organ 
transplant 

increased risk of 
PJI 

Cavanaugh,P.K., 
2015 

Low 
Quality 

Wound 
healing 

complication 
(wound 

complications 
in hospital) 

Post-Op 2579694 Non-Modifiable 
risk factors 

(primary or revision 
TKA or THA) 

heart,lung or 
pancreas 

transplant vs 
no transplant 

demographics (specfic one not listed), 
hospital region, setting and size, 
primary payer, year of surgery, 

underlying joint disorder, type of TJA 
(revision versus primary) and type of 

joint (knee versus hip) 

logistic 
regression 

odds 
ratio(CI) 

2.13(1.27–
3.58) 

having a heart, 
lung or pancrease 

transplant 
increased odds of 

wound 
complications 

Cavanaugh,P.K., 
2015 

Low 
Quality 

Wound 
healing 

complication 
(wound 

complications 
in hospital) 

Post-Op 2579823 Non-Modifiable 
risk factors 

(primary or revision 
TKA or THA) 

Liver 
transplant vs 
no transplant 

demographics (specfic one not listed), 
hospital region, setting and size, 
primary payer, year of surgery, 

underlying joint disorder, type of TJA 
(revision versus primary) and type of 

joint (knee versus hip) 

p value 
from 

logistic 
regression 

p>.05 NS 

 
 



  

  

Table 5: Peripheral vascular disease 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection (PJI) Post-Op 13026 Non-Modifiable risk 
factors (patients 

underwent THA or 
TKA) 

Peripheral 
vascular 
disease 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

.88 
(.40-
1.93) 
p= .75 

NS 

Jiang,S.L., 2014 Low 
Quality 

Infection (PJI) 6 Days 880786 Non-Modifiable risk 
factors (THA or TKA 

athroplasty) 

Peripheral 
vascular 
disease 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

1.34 
(1.16-
1.55) 

p= 
<.001 

PVD increased 
risk of PJI 

Bozic,K.J., 
2014 

Low 
Quality 

Infection (PJI) Post-Op 587 Non-Modifiable risk 
factors (Primary 

THA) 

Peripheral 
vascular 

age, gender, race multvariate 
cox 

regression; 
adjusted 

hazard ratio 
(95% CI); 

p-value 

2.3 
(.63- 

8.4) p= 
.2077 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary 
THA in the 5% 

national sample of 
the Medicare 

database) 

peripheral 
vascular 

disease vs. 
no 

peripheral 
vascular 
disease 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, 
, hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.29 
(1.09-
1.54) 

PVD increased 
risk of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary 
TKA in the 5% 

national sample of 
the Medicare 

database) 

peripheral 
vascular 

disease vs. 
no 

peripheral 
vascular 
disease 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.13 
(1.01–
1.27) 

peripheral 
vascular disease 
increased risk of 

PJI 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection (deep) Post-Op 476 Non-Modifiable risk 
factors (first revision 
TKA patients. 385 
revisions were for 

infection and 91 were 
for aseptic causes of 

failure) 

vascular 
arterial 

disease vs 
vascular 
arterial 
disease 

none univariate 
odds 

ratio(CI) 

0.51 
(0.18–
1.47) 

NS 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection (deep) Post-Op 476 Non-Modifiable risk 
factors (first revision 
TKA patients. 385 
revisions were for 

infection and 91 were 
for aseptic causes of 

failure) 

Vascular 
venous 

disease vs no 
Vascular 
venous 
disease 

none univariate 
odds 

ratio(CI) 

1.39 
(0.47–
4.15) 

NS 

 
 



  

  

Table 6: Presence of inflammatory arthritis with or without the use of biologics/immune modulating drugs 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

George,M.D., 2017 Moderate 
Quality 

Infection (pji) 1 Days 4288 Non-
Modifiable 
risk factors 

(elective 
primary or 

revision hip 
or knee 

arthroplasty. 
patients had 
rheumatoid 

arthritis 
(RA), 

inflammatory 
bowel disease 

(IBD), 
psoriasis 
(PsO), 

psoriatic 
arthritis 

(PsA), or 
ankylosing 
spondylitis 

(AS), and all 
had had 

received at 
least one 

infliximab 
infusion 
within 6 
months 
before 

surgery) 

stoping 
infliximab 4-8 
weeks before 
surgery vs. 8-

12 weeks 
before surgery 

propensity score 
matching with: age, use 
of methotrexate in past 3 
months, sex, race, RA, 

inflamatory bowel 
disease, 

psoriatic/ankylosis, extra 
articular ra, diabetes, 

COPD, kidney disease, 
obesity, charlson score, 

non-biologic DMARD in 
past 3 months, previous 

biologic DMARD, 
glucocorticoid dose in 

past month, surgery type. 

odds ratio(CI) .95(.62-1.36) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

George,M.D., 2017 Moderate 
Quality 

Infection (pji) 1 Days 4288 Non-
Modifiable 
risk factors 

(elective 
primary or 

revision hip 
or knee 

arthroplasty. 
patients had 
rheumatoid 

arthritis 
(RA), 

inflammatory 
bowel disease 

(IBD), 
psoriasis 
(PsO), 

psoriatic 
arthritis 

(PsA), or 
ankylosing 
spondylitis 

(AS), and all 
had had 

received at 
least one 

infliximab 
infusion 
within 6 
months 
before 

surgery) 

stoping 
infliximab at 

least 16 weeks 
before surgery 
vs. 8-12 weeks 
before surgery 

propensity score 
matching with: age, use 
of methotrexate in past 3 
months, sex, race, RA, 

inflamatory bowel 
disease, 

psoriatic/ankylosis, extra 
articular ra, diabetes, 

COPD, kidney disease, 
obesity, charlson score, 

non-biologic DMARD in 
past 3 months, previous 

biologic DMARD, 
glucocorticoid dose in 

past month, surgery type. 

odds ratio(CI) 1.22(.49-3.02) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

George,M.D., 2017 Moderate 
Quality 

Infection (pji) 1 Days 4288 Non-
Modifiable 
risk factors 

(elective 
primary or 

revision hip 
or knee 

arthroplasty. 
patients had 
rheumatoid 

arthritis 
(RA), 

inflammatory 
bowel disease 

(IBD), 
psoriasis 
(PsO), 

psoriatic 
arthritis 

(PsA), or 
ankylosing 
spondylitis 

(AS), and all 
had had 

received at 
least one 

infliximab 
infusion 
within 6 
months 
before 

surgery) 

stoping 
infliximab <4 
weeks before 
surgery vs. 8-

12 weeks 
before surgery 

propensity score 
matching with: age, use 
of methotrexate in past 3 
months, sex, race, RA, 

inflamatory bowel 
disease, 

psoriatic/ankylosis, extra 
articular ra, diabetes, 

COPD, kidney disease, 
obesity, charlson score, 

non-biologic DMARD in 
past 3 months, previous 

biologic DMARD, 
glucocorticoid dose in 

past month, surgery type. 

odds ratio(CI) .9(.6-1.34) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

George,M.D., 2017 Moderate 
Quality 

Infection (pji) 1 Days 4288 Non-
Modifiable 
risk factors 

(elective 
primary or 

revision hip 
or knee 

arthroplasty. 
patients had 
rheumatoid 

arthritis 
(RA), 

inflammatory 
bowel disease 

(IBD), 
psoriasis 
(PsO), 

psoriatic 
arthritis 

(PsA), or 
ankylosing 
spondylitis 

(AS), and all 
had had 

received at 
least one 

infliximab 
infusion 
within 6 
months 
before 

surgery) 

stoping 
infliximab 12-

16 weeks 
before surgery 

vs. 12-16 
weeks before 

surgery 

propensity score 
matching with: age, use 
of methotrexate in past 3 
months, sex, race, RA, 

inflamatory bowel 
disease, 

psoriatic/ankylosis, extra 
articular ra, diabetes, 

COPD, kidney disease, 
obesity, charlson score, 

non-biologic DMARD in 
past 3 months, previous 

biologic DMARD, 
glucocorticoid dose in 

past month, surgery type. 

odds ratio(CI) 1.06(.54-2.05) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Triantafyllopoulos,G.K., 
2016 

Low 
Quality 

Infection (pji) Post-Op 6650 Non-
Modifiable 
risk factors 
(primary 
bilateral 

THAs (either 
same day or 

staged)) 

inflammatory 
arthritis vs. 

degenerative 
arthrits 

was a stepwise model 
with patient 

demographics (ie, age, 
sex), Deyo comorbidity 

index, total LOS, 
diagnosis, blood 

transfusion, allogeneic 
transfusion, and total 

number of transfusions 
as candidate predictors, 

but the exact variables in 
the final model was 

unclear 

logistic regression 
odds ratio(CI) 

7.321(1.912, 
28.028) 

patient with 
inflammatory 
arthritis had 

increased odds 
of pji 

Sousa,R.J., 2016 Low 
Quality 

Infection 
(PJI) 

1 Days 228 Non-
Modifiable 
risk factors 

(elective 
primary THA 

or TKA) 

elective 
surgery for 

inflammatory 
arthritis vs 

elective 
surgery 
without 

inflammatory 
arthritis 

surgery duration, obesity, 
diabetes, inflammatory 
arthritis, ASA score, 

patient S aureus carrier 

logistic regression 
odds ratio(CI) 

3.25 (0.87-2.14) NS 

Schrama,J.C., 2015 Low 
Quality 

Infection 
(revision due 
to infection) 

Post-Op 390671 Non-
Modifiable 
risk factors 
(primary 

THAs for OA 
or RA in 
Nordic 

Arthroplasty 
Register 

Association 
(NARA) 
registry) 

RA vs OA (not 
stratified by 
biologic use, 

since they 
didn't have 

data to directly 
measure used 
in patients) 

age,sex,diagnosis, year 
of primary surgery 

(before or after 2001), 
fixation type 

cox proportional 
hazard ratio(CI) 

1.3 (>1.0–1.6) Rheumatoid 
arthritis 

increased risk 
of revision for 

infection 
compared to 
OA patients 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Non-
Modifiable 
risk factors 

(patients 
undergoing 

THA or 
TKA) 

RA vs OA diabetes, age, BMI, place 
of residence, alcohol 
abuse, treatment of 
diabetes, chronic 

pulmonary disease, 
hypertension, substance 

abuse, cerebral 
infarction, dental 

procedure w/ or w/o 
antibiotics, renal disease, 

gout, cardiovascular 
event, chronic liver 

disease, anemia, tobacco 
use, ankylosing 

spondylitis, THA vs 
TKA, gender, prostatic 

disease, oncologic 
disease, neurologic 
disease, history of 

tuberculosis, rheumatoid 
arthritis vs osteoarthritis, 
femoral head necrosis, 

developmental hip 
dysplasia, fracture 

multivariate 
conditional logistic 

regression 
analysis; odds 

ratio (95% CI), p 
value 

2.81 (.69-11.47) 
p= .151 

NS 

Bozic,K.J., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 587 Non-
Modifiable 
risk factors 
(Primary 

THA) 

Rheumatologic 
disease 

age, gender, race multvariate cox 
regression; 

adjusted hazard 
ratio (95% CI); p-

value 

1.37 (.57- 2.39) 
p=.4785 

NS 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-
Modifiable 
risk factors 
(primary 
THAs in 
Nordic 

Arthroplasty 
Register 

Association 
dataset) 

inflammatory 
disease vs. 

osteoarthritis 

age, sex, diagnosis, 
prosthesis type, fixation 

type, cement type, 
cement with antibiotics 

Hazard ratio(CI) 1.4(1.1–1.7) patient with 
inflammatory 
arthritis had 

increased odds 
of pji 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-
Modifiable 
risk factors 
(Primary 

THA in the 
5% national 

sample of the 
Medicare 
database) 

Rheumatic 
disease vs. no 

Rheumatic 
disease 

Rheumatologic disease, 
Obesity, coagulopathy, 
preoperative anemia, 

diabetes, cardiac 
arrhythmia, peripheral 

vascular disease, 
depression ,psychosis, 

congestive heart failure, 
alcohol abuse, , 
hypertension, 

malignancy, metastatic 
tumor, 

Hypercholesterolemia, 
chronic pulmonary 

disease, renal disease, 
pulmonary circulation, 

Hemiplegia or 
paraplegia, Urinary tract 

infection, Valvular 
disease, Cerebrovascular 

disease, Peptic ulcer 
disease, Hypothyroidism, 
Ischemic heart disease, 
Chronic liver disease, 
dementia, drug abuse 

Hazard ratio(CI) 1.71 (1.42-2.06) Rheumatic 
disease 

increased risk 
of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-
Modifiable 
risk factors 
(Primary 

TKA in the 
5% national 

sample of the 
Medicare 
database) 

Rheumatologic 
disease vs. no 

Rheumatologic 
disease 

Congestive heart failure, 
chronic pulmonary 

disease, preoperative 
anemia, depression, renal 

disease, pulmonary 
circulation, obesity 

Rheumatologic disease, 
psychoses, metastatic 

tumor, Peripheral 
vascular disease, 
Valvular disease, 

Ischemic heart disease, 
Cardiac arrhythmia, 

Coagulopathy, Urinary 
tract infection, 

Cerebrovascular disease, 
Lymphoma, Peptic ulcer 

disease, Malignancy, 
Hypercholesterolemia, 
Hemiplegia/paraplegia, 
Chronic liver disease, 

Alcohol abuse, 
Hypothyroidism, 
Hypothyroidism, 

Hypertension, Dementia 

Hazard ratio(CI) 1.18 (1.02–1.37) Rheumatologic 
disease 

increased risk 
of PJI 

Pedersen,A.B., 2010 Low 
Quality 

Infection 
(revision for 

infection) 

2 weeks 80756 Non-
Modifiable 
risk factors 
(Primary 
THA in 

Danish Hip 
Arthroplasty 

Registry) 

inflammatory 
arthritis vs. 

osteoarthritis 

sex, age, charlson index, 
primary diagnosis, 

previsous surgery on the 
same hip, fixation 

technique, operating 
theater ventilation, 

ansethesia typ, 
ossification prophylaxis 
with NSAIDs, duration 

of surgery 

hazard ratio(CI) 1.19 (0.76–1.88) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Mortazavi,S.M., 2010 Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-
Modifiable 
risk factors 

(first revision 
TKA 

patients. 385 
revisions 
were for 

infection and 
91 were for 

aseptic 
causes of 
failure) 

inflamatory 
arthritis vs no 
inflammatory 

arthritis 

none univariate odds 
ratio(CI) 

2.78 (1.19–6.48) inflammatory 
arthritis 

increases odds 
of infection 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 
infection at 1 

year) 

1 Days 24294 Non-
Modifiable 
risk factors 

(All primary 
TKA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(p 
value) 

1.8(p<.05) RA increased 
the risk of 

revision for 
infection 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 

infection 
between 1 

and 6 years) 

6 Days 24294 Non-
Modifiable 
risk factors 

(All primary 
TKA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(p 
value) 

1.1(p>.05) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 
infection at 6 
or more years 
after surgery) 

Post-Op 24294 Non-
Modifiable 
risk factors 

(All primary 
TKA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(CI) 5.4(1.9–16) RA increased 
the risk of 

revision for 
infection 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 
infection at 1 

year) 

1 Days 84492 Non-
Modifiable 
risk factors 

(All primary 
THA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(p 
value) 

1(p>.05) NS 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 

infection 
between 1 

and 6 years) 

6 Days 84492 Non-
Modifiable 
risk factors 

(All primary 
THA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(p 
value) 

.8(p>.05) NS 
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Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schrama,J.C., 2010 Low 
Quality 

Infection 
(revision for 
infection at 6 
or more years 
after surgery) 

Post-Op 84492 Non-
Modifiable 
risk factors 

(All primary 
THA patients 
with RA or 

OA The 
Norwegian 

Arthroplasty 
Register 
(NAR)) 

Rheumatoid 
arthritis vs 

osteoarthritis 

age, sex, year of primary 
surgery 

hazard ratio(CI) 4.1(1.6–11) RA increased 
risk of revision 

for infection 

Hailer,N.P., 2010 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 170413 Non-
Modifiable 
risk factors 

(totally 
cemented or 

totally 
uncemented 

THAs in 
Swedish HIp 
Arthroplasty 

Register) 

RA vs OA primary diagnosis, age, 
sex, cemented vs 

uncemented fixation 

Hazard ratio(CI) (p 
value) 

1.4 (1.0 –1.9) 
(p=.04) 

RA patients 
were at higher 
risk of revision 

for infection 

Jamsen,E., 2010 Low 
Quality 

Infection 
(PJI) 

1 Days 2495 Non-
Modifiable 
risk factors 
(primary 

elective knee 
arthroplasty) 

RA vs OA age,sex,diagnosis, ASA 
score, BMI, preop knee 

society score, preop KSS 
pain, preop range of 

motion, fixation method, 
length of operation, 

blood loss. 

logistic regression 
odds ratio(CI) 

2.99(0.84-10.56) NS 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Non-
Modifiable 
risk factors 
(Primary 

THAs in the 
Norwegian 

Arthroplasty 
Register) 

inflammatory 
arthritis vs 

osteoarthritis 

sex,age, diagnosis, 
modular vs monoblock, 

duration of surgery, 
operation room 

ventilation type, systemic 
antibiotic prophylaxis, 
uncemented vs cement 
with antibiotics vs plain 

cemented 

cox proportional 
hazard ratio(CI) 

1.1(0.7–1.7) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Gandhi,R., 2009 Low 
Quality 

Infection 
(deep) 

1 Days 1625 Non-
Modifiable 
risk factors 

(THA with a 
diagnosis of 
primary or 
secondary 

osteoarthritis 
or 

rheumatoid 
arthritis) 

RA vs OA antibiotic cement, age, 
sex, bmi, charlson index, 
education, preop womac 

score, Rheumatoid 
arthritis. 

logistic regression 
odds ratio(CI) 

0.5 (0.1,2.0) NS 

Bongartz,T., 2008 Low 
Quality 

Infection 
(PJI) 

Post-Op 701 Non-
Modifiable 
risk factors 

(primary and 
revision THA 
and TKAs for 
Osteoarthritis 

or 
Rheumatoid 

Arthritis) 

rheumatoid 
arthritis vs 

osteoarthritis 

matching was performed 
according to patient age 
(w/in 5 years), site (hip 

or knee), type 
(revision/primary 

arthroplasty), and time 
point of first Mayo 

surgery 

Hazard ratio(CI) 4.08(1.35–12.33) RA patients 
were at higher 

risk of 
infection 

Bongartz,T., 2008 Low 
Quality 

Infection 
(PJI) 

Post-Op 462 Non-
Modifiable 
risk factors 

(primary and 
revision THA 
and TKAs for 
Rheumatoid 

Arthritis) 

DMARDs 
withheld 
within 3 

months of 
surgery vs 

DMARDs not 
witheld 

none Hazard ratio(CI) 0.65(0.09–4.95) NS 

Soriano,A., 2008 Low 
Quality 

Infection 
(deep tissue) 

1 Days 908 Non-
Modifiable 
risk factors 
(Primary 

TKA) 

proportion 
with 

rheumatoid 
arthritis in 
infected vs 
uninfected 

patients 

none proportion 
infected/proportion 
uninfected (p value 

from chi square 
test) 

3.6%/1.1%(p=.34) NS 

Kreder,H.J., 2003 Low 
Quality 

Infection 
(readmission 

for knee 
infection) 

3 Days 14352 Non-
Modifiable 
risk factors 

(elective 
TKA) 

inflammatory 
arthritis vs 

osteoarthritis 

hospital volume, surgeon 
volume, age, charlson 

comorbidity index, OA 
vs RA, gender 

generalized 
estimating 

equation odds 
ratio(CI) 

1.33(0.83,2) NS 
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Confounding 
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Kreder,H.J., 2003 Low 
Quality 

Infection 
(readmission 

for knee 
infection) 

1 Days 14352 Non-
Modifiable 
risk factors 

(elective 
TKA) 

inflammatory 
arthritis vs 

osteoarthritis 

hospital volume, surgeon 
volume, age, charlson 

comorbidity index, OA 
vs RA, gender 

generalized 
estimating 

equation odds 
ratio(CI) 

1.82(1.11,3.33) inflammatory 
arthritis 

increased odds 
of PJI 

Wilson,M.G., 1990 Low 
Quality 

Infection 
(deep) 

Post-Op 3933 Non-
Modifiable 
risk factors 
(metal to 

plastic TKAs 
with OA or 

RA) 

RA vs OA none odds ratio(CI) 2.55 (1.44, 4.53) RA increased 
odds of PJI 

Salvati,E.A., 1982 Low 
Quality 

Infection 
(postoperative 

wound 
infection) 

Post-Op 3175 Non-
Modifiable 
risk factors 
(Total hip 
and knee 

replacements) 

rheumatoid 
arthritis vs 

other diagnosis 

none correlation, p .03, < .03 Rheumatoid 
arthritis 
showed 

significant 
correlation 

with 
postoperative 
infection rate 

Honkanen,M., 2017 Low 
Quality 

Infection 
(PJI) 

1 Days 20226 Non-
Modifiable 
risk factors 

(primary Hip 
or Knee 

replacement) 

Rheumatic 
disease vs. no 

Rheumatic 
disease 

peroperative bacteriuria, 
Gender, joint site, age, 
chronic heart disease, 
chronic lung disease, 

hypertension, 
malignancy, neurologic 
or psychologic disorder, 

rheumatoid diseaes 

logistic regression 
odds ratio(CI) 

0.61(0.23,1.67) NS 

 
 



  

  

Table 7: Prior joint infection 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bedair,H., 2015 Moderate 
Quality 

Infection (pji) Post-Op 180 Non-Modifiable risk 
factors (patients 
getting a second 
arthroplasty at a 

different hip or knee 
joint site) 

patients with 
previous PJI 
on a separate 

joint 
undergoing a 
2nd primary 
hip or knee 
arthroplasty 
an a separate 

vs. those 
undergoing a 

seperate 
joint 

arthroplasty 
without a 

history of pji 
in a separate 

joint 

matched by age at the time of the initial 
surgery (± 2 years), sex, history of 

diabetes mellitus, body mass 
index,ASA score,joints replaced, 

institution, and year of second 
arthroplasty surgery 

relative 
risk(CI) 

21(1.25–
353.08) 

patients who had 
pji in a separate 
hip/knee joint 

have a higher risk 
of pji in other 

joints 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection (deep) Post-Op 476 Non-Modifiable risk 
factors (first revision 
TKA patients. 385 
revisions were for 

infection and 91 were 
for aseptic causes of 

failure) 

infection as 
the reason 

for revision 
vs aseptic 
reasons 

diagnosis other than osteoarthritis at the 
time of primary TKA, higher Charlson 
index, and revision for infection. the 

following were entered into a stepwise 
analysis, but it is unclear which 
variables were retained in final 

model:medical comorbidities (in 
particular connective tissue disorder 
and respiratory disease), diagnosis 

other than osteoarthritis at the time of 
primary TKA, revision for infection, 

abnormal serology at the time of 
revision arthroplasty, and one-stage 

surgical treatment for infection 
(irrigation and de´bridement or one-

stage exchange arthroplasty 

logistic 
odds 

ratio(CI) 

2.24(1.31–
3.82) 

patients revised 
for infection have 

greater odds of 
infection after 
revision than 

aseptic revisions 

 
 



  

  

Table 8: Renal disease 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Non-Modifiable 
risk factors (patients 
underwent THA or 

TKA) 

Kidney 
disease 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

.74 (.38- 
1.44) p= .37 

NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 26262 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

chronic 
kidney disease 
and diabetes 
vs. healthy 

controls 

matched by age and gender odds 
ratio(95% 

CI) 

3.96(3.68, 
4.26) 

combined 
diabetes and 

CKD increased 
odds of PJI 
compared to 

healthy controls 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 2525 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

diabetes and 
hemodialysis 
vs. healthy 

controls 

matched by age and gender odds 
ratio(95% 

CI) 

4.47(3.66, 
5.47) 

diabetic 
hemodialysis 

patients were at 
increased odds 

of PJI compared 
to healthy 
controls 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 902 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

renal 
transplantation 
and diabetes 
vs healthy 

contol 

matched by age and gender odds 
ratio(95% 

CI) 

1.45(1.04, 
2.04) 

diabetic renal 
transplant 

patients were at 
increased odds 

of PJI compared 
to healthy 
controls 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 26262 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

chronic 
kidney disease 
and diabetes 
vs. healthy 

controls 

matched by age and gender odds 
ratio(95% 

CI) 

4.19(3.58, 
4.91) 

combined 
diabetes and 

CKD increased 
odds of PJI 
compared to 

healthy controls 
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Outcome 
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(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 2525 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

diabetes and 
hemodialysis 
vs. healthy 

controls 

matched by age and gender odds 
ratio(95% 

CI) 

6.61(4.25, 
10.27) 

diabetic 
hemodialysis 

patients were at 
increased odds 

of PJI compared 
to healthy 
controls 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 902 Non-Modifiable 
risk factors (THA 

patients in a 
Medicare database) 

renal 
transplantation 
and diabetes 
vs healthy 

contol 

matched by age and gender odds 
ratio(95% 

CI) 

1.12(0.60, 
2.07) 

NS 

Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

3 months 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 4 or 5  
vs. stage 1 or 

2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

0.95(p= 
.962) 

NS 
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Confounding 
Adjustment Statistic Result Significance 

Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

2 Days 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 4 or 5  
vs. stage 1 or 

2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

OR, 1.31(p= 
.714) 

NS 

Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

3 months 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 3B vs. 
stage 1 or 2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

1.37(p=.532) NS 
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Confounding 
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Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

2 Days 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 3B vs. 
stage 1 or 2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

1.71(p=.159) NS 

Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

3 months 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 3A vs. 
stage 1 or 2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

2.18(p=.004) Stage 3A 
patients were at 
higher risk of 

PJI 
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Tan,T.L., 2016 Low 
Quality 

Infection 
(revision for 

PJI) 

2 Days 12308 Non-Modifiable 
risk factors 

(priprimary TJAs 
(6361 hips and 5947 

knees) with 
abailable 

preoperative renal 
function parameters. 

CKD stages were 
defined based on 

eGFR in 
mL/min/1.73 m2 

(eGFR): (1) 90þ, (2) 
60-89, (3A) 45-59, 
(3B) 30-44, (4) 15-
29, and (5) <15.) 

stage 3A vs. 
stage 1 or 2 

age, gender, body mass index, 
race,Elixhauser comorbidity index, 
preoperative angiotensin-converting 

enzyme inhibitor, NSAID 
consumption 

logistic 
regression 

odds ratio(p 
value) 

2(p=.002) Stage 3A 
patients were at 
higher risk of 

PJI 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 1184 Non-Modifiable 
risk factors (male 
primary TKAs) 

chronic 
kidney disease 
vs no kidney 

disease 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.44 (0.62–
3.38) 

NS 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 3435 Non-Modifiable 
risk factors (female 

primary TKAs) 

chronic 
kidney disease 
vs no chronic 
kidney disease 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.70 (0.83–
3.49) 

NS 

Lee,Q.J., 2015 Low 
Quality 

Infection 
(PJI) 

Post-Op 200 Non-Modifiable 
risk factors 

(Primary TKA) 

renal disease age, gender, BMI, comorbidity 
(diabetes, liver disease, heart disease, 
anemia, thyroid disease, renal disease, 
lung disease, stroke, gout), varicose 

vein, steroid intake, dermatitis, 
acupuncture, bilateral TKA, same day 

surgery, anesthesia (spinal), 
continuous femoral nerve block, 

operating time, trainee surgeon, drain, 
intensive care unit admission, 

transfusion, large effusion, blister, 
soaked dressing, deep vein 

thrombosis, acute retention of urine, 
foley catheter, invasive procedure 

multivariable 
logistic 

regression 
model; p 

value 

0.444 NS 
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Treatment 
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Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection 
(PJI) 

4 Days 32582 Non-Modifiable 
risk factors (PJI Hip 

or Knee 
arthroplasty) 

Chronic renal 
failure 

Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, urinary 
tract disorders, cancer, chronice liver 

diseases, alcohol abuse, tobacco, 
hypertension, drug abuse, obesity 

Hazards 
models, 

hazard ration 
(95% CI), p-

value 

1.53 (1.11, 
2.10) p= .01 

chronic renal 
failure increased 

risk of PJI 

Miric,A., 2014 Moderate 
Quality 

Infection 
(deep) 

Post-Op 20720 Non-Modifiable 
risk factors (primary 

elective THA 
patients in the total 
foint replacement 

registry) 

chronic 
kidney disease 
vs no kidney 

disease 

diabetes,age, gender, race, ASA hazard 
ratio(CI) 

1.14(0.56–
2.33) 

NS 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Non-Modifiable 
risk factors (patients 
undergoing THA or 

TKA) 

renal disease 
in cases vs 

controls 

diabetes, age, BMI, place of 
residence, alcohol abuse, treatment of 
diabetes, chronic pulmonary disease, 

hypertension, substance abuse, 
cerebral infarction, dental procedure 
w/ or w/o antibiotics, renal disease, 
gout, cardiovascular event, chronic 
liver disease, anemia, tobacco use, 

ankylosing spondylitis, THA vs TKA, 
gender, prostatic disease, oncologic 

disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

1.43 ( .43-
4.80) p 
=.559 

NS 

Miric,A., 2014 Moderate 
Quality 

Infection 
(deep) 

Post-Op 44538 Non-Modifiable 
risk factors (primary 
TKAs in Total Joint 

Replacement 
Registry) 

chronic renal 
disease vs no 
chronic renal 

disease. 

age, sex, race/ethnicity, American 
Society of Anaesthesiologists scores, 
surgery indication (osteoarthritis vs. 
other diagnosis), and comorbidities 

(diabetes, heart failure, valvular 
disease, peripheral vascular disease, 
alcohol abuse, and hypertension). 

logistic 
regression 

odds 
ratio(CI) 

1.01 0.65–
1.58 

NS 

Bozic,K.J., 
2014 

Low 
Quality 

Infection 
(PJI) 

Post-Op 587 Non-Modifiable 
risk factors 

(Primary THA) 

renal disease age, gender, race multvariate 
cox 

regression; 
adjusted 

hazard ratio 
(95% CI); p-

value 

.25 (.06-1.1) 
p= .0735 

NS 
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Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 40919 Non-Modifiable 
risk factors 

(Primary THA in 
the 5% national 
sample of the 

Medicare database) 

renal disease 
vs. no renal 

disease 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, 

depression ,psychosis, congestive 
heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.19 (0.86-
1.65) 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection 
(PJI) 

3 months 83011 Non-Modifiable 
risk factors 

(Primary TKA in 
the 5% national 
sample of the 

Medicare database) 

renal disease 
vs. no renal 

disease 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.38 (1.11–
1.71) 

renal disease 
increased risk of 

PJI 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-Modifiable 
risk factors (first 

revision TKA 
patients. 385 

revisions were for 
infection and 91 
were for aseptic 

causes of failure) 

renal disease 
vs no renal 

disease 

none univariate 
odds 

ratio(CI) 

2.89 (0.58–
14.36) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Erkocak,O.F., 
2016 

Low 
Quality 

Infection 
(PJI) 

Post-Op 1061 Non-Modifiable 
risk factors (THA or 

TKA) 

Chronic Renal 
Failure vs. No 
Chronic Renal 

Failure 

matched by gender, age, date of 
surgery, BMI 

odds 
ratio(CI) 

1.26 0.55-
4.93 

NS 

Kuo,L.-T., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13844 Non-Modifiable 
risk factors 

(Diabetic patients 
with TKA) 

chronic 
kidney disease 
vs no kidney 

disease 

age, gender, comorbidity hazard 
ratio(CI) 

1.31 (0.94–
1.82) 

NS 

Kuo,L.-T., 2017 Low 
Quality 

Infection 
(requiring 

debridement) 

Post-Op 13844 Non-Modifiable 
risk factors 

(Diabetic patients 
with TKA) 

chronic 
kidney disease 
vs no kidney 

disease 

age, gender, comorbidity hazard 
ratio(CI) 

1.18 (0.77–
1.80) 

NS 

Kuo,L.-T., 2017 Low 
Quality 

Infection 
(requiring 
implant 

removal) 

Post-Op 13844 Non-Modifiable 
risk factors 

(Diabetic patients 
with TKA) 

chronic 
kidney disease 
vs no kidney 

disease 

age, gender, comorbidity hazard 
ratio(CI) 

1.76 (0.80–
3.85) 

NS 

 
 



  

  

Table 9: ESRD (kidney failure) 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Deegan,B.F., 
2014 

Low 
Quality 

Infection 
(joint 

infection) 

Post-Op 225 Non-Modifiable 
risk factors 

(Patients included 
in the study were 

adults (>=18 years) 
who underwent 
THA and were 

previously 
diagnosed as 

having stage 1 to 3 
chronic kidney 

disease, based on 
the presence of 

proteinuria, as well 
as 2 elevated 
glomerular 

filtration rates 
separated by at 
least 90 days.) 

stage 3 
kidney 

disease vs 
stage 1 to 2 

age, sex, BMI, joint replaced cox 
proportional 

hazard 
ratio(CI) 

0.50 (0.09-2.75) NS 

Deegan,B.F., 
2014 

Low 
Quality 

Infection 
(joint 

infection) 

Post-Op 779 Non-Modifiable 
risk factors 

(Patients included 
in the study were 

adults (>=18 years) 
who underwent 

THA or TKA and 
were previously 

diagnosed as 
having stage 1 to 3 

chronic kidney 
disease, based on 
the presence of 

proteinuria, as well 
as 2 elevated 
glomerular 

filtration rates 
separated by at 
least 90 days.) 

stage 3 
kidney 

disease vs 
stage 1 to 2 

age, sex, BMI, joint replaced cox 
proportional 

hazard 
ratio(CI) 

0.47 (0.21-1.06) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Deegan,B.F., 
2014 

Low 
Quality 

Infection 
(joint 

infection) 

Post-Op 554 Non-Modifiable 
risk factors 

(Patients included 
in the study were 

adults (>=18 years) 
who underwent 
TKA and were 

previously 
diagnosed as 

having stage 1 to 3 
chronic kidney 

disease, based on 
the presence of 

proteinuria, as well 
as 2 elevated 
glomerular 

filtration rates 
separated by at 
least 90 days.) 

stage 3 
kidney 

disease vs 
stage 1 to 2 

age, sex, BMI, joint replaced cox 
proportional 

hazard 
ratio(CI) 

0.47 (0.19-1.17) NS 

Deegan,B.F., 
2014 

Low 
Quality 

Wound 
healing 

complication 
(hematoma) 

Post-Op 779 Non-Modifiable 
risk factors 

(Patients included 
in the study were 

adults (>=18 years) 
who underwent 

THA or TKA and 
were previously 

diagnosed as 
having stage 1 to 3 

chronic kidney 
disease, based on 
the presence of 

proteinuria, as well 
as 2 elevated 
glomerular 

filtration rates 
separated by at 
least 90 days.) 

stage 3 
kidney 

disease vs 
stage 1 to 2 

none events 
g1/N1; 
events 

g2/N2 (chi 
square p 
value) 

5/377;6/402(p=.884) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Miric,A., 
2014 

Moderate 
Quality 

Infection 
(deep 

infections. all 
were revised. 
quality = Low 

due to no 
confounding 
adjustment) 

Post-Op 922 Non-Modifiable 
risk factors 

(primary elective 
THA patients in 

the total foint 
replacement 

registry) 

stage 5 vs 
stage 3 

none odds ratio 
(exact CI) 

1.489(0.033,11.824) NS 

Miric,A., 
2014 

Moderate 
Quality 

Infection 
(deep 

infections. all 
were revised. 
quality = Low 

due to no 
confounding 
adjustment) 

Post-Op 134 Non-Modifiable 
risk factors 

(primary elective 
THA patients in 

the total foint 
replacement 

registry) 

stage 5 vs 
stage 4 

none % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

1.235(-5.6,6.667) NS 

 
 



  

  

Table 10: Liver disease all 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection (PJI) Post-Op 13026 Non-Modifiable risk 
factors (patients 

underwent THA or 
TKA) 

Chronic 
Liver 

disease 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

2.09 
(1.12-

3.90) p= 
.02 

chronic liver 
disease increased 

risk of PJI 

Kao,F.C., 2017 Low 
Quality 

Infection (PJI) Post-Op 13026 Non-Modifiable risk 
factors (patients 

underwent THA or 
TKA) 

Moderate or 
severe liver 

disease 

Age, gender, comorbidity multivariate 
linear 

modeling, 
adjusted 

hazard ratio 
(95% CI) 

.88 (.16-
4.78) p= 

.88 

NS 

Lee,Q.J., 2015 Low 
Quality 

Infection (PJI) Post-Op 200 Non-Modifiable risk 
factors (Primary 

TKA) 

liver disease age, gender, BMI, comorbidity 
(diabetes, liver disease, heart disease, 
anemia, thyroid disease, renal disease, 
lung disease, stroke, gout), varicose 

vein, steroid intake, dermatitis, 
acupuncture, bilateral TKA, same day 

surgery, anesthesia (spinal), continuous 
femoral nerve block, operating time, 
trainee surgeon, drain, intensive care 

unit admission, transfusion, large 
effusion, blister, soaked dressing, deep 

vein thrombosis, acute retention of 
urine, foley catheter, invasive 

procedure 

multivariable 
logistic 

regression 
model; odds 
ratio (95% 

CI), p value 

3.27 ( .36-
29.84) p= 

.268 

NS 

Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection (PJI) 4 Days 32582 Non-Modifiable risk 
factors (PJI Hip or 
Knee arthroplasty) 

Liver 
disease 

Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic device, 

chronic renal failure, urinary tract 
disorders, cancer, chronice liver 
diseases, alcohol abuse, tobacco, 
hypertension, drug abuse, obesity 

Hazards 
models, 

hazard ratio 
(95% CI), p-

value 

2.88 
(1.88, 

4.42) p= 
<.001 

liver disease 
increased risk of 

PJI 

Cai,J., 2014 Low 
Quality 

Infection (PJI) 3 Days 903 Non-Modifiable risk 
factors (primary 
THA or TKA) 

Liver 
Disease vs. 
No Liver 
Disease 

Aquacel dressing, age, bmi, former 
smoker, thyroid disease, Liver Disease, 
History of Systemic steroid treatment. 

logistic 
regression 

odds 
ratio(CI) 

7.03(1.43-
34.60) 

Liver Disease 
increases the 
odds of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Non-Modifiable risk 
factors (patients 

undergoing THA or 
TKA) 

chronic liver 
disease in 
cases vs 
controls 

diabetes, age, BMI, place of residence, 
alcohol abuse, treatment of diabetes, 

chronic pulmonary disease, 
hypertension, substance abuse, cerebral 
infarction, dental procedure w/ or w/o 

antibiotics, renal disease, gout, 
cardiovascular event, chronic liver 

disease, anemia, tobacco use, 
ankylosing spondylitis, THA vs TKA, 

gender, prostatic disease, oncologic 
disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

1.34 (.36-
5.04) p= 

.663 

NS 

Bozic,K.J., 
2014 

Low 
Quality 

Infection (PJI) Post-Op 587 Non-Modifiable risk 
factors (Primary 

THA) 

chronic liver 
disease 

age, gender, race multvariate 
cox 

regression; 
adjusted 

hazard ratio 
(95% CI); p-

value 

1.02 (.29-
3.74) p= 

.9756 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary 
THA in the 5% 

national sample of 
the Medicare 

database) 

chronic liver 
disease vs. 
no chronic 

liver disease 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression 

,psychosis, congestive heart failure, 
alcohol abuse, , hypertension, 
malignancy, metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.02 
(0.69-
1.50) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary 
TKA in the 5% 

national sample of 
the Medicare 

database) 

chronic liver 
disease vs. 
no chronic 

liver disease 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.08 
(0.84–
1.39) 

NS 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-Modifiable risk 
factors (first revision 
TKA patients. 385 
revisions were for 
infection and 91 
were for aseptic 

causes of failure) 

liver disease 
vs no liver 

disease 

none univariate 
odds 

ratio(CI) 

2.60 
(0.83–
8.15) 

NS 

 
 



  

  

Table 11: Liver disease cirrhosis 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kuo,S.J., 2016 Low 
Quality 

Infection (PJI) Post-Op 3435 Non-Modifiable risk 
factors (female 
primary TKAs) 

Cirrhosis vs 
no Cirrhosis 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.50 
(0.53–
4.25) 

NS 

Kuo,S.J., 2016 Low 
Quality 

Infection (PJI) Post-Op 1184 Non-Modifiable risk 
factors (male primary 

TKAs) 

Cirrhosis vs 
no Cirrhosis 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.07 
(0.32–
3.61) 

NS 

Deleuran,T., 
2015 

Moderate 
Quality 

Infection (deep 
prosthetic joint 

infection) 

1 Days 109522 Non-Modifiable risk 
factors (THA and 
TKA osteoarthritis 
patients in Danish 

hip and knee 
registries from 1995-

2011.) 

Cirrhosis vs 
no Cirrhosis 

patient characteristics (age, gender, 
CCI, and number of inpatient 

hospitalizations in the year preceding 
arthroplasty) or procedural 

characteristics (operation site (hip or 
knee), type of anesthesia (regional or 

general), and year of operation. 
analysis also used death as a competing 

risk 

hazard 
ratio(CI) 

2.1(1.3–
3.7) 

Cirrhosis 
increased the risk 

of PJI 

Jiang,S.L., 2014 Low 
Quality 

Infection (PJI) 6 Days 880786 Non-Modifiable risk 
factors (THA or 

TKA athroplasty) 

Liver 
cirrhosis 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

2.42 
(1.87-
3.12), 

p= 
<.001 

Cirrhosis 
increased the risk 

of PJI 

 
 



  

  

Table 12: Liver disease Hepatitis 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 1184 Non-Modifiable 
risk factors (male 
primary TKAs) 

hepatitis C 
vs no 

Hepatitis C 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.06 (0.25–4.45) NS 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 3435 Non-Modifiable 
risk factors 

(female primary 
TKAs) 

Hepatitis b 
vs no 

Hepatitis b 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

0.68 (0.17–2.81) NS 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 1184 Non-Modifiable 
risk factors (male 
primary TKAs) 

Hepatitis b 
vs no 

Hepatitis b 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

4.32 (1.85–10.09) males with 
hepatitis b were 
at increased risk 

of PJI 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 3435 Non-Modifiable 
risk factors 

(female primary 
TKAs) 

hepatitis C 
vs no 

Hepatitis C 

hepatits b, age, diabetes, cirrhosis, 
chronic kidney disease, hepatitis c 

Hazard 
ratio(CI) 

1.24 (0.49–3.19) NS 

Best,M.J., 
2015 

Low 
Quality 

Infection (in 
hospital 

Infection of 
device (icd9 

996.66)) 

Discharge 8363326 Non-Modifiable 
risk factors 

(primary THA or 
TKA patients in 

National Hospital 
Discharge 
Survey) 

hepatitis C 
vs no 

Hepatitis C 

None %events 
grp1; 

%events 
grp2 (chi 
square p 
value) 

.84%;.09% 
(p<.001) 

Hepatitis C 
increased the 
risk of joint 

infection 

Jiang,S.L., 
2014 

Low 
Quality 

Infection 
(PJI) 

6 Days 880786 Non-Modifiable 
risk factors (THA 

or TKA 
athroplasty) 

Hepatitis B 
(no 

Cirrhosis) 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

1.22 (.77-1.95) p= 
<.401 

NS 

Jiang,S.L., 
2014 

Low 
Quality 

Infection 
(PJI) 

6 Days 880786 Non-Modifiable 
risk factors (THA 

or TKA 
athroplasty) 

Hepatitis A 
(no 

Cirrhosis) 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

2.33 (1.97-2.76) 
p= <.001 

Hepatitis A 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Pour,A.E., 
2011 

Low 
Quality 

Wound 
healing 

complication 
(persistent 

wound 
drainage) 

Post-Op 215 Non-Modifiable 
risk factors (THA 

or TKA) 

seropositive 
hepatitis c 

vs. 
seronegative 
hepatitis C 

age, body-mass index, sex, year of 
surgery, and medical comorbidities 

(including diabetes, rheumatoid 
arthritis, and immunosuppressive 

conditions) 

logistic 
regression 

odds 
ratio(CI) 

2.48 0.8 to 7.67 NS 

Pour,A.E., 
2011 

Low 
Quality 

Wound 
healing 

complication 
(persistent 

wound 
drainage) 

Post-Op 96 Non-Modifiable 
risk factors (TKA 
for degenerative 

arthritis) 

seropositive 
hepatitis c 

vs. 
seronegative 
hepatitis C 

age, body-mass index, sex, year of 
surgery, and medical comorbidities 

(including diabetes, rheumatoid 
arthritis, and immunosuppressive 

conditions) 

odds ratio 
with exact 
confidence 
intervals 

0.659(0.012,8.595) NS 

Pour,A.E., 
2011 

Low 
Quality 

Infection 
(deep 

infection 
requiring 
revision) 

Post-Op 96 Non-Modifiable 
risk factors (TKA 
for degenerative 

arthritis) 

seropositive 
hepatitis c 

vs. 
seronegative 
hepatitis C 

age, body-mass index, sex, year of 
surgery, and medical comorbidities 

(including diabetes, rheumatoid 
arthritis, and immunosuppressive 

conditions) 

% risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-1.562(-
8.334,9.232) 

NS 

Pour,A.E., 
2011 

Low 
Quality 

Wound 
healing 

complication 
(persistent 

wound 
drainage) 

Post-Op 119 Non-Modifiable 
risk factors 

(THA) 

seropositive 
hepatitis c 

vs. 
seronegative 
hepatitis C 

age, body-mass index, sex, year of 
surgery, and medical comorbidities 

(including diabetes, rheumatoid 
arthritis, and immunosuppressive 

conditions) 

logistic 
regression 

odds 
ratio(CI) 

4.52(1.06 to 19.2) hepatitis C 
increased risk of 

persistent 
wound drainage. 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 1446 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

Hepatitis B 
vs no 

Hepatitis B 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

1.96 (1.53- 2.50) 
p- 0 

hepatitis B 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 1446 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

Hepatitis B 
vs no 

Hepatitis B 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

1.93 (1.66- 2.25) 
p- 0 

hepatitis B 
increased odds 

of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 4200 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

Hepatitis C 
vs. No 

Hepatitis C 

age, gender comorbidity odds ratio 
(95% CI) p-

value 

1.92 (1.54- 2.38) 
p- 0 

hepatitis c 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 4200 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

Hepatitis C 
vs. No 

Hepatitis C 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

1.79 (1.54- 2.08) 
p- 0 

hepatitis c 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 1446 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

Hepatitis B 
vs no 

Hepatitis B 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

1.79 (1.20- 2.65) 
p- .0045 

hepatitis B 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 1446 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

Hepatitis B 
vs no 

Hepatitis B 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

2.07 (1.61- 2.66) 
p- 0 

hepatitis B 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 4200 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

Hepatitis C 
vs. No 

Hepatitis C 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

2.38 (2.08- 2.73) 
p- 0 

hepatitis c 
increased odds 

of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 4200 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

Hepatitis C 
vs. No 

Hepatitis C 

age, gender, comorbidity odds ratio 
(95% CI) p-

value 

2.07 (1.09- 2.26) 
p- 0 

hepatitis c 
increased odds 

of PJI 

 
 



  

  

Table 13: Mental health 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2014 Low 
Quality 

Infection (PJI) Post-Op 587 Non-Modifiable risk 
factors (Primary 

THA) 

Depression age, gender, race multvariate 
cox 

regression; 
adjusted 
hazard 

ratio (95% 
CI); p-
value 

1.96 
(1.10-
3.49) 

p= .022 

Patients with 
depression more 
easily developed 

periprosthetic 
joint infections 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary THA 

in the 5% national 
sample of the 

Medicare database) 

depression 
vs. no 

depression 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.38 
(1.11-
1.72) 

depression 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary THA 

in the 5% national 
sample of the 

Medicare database) 

psychosis vs. 
no psychosis 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.48 
(1.13-
1.94) 

psychoses 
increase risk of 

PJI 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary TKA 

in the 5% national 
sample of the 

Medicare database) 

depression 
vs. no 

depression 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.28 
(1.08–
1.51) 

depression 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary TKA 

in the 5% national 
sample of the 

Medicare database) 

psychoses 
vs. no 

psychoses 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.26 
(1.02–
1.57) 

psychoses 
increased risk of 

PJI 

 
 



  

  

Table 14: Alcohol 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection (PJI) 4 Days 32582 Modifiable risk factor 
optimization (PJI Hip 
or Knee arthroplasty) 

Alcohol 
abuse 

Age, sex, year of replacement, diabetes, 
ulcer sore, cardiologic device, chronic 
renal failure, urinary tract disorders, 

cancer, chronice liver diseases, alcohol 
abuse, tobacco, hypertension, drug 

abuse, obesity 

Hazards 
models, 
hazard 

ration (95% 
CI), p-value 

2.47 
(1.67, 
3.63) 

p= 
<.001 

alcohol abuse 
increased risk of 

PJI 

Jiang,S.L., 2014 Low 
Quality 

Infection (PJI) 6 Days 880786 Modifiable risk factor 
optimization (THA or 

TKA athroplasty) 

Alcohol 
abuse 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

1.64 ( 
1.38-
1.95) 

p= 
<.001 

alcohol abuse 
increased risk of 

PJI 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Modifiable risk factor 
optimization (patients 
undergoing THA or 

TKA) 

alcohol 
abuse in 
cases vs 
controls 

diabetes, age, BMI, place of residence, 
alcohol abuse, treatment of diabetes, 

chronic pulmonary disease, 
hypertension, substance abuse, cerebral 
infarction, dental procedure w/ or w/o 

antibiotics, renal disease, gout, 
cardiovascular event, chronic liver 

disease, anemia, tobacco use, 
ankylosing spondylitis, THA vs TKA, 

gender, prostatic disease, oncologic 
disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 
odds ratio 

(95% CI), p 
value 

2.95 ( 
1.06-
8.23) 

p= .039 

Patients more 
easily developed 
PJI if they had a 

history of alcohol 
abuse 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Modifiable risk factor 
optimization 

(Primary THA in the 
5% national sample 

of the Medicare 
database) 

alcohol 
abuse vs. no 

alcohol 
abuse 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, 
, hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.72 
(0.98-
3.01) 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Modifiable risk factor 
optimization 

(Primary TKA in the 
5% national sample 

of the Medicare 
database) 

alcohol 
abuse vs. no 

alcohol 
abuse 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.11 
(0.63–
1.97) 

NS 

Rotevatn,T.A., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 30799 Modifiable risk factor 
optimization (TKA or 

THA) 

alcohol 
consumption 
of 0 to 168 

g/week vs no 
alcohol use 

age,sex, smoking status, BMI, annual 
income, Charlson Comorbidity Index, 
American Society of Anesthesiologists 
physical status classification, operation 

type and preoperative use of 
methotrexate 

Hazard 
ratio (95% 
CI) p-value 

.91 (.75 
- 1.11) 

p- 
.3630 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Rotevatn,T.A., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 30799 Modifiable risk factor 
optimization (TKA or 

THA) 

alcohol 
consumption 
of 168 - 252 
g/week vs no 
alcohol use 

age,sex, smoking status, BMI, annual 
income, Charlson Comorbidity Index, 
American Society of Anesthesiologists 
physical status classification, operation 

type and preoperative use of 
methotrexate 

Hazard 
ratio (95% 
CI) p-value 

1.55 ( 
1.13 - 

2.13) p- 
.0072 

alcohol 
consumption if 
168 to 252g per 
week increased 

risk of pji 

Rotevatn,T.A., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 30799 Modifiable risk factor 
optimization (TKA or 

THA) 

alcohol 
consumption 

of 252 
g/week vs no 
alcohol use 

age,sex, smoking status, BMI, annual 
income, Charlson Comorbidity Index, 
American Society of Anesthesiologists 
physical status classification, operation 

type and preoperative use of 
methotrexate 

Hazard 
ratio (95% 
CI) p-value 

1.10 
(.80 - 

1.52) p- 
.5519 

NS 

 
 



  

  

Table 15: Anemia 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lee,Q.J., 2015 Low 
Quality 

Infection (PJI) Post-Op 200 Modifiable risk 
factor optimization 

(Primary TKA) 

Anemia age, gender, BMI, comorbidity 
(diabetes, liver disease, heart disease, 
anemia, thyroid disease, renal disease, 
lung disease, stroke, gout), varicose 

vein, steroid intake, dermatitis, 
acupuncture, bilateral TKA, same day 

surgery, anesthesia (spinal), continuous 
femoral nerve block, operating time, 
trainee surgeon, drain, intensive care 

unit admission, transfusion, large 
effusion, blister, soaked dressing, deep 

vein thrombosis, acute retention of 
urine, foley catheter, invasive 

procedure 

multivariable 
logistic 

regression 
model; odds 
ratio (95% 

CI), p value 

12.4 ( 
1.99- 

77.32) 
p= .001 

Anemia is a risk 
factor for PJI 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Modifiable risk 
factor optimization 

(patients undergoing 
THA or TKA) 

anemia in 
cases vs 
controls 

diabetes, age, BMI, place of residence, 
alcohol abuse, treatment of diabetes, 

chronic pulmonary disease, 
hypertension, substance abuse, cerebral 
infarction, dental procedure w/ or w/o 

antibiotics, renal disease, gout, 
cardiovascular event, chronic liver 

disease, anemia, tobacco use, 
ankylosing spondylitis, THA vs TKA, 

gender, prostatic disease, oncologic 
disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

.74 ( 
.17- 

3.26) p 
=.688 

NS 

Bozic,K.J., 
2014 

Low 
Quality 

Infection (PJI) Post-Op 587 Modifiable risk 
factor optimization 

(Primary THA) 

Anemia age, gender, race multvariate 
cox 

regression; 
adjusted 

hazard ratio 
(95% CI); p-

value 

.62 
(.194- 
1.97) 

p= 
.4179 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Greenky,M., 
2012 

Moderate 
Quality 

Infection (PJI) Post-Op 15221 Modifiable risk 
factor optimization 
(primary TKA and 

THA) 

anemia 
(females 12 
g/dL males 
13 g/dL)  vs 
no anemia 

the propensity score adjusted model 
controlled for variables found 

significant in univariate model, but the 
specific variables were not specified 

logistic 
regression 

odds 
ratio(CI) 

1.95 
(1.41–
2.69) 

anemia increased 
the odds of pji 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Modifiable risk 
factor optimization 

(Primary THA in the 
5% national sample 

of the Medicare 
database) 

preoperative 
anemia vs. 

no 
preoperative 

anemia 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, 
, hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.36 
(1.15-
1.62) 

preoperative 
anemia increased 

risk of pji 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Modifiable risk 
factor optimization 

(Primary TKA in the 
5% national sample 

of the Medicare 
database) 

preoperative 
anemia vs. 

no 
preoperative 

anemia 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.26 
(1.09–
1.45) 

anemia increased 
risk of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Pulido,L., 2008 Low 
Quality 

Infection (PJI) 5 Days 9245 Modifiable risk 
factor optimization 

(primary hip or knee 
arthroplasty) 

preop 
anemia vs no 

preop 
anemia 

variables considered for stepwise 
model:race, physical status score 

(ASA), body mass index, rheumatoid 
arthritis, venous thromboembolism, 

anemia, hypercholesterolemia, 
dementia, knee arthroplasty, 

simultaneous bilateral surgery, 
operative time, hospital length, 

postoperative creatinine, allogenic 
transfusion, postoperative atrial 

fibrillation, postoperative myocardial 
infarction, postoperative urinary tract 

infection, postoperative wound 
drainage, postoperative hematoma 

stepwise 
logistic 

regression p 
value 

p>.05 NS 

Lu,M., 2017 Low 
Quality 

Infection (deep 
infection) 

1 months 6830 Modifiable risk 
factor optimization 
(revision THA and 

TKA patients in 
ACS-NSQIP data 

base) 

Anemia vs 
no Anemia 

gender, age, functional status, ASA 
class, hypertension, diabetes, chronic 

obstructive pulmonary disease, 
dyspnea, congestive heart failure, 
dialysis, steroid use, and bleeding 

disorders 

OR ( 95% 
CI) p-value 

1.68 
(1.19-
2.38) 

p- .003 

anemia increased 
the odds of deep 

infection 

 
 



  

  

Table 16: Smoking/tobacco use 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Long,G., 2016 Low 
Quality 

Infection (PJI) Post-Op 906 Modifiable 
risk factor 

optimization 
(TKA) 

Smoking diabetes, atrial fibrilation type, 
smoking. unclear if other 

confounder variables were 
included in the model due to 

unclear model building description 

odds 
ratio(95% 

CI), p value 

3.2012 (2.8242-
3.6154) p=0.0025 

smoking 
increased risk 

of PJI 

Crowe,B., 2015 Low 
Quality 

Infection (PJI) 1 Days 3419 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

tobacco use 
within last 

month vs no 
tobacco use 
in the last 

month 

gender, S. aureus Colonization, 
pulmonary disease, tobacco use, 
unclear if other covariates were 
included in the model or were 

screened out due to non 
significance. 

logistic 
regression 

odds 
ratio(CI) 

3.07(1.02–9.37) tobacco use 
increased the 

risk of pji 

Crowe,B., 2015 Low 
Quality 

Infection (PJI) 1 Days 3419 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

combined 
effect of 

smoking and 
a bmi of 40 

or more 

unclear logistic 
regression 

odds 
ratio(CI) 

5.97(.74–47.89) NS 

Crowe,B., 2015 Low 
Quality 

Infection (PJI) 1 Days 3419 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

combined 
effect of 

smoking and 
a bmi of 30 

or more 

unclear logistic 
regression 

odds 
ratio(CI) 

8.37(1.86–37.74) smoking and 
have bmi of 30 

or mor 
increases risk 

of PJI 

Debreuve-
Theresette,A., 

2015 

Low 
Quality 

Infection (deep) 1 Days 135 Modifiable 
risk factor 

optimization 
(primary and 
reivsion THA 

and THA 
patients) 

smoker vs 
non smoker 

matched by type of prosthesis, 
primary or revision procedure 
type; regression controlled for 

obesity, number of prior surgeries 
on joint, smoking, Inflammatory 

rheumatism 

conditional 
logistic 

regression 
odds 

ratio(CI) 

3.91 (1.19–12.84) smoking 
increased risk 

of deep 
infection 

Singh,J.A., 2015 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 7926 Modifiable 
risk factor 

optimization 
(primary THA 

or TKA 
patients at 

Mayo Clinic) 

current 
smoker vs 
former or 

never 
smoker 

joint, sex, age hazard 
ratio(CI) (p 

value_ 

2.28 (0.99, 5.27) 
(p=.05) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Singh,J.A., 2015 Low 
Quality 

Infection (deep) Post-Op 7926 Modifiable 
risk factor 

optimization 
(primary THA 

or TKA 
patients at 

Mayo Clinic) 

current 
smoker vs 
former or 

never 
smoker 

joint, sex, age hazard 
ratio(CI) 

2.37 (1.19, 4.72) current 
smokers were 
at increased 
risk of deep 

infection 

Chrastil,J., 2015 Low 
Quality 

Infection (PJI) Post-Op 13372 Modifiable 
risk factor 

optimization 
(diabetic 

primary THA 
or TKAs in the 
Department of 

Veteran 
Affairs 

Informatics 
and 

Computing 
Infrastructure 

(VINCI)) 

ever smoked 
vs never 
smoked 

preop HbA1c, preop glucose, age, 
bmi, gender, charlson index, joint 
location, diabetic complications, 
smoking status. death outcome 

was incorporated as a competing 
risk 

hazard 
ratio(CI) 

1.157(0.898, 1.491) NS 

Duchman,K.R., 
2015 

Low 
Quality 

Wound healing 
complication 

(wound 
dehiscence) 

1 months 70129 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

former 
smokers vs 

never 
smoked 

None Risk Ratio 
(CI) 

2.98 (1.86, 4.75) former smokers 
were at 

increased risk 
of wound 

dehiscence 

Duchman,K.R., 
2015 

Low 
Quality 

Infection (deep 
wound) 

1 months 70129 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

former 
smokers vs 

never 
smoked 

None Risk Ratio 
(CI) 

1.35 (0.89, 2.05) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Duchman,K.R., 
2015 

Low 
Quality 

Infection (deep 
wound) 

1 months 14220 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

current 
smokers vs 

former 
smokers 

None Risk Ratio 
(CI) 

1.71 (1.07, 2.74) current 
smokers were 
at increased 
risk for deep 

wound 
infection 

compared to 
former 

smokers. 

Duchman,K.R., 
2015 

Low 
Quality 

Wound healing 
complication 

(wound 
dehiscence) 

1 months 14220 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

current 
smokers vs 

former 
smokers 

None Risk Ratio 
(CI) 

1.02 (0.55, 1.87) NS 

Duchman,K.R., 
2015 

Low 
Quality 

Infection (deep 
wound) 

1 months 72033 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

current 
smokers vs 

never 
smoked 

None Risk Ratio 
(CI) 

2.31 (1.72, 3.11) Current 
smokers were 
at increased 
risk of deep 

wound 
infection 

Duchman,K.R., 
2015 

Low 
Quality 

Wound healing 
complication 

(wound 
dehiscence) 

1 months 72033 Modifiable 
risk factor 

optimization 
(primary total 

hip or total 
knee 

arthroplasty in 
ACS NSQIP 

database) 

current 
smokers vs 

never 
smoked 

None Risk Ratio 
(CI) 

2.92 (1.73, 4.93) current 
smokers were 
at increased 

risk of wound 
dehiscence 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Jiang,S.L., 2014 Low 
Quality 

Infection (PJI) 6 Days 880786 Modifiable 
risk factor 

optimization 
(THA or TKA 
athroplasty) 

Smoking Age, sex, procedure type, hip 
fracture, number of medical 

comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

1.03 (.96- 1.09) 
p=.424 

NS 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Modifiable 
risk factor 

optimization 
(patients 

undergoing 
THA or TKA) 

tobacco use 
in cases vs 

controls 

diabetes, age, BMI, place of 
residence, alcohol abuse, treatment 

of diabetes, chronic pulmonary 
disease, hypertension, substance 
abuse, cerebral infarction, dental 
procedure w/ or w/o antibiotics, 

renal disease, gout, cardiovascular 
event, chronic liver disease, 

anemia, tobacco use, ankylosing 
spondylitis, THA vs TKA, gender, 

prostatic disease, oncologic 
disease, neurologic disease, 

history of tuberculosis, rheumatoid 
arthritis vs osteoarthritis, femoral 
head necrosis, developmental hip 

dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 
odds ratio 

(95% CI), p 
value 

1.29 ( .35-4.76) 
p=.703 

NS 

Lombardi,A.V.,Jr., 
2013 

Low 
Quality 

Infection 
(failure(revision 

or removal of 
the acetabular 
shell) due to 

infection) 

Post-Op 256 Modifiable 
risk factor 

optimization 
(complex 

primary and 
revision THA 

with 
ultraporous 
acetabular 

reconstruction) 

current 
smoker vs 

prior smoker 

none odds ratio 
(exact CI) 

2.283(0.634,8.51) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lombardi,A.V.,Jr., 
2013 

Low 
Quality 

Infection 
(failure(revision 

or removal of 
the acetabular 
shell) due to 

infection) 

Post-Op 360 Modifiable 
risk factor 

optimization 
(complex 

primary and 
revision THA 

with 
ultraporous 
acetabular 

reconstruction) 

current 
smoker vs. 

never 
smoker 

none odds ratio 
(exact CI) 

5.663(1.399,27.056) current 
smokers at 

greater odds of 
failure due to 
infection then 
never smokers 

Dowsey,M.M., 
2009 

Low 
Quality 

Infection (PJI) 1 Days 1214 Modifiable 
risk factor 

optimization 
(elective 

TKA) 

smoker vs 
non smoker 

cardiovascular disease, diabetes, 
respiratory disease, smoking, 
obesity, Rheumatoid arhtritis, 

transfusion, drain tube, antibiotic 
cement, gender, age 

logistic 
regression 

odds 
ratio(CI) 

2.31(0.44–12.14) NS 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection (PJI) 1 Days 1207 Modifiable 
risk factor 

optimization 
(Primary 

elective THA) 

smokers vs 
non smokers 

none odds 
ratio(exact 
confidence 
intervals) 

0.317(0.008,1.997) NS 

Sahota,S., 2018 Low 
Quality 

Infection (deep 
soft tissues or 
any part of the 
anatomy (eg, 

organs or 
spaces)) 

1 months 1916 Modifiable 
risk factor 

optimization 
(primary 

THA) 

smoked 
cigarettes in 
past year vs 
no smoking 
in past years 

propensity score adjusted for 
several variables, but unclear what 

variables were included in 
propensity analysis 

odds 
ratio(exact 

CI) 

8.084(1.078,359.198) current 
smokers at 

increased odds 
of deep 

infection 

Sahota,S., 2018 Low 
Quality 

Infection (deep 
soft tissues or 
any part of the 
anatomy (eg, 

organs or 
spaces)) 

1 months 2502 Modifiable 
risk factor 

optimization 
(primary TKA 

and TKA) 

smoked 
cigarettes in 
past year vs 
no smoking 
in past years 

propensity score adjusted for 
several variables, but unclear what 

variables were included in 
propensity analysis 

relative 
risk(CI) 

4.67(1.34, 16.20) current 
smokers at 

increased risk 
of deep 

infection 

Sahota,S., 2018 Low 
Quality 

Infection (deep 
soft tissues or 
any part of the 
anatomy (eg, 

organs or 
spaces)) 

1 months 1306 Modifiable 
risk factor 

optimization 
(primary 

TKA) 

smoked 
cigarettes in 
past year vs 
no smoking 
in past years 

propensity score adjusted for 
several variables, but unclear what 

variables were included in 
propensity analysis 

odds 
ratio(exact 

CI) 

3.016(0.537,30.667) NS 

 
 



  

  

Table 17: Malnutrition 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wagner,E.R., 
2016 

Moderate 
Quality 

Infection 
(deep) 

Post-Op 22289 Modifiable risk 
factor optimization 

(Primary TKA) 

BMI less than 
18 vs. 18 to 

24.99 

age, sex, surgical indication, and time 
period of the surgical procedure 

Hazard 
ratio(CI) 

1.96 (0.42 
to 9.14) 

NS 

Kamath,A.F., 
2016 

Low 
Quality 

Infection (deep 
organ space) 

Post-Op 4551 Modifiable risk 
factor optimization 

(Revision TKA from 
ACS-NSQIP 

registry) 

less than 3.5 vs. 
albumin at 3.5 

or above 

age, sex, race, ASA classification, year 
of surgery, and CCI score 

logistic 
regression 

odds 
ratio(CI) 

3.79(2.31–
6.21) 

albumin less than 
3.5 increased 
odds of deep 
organ space 

infection 

Kamath,A.F., 
2016 

Low 
Quality 

Wound healing 
complication 

(Wound 
disruption) 

Post-Op 4551 Modifiable risk 
factor optimization 

(Revision TKA from 
ACS-NSQIP 

registry) 

less than 3.5 vs. 
albumin at 3.5 

or above 

age, sex, race, ASA classification, year 
of surgery, and CCI score 

logistic 
regression 

odds 
ratio(CI) 

1.46(0.51–
4.16) 

NS 

Kamath,A.F., 
2016 

Low 
Quality 

Infection (deep 
incisional) 

Post-Op 4551 Modifiable risk 
factor optimization 

(Revision TKA from 
ACS-NSQIP 

registry) 

less than 3.5 vs. 
albumin at 3.5 

or above 

age, sex, race, ASA classification, year 
of surgery, and CCI score 

logistic 
regression 

odds 
ratio(CI) 

2.30(1.15–
4.60) 

albumin less than 
3.5 increased 
odds of deep 

incisional 
infection 

Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection (PJI) 4 Days 32582 Modifiable risk 
factor optimization 
(PJI Hip or Knee 

arthroplasty) 

Undernutriotion Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, urinary 
tract disorders, cancer, chronice liver 

diseases, alcohol abuse, tobacco, 
hypertension, drug abuse, obesity 

Hazards 
models, 
hazard 
ration 

(95% CI), 
p-value 

1.59 (1.16, 
2.20) p= 

.01 

undernutrition 
increased risk of 

PJI 

Zorrilla,P., 
2006 

Low 
Quality 

Wound healing 
complication 

(Delayed 
wound healing) 

Post-Op 80 Modifiable risk 
factor optimization 
(THA for primary 
osteoarthritis or 

osteoarthritis 
secondary to 

avascular necrosis) 

preoperative 
zinc level low 

vs high 
(continuous 

variable) 

Total lymphocyte count, zinc level logistic 
regression 
odds ratio 

1.11(1.04–
1.19) 

for every 1 
mg/dL decrease 

in zinc level, 
odds of delayed 
wound healing 

increased by 11% 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Zorrilla,P., 
2006 

Low 
Quality 

Wound healing 
complication 

(Delayed 
wound healing) 

Post-Op 80 Modifiable risk 
factor optimization 
(THA for primary 
osteoarthritis or 

osteoarthritis 
secondary to 

avascular necrosis) 

continuous 
difference in 

Serum 
transferrin 

between those 
with and 

without delayed 
wound healing 

none mean 
difference 
(p value 
from t 
test) 

-13.55 
(p=.301) 

NS 

Zorrilla,P., 
2006 

Low 
Quality 

Wound healing 
complication 

(Delayed 
wound healing) 

Post-Op 80 Modifiable risk 
factor optimization 
(THA for primary 
osteoarthritis or 

osteoarthritis 
secondary to 

avascular necrosis) 

continuous 
difference in 

albumin levels 
between those 

with and 
without delayed 
wound healing 

none mean 
difference 
(p value 
from t 
test) 

-0.42 
(p=.068) 

NS 

Manrique,J., 
2017 

Low 
Quality 

Infection (deep 
infection) 

Post-Op 108 Modifiable risk 
factor optimization 
(primary unilateral 

TKA) 

underweight 
BMI less than 

18.5  vs normal 
weight BMI 

18.5-24 

age, gender, date of surgery odds 
ratio(95% 

CI), p 
value 

23.3 (1.2- 
466.5) p = 

.04 

being 
underweight 

increased risk of 
deep infection 

 
 



  

  

Table 18: Diabetes 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kao,F.C., 2017 Low 
Quality 

Infection 
(PJI) 

Post-Op 13026 Modifiable 
risk factor 

optimization 
(patients 

underwent 
THA or 
TKA) 

diabetes 
uncomplicated 

Age, gender, comorbidity multivariate linear 
modeling, adjusted 
hazard ratio (95% 

CI) 

.87(.56- 1.37) p= 
.56 

NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 61778 Modifiable 
risk factor 

optimization 
(THA 

patients in a 
Medicare 
database) 

diabetes vs. no 
diabetes 

matched by age and gender odds ratio(95% 
CI) 

2.85(2.54, 3.19) diabetes 
increased the 
odds of PJI 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 61778 Modifiable 
risk factor 

optimization 
(THA 

patients in a 
Medicare 
database) 

diabetes vs. no 
diabetes 

matched by age and gender odds ratio(95% 
CI) 

2.40(2.28, 2.53) diabetes 
increased the 
odds of PJI 

Long,G., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 906 Modifiable 
risk factor 

optimization 
(TKA) 

diabetes mellitus diabetes, atrial fibrilation type, 
smoking. unclear if other 

confounder variables were 
included in the model due to 

unclear model building 
description 

odds ratio(95% 
CI), p value 

3.5025 (3.1200-
3.9242) p=0.0042 

diabetes 
increased risk 

of PJI 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 3435 Modifiable 
risk factor 

optimization 
(female 
primary 
TKAs) 

diabetes vs. no 
diabetes 

hepatits b, age, diabetes, 
cirrhosis, chronic kidney 

disease, hepatitis c 

Hazard ratio(CI) 1.35 (0.92–1.98) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kuo,S.J., 2016 Low 
Quality 

Infection 
(PJI) 

Post-Op 1184 Modifiable 
risk factor 

optimization 
(male 

primary 
TKAs) 

diabetes vs. no 
diabetes 

hepatits b, age, diabetes, 
cirrhosis, chronic kidney 

disease, hepatitis c 

Hazard ratio(CI) 2.21 (1.34–3.64) male diabetics 
were at 

increased risk 
of pji 

compared to 
non diabetics 

Watts,C.D., 
2016 

Low 
Quality 

Infection 
(PJI) 

Post-Op 1814 Modifiable 
risk factor 

optimization 
(TKA) 

Diabetic age, BMI, sex Hazard ratio (95% 
CI) p-value 

.8 (.5-1.3) p=.34 NS 

Sousa,R.J., 2016 Low 
Quality 

Infection 
(PJI) 

1 Days 228 Modifiable 
risk factor 

optimization 
(elective 

primary THA 
or TKA) 

diabetes vs. no 
diabetes 

surgery duration, obesity, 
diabetes, inflammatory arthritis, 

ASA score, patient S aureus 
carrier 

logistic regression 
odds ratio(CI) 

1.50(0.60-3.73) NS 

Crowe,B., 2015 Low 
Quality 

Infection 
(PJI) 

1 Days 3419 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

diabetes 
complications vs 

no diabetes 
complications 

none logistic regression 
odds ratio(CI) 

0.99 (0.99–1.0) NS 

Lee,Q.J., 2015 Low 
Quality 

Infection 
(PJI) 

Post-Op 200 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

diabetes mellitus age, gender, BMI, comorbidity 
(diabetes, liver disease, heart 

disease, anemia, thyroid 
disease, renal disease, lung 

disease, stroke, gout), varicose 
vein, steroid intake, dermatitis, 

acupuncture, bilateral TKA, 
same day surgery, anesthesia 
(spinal), continuous femoral 
nerve block, operating time, 

trainee surgeon, drain, intensive 
care unit admission, 

transfusion, large effusion, 
blister, soaked dressing, deep 

vein thrombosis, acute retention 
of urine, foley catheter, 

invasive procedure 

multivariable 
logistic regression 
model; odds ratio 
(95% CI), p value 

6.07 ( 1.43- 25.75) 
p= .006 

Diabetes 
mellitus is a 

risk factor for 
PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Grammatico-
Guillon,L., 2015 

Low 
Quality 

Infection 
(PJI) 

4 Days 32582 Modifiable 
risk factor 

optimization 
(PJI Hip or 

Knee 
arthroplasty) 

Diabetes mellitus Age, sex, year of replacement, 
diabetes, ulcer sore, cardiologic 

device, chronic renal failure, 
urinary tract disorders, cancer, 
chronice liver diseases, alcohol 
abuse, tobacco, hypertension, 

drug abuse, obesity 

Hazards models, 
hazard ration (95% 

CI), p-value 

.90 (.71, 1.14) 
p=.37 

NS 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection 
(PJI) 

1 Days 20171 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
procedures 

(both primary 
and revision) 
performed at 

the Mayo 
Clinic) 

diabetes vs no 
diabetes 

Age, Gender, BMI, Type of 
Surgery, ASA, Operative Time 

,Diabetes 

logistic regression 
odds ratio(CI) 

1.23 (0.87, 1.74) NS 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection 
(PJI) 

1 Days 1407 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
procedures 

(both primary 
and revision) 
performed at 

the Mayo 
Clinic) 

log transformed 
glucose level 1 
day pre surgery 

in diabetic 
patients 

Age, Gender, BMI, Type of 
Surgery, ASA, Operative Time 

,Diabetes 

logistic regression 
odds ratio(CI) 

0.09 (0.02, 0.36) NS 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection 
(PJI) 

1 Days 20171 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
procedures 

(both primary 
and revision) 
performed at 

the Mayo 
Clinic) 

log transformed 
glucose level 1 

week pre surgery 

Age, Gender, BMI, Type of 
Surgery, ASA, Operative Time 

,Diabetes 

logistic regression 
odds ratio(CI) 

0.43 (0.09, 2.03) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection 
(PJI) 

1 Days 20171 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
procedures 

(both primary 
and revision) 
performed at 

the Mayo 
Clinic) 

Oral 
hypoglycemic 
medication use 

vs no oral 
hyperglycemic 
medication use 

Age, Gender, BMI, Type of 
Surgery, ASA, Operative Time 

,Diabetes 

logistic regression 
odds ratio(CI) 

1.31 (0.79, 2.17) NS 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection 
(PJI) 

1 Days 18764 Modifiable 
risk factor 

optimization 
(THA and 

TKA 
procedures 

(both primary 
and revision) 
performed at 

the Mayo 
Clinic) 

log transformed 
glucose level 1 
day pre surgery 
in non-diabetic 

patients 

Age, Gender, BMI, Type of 
Surgery, ASA, Operative Time 

,Diabetes 

logistic regression 
odds ratio(CI) 

1.86 (0.21, 16.37) NS 

Jiang,S.L., 2014 Low 
Quality 

Infection 
(PJI) 

6 Days 880786 Modifiable 
risk factor 

optimization 
(THA or 

TKA 
athroplasty) 

Diabetes Age, sex, procedure type, hip 
fracture, number of medical 

comorbidities 

Multivariate 
regression, Hazard 
Ration (95% CI), 

p-value 

1.32 (1.25-1.40) 
p= <.001 

Diabetes 
increased risk 

of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Modifiable 
risk factor 

optimization 
(patients 

undergoing 
THA or 
TKA) 

diabetes in cases 
vs controls 

diabetes, age, BMI, place of 
residence, alcohol abuse, 

treatment of diabetes, chronic 
pulmonary disease, 

hypertension, substance abuse, 
cerebral infarction, dental 

procedure w/ or w/o antibiotics, 
renal disease, gout, 

cardiovascular event, chronic 
liver disease, anemia, tobacco 
use, ankylosing spondylitis, 

THA vs TKA, gender, prostatic 
disease, oncologic disease, 

neurologic disease, history of 
tuberculosis, rheumatoid 
arthritis vs osteoarthritis, 
femoral head necrosis, 

developmental hip dysplasia, 
fracture 

multivariate 
conditional logistic 

regression 
analysis; odds 

ratio (95% CI), p 
value 

5.47 (1.77-16.97) 
p= .003 

Patients more 
easily 

developed PJI 
if they had a 

history of 
diabetes 

Wu,C., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 297 Modifiable 
risk factor 

optimization 
(patients 

undergoing 
THA or 
TKA) 

diabetes treated 
with insulin in 

cases vs controls 

diabetes, age, BMI, place of 
residence, alcohol abuse, 

treatment of diabetes, chronic 
pulmonary disease, 

hypertension, substance abuse, 
cerebral infarction, dental 

procedure w/ or w/o antibiotics, 
renal disease, gout, 

cardiovascular event, chronic 
liver disease, anemia, tobacco 
use, ankylosing spondylitis, 

THA vs TKA, gender, prostatic 
disease, oncologic disease, 

neurologic disease, history of 
tuberculosis, rheumatoid 
arthritis vs osteoarthritis, 
femoral head necrosis, 

developmental hip dysplasia, 
fracture 

multivariate 
conditional logistic 

regression 
analysis; odds 

ratio (95% CI), p 
value 

3.69 ( .63-21.69) 
p= .148 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Gou,W., 2014 Low 
Quality 

Infection 
(pji) 

4 Days 739 Modifiable 
risk factor 

optimization 
(primary 
THA or 
TKA) 

diabetes vs no 
diabetes 

gender, age, diabetes, 
hypertension, steroids, 

asymptomatic bacteriuria 
measured by Asymptomatic 

Leucocyturia 

logistic regression 
odds ratio(CI) 

69.65(11.855–
409.233) 

diabetes 
increased 

odds of pji 

Bozic,K.J., 2014 Low 
Quality 

Infection 
(PJI) 

Post-Op 587 Modifiable 
risk factor 

optimization 
(Primary 

THA) 

Diabetes age, gender, race multvariate cox 
regression; 

adjusted hazard 
ratio (95% CI); p-

value 

1.11 (.53-2.30) p= 
.7873 

NS 

Namba,R.S., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 56216 Modifiable 
risk factor 

optimization 
(primary 

elective total 
knee 

arthroplasties 
registered in 
the total joint 
replacement 

registry) 

diabetes vs no 
diabetes 

age, sex, race, diabetes, bmi, 
ASA score, diagnosis, hospital 

and surgeon characteristics, 
bilateral surgery, anesthesia 

type, surgical exposure, 
antibiotic prophylaxis type 

hazard ratio(CI) 1.28(1.03, 1.60) diabetes 
increases deep 
infecton risk 

Hinarejos,P., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 2948 Modifiable 
risk factor 

optimization 
(TKA 

patients) 

diabetes vs no 
diabetes 

none %infected with 
diabetes;%infected 

without diabetes 
(chi square p 

value) 

25%;16.9%(p=.06) NS 

Adams,A.L., 
2013 

Low 
Quality 

Infection 
(PJI) 

Post-Op 37966 Modifiable 
risk factor 

optimization 
(TKA) 

Diabetes, HbA1c 
less than 7% 

compared to no 
diabetes 

sex, age at time of primary 
surgery, body mass index, and 

the Deyo adaptation of the 
Charlson Comorbidity Index 

Multiple logistic 
regression; Odds 
ration, 95% CI 

1.31(0.92, 1.86) NS 

Song,K.H., 2012 Low 
Quality 

Infection 
(deep 

incisional 
and/or organ 

space 
infection) 

Post-Op 3426 Modifiable 
risk factor 

optimization 
(TKA) 

diabetes vs no 
diabetes 

none p value from chi 
square 

p>.05 NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Song,K.H., 2012 Low 
Quality 

Infection 
(deep 

incisional 
and/or organ 

space 
infection) 

Post-Op 3422 Modifiable 
risk factor 

optimization 
(THA) 

Diabetes vs no 
diabetes 

number of surgeries by 
surgeon, length of hospital stay, 

diabetes, extrinsic procedure 
factors, general anesthesia, 

revision surgery, duration of 
surgery,  trauma infections at 

other anatomical sites 

logistic regression 
odds ratio(CI) 

2.35 (1.32-4.19) Diabetes 
increased risk 
of infection 

Namba,R.S., 
2012 

Low 
Quality 

Infection 
(deep) 

1 Days 30491 Modifiable 
risk factor 

optimization 
(primary 
elective 
THRs) 

diabetes vs. no 
diabetes 

ASA grade, bilateral surgery, 
sex, age, diabetes, BMI 

Hazard ratio(CI) 1.25(0.85 to 1.83) NS 

Jamsen,E., 2012 Low 
Quality 

Infection 
(PJI) 

Post-Op 6393 Modifiable 
risk factor 

optimization 
(primary hip 

and knee 
arthroplasty 

for 
osteoarthritis) 

diabetes 
diagnosis vs 

never diagnosed 
with 

diabetes(excludes 
those who were 
diagnosed with 
diabetes after 
surgery, who 

may have been 
undiagnosed 

before) 

BMI, diabetes, preop glucose 
level(mmol/L), time between 

eligibility for diabetes 
medication reimbursement and 
surgery, diabetes medication 

type, use of insulin, use of any 
combination therapy. 

logistic regression 
odds ratio(CI) 

2.31 (1.12-4.72) odds of PJI 
were greater 
in diabetics 

Jamsen,E., 2012 Low 
Quality 

Infection 
(PJI) 

Post-Op 4419 Modifiable 
risk factor 

optimization 
(primary hip 

and knee 
arthroplasty 

for 
osteoarthritis) 

Preoperative 
glucose level 6.1-
6.8mmol/L  vs. 

<6.1 

BMI, diabetes, preop glucose 
level(mmol/L), time between 

eligibility for diabetes 
medication reimbursement and 
surgery, diabetes medication 

type, use of insulin, use of any 
combination therapy. 

logistic regression 
odds ratio(CI) 

0.96 (0.19-4.87) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 40919 Modifiable 
risk factor 

optimization 
(Primary 

THA in the 
5% national 

sample of the 
Medicare 
database) 

diabetes vs. no 
diabetes 

Rheumatologic disease, 
Obesity, coagulopathy, 

preoperative anemia, diabetes, 
cardiac arrhythmia, peripheral 
vascular disease, depression 
,psychosis, congestive heart 

failure, alcohol abuse, , 
hypertension, malignancy, 

metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal 
disease, pulmonary circulation, 

Hemiplegia or paraplegia, 
Urinary tract infection, 

Valvular disease, 
Cerebrovascular disease, Peptic 
ulcer disease, Hypothyroidism, 
Ischemic heart disease, Chronic 

liver disease, dementia, drug 
abuse 

Hazard ratio(CI) 1.31 (1.12-1.53) diabetes 
increased risk 

of PJI 

Bozic,K.J., 2012 Low 
Quality 

Infection 
(PJI) 

3 months 83011 Modifiable 
risk factor 

optimization 
(Primary 

TKA in the 
5% national 

sample of the 
Medicare 
database) 

diabetes vs. no 
diabetes 

Congestive heart failure, 
chronic pulmonary disease, 

preoperative anemia, 
depression, renal disease, 

pulmonary circulation, obesity 
Rheumatologic disease, 

psychoses, metastatic tumor, 
Peripheral vascular disease, 
Valvular disease, Ischemic 

heart disease, Cardiac 
arrhythmia, Coagulopathy, 

Urinary tract infection, 
Cerebrovascular disease, 
Lymphoma, Peptic ulcer 

disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic 
liver disease, Alcohol abuse, 

Hypothyroidism, 
Hypothyroidism, Hypertension, 

Dementia 

Hazard ratio(CI) 1.19 (1.06–1.34) diabetes 
increased risk 

of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Modifiable 
risk factor 

optimization 
(first revision 

TKA 
patients. 385 

revisions 
were for 

infection and 
91 were for 

aseptic 
causes of 
failure) 

diabetes vs no 
diabetes 

none univariate odds 
ratio(CI) 

1.57 (0.81–3.08) NS 

Pedersen,A.B., 
2010 

Moderate 
Quality 

Infection 
(revision for 

deep 
infection) 

Post-Op 57575 Modifiable 
risk factor 

optimization 
(Primary 
THA in 

Danish Hip 
Arthroplasty 

Registry) 

Diabetes with 
cardivascular 

comorbidities vs 
non-diabetics 

age, gender, primary diagnosis, 
hospital type, fixation 
technique(cemented, 

uncemented and hybrid 
implants),, duration of surgery, 
year of surgery, use of aspirin, 
use of NSAIDS, use of cortico 

steroids, use of 
bisphosphonates, use of 

antidepressants, Charlson 
comorbidity index, income 

rate ratio from 
poisson regression 

2.35(1.39 to 3.98) diabetes with 
cardiovascular 
complications 
increased risk 
of revision for 

infection 
compared to 

non 

Pedersen,A.B., 
2010 

Moderate 
Quality 

Infection 
(revision for 

deep 
infection) 

Post-Op 57575 Modifiable 
risk factor 

optimization 
(Primary 
THA in 

Danish Hip 
Arthroplasty 

Registry) 

type 2 diabetes 
vs. no diabetes 

age, gender, primary diagnosis, 
hospital type, fixation 
technique(cemented, 

uncemented and hybrid 
implants),, duration of surgery, 
year of surgery, use of aspirin, 
use of NSAIDS, use of cortico 

steroids, use of 
bisphosphonates, use of 

antidepressants, Charlson 
comorbidity index, income 

rate ratio from 
poisson regression 

1.49 (1.02 to 2.18) type 2 
diabetes 

increased  the 
risk of 

revision due 
to infection 
compared to 

non diabetics. 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Pedersen,A.B., 
2010 

Moderate 
Quality 

Infection 
(revision for 

deep 
infection) 

Post-Op 57575 Modifiable 
risk factor 

optimization 
(Primary 
THA in 

Danish Hip 
Arthroplasty 

Registry) 

type 1 diabetes 
vs no diabetes 

age, gender, primary diagnosis, 
hospital type, fixation 
technique(cemented, 

uncemented and hybrid 
implants),, duration of surgery, 
year of surgery, use of aspirin, 
use of NSAIDS, use of cortico 

steroids, use of 
bisphosphonates, use of 

antidepressants, Charlson 
comorbidity index, income 

rate ratio from 
poisson regression 

1.01(.33 to 3.12) NS 

Jamsen,E., 2010 Low 
Quality 

Infection 
(PJI) 

Post-Op 1565 Modifiable 
risk factor 

optimization 
(total knee 

replacements 
performed 

due to 
osteoarthritis) 

plasma glucose 
6.1 to 6.9 vs. less 
than 6.1 mmol/l 

age,gender Hazard ratio(CI) 1.87(0.42–8.41) NS 

Garcia-
Alvarez,F., 2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 290 Modifiable 
risk factor 

optimization 
(subcapital 
hip fracture 
type Garden 
IV operated 
by means of 

partial 
cemented 
Thompson 

hip 
arthroplasty) 

diabetes vs. no 
diabetes 

unclear what confounders 
included in multivariate model. 

p value from 
logistic regression 

p>.05 NS 

Namba,R.S., 
2009 

Low 
Quality 

Infection 
(deep) 

Post-Op 22889 Modifiable 
risk factor 

optimization 
(cemented 

primary 
TKA) 

no diabetes vs 
diabetes 

age, sex, primary diagnosis 
(osteoarthritis vs other), ASA 

score, diabetes, operative time, 
use of antibiotic cement 

logistic regression 
odds ratio(CI) 

0.9 (0.6-1.4) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dowsey,M.M., 
2009 

Low 
Quality 

Infection 
(PJI) 

1 Days 1214 Modifiable 
risk factor 

optimization 
(elective 

TKA) 

diabetes vs. no 
diabetes 

cardiovascular disease, 
diabetes, respiratory disease, 

smoking, obesity, Rheumatoid 
arhtritis, transfusion, drain tube, 
antibiotic cement, gender, age 

logistic regression 
odds ratio(CI) 

6.87 2.42–19.56 diabetes 
increased the 

risk of pji 

Soriano,A., 2008 Low 
Quality 

Infection 
(deep tissue) 

1 Days 908 Modifiable 
risk factor 

optimization 
(Primary 

TKA) 

proportion with 
diabetes in 
infected vs 
uninfected 

patients 

none proportion 
infected/proportion 
uninfected (p value 

from chi square 
test) 

21.4%/16.3 
(p=.44) 

NS 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection 
(PJI) 

1 Days 1207 Modifiable 
risk factor 

optimization 
(Primary 
elective 
THA) 

diabetes vs. no 
diabetes 

none odds ratio(exact 
confidence 
intervals) 

2.426(0.688,7.002) NS 

Mazoch,M., 
2016 

Low 
Quality 

Wound 
healing 

complication 
(Delayed 
wound 

healing) 

Post-Op 130 Modifiable 
risk factor 

optimization 
(revision 

total hip and 
knee surgery) 

diabetes vs no 
diabetes 

age, surgeon, and date of 
surgery. When possible, sex 

and race were matched as well 

relative risk(CI) 1.67 (0.42-6.69) NS 

Chan,P.K.H., 
2005 

Low 
Quality 

Infection 
(deep) 

3 Days 1165 Modifiable 
risk factor 

optimization 
(primary 
cemented 
unilateral 
total hip 

arthroplasty) 

diabetes vs. no 
diabetes 

age, sex, BMI, diagnosis and 
coronary history 

p value from  
logistic regression 

p>.05 NS 

Honkanen,M., 
2017 

Low 
Quality 

Infection 
(PJI) 

1 Days 20226 Modifiable 
risk factor 

optimization 
(primary Hip 

or Knee 
replacement) 

diabetes vs. no 
diabetes 

peroperative bacteriuria, 
Gender, joint site, age, chronic 

heart disease, chronic lung 
disease, hypertension, 

malignancy, neurologic or 
psychologic disorder, 
rheumatoid diseaes 

logistic regression 
odds ratio(CI) 

1.64(0.99,2.73) NS 

 
 



  

  

Table 19: Uncontrolled diabetes 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Watts,C.D., 
2016 

Low 
Quality 

Infection (PJI) Post-Op 1448 Modifiable risk 
factor 

optimization 
(TKA) 

Insulin 
Dependent 

age, BMI, sex Hazard 
ratio (95% 

CI) p-
value 

2.1 (1.1- 3.7) p= 
.03 

insulin 
dependent 
diabetes 

increased risk of 
PJI 

Chrastil,J., 2015 Low 
Quality 

Infection (PJI) Post-Op 13372 Modifiable risk 
factor 

optimization 
(diabetic 

primary THA or 
TKAs in the 

Department of 
Veteran Affairs 
Informatics and 

Computing 
Infrastructure 

(VINCI)) 

diabetic 
complications 
any vs none 

preop HbA1c, preop glucose, age, 
bmi, gender, charlson index, joint 
location, diabetic complications, 

smoking status. death outcome was 
incorporated as a competing risk 

hazard 
ratio(CI) 

1.113(0.879, 
1.409) 

NS 

Chrastil,J., 2015 Low 
Quality 

Infection (PJI) Post-Op 13372 Modifiable risk 
factor 

optimization 
(diabetic 

primary THA or 
TKAs in the 

Department of 
Veteran Affairs 
Informatics and 

Computing 
Infrastructure 

(VINCI)) 

preop glucose 
of 194 or 

higher vs less 
than 194 

preop HbA1c, preop glucose, age, 
bmi, gender, charlson index, joint 
location, diabetic complications, 

smoking status. death outcome was 
incorporated as a competing risk 

hazard 
ratio(CI) 

1.443(1.099,1.894) higher glucose 
level was 

associated with 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Chrastil,J., 2015 Low 
Quality 

Infection (PJI) Post-Op 13372 Modifiable risk 
factor 

optimization 
(diabetic 

primary THA or 
TKAs in the 

Department of 
Veteran Affairs 
Informatics and 

Computing 
Infrastructure 

(VINCI)) 

preop HbA1c 
7 or more vs 

under 7 

preop HbA1c, preop glucose, age, 
bmi, gender, charlson index, joint 
location, diabetic complications, 

smoking status. death outcome was 
incorporated as a competing risk 

hazard 
ratio(CI) 

0.860(0.677,1.100) NS 

Maradit,Kremers 
H., 2015 

Low 
Quality 

Infection (PJI) 1 Days 20171 Modifiable risk 
factor 

optimization 
(THA and TKA 

procedures 
(both primary 
and revision) 

performed at the 
Mayo Clinic) 

Hemoglobin 
A1C over 7% 

vs 7 or less 

Age, Gender, BMI, Type of Surgery, 
ASA, Operative Time ,Diabetes 

logistic 
regression 

odds 
ratio(CI) 

0.29 (0.04, 2.18) NS 

Adams,A.L., 
2013 

Low 
Quality 

Infection (PJI) Post-Op 35449 Modifiable risk 
factor 

optimization 
(TKA) 

Diabetes, 
HbA1c of 7% 

or more 
compared to 
no diabetes 

sex, age at time of primary surgery, 
body mass index, and the Deyo 

adaptation of the Charlson 
Comorbidity Index 

Multiple 
logistic 

regression; 
Odds 
ration, 

95% CI 

0.55(0.29, 1.06) NS 

Jamsen,E., 2012 Low 
Quality 

Infection (PJI) Post-Op 4416 Modifiable risk 
factor 

optimization 
(primary hip and 

knee 
arthroplasty for 
osteoarthritis) 

Preoperative 
glucose level 
6.9mmol/L or 

higher vs. 
<6.1 

BMI, diabetes, preop glucose 
level(mmol/L), time between 

eligibility for diabetes medication 
reimbursement and surgery, diabetes 

medication type, use of insulin, use of 
any combination therapy. 

logistic 
regression 

odds 
ratio(CI) 

2.25 (0.60-8.50) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Pedersen,A.B., 
2010 

Moderate 
Quality 

Infection 
(revision for 

deep infection) 

Post-Op 57575 Modifiable risk 
factor 

optimization 
(Primary THA 
in Danish Hip 
Arthroplasty 

Registry) 

diabetes with 
complications 

vs. no 
diabetes 

age, gender, primary diagnosis, 
hospital type, fixation 

technique(cemented, uncemented and 
hybrid implants),, duration of 

surgery, year of surgery, use of 
aspirin, use of NSAIDS, use of 

cortico steroids, use of 
bisphosphonates, use of 

antidepressants, Charlson 
comorbidity index, income 

rate ratio 
from 

poisson 
regression 

2.11(1.41 to 3.17) diabetes with 
complications 

increased risk of 
revision due to 

infection vs. 
non-diabetics 

Jamsen,E., 2010 Low 
Quality 

Infection (PJI) Post-Op 1565 Modifiable risk 
factor 

optimization 
(total knee 

replacements 
performed due 

to osteoarthritis) 

plasma 
glucose of 7 
or more vs. 
less than 6.1 

mmol/l 

age,gender Hazard 
ratio(CI) 

4.41(1.31–14.83) higher plasma 
glucose 

increased risk of 
PJI 

Jamsen,E., 2010 Low 
Quality 

Infection (PJI) Post-Op 1565 Modifiable risk 
factor 

optimization 
(total knee 

replacements 
performed due 

to osteoarthritis) 

Glycosylated 
hemoglobin 
continuous 

age,gender Hazard 
ratio(CI) 
per 1 unit 
increase 

1.60(1.09–2.37) higher 
Glycosylated 
hemoglobin 

increased risk of 
pji. 

Chiu,F.Y., 2001 Low 
Quality 

Infection 
(deep) 

Post-Op 78 Modifiable risk 
factor 

optimization 
(TKA with 
patellar and 

tibial 
components 

cemented with 2 
g of cefuroxime 

in 40 g of 
Simplex P 
cement) 

preop fasting 
blood surgar 
level in those 

with vs 
without deep 

infection 

none average 
level in 
those 

without 
infection; 
average 
level in 

those with 
infection 
(t test p 
value) 

129;120 (p=0.493) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Chiu,F.Y., 2001 Low 
Quality 

Infection 
(deep) 

Post-Op 78 Modifiable risk 
factor 

optimization 
(TKA with 
patellar and 

tibial 
components 

cemented with 2 
g of cefuroxime 

in 40 g of 
Simplex P 
cement) 

2 hours post 
meal blood 

sugar level in 
those with vs 
without deep 

infection 

none average 
level in 
those 

without 
infection; 
average 
level in 

those with 
infection 
(t test p 
value) 

168;162 (p=.695) NS 

Shohat,N., 2017 Low 
Quality 

Infection (PJI) Post-Op 829 Modifiable risk 
factor 

optimization 
(elective 

primary THA or 
TKA) 

fructosamine 
of 

292mmol/L 
or higher vs 

less than 
292mmol/L 

used stepwise model, but unclear 
which variables ended up in the final 

model 

logistic 
regression 

odds 
ratio(CI) 

6.2 (1.6 to 24.0) poorly 
controlled 
diabetes 

resulted in 
increased odds 

of PJI 
Tarabichi,M., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 1645 Modifiable risk 
factor 

optimization 
(Diabetic 

patients with 
TKA and THA 

undergoing 
elective surgery 

for OA) 

HbA1c 
continuous 

age, gender Adjusted 
odds ratio 

(CI) p-
value 

1.5 (1.2- 2.0) p= 
.0001 

higher HbA1c 
was associated 

with higher 
odds of PJI 

Tarabichi,M., 
2017 

Low 
Quality 

Infection 
(Wound 

Complications) 

3 months 1645 Modifiable risk 
factor 

optimization 
(Diabetic 

patients with 
TKA and THA 

undergoing 
elective surgery 

for OA) 

HbA1c 
continuous 

age, gender adjusted 
odds ratio 

(CI) p-
value 

1.2 (0.9- 1.6) p- .1 NS 

 
 



  

  

Table 20: Obesity:bariatric surgery 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Watts,C., 2016 Low 
Quality 

Infection (PJI) 5 Days 294 Modifiable risk factor 
optimization (primary 

THA) 

bariatric 
surgery vs 
no bariatric 

surgery 

matched by gender, age to within four 
years, and date of THA to within three 
years, by pre-bariatric BMI to within 1 

kg/m2 

Hazard 
ratio(CI) 

3.1(0.8 
to 20.3) 

NS 

Nickel,B.T., 
2016 

Low 
Quality 

Infection (PJI) 3 months 33096 Modifiable risk factor 
optimization (TKA 

for osteoarthritis 
using perl driver 

database) 

bariatric 
surgery 

before TKA 
vs those with 
a BMI under 

25 at the 
time of tka 

none odds 
ratio(p 
value) 

3.12(P< 
.001) 

bariatric surgery 
increased the risk 

of PJI vs non-
obese patients 

Nickel,B.T., 
2016 

Low 
Quality 

Infection (PJI) 3 months 32534 Modifiable risk factor 
optimization (TKA 

for osteoarthritis 
using perl driver 

database) 

bariatric 
surgery 

before TKA 
vs those with 
a BMI over 

40 at the 
time of tka 

none odds 
ratio(p 
value) 

1.02 (P= 
.893) 

NS 

Nickel,B.T., 
2016 

Low 
Quality 

Infection (PJI) 2 Days 32534 Modifiable risk factor 
optimization (TKA 

for osteoarthritis 
using perl driver 

database) 

bariatric 
surgery 

before TKA 
vs those with 
a BMI over 

40 at the 
time of tka 

none odds 
ratio(p 
value) 

1.21( 
P=.002) 

bariatric surgery 
increased the risk 

of PJI 

Nickel,B.T., 
2016 

Low 
Quality 

Infection (PJI) 2 Days 33096 Modifiable risk factor 
optimization (TKA 

for osteoarthritis 
using perl driver 

database) 

bariatric 
surgery 

before TKA 
vs those with 
a BMI under 

25 at the 
time of tka 

none odds 
ratio(p 
value) 

3.05(P < 
.001) 

bariatric surgery 
increased the risk 

of PJI vs non-
obese patients 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Martin,J.R., 
2015 

Low 
Quality 

Infection (PJI) Post-Op 182 Modifiable risk factor 
optimization (primary 

TKAs) 

Bariatric 
surgery 

patients vs 
high BMI 

patients with 
similar BMI 
to bariatric 

surgery 
patients 
weight 

before their 
operation 

matched by gender, age,BMI before 
bariatric surgery, date of TKA 

hazard 
ratio(CI) 

1.98 
(0.4 to 
14.3) 

NS 

Martin,J.R., 
2015 

Low 
Quality 

Infection (PJI) Post-Op 273 Modifiable risk factor 
optimization (primary 

TKAs) 

Bariatric 
surgery 

patients vs 
low BMI 

patients with 
similar BMI 
to bariatric 

surgery 
patients 

weight after 
their 

operation 

matched by gender, age,BMI after 
bariatric surgery, date of TKA 

hazard 
ratio(CI) 

2.6 (0.8 
to 13.4) 

NS 

 
 



  

  

Table 21: Drug use 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Grammatico-
Guillon,L., 

2015 

Low 
Quality 

Infection (PJI) 4 Days 32582 Modifiable risk 
factor optimization 
(PJI Hip or Knee 

arthroplasty) 

Drug abuse Age, sex, year of replacement, diabetes, 
ulcer sore, cardiologic device, chronic 
renal failure, urinary tract disorders, 

cancer, chronice liver diseases, alcohol 
abuse, tobacco, hypertension, drug 

abuse, obesity 

Hazards 
models, 
hazard 
ration 

(95% CI), 
p-value 

3.43 
(.84, 

13.94) 
p=.08 

NS 

Best,M.J., 2015 Low 
Quality 

Infection (PJI) Post-Op 8379490 Modifiable risk 
factor optimization 
(primary THA or 
TKA patients in 

National Hospital 
Discharge Survey) 

Drug misusers 
(cannabis, 
opioids, 
cocaine, 

amphetamines, 
sedatives, 

inhalants or 
mixed 

combinations) 
vs non-drug 

misusers 

None Risk Ratio 
(CI) 

16.03 
(14.00, 
18.36) 

Drug users at 
higher risk of pji 

Bozic,K.J., 
2014 

Low 
Quality 

Infection (PJI) Post-Op 587 Modifiable risk 
factor optimization 

(Primary THA) 

Substance 
abuse 

age, gender, race multvariate 
cox 

regression; 
adjusted 
hazard 

ratio (95% 
CI); p-
value 

.57 ( 
.21- 

1.5) p= 
.2706 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Modifiable risk 
factor optimization 

(Primary THA in the 
5% national sample 

of the Medicare 
database) 

drug abuse vs. 
no drug abuse 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, 
, hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

0.98 
(0.36-
2.69) 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Modifiable risk 
factor optimization 

(Primary TKA in the 
5% national sample 

of the Medicare 
database) 

drug abuse vs. 
no drug abuse 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.14 
(0.49–
2.66) 

NS 

 
 



  

  

Table 22: Recent infection: Urinary Tract Infection or Asymptomatic Bacteriuria 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Singh,H., 2015 Low 
Quality 

Wound 
healing 

complication 
(delayed 
wound 

healing) 

Post-Op 128 Modifiable risk 
factor optimization 

(primary TKA) 

patients who 
have 

asymptomatic 
UTI(with  

positive urine 
culture) vs. no 
asymptomatic 

UTI 

none % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-1.22(-
6.589,6.553) 

NS 

Sousa,R., 2014 Low 
Quality 

Infection (PJI) Post-Op 2497 Modifiable risk 
factor optimization 

(THA and TKA 
patients.) 

Asymptomatic 
Bacteriuria vs. 

no 
Asymptomatic 

Bacteriuria 

joint location, ASA of 3 or more, 
Asymptomatic Bacteriuria, Post-

Operative UTI 

logistic 
regression 

odds 
ratio(CI) 

3.95 (1.52–
10.26) 

Asymptomatic 
Bacteriuria 

increased the 
odds of PJI 

Sousa,R., 2014 Low 
Quality 

Infection (PJI) Post-Op 303 Modifiable risk 
factor optimization 

(THA and TKA 
patients with 

Asymptomatic 
Bacteriuria) 

Treated 
Asymptomatic 
Bacteriuria vs. 

untreated 
Asymptomatic 

Bacteriuria 

none odds 
ratio(CI) 

0.82 (0.27, 
2.51) 

NS 

Gou,W., 2014 Low 
Quality 

Infection (pji) 4 Days 739 Modifiable risk 
factor optimization 
(primary THA or 

TKA) 

asymptomatic 
UTI 

(measured as 
asymptomatic 
leukocyturia) 

vs no UTI 

gender, age, diabetes, hypertension, 
steroids, asymptomatic bacteriuria 

measured by Asymptomatic 
Leucocyturia 

logistic 
regression 

odds 
ratio(CI) 

1.04(0.138–
7.833) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Modifiable risk 
factor optimization 

(Primary THA in the 
5% national sample 

of the Medicare 
database) 

Urinary Tract 
Infection vs. 
no Urinary 

Tract 
Iinfection 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, 
peripheral vascular disease, depression 

,psychosis, congestive heart failure, 
alcohol abuse, , hypertension, 
malignancy, metastatic tumor, 
Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.04 (0.89-
1.23) 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Modifiable risk 
factor optimization 

(Primary TKA in the 
5% national sample 

of the Medicare 
database) 

Urinary Tract 
Infection vs. 
no Urinary 

Tract 
Iinfection 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.09 (0.97–
1.21) 

NS 

Honkanen,M., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 20226 Modifiable risk 
factor optimization 

(primary Hip or 
Knee replacement) 

preoperative 
bacteriuria 

(positive urine 
culture) vs no 

bacteriuria 

peroperative bacteriuria, Gender, joint 
site, age, chronic heart disease, 

chronic lung disease, hypertension, 
malignancy, neurologic or psychologic 

disorder, rheumatoid diseaes 

logistic 
regression 

odds 
ratio(CI) 

0.82(0.38,1.77) NS 

 
 



  

  

Table 23: Active infection 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Song,K.H., 2012 Low 
Quality 

Infection (deep 
incisional and/or 

organ space 
infection) 

Post-Op 3422 Modifiable risk factor 
optimization (THA) 

infections at 
other 

anatomical 
sites vs no 
infection at 

other 
anatomical 

sites 

number of surgeries by surgeon, length 
of hospital stay, diabetes, extrinsic 

procedure factors, general anesthesia, 
revision surgery, duration of surgery,  
trauma infections at other anatomical 

sites 

logistic 
regression 

p value 

p>.05 NS 

Song,K.H., 2012 Low 
Quality 

Infection (deep 
incisional and/or 

organ space 
infection) 

Post-Op 6848 Modifiable risk factor 
optimization (THA or 

TKA) 

infections at 
other 

anatomical 
sites vs no 
infection at 

other 
anatomical 

sites 

number of surgeon surgeries per mont, 
ventilation, sex, hospital stay, 

anesthesia, revision surgery, duration of 
surgery, infections at other anatomical 

sites 

p value 
from 

logistic 
regression 

2.03 
(1.09-
3.77) 

infections at other 
anatomical sites 

increased odds of 
deep infection 

Song,K.H., 2012 Low 
Quality 

Infection (deep 
incisional and/or 

organ space 
infection) 

Post-Op 3426 Modifiable risk factor 
optimization (TKA) 

infections at 
other 

anatomical 
sites vs no 
infection at 

other 
anatomical 

sites 

number of surgeon surgeries per mont, 
ventilation, sex, hospital stay, 

anesthesia, revision surgery, duration of 
surgery, infections at other anatomical 

sites 

p value 
from 

logistic 
regression 

p>.05 NS 

 
 



  

  

Table 24: Active thromboprophylaxis/anticoagulation state 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2014 

Low 
Quality 

Infection (PJI) Post-Op 587 Non-Modifiable risk 
factors (Primary 

THA) 

Coagulopathy age, gender, race multvariate 
cox 

regression; 
adjusted 
hazard 

ratio (95% 
CI); p-
value 

1.58 ( 
.50-

4.97) 
p= 

.4371 

NS 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary 
THA in the 5% 

national sample of 
the Medicare 

database) 

"coagulopathy 
vs. no 

coagulopathy 
" 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, 
, hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.58 
(1.24-
2.01) 

coagulopathy 
increased risk of 

PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 
2012 

Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary 
TKA in the 5% 

national sample of 
the Medicare 

database) 

coagulopathy 
vs. no 

coagulopathy 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.16 
(0.96–
1.41) 

NS 

 
 



  

  

 

Table 25: Immunocompromised HIV 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Issa,K., 2017 Low 
Quality 

Infection 
(pji) 

Post-Op 180 Non-Modifiable 
risk factors 

(Primary TKA) 

HIV 
contracted 

through 
sexual contact 
or nonblood-
transfusion 

methods(note: 
all hiv 

patients 
medically 
optimized 

before 
surgery)  vs 

no HIV 

Matching criteria included patient age 
(within 2 years), BMI at the time of 
surgery (within 2 kg/m2), surgeon 

performing the TKA, followup 
(within 6 months), minimum followup 
of 4 years, sex ratio (men to men and 
women to women), primary diagnosis 

(DJD versus ON), and operating 
surgeon 

% risk difference 
with newcombe 
score confidence 

intervals 

0(-
2.767,7.865) 

NS 

Jiang,S.L., 
2014 

Low 
Quality 

Infection 
(PJI) 

6 Days 880786 Non-Modifiable 
risk factors (THA 

or TKA 
athroplasty) 

HIV/AIDS Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard Ration 
(95% CI), p-

value 

1.74 (.96-
1.09) p= 

.068 

NS 

Lin,C.A., 2013 Low 
Quality 

Infection 
(PJI) 

Post-Op 3849097 Non-Modifiable 
risk factors 

(elective TKA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=.68 NS 

Lin,C.A., 2013 Low 
Quality 

Wound 
healing 

complication 
(wound 

complication) 

Post-Op 3849097 Non-Modifiable 
risk factors 

(elective TKA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=.65 NS 

Lin,C.A., 2013 Low 
Quality 

Wound 
healing 

complication 
(wound 

complication) 

Post-Op 376232 Non-Modifiable 
risk factors 

(elective THA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=.65 NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lin,C.A., 2013 Low 
Quality 

Infection 
(need for 

irrigation and 
debridement) 

Post-Op 3849097 Non-Modifiable 
risk factors 

(elective TKA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=0.65 NS 

Lin,C.A., 2013 Low 
Quality 

Infection 
(need for 

irrigation and 
debridement) 

Post-Op 376232 Non-Modifiable 
risk factors 

(elective THA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=.01 HIV increased 
risk of need for 
irrigation and 
dibridement 

Lin,C.A., 2013 Low 
Quality 

Infection 
(PJI) 

Post-Op 376232 Non-Modifiable 
risk factors 

(elective THA) 

HIV vs No 
HIV 

none p value from chi 
square 

p=.45 NS 

Silva,M., 2005 Low 
Quality 

Infection 
(deep 

infection) 

Post-Op 41 Non-Modifiable 
risk factors (TKA 

in hemophilia 
patients with 

HIV) 

cd4 level 
continuous 

none difference in cd4 
levels in those 
who developed 

infection vs 
those who didn't 
(CI)(cells/mm^3) 

-16(0-505) NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 198 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

hiv+hep b or 
hep c 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

2.32 (1.27- 
4.25) p- 
.0063 

HIV plus 
hepatitis 

increased odds 
of 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 198 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

hiv+hep b or 
hep c 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

2.17 (1.48- 
3.18) p- 
.0001 

HIV plus 
hepatitis 

increased odds 
of 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 481 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

HIV vs No 
HIV 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

.94 (.39- 
2.27) p- 

.891 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 481 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

HIV vs No 
HIV 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

1.54 (.97- 
2.44) p-
.0673 

NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 198 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

hiv+hep b or 
hep c 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

1.80 (.74- 
4.40) p- 
.1987 

NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 198 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent THA) 

hiv+hep b or 
hep c 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

2.67 (1.59- 
4.47) p- 
.0002 

HIV plus 
hepatitis 

increased odds 
of 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

3 months 481 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

HIV vs No 
HIV 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

1.56 (.93- 
2.60) p= 

.0885 

NS 

Kildow,B.J., 
2017 

Low 
Quality 

Infection 
(PJI) 

2 Days 481 Non-Modifiable 
risk factors (HIV, 
HCV, HBV, and 
HIV and HBV or 

HCV who 
underwent TKA) 

HIV vs No 
HIV 

age, gender, comorbidity odds ratio (95% 
CI) p-value 

2.51 (.1.95- 
3.23) p- 0 

HIV increased 
odds of joint 

infection 

 
 



  

  

 

Table 26: Age 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

George,M.D., 
2017 

Moderate 
Quality 

Infection (pji) 1 Days 4288 Non-Modifiable 
risk factors 

(elective 
primary or 

revision hip or 
knee 

arthroplasty. 
patients had 
rheumatoid 

arthritis (RA), 
inflammatory 
bowel disease 

(IBD), psoriasis 
(PsO), psoriatic 
arthritis (PsA), 
or ankylosing 

spondylitis 
(AS), and all 

had had received 
at least one 
infliximab 

infusion within 
6 months before 

surgery) 

age 80 or 
older vs. 
younger 

age, sex, glucocorticoid dose, 
infliximab stopping time, 

non-biologic DMARD use, 
previous non-infliximab 

DMARD use, age, disease 
type, surgery type, charlson 
score, number of past year 

hospitalizations, outpatients 
per year, calender year, 

surgeon volume 

hazard 
ratio(CI) 

1.27 (0.69, 2.34) NS 

Amlie,E., 2016 Low 
Quality 

Infection 
(Revision due 

to PJI) 

Post-Op 4406 Non-Modifiable 
risk factors 
(revision 

surgery THA) 

Age above 
70 years 

age and sex multiple 
regression 

model; odds 
ratio(95% CI), 

p value 

1.710 ( .761-3.838) p= 
.194 

NS 

Watts,C.D., 
2016 

Low 
Quality 

Infection (PJI) Post-Op 1978 Non-Modifiable 
risk factors 

(TKA) 

Age <= 65 
year 

age, BMI, sex Hazard ratio 
(95% CI) p-

value 

.9 (.5-1.4) p= .55 NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Sousa,R.J., 
2016 

Low 
Quality 

Infection (PJI) 1 Days 228 Non-Modifiable 
risk factors 

(elective 
primary THA or 

TKA) 

continuous none Mean age 
(range) in those 
with PJI/Mean 
age (range) in 
those without 
PJI (p value 
from Mann-
Whitney U 

test) 

66.4 (21-92)/70.0 (56-
85)(p=.223) 

NS 

Lee,Q.J., 2015 Low 
Quality 

Infection (PJI 
in diabetic 

patient 
population) 

Post-Op 200 Non-Modifiable 
risk factors 

(Primary TKA) 

age age, gender, BMI, 
comorbidity (diabetes, liver 

disease, heart disease, 
anemia, thyroid disease, renal 
disease, lung disease, stroke, 
gout), varicose vein, steroid 

intake, dermatitis, 
acupuncture, bilateral TKA, 
same day surgery, anesthesia 
(spinal), continuous femoral 
nerve block, operating time, 

trainee surgeon, drain, 
intensive care unit admission, 

transfusion, large effusion, 
blister, soaked dressing, deep 

vein thrombosis, acute 
retention of urine, foley 

catheter, invasive procedure 

multivariable 
logistic 

regression 
model; p value 

0.018 older age was 
associated 
with lower 

infection risk 

Chrastil,J., 
2015 

Low 
Quality 

Infection (PJI) Post-Op 13372 Non-Modifiable 
risk factors 
(diabetic 

primary THA or 
TKAs in the 

Department of 
Veteran Affairs 
Informatics and 

Computing 
Infrastructure 

(VINCI)) 

continuous 
per 1 year 
increase 

preop HbA1c, preop glucose, 
age, bmi, gender, charlson 

index, joint location, diabetic 
complications, smoking 

status. death outcome was 
incorporated as a competing 

risk 

hazard 
ratio(CI) 

.981(.966-.996) increased age 
decreased risk 

of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wang,H., 2015 Low 
Quality 

Infection 
(deep) 

1.7 
weeks 

2293 Non-Modifiable 
risk factors 

(primary TKA) 

continuous height, weight, diagnosis(OA 
vs other), uni vs bilateral, 
operative time, antibiotic 

bone cement 

logistic 
regression odds 

ratio 

0.992 (0.913-1.078) NS 

Schrama,J.C., 
2015 

Low 
Quality 

Infection 
(revision due 
to infection) 

Post-Op 390671 Non-Modifiable 
risk factors 

(primary THAs 
for OA or RA in 

Nordic 
Arthroplasty 

Register 
Association 

(NARA) 
registry) 

continuous age,sex,diagnosis, year of 
primary surgery (before or 
after 2001), fixation type 

cox 
proportional 

hazard 
ratio(CI) 

1.0 (0.99–1.01) NS 

Cai,J., 2014 Low 
Quality 

Infection (PJI) 3 Days 903 Non-Modifiable 
risk factors 

(primary THA 
or TKA) 

continuous, 
but exact 

coding was 
unclear 

Aquacel dressing, age, bmi, 
former smoker, thyroid 
disease, Liver Disease, 

History of Systemic steroid 
treatment. 

logistic 
regression odds 

ratio(CI) 

1.09(1.03-1.14) Age 
significantly 

increases odds 
of PJI 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Non-Modifiable 
risk factors 

(patients 
undergoing 

THA or TKA) 

65-75 vs 45-
65 

diabetes, age, BMI, place of 
residence, alcohol abuse, 

treatment of diabetes, chronic 
pulmonary disease, 

hypertension, substance 
abuse, cerebral infarction, 
dental procedure w/ or w/o 
antibiotics, renal disease, 

gout, cardiovascular event, 
chronic liver disease, anemia, 

tobacco use, ankylosing 
spondylitis, THA vs TKA, 
gender, prostatic disease, 

oncologic disease, neurologic 
disease, history of 

tuberculosis, rheumatoid 
arthritis vs osteoarthritis, 
femoral head necrosis, 

developmental hip dysplasia, 
fracture 

multivariate 
conditional 

logistic 
regression 

analysis; odds 
ratio (95% CI), 

p value 

3.36 ( 1.30- 8.69) p= 
.013 

Patients more 
easily 

developed PJI 
if they are 

older 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Non-Modifiable 
risk factors 

(patients 
undergoing 

THA or TKA) 

> 75 vs 45-
65 

diabetes, age, BMI, place of 
residence, alcohol abuse, 

treatment of diabetes, chronic 
pulmonary disease, 

hypertension, substance 
abuse, cerebral infarction, 
dental procedure w/ or w/o 
antibiotics, renal disease, 

gout, cardiovascular event, 
chronic liver disease, anemia, 

tobacco use, ankylosing 
spondylitis, THA vs TKA, 
gender, prostatic disease, 

oncologic disease, neurologic 
disease, history of 

tuberculosis, rheumatoid 
arthritis vs osteoarthritis, 
femoral head necrosis, 

developmental hip dysplasia, 
fracture 

multivariate 
conditional 

logistic 
regression 

analysis; odds 
ratio (95% CI), 

p value 

2.54 ( .83-7.79) p= .103 NS 

Meehan,J.P., 
2014 

Low 
Quality 

Infection 
(revision due 

to pji) 

1 Days 120538 Non-Modifiable 
risk factors 

(primary total 
knee 

arthroplasty) 

age 50-64 
vs. 65 or 

older 

sex, race, number of 
comorbidities, age 

logistic 
regression odds 

ratio(CI) 

1.20(1.01-1.42) younger age 
was associated 
with increased 

odds of 
revision for  

PJI compared 
to older 
patients 

Meehan,J.P., 
2014 

Low 
Quality 

Infection 
(revision due 

to pji) 

1 Days 120538 Non-Modifiable 
risk factors 

(primary total 
knee 

arthroplasty) 

age less than 
50 vs. 65 or 

older 

sex, race, number of 
comorbidities, age 

logistic 
regression odds 

ratio(CI) 

1.81(1.33-2.47) younger age 
was associated 
with increased 

odds of 
revision for  

PJI compared 
to older 
patients 

Gou,W., 2014 Low 
Quality 

Infection (pji) 4 Days 739 Non-Modifiable 
risk factors 

(primary THA 
or TKA) 

age 
continuous 

gender, age, diabetes, 
hypertension, steroids, 

asymptomatic bacteriuria 
measured by Asymptomatic 

Leucocyturia 

logistic 
regression odds 

ratio(CI) 

1.06(0.987–1.138) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Namba,R.S., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 56216 Non-Modifiable 
risk factors 
(primary 

elective total 
knee 

arthroplasties 
registered in the 

total joint 
replacement 

registry) 

continuous/1 
year increase 

age, sex, race, diabetes, bmi, 
ASA score, diagnosis, 
hospital and surgeon 

characteristics, bilateral 
surgery, anesthesia type, 

surgical exposure, antibiotic 
prophylaxis type 

hazard 
ratio(CI) 

0.99(0.98, 1.00) NS 

Hinarejos,P., 
2013 

Low 
Quality 

Infection 
(deep) 

Post-Op 2948 Non-Modifiable 
risk factors 

(TKA patients) 

continuous none mean(SD) 
infection 

group;mean(sd) 
no infection 

group (mann-
whitney U p 

value) 

75.14(6.66);75.98(7.36) 
(p=.3) 

NS 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-Modifiable 
risk factors 

(primary THAs 
in Nordic 

Arthroplasty 
Register 

Association 
dataset) 

age 40-51 
vs. under 40 

age, sex, diagnosis, prosthesis 
type, fixation type, cement 

type, cement with antibiotics 

Hazard 
ratio(CI) 

1.1(0.8–1.5) NS 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-Modifiable 
risk factors 

(primary THAs 
in Nordic 

Arthroplasty 
Register 

Association 
dataset) 

age 60-69 
vs. under 40 

age, sex, diagnosis, prosthesis 
type, fixation type, cement 

type, cement with antibiotics 

Hazard 
ratio(CI) 

1.1(0.8–1.5) NS 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-Modifiable 
risk factors 

(primary THAs 
in Nordic 

Arthroplasty 
Register 

Association 
dataset) 

age 70-79 
vs. under 40 

age, sex, diagnosis, prosthesis 
type, fixation type, cement 

type, cement with antibiotics 

Hazard 
ratio(CI) 

1.1(0.8–1.5) NS 
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Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-Modifiable 
risk factors 

(primary THAs 
in Nordic 

Arthroplasty 
Register 

Association 
dataset) 

age 90 or 
more vs. 
under 40 

age, sex, diagnosis, prosthesis 
type, fixation type, cement 

type, cement with antibiotics 

Hazard 
ratio(CI) 

0.7(0.4–1.4) NS 

Dale,H., 2012 Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 113280 Non-Modifiable 
risk factors 

(primary THAs 
in Nordic 

Arthroplasty 
Register 

Association 
dataset) 

age 80-89 
vs. under 40 

age, sex, diagnosis, prosthesis 
type, fixation type, cement 

type, cement with antibiotics 

Hazard 
ratio(CI) 

0.9(0.7–1.3) NS 

Namba,R.S., 
2012 

Low 
Quality 

Infection 
(deep) 

1 Days 30491 Non-Modifiable 
risk factors 
(primary 

elective THRs) 

continuous 
per 1 year 
increase 

ASA grade, bilateral surgery, 
sex, age, diabetes, BMI 

Hazard 
ratio(CI) 

1.00(0.98 to 1.01) NS 

Koenig,K., 
2012 

Low 
Quality 

Infection 
(deep) 

3 months 322 Non-Modifiable 
risk factors 

(revision THA 
or conversion 

from 
hemiarthroplasty 

to THA) 

age under 65 
vs 65-79 vs 

80 or greater 

none chi square p 
value 

p=.729 NS 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NOIS 

register) 

Post-Op 5540 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

60-69 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.2 (0.7-2.1) p= 0.5 NS 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NOIS 

register) 

Post-Op 5540 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

70-79 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.4 (0.8-2.4) p=0.2 NS 
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(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NOIS 

register) 

Post-Op 5540 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

80-89 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.9 (1.1-3.5) p=0.03 Patients who 
are older have 
an increased 

chance of 
having 

infection 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NOIS 

register) 

Post-Op 5540 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

>= 90 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

3.8 (1.1-13) p=0.04 Patients who 
are older have 
an increased 

chance of 
having 

infection 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NAR 
register) 

Post-Op 31086 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

60-69 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.3 ( 0.8-1.9) p=0.3 NS 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NAR 
register) 

Post-Op 31086 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

70-79 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.7 (1.1-2.6) p=0.02 Patients who 
are older have 
an increased 

chance of 
having 

infection 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NAR 
register) 

Post-Op 31086 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

80-89 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1.9 (1.1-3.0) p=0.02 Patients who 
are older have 
an increased 

chance of 
having 

infection 

Dale,H., 2011 Low 
Quality 

Infection (Data 
from NAR 
register) 

Post-Op 31086 Non-Modifiable 
risk factors 
(Total hip 

arthroplasty) 

>= 90 age, sex, ASA score, duration 
of surgery, emergency vs 

planned surgery, method of 
fixation, NNIS index 

Cox regression 
analysis; 

adjested risk 
(95% CI); p 

value 

1 9.1-7.4) p= 1.0 NS 
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Adjustment Statistic Result Significance 

Pedersen,A.B., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

2 weeks 80756 Non-Modifiable 
risk factors 

(Primary THA 
in Danish Hip 
Arthroplasty 

Registry) 

age 70-79 
vs. under 60 

sex, age, charlson index, 
primary diagnosis, previsous 

surgery on the same hip, 
fixation technique, operating 
theater ventilation, ansethesia 
typ, ossification prophylaxis 
with NSAIDs, duration of 

surgery 

hazard 
ratio(CI) 

0.97 (0.75–1.26) NS 

Pedersen,A.B., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

2 weeks 80756 Non-Modifiable 
risk factors 

(Primary THA 
in Danish Hip 
Arthroplasty 

Registry) 

age 60-69 
vs. under 60 

sex, age, charlson index, 
primary diagnosis, previsous 

surgery on the same hip, 
fixation technique, operating 
theater ventilation, ansethesia 
typ, ossification prophylaxis 
with NSAIDs, duration of 

surgery 

hazard 
ratio(CI) 

0.98 (0.77–1.24) NS 

Pedersen,A.B., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

2 weeks 80756 Non-Modifiable 
risk factors 

(Primary THA 
in Danish Hip 
Arthroplasty 

Registry) 

age 80 or 
higher vs. 
under 60 

sex, age, charlson index, 
primary diagnosis, previsous 

surgery on the same hip, 
fixation technique, operating 
theater ventilation, ansethesia 
typ, ossification prophylaxis 
with NSAIDs, duration of 

surgery 

hazard 
ratio(CI) 

0.86 (0.63–1.19) NS 

Mortazavi,S.M., 
2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 476 Non-Modifiable 
risk factors (first 

revision TKA 
patients. 385 

revisions were 
for infection and 

91 were for 
aseptic causes of 

failure) 

continuous none univariate odds 
ratio(CI) 

0.99 (0.97–1.02) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Ohmann,C., 
2010 

Moderate 
Quality 

Wound healing 
complication 

(Postoperative 
Hematoma or 

Secondary 
Bleeding) 

Post-Op 229271 Non-Modifiable 
risk factors 

(primary TKA 
patients in 

German BSQ 
quality database 
before hospital 

volume 
regulation 
instituted) 

continuous year of operation, age, sex, 
ASA score, Modified 

Kellgren lawrence score 

logistic 
regression odds 

ratio(CI) 

1.009 (1.006 to 1.013) age increases 
odds of 

Postoperative 
Hematoma or 

Secondary 
Bleeding 

Ohmann,C., 
2010 

Moderate 
Quality 

Wound healing 
complication 

(Postoperative 
Hematoma or 

Secondary 
Bleeding) 

Post-Op 244244 Non-Modifiable 
risk factors 

(primary TKA 
patients in 

German BSQ 
quality database 

after hospital 
volume 

regulation 
instituted) 

continuous year of operation, age, sex, 
ASA score, Modified 

Kellgren lawrence score 

logistic 
regression odds 

ratio(CI) 

1.008 (1.004 to 1.011) age increases 
odds of 

Postoperative 
Hematoma or 

Secondary 
Bleeding 

Hailer,N.P., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 170413 Non-Modifiable 
risk factors 

(totally 
cemented or 

totally 
uncemented 

THAs in 
Swedish HIp 
Arthroplasty 

Register) 

age 60-75 
vs. age 

under 50 

primary diagnosis, age, sex, 
cemented vs uncemented 

fixation 

Hazard 
ratio(CI) 

0.7 (0.5 –1.1) NS 

Hailer,N.P., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 170413 Non-Modifiable 
risk factors 

(totally 
cemented or 

totally 
uncemented 

THAs in 
Swedish HIp 
Arthroplasty 

Register) 

age over 75 
vs. age 

under 50 

primary diagnosis, age, sex, 
cemented vs uncemented 

fixation 

Hazard 
ratio(CI) 

0.7 (0.5 –1.0) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Hailer,N.P., 
2010 

Low 
Quality 

Infection 
(revision for 

infection) 

Post-Op 170413 Non-Modifiable 
risk factors 

(totally 
cemented or 

totally 
uncemented 

THAs in 
Swedish HIp 
Arthroplasty 

Register) 

Age 50-59 
vs. age 

under 50 

primary diagnosis, age, sex, 
cemented vs uncemented 

fixation 

Hazard 
ratio(CI) 

0.8 (0.6 –1.2) NS 

Garcia-
Alvarez,F., 

2010 

Low 
Quality 

Infection 
(deep) 

Post-Op 290 Non-Modifiable 
risk factors 

(subcapital hip 
fracture type 
Garden IV 
operated by 

means of partial 
cemented 

Thompson hip 
arthroplasty) 

continuous unclear what confounders 
included in multivariate 

model. 

p value from 
logistic 

regression 

p>.05 NS 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Non-Modifiable 
risk factors 

(Primary THAs 
in the 

Norwegian 
Arthroplasty 

Register) 

age less than 
40 vs 70-79 

sex,age, diagnosis, modular 
vs monoblock, duration of 
surgery, operation room 

ventilation type, systemic 
antibiotic prophylaxis, 

uncemented vs cement with 
antibiotics vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

0.5(0.3–1.1) NS 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Non-Modifiable 
risk factors 

(Primary THAs 
in the 

Norwegian 
Arthroplasty 

Register) 

age 40-59 vs 
70-79 

sex,age, diagnosis, modular 
vs monoblock, duration of 
surgery, operation room 

ventilation type, systemic 
antibiotic prophylaxis, 

uncemented vs cement with 
antibiotics vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

0.8(0.6–1.1) NS 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Non-Modifiable 
risk factors 

(Primary THAs 
in the 

Norwegian 
Arthroplasty 

Register) 

age 60-69 vs 
70-79 

sex,age, diagnosis, modular 
vs monoblock, duration of 
surgery, operation room 

ventilation type, systemic 
antibiotic prophylaxis, 

uncemented vs cement with 
antibiotics vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

1.1(0.9–1.3) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Non-Modifiable 
risk factors 

(Primary THAs 
in the 

Norwegian 
Arthroplasty 

Register) 

age 80 or 
older vs vs 

70-79 

sex,age, diagnosis, modular 
vs monoblock, duration of 
surgery, operation room 

ventilation type, systemic 
antibiotic prophylaxis, 

uncemented vs cement with 
antibiotics vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

0.9(0.7–1.2) NS 

Gandhi,R., 
2009 

Low 
Quality 

Infection 
(deep) 

1 Days 1625 Non-Modifiable 
risk factors 

(THA with a 
diagnosis of 
primary or 
secondary 

osteoarthritis or 
rheumatoid 

arthritis) 

continuous antibiotic cement, age, sex, 
bmi, charlson index, 

education, preop womac 
score, Rheumatoid arthritis. 

logistic 
regression odds 

ratio(CI) 

1.0 (0.9,1.0) NS 

Namba,R.S., 
2009 

Low 
Quality 

Infection 
(deep) 

Post-Op 22889 Non-Modifiable 
risk factors 
(cemented 

primary TKA) 

age 55 or 
older vs. age 
less than 55 

age, sex, primary diagnosis 
(osteoarthritis vs other), ASA 

score, diabetes, operative 
time, use of antibiotic cement 

logistic 
regression odds 

ratio(CI) 

.43(.29-.67) deep infection 
odds were 

decreased in 
patients age 55 

or older 

Ong,K.L., 2009 Moderate 
Quality 

Infection (PJI) Post-Op 39929 Non-Modifiable 
risk factors 

(primary THA 
patients from 
Medicare 5% 

national sample 
administrative 

claims database) 

coding 
unclear 

age, sex, charlson index, race, 
census region, ownership, 
bed-size, medicare buy-in, 
teaching status, location, 

procedure duration 

p value from 
cox 

proportional 
hazards mocel. 

p=0.464 NS 

Ong,K.L., 2009 Moderate 
Quality 

Infection (PJI) Post-Op 28544 Non-Modifiable 
risk factors 
(primary 

elective THA 
patients from 
Medicare 5% 

national sample 
administrative 

claims database) 

coding 
unclear 

age, sex, charlson index, race, 
census region, ownership, 
bed-size, medicare buy-in, 
teaching status, location, 

procedure duration 

p value from 
cox 

proportional 
hazards mocel. 

p=0.121 NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection (PJI) 1 Days 1207 Non-Modifiable 
risk factors 
(Primary 

elective THA) 

continuous none median age in 
infected 

patients/median 
age in non-

infected 
patients(p 

value) 

70/69(p=.20) NS 

Muilwijk,J., 
2006 

Low 
Quality 

Infection 
(deep) 

Post-Op 26127 Non-Modifiable 
risk factors 

(primary THA) 

age 75 or 
higher  vs. 
under 45 

sex, age, emergency surgery, 
NNIS risk score, post op stay, 
specific hospital patient was 
operated at, mean predicted 
probability of infection for a 

hosptital 

logistic 
regression odds 

ratio(CI) 

2.5(0.8–8.0) NS 

Muilwijk,J., 
2006 

Low 
Quality 

Infection 
(deep) 

Post-Op 26127 Non-Modifiable 
risk factors 

(primary THA) 

age 45-64  
vs. under 45 

sex, age, emergency surgery, 
NNIS risk score, post op stay, 
specific hospital patient was 
operated at, mean predicted 
probability of infection for a 

hosptital 

logistic 
regression odds 

ratio(CI) 

1.5(0.4–4.9) NS 

Muilwijk,J., 
2006 

Low 
Quality 

Infection 
(deep) 

Post-Op 26127 Non-Modifiable 
risk factors 

(primary THA) 

age 65-74 
vs. under 45 

sex, age, emergency surgery, 
NNIS risk score, post op stay, 
specific hospital patient was 
operated at, mean predicted 
probability of infection for a 

hosptital 

logistic 
regression odds 

ratio(CI) 

2.1(0.6–6.7) NS 

Chiu,F.Y., 2001 Low 
Quality 

Infection 
(deep) 

Post-Op 78 Non-Modifiable 
risk factors 
(TKA with 
patellar and 

tibial 
components 

cemented with 2 
g of cefuroxime 

in 40 g of 
Simplex P 
cement) 

continuout none age without 
infection vs age 
with infection 
(p value from t 

test) 

72;70 (p=.735) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Tarabichi,M., 
2017 

Low 
Quality 

Infection 
(Wound 

Complications) 

3 months 1645 Non-Modifiable 
risk factors 
(Diabetic 

patients with 
TKA and THA 

undergoing 
elective surgery 

for OA) 

Age and 
diabetes 

age, gender adjusted odds 
ratio (CI) p-

value 

1.0 ( 0.9- 1.0) p- .05 NS 

Honkanen,M., 
2017 

Low 
Quality 

Infection (PJI) 1 Days 20226 Non-Modifiable 
risk factors 

(primary Hip or 
Knee 

replacement) 

continuous, 
but unclear 
how many 

years 
increase 

odds ratio 
coefficient 
represents 

peroperative bacteriuria, 
Gender, joint site, age, 

chronic heart disease, chronic 
lung disease, hypertension, 
malignancy, neurologic or 

psychologic disorder, 
rheumatoid diseaes 

logistic 
regression odds 

ratio(CI) 

1.03(1.01,1.05) age increased 
odds of PJI 

Chen,A.F., 
2017 

Low 
Quality 

Infection (PJI) Post-Op 32580 Non-Modifiable 
risk factors 
(primary or 

revision TJA.) 

age bmi, comorbidity, length of 
stay, 

Adjusted odds 
ratio (CI) p-

value 

.99 (.98-1.0) p- .015 age decreased 
odds of PJI 

 
 



  

  

 

Table 27: Dementia 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 40919 Non-Modifiable risk 
factors (Primary THA 

in the 5% national 
sample of the 

Medicare database) 

dementia vs. 
no dementia 

Rheumatologic disease, Obesity, 
coagulopathy, preoperative anemia, 

diabetes, cardiac arrhythmia, peripheral 
vascular disease, depression ,psychosis, 
congestive heart failure, alcohol abuse, , 

hypertension, malignancy, metastatic 
tumor, Hypercholesterolemia, chronic 

pulmonary disease, renal disease, 
pulmonary circulation, Hemiplegia or 

paraplegia, Urinary tract infection, 
Valvular disease, Cerebrovascular 

disease, Peptic ulcer disease, 
Hypothyroidism, Ischemic heart 
disease, Chronic liver disease, 

dementia, drug abuse 

Hazard 
ratio(CI) 

1.02 
(0.65-
1.60) 

NS 

Bozic,K.J., 2012 Low 
Quality 

Infection (PJI) 3 months 83011 Non-Modifiable risk 
factors (Primary TKA 

in the 5% national 
sample of the 

Medicare database) 

dementia vs. 
no dementia 

Congestive heart failure, chronic 
pulmonary disease, preoperative 

anemia, depression, renal disease, 
pulmonary circulation, obesity 

Rheumatologic disease, psychoses, 
metastatic tumor, Peripheral vascular 
disease, Valvular disease, Ischemic 
heart disease, Cardiac arrhythmia, 

Coagulopathy, Urinary tract infection, 
Cerebrovascular disease, Lymphoma, 

Peptic ulcer disease, Malignancy, 
Hypercholesterolemia, 

Hemiplegia/paraplegia, Chronic liver 
disease, Alcohol abuse, 

Hypothyroidism, Hypothyroidism, 
Hypertension, Dementia 

Hazard 
ratio(CI) 

1.03 
(0.66–
1.61) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Garcia-
Alvarez,F., 2010 

Low 
Quality 

Infection (deep) Post-Op 290 Non-Modifiable risk 
factors (subcapital hip 
fracture type Garden 

IV operated by means 
of partial cemented 

Thompson hip 
arthroplasty) 

dementia vs 
no dementia 

unclear what confounders included in 
multivariate model. 

p value 
from 

logistic 
regression 

p>.05 NS 

Pulido,L., 2008 Low 
Quality 

Infection (PJI) 5 Days 9245 Non-Modifiable risk 
factors (primary hip 
or knee arthroplasty) 

dementia vs 
no dementia 

variables considered for stepwise 
model:race, physical status score 

(ASA), body mass index, rheumatoid 
arthritis, venous thromboembolism, 

anemia, hypercholesterolemia, 
dementia, knee arthroplasty, 

simultaneous bilateral surgery, 
operative time, hospital length, 

postoperative creatinine, allogenic 
transfusion, postoperative atrial 

fibrillation, postoperative myocardial 
infarction, postoperative urinary tract 

infection, postoperative wound 
drainage, postoperative hematoma 

stepwise 
logistic 

regression 
p value 

p>.05 NS 

 
 



  

  

 

Table 28: Poor dental health 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C., 2014 Low 
Quality 

Infection (PJI) Post-Op 297 Modifiable risk factor 
optimization (patients 
undergoing THA or 

TKA) 

dental 
procedures 

with 
antibiotic 

prophylaxis 
in cases vs 

controls 

diabetes, age, BMI, place of residence, 
alcohol abuse, treatment of diabetes, 

chronic pulmonary disease, 
hypertension, substance abuse, cerebral 
infarction, dental procedure w/ or w/o 

antibiotics, renal disease, gout, 
cardiovascular event, chronic liver 

disease, anemia, tobacco use, 
ankylosing spondylitis, THA vs TKA, 

gender, prostatic disease, oncologic 
disease, neurologic disease, history of 
tuberculosis, rheumatoid arthritis vs 
osteoarthritis, femoral head necrosis, 
developmental hip dysplasia, fracture 

multivariate 
conditional 

logistic 
regression 
analysis; 

odds ratio 
(95% CI), p 

value 

1.71 ( 
.38-

7.70) 
p= .487 

NS 

 
 



  

 

 

Table 29: Institutionalization 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Gallardo-
Calero,I., 2016 

Low 
Quality 

Infection (PJI) 3 Days 381 Non-Modifiable risk 
factors (hip 

hemiarthroplasty 
patients treated for 

proximal femur 
fracture) 

patients whose 
permanent 

residence was a 
healthcare 

center vs non-
institutionalized 

patients 

none odds 
ratio(CI) 

2.47 
(1.02–
5.99) 

institutionalized 
hemiarthroplasty 
patients were at 

increased odds of 
PJI 

 
 



  

  

 

Table 30: Autoimmune disease 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Jiang,S.L., 2014 Low 
Quality 

Infection (PJI) 6 Days 880786 Non-Modifiable risk 
factors (THA or TKA 

athroplasty) 

Autoimmune 
disease 

(rheumatoid 
arthritis, 
lupus, 

ankylosing 
spondylitis) 

Age, sex, procedure type, hip fracture, 
number of medical comorbidities 

Multivariate 
regression, 

Hazard 
Ration 

(95% CI), 
p-value 

1.55 
(1.40-
1.72) 

p= 
<.001 

autoimmune 
disease increased 

risk of PJI 

 
 

 
 
 
 
 
  



 

  

 

INTRA-ARTICULAR INJECTIONS SECTION 

Quality Evaluation Table 3- Intra-articular Injection Observational Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Amin,N.H., 2016 
      

Include Low Quality 
Chambers,A.W., 2017 

      

Include Moderate Quality 
Desai,A., 2009 

      

Include Low Quality 
Kaspar,S., 2005 

      

Include Low Quality 
Khanuja,H.S., 2016 

      

Include Low Quality 
Kokubun,B.A., 2017 

      

Include Low Quality 
McIntosh,A.L., 2006 

      

Include Low Quality 
Meermans,G., 2012 

      

Include Low Quality 
Papavasiliou,A.V., 2006 

      

Include Low Quality 
Sreekumar,R., 2007 

      

Include Low Quality 
Ravi,B., 2015       Include Low Quality 
Schairer,W.W., 2016       Include Low Quality 
Bedard,N.A., 2017       Include Low Quality 



 

  

 

Figure 31: Summary of Findings-intra-articular injection vs. No intra-articular injection 
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Table 31: Intra-articular injection vs. No intra-articular injection 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Chambers,A.W., 
2017 

Moderate 
Quality 

Infection (PJI) Post-Op 456 Timing of 
steroid/visco 

injections 
prior to TJA 
(cementless 

THA patients 
with prior 

intrarticular 
hip steriod 
injection) 

injections within 90 
days of surgery vs 
over 90 days from 

surgery 

matched by age, 
gender, ASA 

score, presence 
of diabetes, BMI, 
double vs single 

injections 

p value from 
fisher's exact 
test in double 

injection 
group; p 
value in 
single 

injection 
group 

p=.6;p=.323 NS 

Chambers,A.W., 
2017 

Moderate 
Quality 

Infection (PJI) Post-Op 456 Timing of 
steroid/visco 

injections 
prior to TJA 
(cementless 

THA patients 
with prior 

intrarticular 
hip steriod 
injection) 

2 prior steroid 
injections vs 1 

injection 

matched by age, 
gender, ASA 

score, presence 
of diabetes, BMI 

odds 
ratio(CI) 

3.30 (1.13, 
9.63) 

having 2 
injections vs 
1 injection 
increased 
the risk of 

pji 

Amin,N.H., 2016 Low 
Quality 

Infection (deep) Post-Op 1143 Timing of 
steroid/visco 

injections 
prior to TJA 

(TKA) 

steroid injections 
prior to tka 

none Risk Ratio 
(CI) 

.9389(0.2964-
2.9740) 

NS 

Amin,N.H., 2016 Low 
Quality 

Infection (deep) Post-Op 1143 Timing of 
steroid/visco 

injections 
prior to TJA 

(TKA) 

timing of injections in 
months: 0-3 vs 3-6 vs 
6-9 vs 9-12 vs over 

12 

none fisher's exact 
test p value 

p>.05 NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Amin,N.H., 2016 Low 
Quality 

Infection (deep) Post-Op 1206 Timing of 
steroid/visco 

injections 
prior to TJA 

(TKA) 

viscosupplementation 
injections prior to tka 

none Risk Ratio 
(CI) 

.3995(0.0879- 
1.8153) 

NS 

Amin,N.H., 2016 Low 
Quality 

Infection (deep) Post-Op 1206 Timing of 
steroid/visco 

injections 
prior to TJA 

(TKA) 

timing of injections in 
months: 0-3 vs 3-6 vs 
6-9 vs 9-12 vs over 

12 

none fisher's exact 
test p value 

p>.05 NS 

Meermans,G., 
2012 

Low 
Quality 

Infection (deep 
infection) 

Post-Op 350 Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
THA) 

Intra-articular steroid 
within 1 year of 

arthroplasty vs no 
steroids. 

matched for ASA 
score, age, BME, 

sex, implant 
type, and year of 

THA 

events 
grp1/N1; 

events grp 
2/N2 (fisher's 
exact test p 

value) 

1/175; 1/175 
(p=1) 

NS 

Meermans,G., 
2012 

Low 
Quality 

Infection (revision 
for infection) 

Post-Op 350 Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
THA) 

Intra-articular steroid 
within 1 year of 

arthroplasty vs no 
steroids. 

matched for ASA 
score, age, BME, 

sex, implant 
type, and year of 

THA 

p value from 
kaplan meier 

p>.05 NS 

Meermans,G., 
2012 

Low 
Quality 

Wound healing 
complication 
(prolonged 
drainage) 

Post-Op 350 Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
THA) 

Intra-articular steroid 
within 1 year of 

arthroplasty vs no 
steroids. 

matched for ASA 
score, age, BME, 

sex, implant 
type, and year of 

THA 

events 
grp1/N1; 

events grp 
2/N2 (fisher's 
exact test p 

value) 

7/175; 5/175 
(p=.77) 

NS 

Desai,A., 2009 Low 
Quality Infection (deep) Post-Op 270 

Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
TKA) 

prior steroid injection 
vs. no prior steroid 

injection 

age, sex and year 
of operation 

% risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

0(-
2.09,4.094) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Sreekumar,R., 
2007 

Low 
Quality 

Infection (deep 
with follow up of 

at least 1 year) 
Post-Op 202 

Timing of 
steroid/visco 

injections 
prior to TJA 

(THA) 

prior Steroid 
infiltration vs no  

Steroid infiltration 

matched by age, 
gender and year 

of operation 

% risk 
difference 

with 
newcombe 
confidence 
intervals 

-0.735(-
4.047,4.798) NS 

McIntosh,A.L., 
2006 

Low 
Quality 

Infection (deep 
infection) Post-Op 448 

Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
THA) 

steroid injections 
within 1 year of 

arthroplasty vs no 
injections within 1 

year 

matched by 
gender, age, and 

surgeon 

cox 
proportional 

hazard 
ratio(CI) 

3(0.3, 29.8) NS 

Papavasiliou,A.V., 
2006 

Low 
Quality Infection (deep) Post-Op 144 

Timing of 
steroid/visco 

injections 
prior to TJA 

(TKR 
patients) 

steroids within 12 
months prior to 
surgery vs. no 

steroids 

None 

events 
g1/N1; 

events g2/N2 
(fisher's exact 
test p value) 

3/54;0/90 
(p=.051 NS 

Kaspar,S., 2005 Low 
Quality 

Infection (revision 
for deep 

infection(statistical 
power was low)) 

Post-Op 80 

Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
THA) 

steroid injection vs no 
steroid injection 

matched in 
descending order 

of priority, by 
gender, cemented 

or cementless 
THA, age, body 

mass index 
(BMI), American 

Society of 
Anaesthesia 
(ASA) pre-

operative score, 
the year of THA, 
and the surgeon 

% in steroid 
group/percent 

in control 
group (p-

value from 
exact test) 

10%/0% 
(p=.116) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Khanuja,H.S., 
2016 

Low 
Quality 

Infection (deep; 
mean follow up 

3.5 years) 
Post-Op 604 

Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
TKA for 

osteoarthritis) 

intra-articular 
corticosteroid 

injections vs no 
injections 

diagnosis, gender 
, date of surgery 
within 3 months, 

age within 2 
years, mean 

follow-up within 
6 months, 
identical 

American 
Society of 

Anesthesiologists 
(ASA) status, 

and BMl within 
3 kg/m2 

Risk Ratio 
(CI) .5(0.12-1.98) NS 

Khanuja,H.S., 
2016 

Low 
Quality 

Infection (deep; 
excluding 

injection time 
subgroups with 

less than 25 
patients to meet 
CPG inclusion 

criteria) 

Post-Op 604 

Timing of 
steroid/visco 

injections 
prior to TJA 

(primary 
TKA for 

osteoarthritis) 

days from steroid 
injection to surgery: 
31-60 vs. 61-120 vs. 
121-180 vs 181-365 

diagnosis, gender 
, date of surgery 
within 3 months, 

age within 2 
years, mean 

follow-up within 
6 months, 
identical 

American 
Society of 

Anesthesiologists 
(ASA) status, 

and BMl within 
3 kg/m2 

chi square 
test p-value p=.8 NS 

Kokubun,B.A., 
2017 

Low 
Quality Infection (deep) 1 Days 442 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tka) 

continuous number of 
all injections none odds 

ratio(CI) 
.962(0.797-

1.161) NS 

Kokubun,B.A., 
2017 

Low 
Quality Infection (deep) 1 Days 442 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tka) 

continuous number of 
corticosteroid 

injections 
none odds 

ratio(CI) 
.892(0.654-

1.217) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kokubun,B.A., 
2017 

Low 
Quality Infection (deep) 1 Days 442 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tka) 

continuous number of 
Viscosupplementation 

injections 
none odds 

ratio(CI) 
.998(0.832-

1.198) NS 

Kokubun,B.A., 
2017 

Low 
Quality Infection (deep) 1 Days 442 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tka) 

any injection within 
90 days vs no 

injection 
none odds 

ratio(CI) 
.534(0.116-

2.446) NS 

Schairer,W.W., 
2016 

Low 
Quality Infection(PJI) 1 year 168537 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection 0 to 3 
months before THA 

vs no injection 

Injection timing, 
age, sex, tobacco 
use, transfusions, 
obesity, diabetes, 

peripheral 
vascular disease, 
congestive heart 

failure, 
HIV/AIDS, 

Tumor without 
metastases, 

metastatic tumor, 
cardiac 

arrhythmia, 
blood loss 
anemia, 

deficiency 
anemia, renal 

failure, chronic 
pulmonary 

disease, 
pulmonary 
circulatory 

disorder, liver 
disease, 

depression. 

Hazard 
Ratio(CI) 

1.49(1.08-
2.04) 

Those with 
injection 

within three 
month of 
surgery 
were at 

greater risk 
of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schairer,W.W., 
2016 

Low 
Quality Infection(PJI) 1 year 168537 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection 3-6 months 
before THA vs no 

injection 

Injection timing, 
age, sex, tobacco 
use, transfusions, 
obesity, diabetes, 

peripheral 
vascular disease, 
congestive heart 

failure, 
HIV/AIDS, 

Tumor without 
metastases, 

metastatic tumor, 
cardiac 

arrhythmia, 
blood loss 
anemia, 

deficiency 
anemia, renal 

failure, chronic 
pulmonary 

disease, 
pulmonary 
circulatory 

disorder, liver 
disease, 

depression. 

Hazard 
Ratio(CI) 

0.94(0.62-
1.41) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schairer,W.W., 
2016 

Low 
Quality Infection(PJI) 1 year 168537 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection 6 to 12 
months before THA 

vs no injection 

Injection timing, 
age, sex, tobacco 
use, transfusions, 
obesity, diabetes, 

peripheral 
vascular disease, 
congestive heart 

failure, 
HIV/AIDS, 

Tumor without 
metastases, 

metastatic tumor, 
cardiac 

arrhythmia, 
blood loss 
anemia, 

deficiency 
anemia, renal 

failure, chronic 
pulmonary 

disease, 
pulmonary 
circulatory 

disorder, liver 
disease, 

depression. 

Hazard 
Ratio(CI) 

1.22(0.82-
1.84) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schairer,W.W., 
2016 

Low 
Quality Infection(PJI) 1 year 168537 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection greater than 
1 year before THA vs 

no injection 

Injection timing, 
age, sex, tobacco 
use, transfusions, 
obesity, diabetes, 

peripheral 
vascular disease, 
congestive heart 

failure, 
HIV/AIDS, 

Tumor without 
metastases, 

metastatic tumor, 
cardiac 

arrhythmia, 
blood loss 
anemia, 

deficiency 
anemia, renal 

failure, chronic 
pulmonary 

disease, 
pulmonary 
circulatory 

disorder, liver 
disease, 

depression. 

Hazard 
Ratio(CI) 

0.88(0.50-
1.56) NS 

Ravi,B.,2015 Low 
Quality Infection(PJI) 2 years 37881 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection less than 1 
year before THA vs 

no injection 

Age, sex, 
income, 

comorbidities, 
frailty, teaching 
hospital, annual 
hospital THA 

volume, annual 
surgeon volume, 
injection himing 

Hazard 
Ratio(CI) 

1.37 (1.01–
1.86) 

Injection 
within 1 

year of THA 
increased 
risk of PJI 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Ravi,B.,2015 Low 
Quality Infection(PJI) 2 years 37881 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tha) 

Injection 1 to 5 years 
before THAvs no 

injection 

Age, sex, 
income, 

comorbidities, 
frailty, teaching 
hospital, annual 
hospital THA 

volume, annual 
surgeon volume, 
injection himing 

Hazard 
Ratio(CI) 

1.26 (0.84–
1.89) NS 

Bedard,N.A,2017 Low 
Quality 

Reoperation for 
infection 6 months  83684 

Timing of 
steroid/visco 

injections 
prior to TJA 
(primary tka) 

Any injection on 
ipsilateral side of tka 
within 6 months of 

TKA vs no injection  

None Odds 
Ratio(CI) 1.4(1.3-1.63) 

Having any 
injection on 
ipsilateral 

side within 6 
months 

increased 
reoperation 
for infection  

 
 

 

PREOPERATIVE DIAGNOSIS SECTION 

Quality Evaluation Table 4- Preoperative Diagnosis 
Study Representative 

Population 
Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies Target 
Condition Blinding Other 

Bias? Inclusion Strength 

Alijanipour,P., 2013 
      

Include Moderate 
Quality 

Balato,G., 2017 
      

Include Low Quality 

Barrack,R.L., 1993 
      

Include Moderate 
Quality 

Barrack,R.L., 1997 
      

Include Moderate 



  

  

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies Target 
Condition Blinding Other 

Bias? Inclusion Strength 

Quality 
Berger,P., 2017 

      

Include Low Quality 
Bernard,L., 2004 

      

Include Low Quality 
Bingham, J,. 2014       Include Low Quality 

Bottner,F., 2007 
      

Include Moderate 
Quality 

Buttaro,M.A., 2010 
      

Include Moderate 
Quality 

Choi,H.R., 2016 
      

Include Low Quality 

Cipriano,C.A., 2012 
      

Include Moderate 
Quality 

Claassen,L., 2016 
      

Include Low Quality 
Deirmengian,C., 2014 

      

Include Low Quality 
Della Valle,C.J., 2007 

      

Include High Quality 
Eisler,T., 2001 

      

Include High Quality 

Elgeidi,A., 2014 
      

Include Moderate 
Quality 

Fernandez-Sampedro,M., 
2017       

Include Moderate 
Quality 

Fink,B., 2008 
      

Include Moderate 
Quality 

Ghanem,E., 2008 
      

Include Moderate 
Quality 

Glithero,P.R., 1993 
      

Include Moderate 
Quality 

Greidanus,N.V., 2007 
      

Include High Quality 



  

  

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies Target 
Condition Blinding Other 

Bias? Inclusion Strength 

Higuera,C.A., 2017 
      

Include Low Quality 
Jacovides,C.L., 2011 

      

Include Low Quality 

Kamme,C., 1981 
      

Include Moderate 
Quality 

Koh,I.J., 2017 
      

Include Moderate 
Quality 

Kraemer,W.J., 1993 
      

Include Low Quality 
Kwon,Y.M., 2016 

      

Include Low Quality 

Malhotra,R., 2004 
      

Include Moderate 
Quality 

Melendez,D.P., 2016 
      

Include Moderate 
Quality 

Morgenstern,C., 2017 
      

Include Low Quality 

Mulcahy,D.M., 1996 
      

Include Moderate 
Quality 

Omar,M., 2015 
      

Include Low Quality 

Pons,M., 1999 
      

Include Moderate 
Quality 

Roberts,P., 1992 
      

Include Moderate 
Quality 

Ryu,S.Y., 2014 
      

Include Low Quality 

Savarino,L., 2004 
      

Include Moderate 
Quality 

Schinsky,M.F., 2008 
      

Include Moderate 
Quality 

Shafafy,R., 2015 
      

Include Moderate 
Quality 



  

  

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies Target 
Condition Blinding Other 

Bias? Inclusion Strength 

Spangehl,M.J., 1999 
      

Include Moderate 
Quality 

Trampuz,A., 2004 
      

Include Moderate 
Quality 

Vanderstappen,C., 2013 
      

Include Low Quality 

Williams,J.L., 2004 
      

Include Moderate 
Quality 

Yuan,K., 2015 
      

Include Moderate 
Quality 



  

  

 

Guide to Interpreting Likelihood Ratios 
Positive Likelihood Ratio Negative Likelihood Ratio Test strength  

Interpretation 

>10 <0.1 Strong Large and conclusive change in probability of PJI 

5-10 0.1-0.2 Moderate Moderate change in probability of PJI 

2-5 0.2-0.5 Weak Small (but sometimes important) change in 
probability of PJI 

1-2 0.5-1 Poor Small (and rarely important) change in 
probability of PJI 

 
 

Evidence Summary: Serum ESR 
There were two high quality studies, eight moderate and 1 low quality study evaluating serum ESR(Della Valle 2007;Greidanus 2007;Alijanipour 2013;Bottner 
2007;Buttaro 2010;Cipriano 2012;Elgeidi 2014;Kamme 1981;Savarino 2004;Schinsky 2008;Kwon 2016). Four studies evaluated both hip and knee 
patients(Alijanipour 2013;Bottner 2007;Cipriano 2012;Elgeidi 2014); six evaluated hip patients(Alijanipour 2013;Buttaro 2010;Kamme 1981;Savarino 
2004;Schinsky 2008;Kwon 2016) and three studies evaluated knee patients(Della Valle 2007;Greidanus 2007;Alijanipour 2013).   
 
Test positivity thresholds ranged from 15mm/hr to 54mm/hr. The most commonly used threshold was 30mm/hr. A meta-analysis was done using this 
threshold. However, there was very high statistical heterogeneity in the positive likelihood ratio(LR), so only the range is reported. The positive LR in the 
included studies ranged from 1.58 (a poor rule in test) to 6.7 (a moderately strong rule in test). The meta-analysis revealed a heterogeneity I-squared statistic 
under 50% for the negative LR, and therefore the pooled estimate is reported in table 5.  The pooled negative likelihood ratio for ESR of 30mm/hr was 
0.12(0.08,0.20), indicating a moderately strong rule out test.  
 
Regarding other thresholds above 30, most produced positive likelihood ratios in the weak to moderate range, from 2.64 to <10 (see table 1).  The one 
exception was the highest threshold of 54.5mm/hr, which was a strong rule in tests (positive LR=11.36), but was a weaker rule out test than 30mm/hr 
(negative LR=.22)(Alijanipour 2013). For other thresholds above 30, most studies produced negative likelihood ratios that ranged from moderately strong to 
weak (negative LR range=.15 to <.5).  



  

  

 
One high quality knee study (Greidanus 2007) and one moderate quality hip study (Savarino 2004) evaluated ESR <30mm/hr. The knee study used a threshold 
of 22.5mm/hr and found it was a moderately strong rule in test and a strong rule out test(positive LR=5.5, negative LR=.08). The hip study used a threshold of 
15mm/hr, which was the lowest cut point of all the studies. The article evaluated the test using different reference standards and it was shown to be a poor 
rule in test (positive LR range=0.94-1.07), and a poor rule out test(negative LR range=0.91-1.09).  
 
One moderate quality hip and knee study (Cipriano 2012) and one low quality hip study (Kwon 2016) evaluated ESR in patient populations that may make the 
test less accurate. Cipriano evaluated an ESR of 30mm/hr in hip and knee patients with inflammatory arthritis. In these patients, ESR was a weak rule in 
test(positive LR=2.34) and a strong rule out test(negative LR=.09). Kwon et al.  evaluated ESR in hip patients with dual taper modular implants with taper 
corrosion, using a threshold of 22mm/hr. In these patients, the test was a strong rule-in test (positive LR=10.48), but a weak rule out test(negative LR=.45).  



  

  

 

Table 32: Summary of Findings- serum ESR 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall serum ESR in patients with dual taper modular implants with taper 
corrosion(22mm/h ) 

1L 10.48-
10.48 

0.45-0.45 0.57-0.57 0.95-0.95 

 serum ESR in patients with inflammatory arthritis(30mm/hr) 1M 2.34-2.34 0.09-0.09 0.95-0.95 0.6-0.6 

 serum ESR(15mm/hr) 1M 0.94-1.07 0.91-1.09 0.56-0.6 0.4-0.44 

 serum ESR(22.5mm/hr) 1H 5.5-5.5 0.08-0.08 0.93-0.93 0.83-0.83 

 serum ESR(30mm/hr) 2H/4M 1.58-6.7 0.12(0.08,0.20) 0.73-0.96 0.39-0.88 

 serum ESR(32mm/hr) 2M 2.64-7.69 0.19-0.21 0.81-0.87 0.67-0.89 

 serum ESR(45mm/hr) 1M 4.75-4.75 0.22-0.22 0.82-0.82 0.83-0.83 

 serum ESR(46.5 mm/hr) 1M 6.73-6.73 0.15-0.15 0.87-0.87 0.87-0.87 

 serum ESR(48.5mm/hr) 1M 7.81-7.81 0.25-0.25 0.78-0.78 0.9-0.9 

 serum ESR(50mm/hr) 1M 3.75-9.6 0.43-0.69 0.38-0.6 0.9-0.94 

 serum ESR(54.5 mm/hr) 1M 11.36-
11.36 

0.22-0.22 0.8-0.8 0.93-0.93 

Knee serum ESR(22.5mm/hr) 1H 5.5-5.5 0.08-0.08 0.93-0.93 0.83-0.83 

 serum ESR(30mm/hr) 2H/1M 2.66-6.7 0.09-0.2 0.82-0.94 0.66-0.88 

 serum ESR(46.5 mm/hr) 1M 6.73-6.73 0.15-0.15 0.87-0.87 0.87-0.87 

Hip/Knee serum ESR in patients with inflammatory arthritis(30mm/hr) 1M 2.34-2.34 0.09-0.09 0.95-0.95 0.6-0.6 

 serum ESR(32mm/hr) 2M 2.64-7.69 0.19-0.21 0.81-0.87 0.67-0.89 

 serum ESR(45mm/hr) 1M 4.75-4.75 0.22-0.22 0.82-0.82 0.83-0.83 

 serum ESR(54.5 mm/hr) 1M 11.36-
11.36 

0.22-0.22 0.8-0.8 0.93-0.93 



  

  

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Hip serum ESR in patients with dual taper modular implants with taper 
corrosion(22mm/h ) 

1L 10.48-
10.48 

0.45-0.45 0.57-0.57 0.95-0.95 

 serum ESR(15mm/hr) 1M 0.94-1.07 0.91-1.09 0.56-0.6 0.4-0.44 

 serum ESR(30mm/hr) 4M 1.58-5.27 0.08-0.32 0.73-0.96 0.39-0.86 

 serum ESR(48.5mm/hr) 1M 7.81-7.81 0.25-0.25 0.78-0.78 0.9-0.9 

 serum ESR(50mm/hr) 1M 3.75-9.6 0.43-0.69 0.38-0.6 0.9-0.94 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

  

 

Table 33:  Serum ESR- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Alijanipour,P., 
2013 

Moderate Quality 759 serum 
erythrocyte 

sedimentation 
rate 

(ESR)(overall 
pji)(30 

mm/hour) 

MSIS excluding ESR 
and CRP 

0.94|0.68 2.97|0.09 WEAK STRONG 

Alijanipour,P., 
2013 

Moderate Quality 759 serum 
erythrocyte 

sedimentation 
rate 

(ESR)(overall 
pji)(46.5 

mm/hour) 

MSIS excluding ESR 
and CRP 

0.87|0.87 6.73|0.15 MODERATE MODERATE 

Greidanus,NV,2007 High Quality 151 serum ESR 
(22.5 mm/hr) 

Cultures –Intraoperative 
or Aspiration 

0.93|0.83 5.5|0.08 MODERATE STRONG 

Greidanus,NV,2007 High Quality 151 serum ESR (30 
mm/hr) 

Cultures –Intraoperative 
or Aspiration 

0.82|0.88 6.7|0.2 MODERATE MODERATE 

Della,Valle,CJ,2007 High Quality 94 serum ESR(30 
mm/hr) 

at least 2 of 3 positive 
intraoperative cultures 

on solid media or if 2 of 
following: 1)at least 1 
positive culture 2)final 

histopathology 
consistent with infection 
3)gross purulence seen 

at time of revision 

0.9|0.66 2.66|0.15 WEAK MODERATE 

 



  

  

 

Table 34:  Serum ESR- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Abou El-
Khier,N.T., 2013 

Moderate Quality 40 serum ESR(45 
mm/hour) 

intraoperative tissue 
samples 

0.82|0.83 4.75|0.22 WEAK WEAK 

Alijanipour,P., 
2013 

Moderate Quality 1949 serum 
erythrocyte 

sedimentation 
rate (ESR)(early 

PJI within 4 
weeks)(54.5 
mm/hour) 

MSIS excluding ESR 
and CRP 

0.80|0.93 11.36|0.22 STRONG WEAK 

Bottner,F,2007 Moderate Quality 78 serum ESR (32 
mm/hr) 

Intraoperative cultures 
and histology 

0.81|0.89 7.69|0.21 MODERATE WEAK 

Cipriano,C.A., 
2012 

Moderate Quality 61 serum ESR in 
patients with 
inflammatory 
arthritis(30 

mm/hr) 

two positive cultures of 
specimens from the 

joint, or 2/3 of criteria: 
the presence of a sinus 
tract or gross purulence 
at the time of revision, 

one positive deep 
culture, or 

histopathological 
findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells 
in the five most cellular 

fields examined 

0.95|0.60 2.34|0.09 WEAK STRONG 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cipriano,C.A., 
2012 

Moderate Quality 810 serum ESR in 
patients with 

noninflammatory 
arthritis(32 

mm/hr) 

two positive cultures of 
specimens from the 

joint, or 2/3 of criteria: 
the presence of a sinus 
tract or gross purulence 
at the time of revision, 

one positive deep 
culture, or 

histopathological 
findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells 
in the five most cellular 

fields examined 

0.87|0.67 2.64|0.19 WEAK MODERATE 

Elgeidi,A., 2014 Moderate Quality 40 serum ESR 
(mm/hour)(45) 

purulence, sinus tract, 2 
positive intra-op cultures 
or 1 positive culture for 
virulent microorganism 

0.82|0.83 4.75|0.22 WEAK WEAK 

 
 



  

  

Table 35:  Serum ESR- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Alijanipour,P., 
2013 

Moderate 
Quality 

1203 serum 
erythrocyte 

sedimentation 
rate 

(ESR)(overall 
pji)(30 

mm/hour) 

MSIS excluding ESR 
and CRP 

0.94|0.71 3.28|0.08 WEAK STRONG 

Alijanipour,P., 
2013 

Moderate 
Quality 

1203 serum ESR + 
CRP (overall 

pji)(48.5mm/hr, 
13.5mg/L) 

MSIS excluding ESR 
and CRP 

0.75|0.84 4.69|0.30 WEAK WEAK 

Alijanipour,P., 
2013 

Moderate 
Quality 

1203 serum 
erythrocyte 

sedimentation 
rate 

(ESR)(overall 
pji)(48.5 

mm/hour) 

MSIS excluding ESR 
and CRP 

0.78|0.90 7.81|0.25 MODERATE WEAK 

Buttaro,M.A., 
2010 

Moderate 
Quality 

69 serum ESR() positive histology or 
culture 

0.73|0.86 5.27|0.32 MODERATE WEAK 

Kamme,C,1981 Moderate 
Quality 

63 serum ESR 
(30mm/hr) 

Intraoperative 
Cultures 

0.89|0.72 3.2|0.15 WEAK MODERATE 

Kwon,Y.M., 2016 Low Quality 62 Serum 
ESR(22mm/h 

(optimal 
cutoff)) 

MSIS criteria 0.571428|0.945454 10.47619|0.453296 STRONG WEAK 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR 
(15mm/hr) 

Intraoperative 
Cultures 

0.56|0.4 0.94|1.09 POOR POOR 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR 
(15mm/hr) 

Histology 0.58|0.43 1.02|0.97 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR 
(15mm/hr) 

Intraoperative 
cultures and 

histology 

0.6|0.44 1.07|0.91 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR (50 
mm/hr) 

Intraoperative 
Cultures 

0.38|0.9 3.75|0.69 WEAK POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR(50 
mm/hr) 

Histology 0.5|0.93 7|0.54 MODERATE POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum ESR (50 
mm/hr) 

Intraoperative 
cultures and 

histology 

0.6|0.94 9.6|0.43 MODERATE WEAK 

Schinsky,MF,2008 Moderate 
Quality 

201 serum ESR (30 
mm/hr) 

at least 2 of: 1)a 
positive 

intraoperative culture 
(on solid media) 

2)gross purulence 
3)final 

histopathological 
result consistent with 
infection (average of 

>10 PMN in the 5 
most cellular high 

power fields) 

0.96|0.39 1.58|0.09 POOR STRONG 

 
 



  

  

Figure 32:  Meta-Analysis ROC Curve – ESR 30mm/HR (3 hip and 3 knee 
studies): 
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Figure 33:  Meta-Analysis Forest Plot- ESR 30mm/HR (3 hip and 3 knee 
studies): 

 
 
  



  

  

 

Figure 34:  Meta-Analysis ROC Curve – ESR 30mm/HR (4 hip studies) 
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Table 36: Meta-analysis statistics: ESR 30mm/HR (4 hip studies): 

 



  

  

 

Figure 35:  Meta-Analysis Forest Plot- ESR 30mm/HR (4 hip studies): 

 
 



  

  

Evidence Summary: Serum CRP 
There were two high quality studies, eleven moderate and 1 low quality article evaluating serum CRP(Della Valle 2007;Greidanus 2007;Alijanipour 2013;Bottner 2007;Buttaro 
2010;Cipriano 2012;Elgeidi 2014;Fernandez-Sampedro 2017;Fink 2008;Fink 2013;Savarino 2004;Schinsky 2008;Yuan 2015;Kwon 2016).  There were five hip and knee studies(Alijanipour 
2013;Bottner 2007;Cipriano 2012;Elgeidi 2014;Fernandez-Sampedro 2017);  seven hip studies(Alijanipour 2013;Buttaro 2010;Fink 2013;Savarino 2004;Schinsky 2008;Yuan 2015;Kwon 
2016) and four knee studies(Della Valle 2007;Greidanus 2007;Alijanipour 2013;Fink 2008).  
 
The most common positivity threshold used was 10mg/L, and a meta-analysis was conducted at that cut point. Visual inspection of the likelihood ratio forest plots in figure 6 revealed 
that the negative LRs may vary between joint location, and there seemed to be more heterogeneity in the hip studies than the knee studies. Therefore, a meta-regression was done using 
joint location as a covariate to explain heterogeneity. The analysis revealed a significant difference in specificity between hip and knee studies (p<.01). Also, the difference in sensitivity 
was quite large (16%), even though not statistically significant. Because of these differences, hip and knee studies were meta-analyzed separately.  
 
Estimates of positive likelihood ratios did not vary much by joint. In the combined analysis using both hip and knee studies (figure 6 and table 6), the likelihood ratio for a threshold of 
10mg/L was 4.1(3.5,4.9), indicating a small but sometimes important increase in probability of PJI. Stratifying by joint location did not change positive LR estimates much, with positive 
LR’s of 3.8 and 3.9 for knee and hip studies respectively. The effect of study joint location on heterogeneity was more evident in estimates of the negative likelihood ratio. The three knee 
studies(Della Valle 2007;Greidanus 2007;Alijanipour 2013) produced consistent negative likelihood ratios between .05 and .08. The pooled negative LR was .07, indicating a strong rule 
out test where a negative result produced a large decrease in probability of PJI. A meta-analysis of the four hip studies still revealed substantial heterogeneity of negative LR’s beyond what 
can be explained by joint location, producing an I-squared of 85.6%(figure 8). Due to inconsistency, it is more appropriate to present hip results using a range, rather than a single pooled 
estimate. At a threshold of 10mg/L, negative LR’s ranged from .08(strong rule out test) to .48(weak rule out test) in hip studies.  

 
For knee studies, testing for early and late PJI combined, the only other threshold tested was 13.5mg/L (Greidanus 2007, high quality). This threshold was a moderate rule-in test (positive 
LR=6.9) and a strong rule-out test (negative LR=.1). That is, a positive test produced a moderate increase in probability of PJI and a negative test produced a large decrease in probability 
of PJI.  
 
For hip studies, other thresholds evaluated were 5mg/L ,20mg/L (Savarino 2004) and 15mg/L(Yuan 2015). Both studies were moderate quality. 5mg/L was a poor rule in and rule out test, 
with positive LR’s ranging from .8 to 1.25, and negative LR’s ranging from 0.89 to 1.12. The threshold of 15mg/L was a weak rule in and rule out test (positive LR=2.69, negative LR=.33), 
meaning the test produced a small but sometimes important change in probability of PJI.  Savarino, a moderate quality study, evaluated a threshold of 20 mg/L in hip patients using 
various reference standards, including cultures, histology and combined cultures and histology.  Testing CRP against all three reference standards showed 20mg/L to be a poor rule out 
test, with negative likelihood ratios of.72 or higher. Using combined cultures and histology as the reference standard, CRP of 20mg/L produced a small, but sometimes important increase 
in probability of PJI, with a positive LR of 2.4.  
 
Two moderate quality studies with mixed hip and knee populations evaluated thresholds of 15mg/L, 32mg/L (Bottner 2007) and 18mg/L(Elgeidi 2014). Both studies had strong negative 
likelihood ratios, suggesting that a negative test resulted in a strong decrease in probability of PJI. Eglidi evaluated 18mg/L as a threshold, which suggested a positive test resulted in a 
moderately strong increase in probability of PJI(positive LR=7.25). Bottner et al used 15 and 32mg/l as positive thresholds, and found that a positive test at each threshold produced a 
strong increase in probability of PJI (positive LR of 10.86 to 27.14 respectively).   However, given the mixed hip/knee populations, and the heterogeneity found in the previously 
mentioned meta regression, it is unclear to what extent these results were influenced by joint location.  
Cipriano(2012), a moderate quality study, did a separate subgroup analysis of a CRP of 17mg/L in patients with inflammatory arthritis. A positive test resulted in a small but sometimes 
important increase in probability of PJI in these patients(positive LR=3.32). A negative test produced a large decrease in probability of PJI(negative LR=.07) 
Kwon(2016) evaluated a CRP of 31.3mg/L in patients with dual taper modular implants with taper corrosion. In this patient population, the test produced a small, but sometimes 
important increase in probability of PJI(positive LR=3.93). However, CRP was a poor rule out test in this population(negative LR=.77).  

 



  

  

CRP timing of infection 
Four moderate quality studies stratified CRP tests by early and late occurring infection. Late infection was defined as over four weeks in two studies (Alijanipour 2013; Fink 2008), over 
three months in one study (Fernandez-Sampedro 2017), and unclear in one study (Cipriano). One knee (Fink 2008) and one hip study(Alijanipour 2013) used a threshold of 13.5mg/L to 
define infection after four weeks. This threshold produced a small(but sometimes important) change in probability of late infection in knee patients(positive LR=3.81,negative LR=.34),  
and a moderate change in probability of late PJI in hip patients (positive LR=7.51, negative LR=.12). Alijanipour evaluated a CRP threshold of 23.5mg/L in knee patients, which had a 
strong change in probability of late infection after four weeks(positive LR=15.2, negative LR=.08). The same study evaluated the ability of a CRP of 23.5 in mixed hip/knee patients to 
diagnose early PJI (within four weeks).  A positive test produced a strong increase in probability of PJI(positive LR=14.47), and a negative result produced a moderate decrease in 
probability of PJI(negative LR=.14).  



  

  

 

Table 37: Summary of Findings  serum CRP 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall serum CRP in patients with dual taper modular implants with taper corrosion(31.3mg/L) 1L 3.93-3.93 0.77-0.77 0.29-0.29 0.93-0.93 

 serum CRP in patients with inflammatory arthritis(17mg/L) 1M 3.32-3.32 0.07-0.07 0.95-0.95 0.71-0.71 

 serum CRP(5mg/L) 1M 0.8-1.25 0.89-1.12 0.3-0.38 0.63-0.7 

 serum CRP(10mg/L) 2H/5M 4.1(3.5,4.9)  0.05-0.48 0.62-0.96 0.7-0.91 

 serum CRP(13.5mg/L) 1H/2M 3.81-7.51 0.1-0.34 0.73-0.91 0.81-0.88 

 serum CRP(15mg/L) 3M 2.69-10.86 0.05-0.33 0.76-0.95 0.72-0.91 

 serum CRP(18mg/L) 1M 7.25-7.25 0-0 1-1 0.86-0.86 

 serum CRP(20mg/L) 1M 0.94-4.67 0.72-1.02 0.19-0.33 0.8-0.93 

 serum CRP(23.5mg/L) 1M 14.47-15.2 0.08-0.14 0.87-0.92 0.94-0.94 

 serum CRP(32mg/L) 1M 27.14-27.14 0.05-0.05 0.95-0.95 0.96-0.96 

Knee serum CRP(10mg/L) 2H/1M 3.23-5.5 0.05-0.08 0.93-0.96 0.7-0.83 

 serum CRP(13.5mg/L) 1H/1M 3.81-6.9 0.1-0.34 0.73-0.91 0.81-0.87 

 serum CRP(23.5mg/L) 1M 15.2-15.2 0.08-0.08 0.92-0.92 0.94-0.94 

Hip/Knee serum CRP in patients with inflammatory arthritis(17mg/L) 1M 3.32-3.32 0.07-0.07 0.95-0.95 0.71-0.71 

 serum CRP(10mg/L) 1M 3.52-6.35 0.2-0.45 0.62-0.83 0.77-0.87 

 serum CRP(15mg/L) 2M 5.17-10.86 0.05-0.17 0.86-0.95 0.83-0.91 

 serum CRP(18mg/L) 1M 7.25-7.25 0-0 1-1 0.86-0.86 

 serum CRP(23.5mg/L) 1M 14.47-14.47 0.14-0.14 0.87-0.87 0.94-0.94 

 serum CRP(32mg/L) 1M 27.14-27.14 0.05-0.05 0.95-0.95 0.96-0.96 

Hip serum CRP in patients with dual taper modular implants with taper corrosion(31.3mg/L) 1L 3.93-3.93 0.77-0.77 0.29-0.29 0.93-0.93 

 serum CRP(5mg/L) 1M 0.8-1.25 0.89-1.12 0.3-0.38 0.63-0.7 

 serum CRP(10mg/L) 4M 3.9(3.3, 4.6) 0.08-0.48 0.64-0.95 0.71-0.91 

 serum CRP(13.5mg/L) 1M 7.51-7.51 0.12-0.12 0.9-0.9 0.88-0.88 

 serum CRP(15mg/L) 1M 2.69-2.69 0.33-0.33 0.76-0.76 0.72-0.72 



  

  

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 serum CRP(20mg/L) 1M 0.94-4.67 0.72-1.02 0.19-0.33 0.8-0.93 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

  

 

Table 38:  Serum CRP- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Alijanipour,P., 2013 Moderate Quality 759 serum C-reactive 
protein 

(CRP)(overall 
pji)(10 mg/L) 

MSIS excluding ESR and 
CRP 

0.96|0.70 3.23|0.05 WEAK STRONG 

Alijanipour,P., 2013 Moderate Quality 759 serum C-reactive 
protein 

(CRP)(overall 
pji)(23.5 mm/hour) 

MSIS excluding ESR and 
CRP 

0.92|0.94 15.20|0.08 STRONG STRONG 

Fink,B,2008 Moderate Quality 145 serum CRP (1.35 
mg/dL) 

Intraoperative cultures and 
histology 

0.73|0.81 3.81|0.34 WEAK WEAK 

Greidanus,NV,2007 High Quality 151 serum CRP (1.0 
mg/dL) 

Cultures –Intraoperative or 
Aspiration 

0.93|0.83 5.5|0.08 MODERATE STRONG 

Greidanus,NV,2007 High Quality 151 serum CRP (1.35 
mg/dL) 

Cultures –Intraoperative or 
Aspiration 

0.91|0.87 6.9|0.1 MODERATE STRONG 

Della,Valle,CJ,2007 High Quality 94 serum CRP (1 
mg/dL) 

at least 2 of 3 positive 
intraoperative cultures on 

solid media or if 2 of 
following: 1)at least 1 
positive culture 2)final 

histopathology consistent 
with infection 3)gross 

purulence seen at time of 
revision 

0.95|0.75 3.88|0.06 WEAK STRONG 

 
 



  

  

 



  

  

Table 39:  Serum CRP- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Abou El-
Khier,N.T., 2013 

Moderate Quality 40 serum CRP(18 
mg/L) 

intraoperative tissue 
samples 

1.00|0.86 7.25|0.00 MODERATE STRONG 

Alijanipour,P., 
2013 

Moderate Quality 1949 serum C-reactive 
protein 

(CRP)(early PJI 
within 4 

weeks)(23.5 
mm/hour) 

MSIS excluding ESR 
and CRP 

0.87|0.94 14.47|0.14 STRONG MODERATE 

Bottner,F,2007 Moderate Quality 78 serum CRP (1.5 
mg/dL) 

Intraoperative cultures 
and histology 

0.95|0.91 10.86|0.05 STRONG STRONG 

Bottner,F,2007 Moderate Quality 78 serum CRP (3.2 
mg/dL) 

Intraoperative cultures 
and histology 

0.95|0.96 27.14|0.05 STRONG STRONG 

Cipriano,C.A., 
2012 

Moderate Quality 61 serum CRP in 
patients with 
inflammatory 
arthritis(17 

mg/L) 

two positive cultures of 
specimens from the 

joint, or 2/3 of criteria: 
the presence of a sinus 
tract or gross purulence 
at the time of revision, 

one positive deep 
culture, or 

histopathological 
findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells 
in the five most cellular 

fields examined 

0.95|0.71 3.32|0.07 WEAK STRONG 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cipriano,C.A., 
2012 

Moderate Quality 810 serum CRP in 
patients with 

noninflammatory 
arthritis(15 

mg/L) 

two positive cultures of 
specimens from the 

joint, or 2/3 of criteria: 
the presence of a sinus 
tract or gross purulence 
at the time of revision, 

one positive deep 
culture, or 

histopathological 
findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells 
in the five most cellular 

fields examined 

0.86|0.83 5.17|0.17 MODERATE MODERATE 

Elgeidi,A., 2014 Moderate Quality 40 serum CRP 
(mg/L)(18) 

purulence, sinus tract, 2 
positive intra-op cultures 
or 1 positive culture for 
virulent microorganism 

1.00|0.86 7.25|0.00 MODERATE STRONG 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Fernandez-
Sampedro,M., 

2017 

Moderate Quality 495 Serum 
CRP(all)(over 1) 

(i) visible purulence 
surrounding the 

prosthesis, (ii) acute 
inflammation on 
histopathologic 
examination of 

permanent tissue 
sections, (iii) a sinus 
tract communicating 

with the prosthesis (iv) 
two or more cultures of 

joint aspirates or cultures 
of intraoperative tissue 
specimens yielded the 
same microorganism 
when S. aureus or S. 
lugdunensis were the 

microorganisms isolated, 
only a single positive 
tissue specimen was 

required. 

0.70|0.84 4.48|0.36 WEAK WEAK 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Fernandez-
Sampedro,M., 

2017 

Moderate Quality 29 Serum CRP(less 
than 3 months 

after 
surgery)(over 1) 

(i) visible purulence 
surrounding the 

prosthesis, (ii) acute 
inflammation on 
histopathologic 
examination of 

permanent tissue 
sections, (iii) a sinus 
tract communicating 

with the prosthesis (iv) 
two or more cultures of 

joint aspirates or cultures 
of intraoperative tissue 
specimens yielded the 
same microorganism 
when S. aureus or S. 
lugdunensis were the 

microorganisms isolated, 
only a single positive 
tissue specimen was 

required. 

0.81|0.77 3.52|0.24 WEAK WEAK 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Fernandez-
Sampedro,M., 

2017 

Moderate Quality 58 Serum CRP(3-12 
months after 

surgery)(over 1) 

(i) visible purulence 
surrounding the 

prosthesis, (ii) acute 
inflammation on 
histopathologic 
examination of 

permanent tissue 
sections, (iii) a sinus 
tract communicating 

with the prosthesis (iv) 
two or more cultures of 

joint aspirates or cultures 
of intraoperative tissue 
specimens yielded the 
same microorganism 
when S. aureus or S. 
lugdunensis were the 

microorganisms isolated, 
only a single positive 
tissue specimen was 

required. 

0.83|0.87 6.35|0.20 MODERATE MODERATE 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Fernandez-
Sampedro,M., 

2017 

Moderate Quality 408 Serum CRP(over 
a year after 

surgery)(over 1) 

(i) visible purulence 
surrounding the 

prosthesis, (ii) acute 
inflammation on 
histopathologic 
examination of 

permanent tissue 
sections, (iii) a sinus 
tract communicating 

with the prosthesis (iv) 
two or more cultures of 

joint aspirates or cultures 
of intraoperative tissue 
specimens yielded the 
same microorganism 
when S. aureus or S. 
lugdunensis were the 

microorganisms isolated, 
only a single positive 
tissue specimen was 

required. 

0.62|0.85 4.05|0.45 WEAK WEAK 

 
 



  

  

Table 40:  Serum CRP- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Alijanipour,P., 
2013 

Moderate 
Quality 

1203 serum C-
reactive protein 
(CRP)(overall 
pji)(10 mg/L) 

MSIS excluding ESR 
and CRP 

0.88|0.77 3.90|0.16 WEAK MODERATE 

Alijanipour,P., 
2013 

Moderate 
Quality 

1203 serum C-
reactive protein 
(CRP)(overall 

pji)(13.5 
mm/hour) 

MSIS excluding ESR 
and CRP 

0.90|0.88 7.51|0.12 MODERATE MODERATE 

Buttaro,M.A., 
2010 

Moderate 
Quality 

69 serum CRP(10 
mg/L) 

positive histology or 
culture 

0.73|0.91 8.44|0.30 MODERATE WEAK 

Fink,B., 2013 Moderate 
Quality 

100 serum CRP(10 
mg/L) 

intraoperative samples 0.64|0.75 2.53|0.48 WEAK WEAK 

Kwon,Y.M., 2016 Low Quality 62 serum 
CRP(3.13mg/dL 

(optimal 
cutoff)) 

MSIS criteria 0.285714|0.927272 3.928571|0.770308 WEAK POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum CRP 
(0.5mg/dL) 

Intraoperative 
Cultures 

0.38|0.7 1.25|0.89 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum CRP 
(0.5mg/dL) 

Histology 0.33|0.64 0.93|1.04 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum 
CRP(0.5mg/dL) 

Intraoperative cultures 
and histology 

0.3|0.63 0.8|1.12 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum CRP (2 
mg/dL) 

Intraoperative 
Cultures 

0.19|0.8 0.94|1.02 POOR POOR 

Savarino,L,2004 Moderate 
Quality 

26 serum CRP (2 
mg/dL) 

Histology 0.33|0.93 4.67|0.72 WEAK POOR 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Savarino,L,2004 Moderate 
Quality 

26 serum CRP (2 
mg/dL) 

Intraoperative cultures 
and histology 

0.3|0.88 2.4|0.8 WEAK POOR 

Schinsky,MF,2008 Moderate 
Quality 

201 serum CRP (1 
mg/dL) 

at least 2 of: 1)a 
positive intraoperative 

culture (on solid 
media) 2)gross 

purulence 3)final 
histopathological 

result consistent with 
infection (average of 

>10 PMN in the 5 
most cellular high 

power fields) 

0.95|0.71 3.29|0.08 WEAK STRONG 

Yuan,K., 2015 Moderate 
Quality 

74 serum CRP(15 
mg/L) 

The final diagnosis of 
PJI required two of 
the following three 

criteria to be met: At 
least one positive 

culture on 
solidmedium grown 
from intra-operative 

specimens; purulence 
surrounding the 

prosthesis observed at 
the time of 

debridement or 
removal of the 

prosthesis; acute 
inflammation 

consistent with 
infection present 

during histopathologic 
examination 

0.76|0.72 2.69|0.33 WEAK WEAK 

 
 



  

  

Figure 36:  Meta-Analysis ROC Curve – CRP 10 mg/L (3 hip and 3 knee, 
1hip/knee studies): 
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Figure 37:  Meta-Analysis Forest Plot- CRP 10 mg/L (3 hip and 3 knee 
studies): 

 



  

  

 

Figure 38:  Meta-Analysis ROC Curve – CRP 10 mg/L (4 hip studies) 
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Table 41: Meta-analysis statistics: CRP 10 mg/L (4 hip studies) 

 



  

  

 

Figure 39:  Meta-Analysis Forest Plot- CRP 10 mg/L (4 hip studies): 

 
 



  

  

Evidence Summary: Serum ESR + CRP 
One high quality knee study (Greidanus 2007) and one moderate quality hip study(Schinsky 2008) evaluated combined serum ESR + CRP. Both studies evaluated their diagnostic ability 
when either test was positive and when both tests were positive.  
 
If both ESR and CRP are negative, then there is a large decrease in probability of infection, making it a strong rule out test (negative LR range=0 to .06). If only one of the two tests is 
positive, this was a poor to weak rule out test(negative LR range= 1.74 to 4.22).  
 
If both ESR and CRP are positive, then this produced a stronger increase in probability of infection than if only one of the tests were positive (positive LR range=4.34 to 13.5). However, 
using the criteria of positive ESR and CRP was a weaker rule out test than if either ESR or CRP were positive. Requiring both ESR and CRP to be positive only produced a moderate to small 
decrease in probability of infection if the criterion was not met (negative LR range=.12 to .21). 



  

  

 

Table 42: Summary of Findings  serum ESR + CRP 

patients index test 

number 
of 

studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall serum ESR + CRP (positive if one positive)(22.5mm/hr,13.5mg/L) 1H 4.22-4.22 0.06-0.06 0.96-0.96 0.77-0.77 

 serum ESR + CRP (positive if one positive)(30mm/hr, 10 mg/L) 1H/1M 1.74-4.22 0-0.06 0.96-1 0.43-0.77 

 serum ESR + CRP(positive if both positive )(22.5mm/hr,13.5mg/L) 1H 13.5-13.5 0.12-0.12 0.89-0.89 0.93-0.93 

 serum ESR + CRP(positive if both positive )(30mm/hr, 10 mg/L) 1H/1M 4.34-12.1 0.14-0.21 0.8-0.89 0.79-0.93 

Knee serum ESR + CRP (positive if one positive)(22.5mm/hr,13.5mg/L) 1H 4.22-4.22 0.06-0.06 0.96-0.96 0.77-0.77 

 serum ESR + CRP (positive if one positive)(30mm/hr, 10 mg/L) 1H 4.22-4.22 0.06-0.06 0.96-0.96 0.77-0.77 

 serum ESR + CRP(positive if both positive)(22.5mm/hr,13.5mg/L) 1H 13.5-13.5 0.12-0.12 0.89-0.89 0.93-0.93 

 serum ESR + CRP(positive if both positive)(30mm/hr, 10 mg/L) 1H 12.1-12.1 0.21-0.21 0.8-0.8 0.93-0.93 

Hip serum ESR + CRP (positive if one positive)(30mm/hr, 10 mg/L) 1M 1.74-1.74 0-0 1-1 0.43-0.43 

 serum ESR + CRP(positive if both positive)(30mm/hr, 10 mg/L) 1M 4.34-4.34 0.14-0.14 0.89-0.89 0.79-0.79 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 



  

  

 

Table 43:  serum ESR + CRP- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Greidanus,NV,2007 High Quality 151 serum ESR and 
CRP – positive if 

both positive 
(22.5/1.35) 

Cultures –Intraoperative or 
Aspiration 

0.89|0.93 13.5|0.12 STRONG MODERATE 

Greidanus,NV,2007 High Quality 151 serum ESR and 
CRP – positive if 

both positive 
(30/1.0) 

Cultures –Intraoperative or 
Aspiration 

0.8|0.93 12.1|0.21 STRONG WEAK 

Greidanus,NV,2007 High Quality 151 serum ESR and 
CRP – positive if 

one positive 
(22.5/1.35) 

Cultures –Intraoperative or 
Aspiration 

0.96|0.77 4.22|0.06 WEAK STRONG 

Greidanus,NV,2007 High Quality 151 serum ESR and 
CRP – positive if 

one positive 
(30/1.0) 

Cultures –Intraoperative or 
Aspiration 

0.96|0.77 4.22|0.06 WEAK STRONG 

 
 



  

  

Table 44:  serum ESR + CRP- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Schinsky,MF,2008 Moderate Quality 201 serum ESR and 
CRP – positive if 

both positive 
(30/1.0) 

At least 2 of: 1)positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.89|0.79 4.34|0.14 WEAK MODERATE 

Schinsky,MF,2008 Moderate Quality 201 serum ESR and 
CRP – positive if 

one positive 
(30/1.0) 

At least 2 of: 1)positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

1|0.43 1.74|0 POOR STRONG 

 
 



  

  

 

Evidence Summary: Serum WBC 
Five moderate and two low quality studies evaluated the diagnostic ability of serum WBC count(Bottner 2007;Elgeidi 2014;Savarino 2004;Spangehl 1999;Yuan 2015;Claassen 
2016;Trampuz 2007). One study used knee patients(Claassen 2016); three used hip patients(Savarino 2004;Spangehl 1999;Yuan 2015) and three used both hip and knee patients(Bottner 
2007;Elgeidi 2014;Trampuz 2007).  
 
The studies used a wide range of positivity thresholds, ranging from 6.2*10^9/L to 11*10^9/L. The Summary of Findings for each cutpoint can be found in table 14. A meta-analysis was 
conducted. The summary ROC curve is displayed in figure 9, and produced an area under the curve(AUC) of .71, indicating moderate discriminatory ability. Using the parameters of the 
HSROC model in Table 19, positive and negative LR’s were calculated at the median level of specificity of the included studies(sp=88.5%). At this level, WBC results produced a small, but 
sometimes important increase in probability of PJI, making it a weak rule in test(positive LR=2.92). However, serum WBC was a poor rule out test(negative LR=.74), with a negative test 
producing a small and rarely important decrease in probability of PJI.  
 
One moderate quality hip study(Spangehl 1999) evaluated serum WBC differential, using 75% neutrophils as the cutoff. This test also produced a small, but sometimes important 
increase in probability of PJI if positive(positive LR=2.01). However, a negative test produced a very small and rarely important decrease in probability of PJI(negative LR=.87), making it a 
poor rule out test.  



  

  

 

Table 45: Summary of Findings  serum WBC 
 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall serum WBC (10*10^9/L for males;  9.1*10^9 for females) 1L 0-0 1.13-1.13 0-0 0.88-0.88 

 serum WBC (10x10^9/L) 1L 3.11-3.11 0.87-0.87 0.18-0.18 0.94-0.94 

 serum WBC (11.0x10^9/L) 1M 5.57-5.57 0.83-0.83 0.2-0.2 0.96-0.96 

 serum WBC (6.2*10^9/L) 1M 1.77-1.77 0.48-0.48 0.71-0.71 0.6-0.6 

 serum WBC (9.2*10^9/L) 1M 3.77-3.77 0.12-0.12 0.91-0.91 0.76-0.76 

 serum WBC (9.5*10^9/L) 1M 1.94-4.64 0.89-0.96 0.06-0.1 1-1 

 serum WBC differential (75% neutrophils) 1M 2.01-2.01 0.87-0.87 0.23-0.23 0.89-0.89 

 serum polynuclear neutrophil count (6000 cells/ml) 1L 2.84-2.84 0.57-0.57 0.54-0.54 0.81-0.81 

 serum WBC(10.5 x 10^9/L) 1M 1.4-1.4 0.66-0.66 0.64-0.64 0.54-0.54 

Knee serum WBC (10*10^9/L for males;  9.1*10^9 for females) 1L 0-0 1.13-1.13 0-0 0.88-0.88 

Hip/Knee serum WBC (10x10^9/L) 1L 3.11-3.11 0.87-0.87 0.18-0.18 0.94-0.94 

 serum WBC (6.2*10^9/L) 1M 1.77-1.77 0.48-0.48 0.71-0.71 0.6-0.6 

 serum WBC (9.2*10^9/L) 1M 3.77-3.77 0.12-0.12 0.91-0.91 0.76-0.76 

 serum polynuclear neutrophil count (6000 cells/ml) 1L 2.84-2.84 0.57-0.57 0.54-0.54 0.81-0.81 

Hip serum WBC (11.0x10^9/L) 1M 5.57-5.57 0.83-0.83 0.2-0.2 0.96-0.96 

 serum WBC (9.5*10^9/L) 1M 1.94-4.64 0.89-0.96 0.06-0.1 1-1 

 serum WBC differential (75% neutrophils) 1M 2.01-2.01 0.87-0.87 0.23-0.23 0.89-0.89 

 serum WBC(10.5 x 10^9/L) 1M 1.4-1.4 0.66-0.66 0.64-0.64 0.54-0.54 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

  

 

Table 46:  serum WBC- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Claassen,L., 2016 Low Quality 34 White mood cell 
count in serum(10.0 
Tsd/ul female; 9.1 

male) 

intraoperative cultures 
positive in at least 2 of 5 
samples or or when the 
histology proofed a type 

0.00|0.88 0.00|1.13 POOR POOR 

 
 



  

  

 

Table 47:  serum WBC- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Abou El-Khier,N.T., 
2013 

Moderate Quality 40 serum WBC(9.2 
cell/109/L) 

intraoperative tissue samples 0.91|0.76 3.77|0.12 WEAK MODERATE 

Bottner,F,2007 Moderate Quality 78 serum WBC 
(6200/microliter) 

Intraoperative cultures and 
histology 

0.71|0.6 1.77|0.48 POOR WEAK 

Elgeidi,A., 2014 Moderate Quality 40 serum WBC 
(cell/209/L)(9.2) 

purulence, sinus tract, 2 
positive intra-op cultures or 1 
positive culture for virulent 

microorganism 

0.91|0.76 3.77|0.12 WEAK MODERATE 

Trampuz,A,2007 Low Quality 296 serum WBC count 
(10x10^9/L) 

at least 1 of: 1)visible 
purulence of synovial fluid or 

area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections (as 
determined by the clinical 
pathologist) 3)a sinus tract 
communicating with the 

prosthesis 

0.18|0.94 3.11|0.87 WEAK POOR 

 
 



  

  

 

Table 48:  serum WBC- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Savarino,L,2004 Moderate Quality 26 serum WBC 
(9500/mm^3) 

Intraoperative cultures 0.06|1 1.94|0.96 POOR POOR 

Savarino,L,2004 Moderate Quality 26 serum WBC 
(9500/mm^3) 

Histology 0.08|1 3.46|0.92 WEAK POOR 

Savarino,L,2004 Moderate Quality 26 serum WBC 
(9500/mm^3) 

Intraoperative cultures and 
histology 

0.1|1 4.64|0.89 WEAK POOR 

Spangehl,MJ,1999 Moderate Quality 202 serum WBC 
(11.0x10^9/L 

at least 1 of: 1)open wound 
of sinus in communication 
with the joint 2)systemic 
infection with pain in the 
joint and purulent fluid 

within the joint 3)positive 
result on at least 3 

investigations(ESR>30, 
CRP>10, preoperative 

aspiration with at least 1 
positive culture, frozen 

section with >5PMN/HPF, 
intraoperative culture (>1/3 

of cultures positive) 

0.2|0.96 5.57|0.83 MODERATE POOR 

Spangehl,MJ,1999 Moderate Quality 202 serum WBC 
differential (75% 

neutrophils) 

at least 1 of: 1)open wound 
of sinus in communication 
with the joint 2)systemic 
infection with pain in the 
joint and purulent fluid 

within the joint 3)positive 
result on at least 3 

investigations(ESR>30, 
CRP>10, preoperative 

aspiration with at least 1 
positive culture, frozen 

section with >5PMN/HPF, 
intraoperative culture (>1/3 

of cultures positive) 

0.23|0.89 2.01|0.87 WEAK POOR 



  

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Yuan,K., 2015 Moderate Quality 74 serum WBC(10.5 x 
10^9/L) 

The final diagnosis of PJI 
required two of the following 

three criteria to be met: At 
least one positive culture on 
solidmedium grown from 
intra-operative specimens; 
purulence surrounding the 
prosthesis observed at the 

time of debridement or 
removal of the prosthesis; 

acute inflammation 
consistent with infection 

present during 
histopathologic examination 

0.64|0.54 1.40|0.66 POOR POOR 

 
 



  

  

Table 49:  serum polynuclear neutrophil count- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Bernard,L,2004 Low Quality 228 serum 
Polynuclear 

neutrophil count 
(6000 cells/ml) 

Intraoperative cultures 0.54|0.81 2.84|0.57 WEAK POOR 

 
 



  

  

Figure 40:  Meta-Analysis ROC Curve – Serum White Blood Cell Count: 
thresholds ranging from 6.2*10^9/L to 11.0x10^9/L (1 knee, 3 hips and 3 
hip/knee studies) 
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Table 50: meta-analysis statistics: Serum White Blood Cell Count: 
thresholds ranging from 6.2*10^9/L to 11.0x10^9/L (1 knee, 3 hips and 3 
hip/knee studies) 

 
 
 
 



  

 

Evidence Summary: other serum tests 

Evidence Summary: IL-6 
One moderate quality hip study (Buttaro 2010) and two moderate quality hip/knee studies(Bottner 2007;Elgeidi 2014) evaluated serum IL-6.  The Buttaro hip study evaluated a threshold 
of 10pg/ml, and the two studies of both hip and knee patients evaluated thresholds of 10.4pg/ml and 12pg/ml.  
IL-6 was a moderately strong rule in test in all three studies (positive LR range=7.03 to 9.67). That is, a positive test result produces a moderately strong increase in probability of PJI. 
There was more variation in study results for the ability of IL-6 to rule out PJI.  The two studies that looked at both hip and knee patients had strong negative likelihood ratios, ranging 
from 0 to .05. The study evaluating only hip patients produced a negative likelihood ratio of .67, which indicates a poor rule out test. Due to the small number of studies, the cause of 
heterogeneity cannot adequately be investigated, so we cannot say for sure if the cause of inconsistency if related to the patient population studied or other factors. 
 

Evidence Summary: Serum CRP + IL-6 
One moderate hip study(Buttaro 2010) evaluated the combination of CRP and IL-6. The test was positive if both CRP was 10mg/L and IL-6 was 10pg/ml. This combination was a very good 
rule in test(positive LR=54.55), in that a positive test meant a large increase in probability of PJI. However, this combination was a weak rule out test(negative LR=.45), meaning a 
negative result produced a small(but sometimes important) decrease in probability of PJI. There were no studies that evaluated the effect of a positive test result on only one of the two 
tests. Also, no studies evaluated this combination in knee patients.  

Evidence Summary: Serum procalcitonin 
One moderate quality hip(Yuan 2015) and one moderate quality hip/knee study(Bottner 2007) evaluated serum procalcitonin. The Bottner hip/knee study used a threshold of .3ng/ml, 
and found it to be a strong rule in test(positive LR=19) with a positive test causing a large increase in probability of PJI. However, the test was a poor rule out test(negative LR=.68), with a 
very small decrease in probability of PJI with a negative test. Yuan used a threshold of .05ng/ml in hip patients, and found a small but sometimes important change in probability of PJI for 
positive and negative tests(positive LR=3.07, negative LR=.27). It is unclear if the difference between the two studies, particularly in the strength of the positive LR, is the result of 
different patient populations (e.g. hip/knee or hip only) or the use of different test positivity thresholds.  
 

Evidence Summary: TNF-Alpha 
One moderate quality hip/knee study(Bottner 2007) evaluated the diagnostic accuracy of serum TNF-alpha of 40ng/ml. A positive test resulted in a moderate increase in probability of 
PJI(positive LR=8.14). However, it was a poor rule out test(negative LR=.6), meaning a negative test result caused only a small and rarely important decrease in probability of PJI.  



  

 

 

Table 51: Summary of Findings- other serum tests 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall serum CRP + IL-6(both positive)(10 mg/L, 10 pg/ml) 1M 54.55-54.55 0.45-0.45 0.55-0.55 1-1 

 serum IL-6 (10.4pg/ml) 1M 9.67-9.67 0-0 1-1 0.9-0.9 

 serum IL-6(10pg/ml) 1M 7.03-7.03 0.67-0.67 0.36-0.36 0.95-0.95 

 serum IL-6(12pg/ml) 1M 7.76-7.76 0.05-0.05 0.95-0.95 0.88-0.88 

 serum TNF-alpha(40 ng/ml) 1M 8.14-8.14 0.6-0.6 0.43-0.43 0.95-0.95 

 serum procalcitonin(.05 ng/mL) 1M 3.07-3.07 0.27-0.27 0.8-0.8 0.74-0.74 

 serum procalcitonin(.3 ng/ml) 1M 19-19 0.68-0.68 0.33-0.33 0.98-0.98 

Hip/Knee serum IL-6 (10.4pg/ml) 1M 9.67-9.67 0-0 1-1 0.9-0.9 

 serum IL-6(12pg/ml) 1M 7.76-7.76 0.05-0.05 0.95-0.95 0.88-0.88 

 serum TNF-alpha(40 ng/ml) 1M 8.14-8.14 0.6-0.6 0.43-0.43 0.95-0.95 

 serum procalcitonin(.3 ng/ml) 1M 19-19 0.68-0.68 0.33-0.33 0.98-0.98 

Hip serum CRP + IL-6(both positive)(10 mg/L, 10 pg/ml) 1M 54.55-54.55 0.45-0.45 0.55-0.55 1-1 

 serum IL-6(10pg/ml) 1M 7.03-7.03 0.67-0.67 0.36-0.36 0.95-0.95 

 serum procalcitonin(.05 ng/mL) 1M 3.07-3.07 0.27-0.27 0.8-0.8 0.74-0.74 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 
 



  

 

Table 52:  serum IL-6- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Abou El-Khier,N.T., 
2013 

Moderate Quality 40 serum IL-6(10.4 
pg/ml) 

intraoperative tissue samples 1.00|0.90 9.67|0.00 MODERATE STRONG 

Bottner,F., 2007 Moderate Quality 78 serum IL-6(12 
pg/ml) 

Intraoperative cultures and 
histology 

0.95|0.88 7.76|0.05 MODERATE STRONG 

Elgeidi,A., 2014 Moderate Quality 40 serum IL-6 
(pg/mL)(10.4) 

purulence, sinus tract, 2 
positive intra-op cultures or 1 
positive culture for virulent 

microorganism 

1.00|0.90 9.67|0.00 MODERATE STRONG 

 
 



  

 

Table 53:  serum IL-6- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Buttaro,M.A., 2010 Moderate Quality 69 serum IL-6(10 
pg/L) 

positive histology or culture 0.36|0.95 7.03|0.67 MODERATE POOR 

 
 



  

 

Table 54:  serum IL-6 + serum CRP- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Buttaro,M.A., 2010 Moderate Quality 69 serum CRP+ IL-
6(10 mg/L, 10 

pg/L) 

positive histology or culture 0.55|1.00 54.55|0.45 STRONG WEAK 

 
 



  

 

Table 55:  serum TNF-alpha- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Bottner,F., 2007 Moderate Quality 78 serum TNF-
alpha(40  ng/ml) 

Intraoperative cultures and 
histology 

0.43|0.95 8.14|0.60 MODERATE POOR 

 
 



  

 

Table 56:  serum procalcitonin- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Bottner,F., 2007 Moderate Quality 78 serum 
procalcitonin(.3 

ng/ml) 

Intraoperative cultures and 
histology 

0.33|0.98 19.00|0.68 STRONG POOR 

 
 



  

 

Table 57:  serum procalcitonin- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Yuan,K., 2015 Moderate Quality 74 serum 
Procalcitonin(.05 

ng/mL) 

The final diagnosis of PJI 
required two of the following 

three criteria to be met: At 
least one positive culture on 
solidmedium grown from 
intra-operative specimens; 
purulence surrounding the 
prosthesis observed at the 

time of debridement or 
removal of the prosthesis; 

acute inflammation 
consistent with infection 

present during 
histopathologic examination 

0.80|0.74 3.07|0.27 WEAK WEAK 

 
 



  

 

SYNOVIAL FLUID TESTS 

Evidence Summary of Synovial Fluid Tests 

Aspiration culture 
There were two high, seven moderate and one low quality studies evaluating the diagnostic accuracy of preoperative aspiration culture(Della Valle 2007;Eisler 2001;Barrack 1993;Fink 
2008;Fink 2013;Glithero 1993;Malhotra 2004;Mulcahy 1996;Williams 2004; Parvizi 2006). Every study evaluated preoperative synovial fluid, except the Parvizi 2006 study which used 
fluid obtained preoperatively.  A meta-analysis of the preop aspiration studies found it to be a good rule in test(pooled positive LR=10.09(6.74,15.09)). Although slightly weaker as a rule 
out, the test was still useful(negative LR=.29(.22,.40)). The intra-op synovial fluid culture study found the test to be strong at ruling in, and moderately strong at ruling out PJI.  
 

Intraoperative Synovial Fluid WBC and PMN% 
There was one high, five moderate and four low quality studies evaluating synovial fluid WBC(Della Valle 2007;Cipriano 2012;Ghanem 2008;Trampuz 2004; Schinsky 2008;Spangehl 1999; 
Choi 2016;Higuera 2017; Chalmers 2015 ;Kwon 2016). Seven studies obtained synovial fluid preoperatively and three obtained fluid intraoperatively.  
There was one high, five moderate and three low quality studies evaluating synovial fluid PMN% (Della Valle 2007;Cipriano 2012;Ghanem 2008; Schinsky 2008;Spangehl 1999; Trampuz 
2004;Balato 2017;Higuera 2017;Kwon 2016). Seven studies used fluid obtained preoperatively and two used studies of intraoperative fluid  
Most of the studies found both tests to be moderate to strong at ruling in and ruling out PJI. 
One moderate quality study (Sousa 2017) evaluated synovial fluid WBC and %PMN combined with synovial fluid CRP and adenosine deaminase (ADA). PMN% + ADA was a strong rule in 
test (positive LR=20.87) and a weak rule out test (negative LR= .36). WBC + ADA also was a strong rule in test (positive LR=25.04) and weak rule out test(negative LR=.22). PMN% + 
CRP was a strong rule in test (positive LR=39.88) and a weak rule out test (negative LR= .4). WBC + CRP also was a strong rule in test (positive LR=77.42) and weak rule out 
test(negative LR=.23).  
 

Synovial Fluid leukocyte esterase test 
Three moderate quality studies evaluated the SF leukocyte esterase test (Koh 2017; Shafafy 2015; Parvizi 2011). Two studies use preoperative synovial fluid and one used intra-op 
synovial fluid. The test was useful for ruling in (positive LR range=4.25 to 80) and ruling out PJI(negative LR range= 0 to .2). 
 

Synovial Fluid alpha defensin 
Three moderate and three low quality studies evaluated the synovial fluid alpha-defensin(Kasparek 2016;Suda 2017; Bonanzinga 2017; Berger 2017;Deirmengian 2014; Bingham 2014). 
Three of the studies used fluid obtained intraoperatively, and the other three used fluid obtained preoperatively. The test was useful for ruling in (positive LR range=4.36 to 32.33) and 
ruling out PJI (.03 to .36). 
 

Synovial Fluid CRP 
One moderate and two low quality studies evaluated synovial fluid CRP using fluid obtained preoperatively(Tetreault 2014;Omar 2015;Vanderstappen 2013). One additional moderate 
quality study used intraoperative synovial fluid CRP in combination with fluid white blood cell count and %PMN. Fluid CRP alone was a moderate to strong rule in test and a moderate to 
strong rule out test. When used in combination with fluid WBC or PMN, it was very a strong rule in test, but a weaker rule out test(negative LR=.23 to.4) 
 



  

 

Synovial Fluid PCR 
One moderate knee (Melendez 2016) and one moderate hip/knee study (Morgenstern 2017) evaluated synovial fluid PCR using fluid obtained preoperatively. The test was moderately 
strong as a rule in test(positive LR range=5.55-6.82), and was of use for ruling out PJI(negative LR range=0.45-0.48). 

 
Other Synovial Fluid Tests 
The literature search uncovered single studies for synovial fluid IL-6, IL-8, alpha-2-Macroglobulin, and Vascular Endothelial Growth Factor(VGEF). However, the strength of evidence 
was not sufficient for recommendations to be made for or against these tests.  

 



  

 

Table 58: Summary of Findings synovial fluid culture 
 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Pre-Op Aspiration culture(not image guided) 1H/3M 12.47-31.32 0.11-0.29 0.73-0.89 0.94-0.97 

 Pre-Op Aspiration culture(image guided) 1H/4M 2.16-17.72 0.34-0.94 0-0.69 0.88-0.96 

 Pre-Op Aspiration culture(all studies) 2H/7M 10.03(6.5,15.5) 0.11-0.94 0-0.89 0.93(0.90,0.95) 

 Pre-Op Aspiration culture(all studies except Eisler) 1H/7M 10.09(6.74,15.09) .29(.22,.40) .73(.64,.80) .93(.90,.95) 

 Intra-Op Aspiration culture 1L 27.8-27.8 0.11-0.11 0.9-0.9 0.97-0.97 

Knee Pre-Op Aspiration culture 1H/1M 14.22-15.23 0.21-0.29 0.73-0.8 0.94-0.95 

 Intra-Op Aspiration culture 1L 27.8-27.8 0.11-0.11 0.9-0.9 0.97-0.97 

Hip/Knee Pre-Op Aspiration culture(not image guided) 1M 31.32-31.32 0.11-0.11 0.89-0.89 0.97-0.97 

Hip Pre-Op Aspiration culture(not image guided) 1M 12.47-12.47 0.21-0.21 0.8-0.8 0.94-0.94 

 Pre-Op Aspiration culture(image guided) 1H/4M 2.16-17.72 0.34-0.94 0-0.69 0.88-0.96 

 Pre-Op Aspiration culture(all studies) 1H/5M 7.9(4.7,13.3) 0.21-0.94 0-0.8 0.92(0.88,0.95) 

 Pre-Op Aspiration culture(all hip studies except Eisler) 4M 7.64(5.03,11.61) 0.21-0.61 .67(.55,.78) .91(.88,.94) 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 



  

 

 

Table 59:  preoperative synovial fluid aspiration culture- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Fink,B,2008 Moderate Quality 145 Aspiration 
culture 

Intraoperative Cultures 
and Histology 

0.73|0.95 15.23|0.29 STRONG WEAK 

Della,Valle,CJ,2007 High Quality 94 Aspiration 
culture on solid 

media 

At least 2 of 3 positive 
intraoperative cultures 
on solid media or 2 of 
following: 1)at least 1 
positive culture 2)final 

histopathology 
consistent with infection 

3)gross purulence at 
revision 

0.8|0.94 14.22|0.21 STRONG WEAK 

 
 

Table 60:  intraoperative synovial fluid culture- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 
Test 

Rule 
Out 
Test 

Parvizi,J,2006 Low Quality 70 Intraoperative 
Fluid Culture 

At least 3 of: 1)CRP 
>1mg/dL 2)ESR 
>30mm/hr 3)positive 
joint aspiration culture 
4)purulent intraoperative 
tissue appearance 
5)positive intraoperative 
culture 

0.9|0.97 27.8|0.11 STRONG MODERATE 



  

 

Table 61:  preoperative synovial fluid aspiration culture- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Glithero,PR,1993 Moderate Quality 54 Aspiration 
culture 

Intraoperative Cultures 0.89|0.97 31.32|0.11 STRONG MODERATE 

 
 

Table 62:  preoperative synovial fluid aspiration culture- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Barrack,RL,1993 Moderate Quality 260 Aspiration culture 
(initial)(under 

fluroscopic 
control) 

Correlation between 
intraoperative cultures 

and histology; the 
appearance of the tissue 
intraoperatively; and the 

clinical course 

0.5|0.88 4|0.57 WEAK POOR 

Barrack,RL,1993 Moderate Quality 291 Aspiration culture 
(under fluroscopic 

control) 

Correlation between 
intraoperative cultures 

and histology; the 
appearance of the tissue 
intraoperatively; and the 

clinical course 

0.6|0.88 5.11|0.45 MODERATE WEAK 

Barrack,RL,1993 Moderate Quality 31 Aspiration 
(repeat)(under 

fluroscopic 
control) 

Correlation between 
intraoperative cultures 

and histology; the 
appearance of the tissue 
intraoperatively; and the 

clinical course 

0.67|0.96 16.67|0.35 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Eisler,T,2001 High Quality 57 Ultrasound 
Guided Aspiration 

culture 

Intraoperative Cultures 0|0.96 2.16|0.94 WEAK POOR 

Fink,B., 2013 Moderate Quality 100 Aspiration culture. 
under image 

intensifier control. 
10 ml saline used 

if no fluid was 
obtained(2 

positive samples) 

intraoperative samples 0.64|0.96 17.72|0.37 STRONG WEAK 

Malhotra,R,2004 Moderate Quality 41 Aspiration culture 
(done in 

conjunction with 
flurocopically 
guided biopsy) 

Histology 0.44|0.91 4.74|0.61 WEAK POOR 

Mulcahy,DM,1996 Moderate Quality 71 Aspiration 
culture(fluroscopic 

guided) 

Intraoperative Cultures 
and Histology 

0.69|0.91 7.56|0.34 MODERATE WEAK 

Williams,JL,2004 Moderate Quality 273 Aspiration culture Intraoperative Cultures 0.8|0.94 12.47|0.21 STRONG WEAK 
 



  

 

Figure 41:  Meta-Analysis ROC Curve- Preoperative Aspiration Culture (1 
hip/knee, 6 hip, 2 knee studies) 
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Table 63: meta-analysis statistics: Preoperative Aspiration Culture (1 
hip/knee, 6 hip, 2 knee studies) 

 



  

 

 

Figure 42:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture (1 
hip/knee, 6 hip, 2 knee studies) 

 
 
 
 



  

 

 

Figure 43:  Meta-Analysis ROC Curve- Preoperative Aspiration Culture (6 
hip studies) 
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Table 64: meta-analysis statistics: Preoperative Aspiration Culture (6 hip 
studies) 

 



  

 

 

Figure 44:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture-
Excluding Eisler (1 hip/knee, 5 hip, 2 knee studies) 

 



  

 

 

Figure 45:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture (6 
hip studies) 

 
 



  

 

 

Figure 46:  Meta-Analysis Forest Plot- Preoperative Aspiration Culture-
Excluding Eisler Study (5 hip studies) 



  

 

Table 65: Summary of Findings preoperative- synovial fluid WBC 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Synovial Percentage Mononuclears in patients with dual taper modular implants with taper corrosion (0.02) 1L 1.1-1.1 0-0 1-1 0.09-0.09 

 synovial fluid PMN% in inflammatory arthritis patients.(0.75) 1M 5.25-5.25 0-0 1-1 0.81-0.81 

 synovial fluid PMN% in patients with dual taper modular implants with taper corrosion(0.65) 1L 3.29-3.29 0-0 1-1 0.7-0.7 

 synovial fluid PMN%(0.64) 1M 18.19-18.19 0.05-0.05 0.95-0.95 0.95-0.95 

 synovial fluid PMN%(0.65) 1H/1M 6.46-48.04 0.03-0.03 0.97-0.98 0.85-0.98 

 synovial fluid PMN%(0.76) 1L 5-5 0-0 1-1 0.8-0.8 

 synovial fluid PMN%(0.78) 1M 7.44-7.44 0.05-0.05 0.95-0.95 0.87-0.87 

 synovial fluid PMN%(0.8) 2L 6.5-16.29 0.09-0.17 0.84-0.92 0.86-0.95 

 synovial fluid PMN%(0.82) 1L 4.73-4.73 0.11-0.11 0.91-0.91 0.81-0.81 

 synovial fluid PMN%(0.95) 1L 4.88-4.88 0.3-0.3 0.75-0.75 0.85-0.85 

 synovial fluid WBC (1100 cells/microL) 2M 7.59-7.76 0.07-0.11 0.91-0.94 0.88-0.88 

 synovial fluid WBC (1290 cells/microL) 1L 5.42-5.42 0.2-0.2 0.83-0.83 0.85-0.85 

 synovial fluid WBC (1556 cells/microL) 1L 17.64-17.64 0.1-0.1 0.91-0.91 0.95-0.95 

 synovial fluid WBC (1714 cells/microL) 1L 5.32-5.32 0.21-0.21 0.82-0.82 0.85-0.85 

 synovial fluid WBC (2689 cells/microL) 1L 13.19-13.19 0.09-0.09 0.92-0.92 0.93-0.93 

 synovial fluid WBC (3000 cells/microL) 1H 35.57-35.57 0.01-0.01 1-1 0.98-0.98 

 synovial fluid WBC (3450 cells/microL) 1M 13.15-13.15 0.1-0.1 0.91-0.91 0.93-0.93 

 synovial fluid WBC (3966 cells/microL) 1L 10.19-10.19 0.11-0.11 0.9-0.9 0.91-0.91 

 synovial fluid WBC (5750 cells/microL) 1L 94.12-94.12 0.06-0.06 0.94-0.94 1-1 

 synovial fluid WBC (6878 cells/microL) 1L 7.78-7.78 0.36-0.36 0.67-0.67 0.91-0.91 

 synovial fluid WBC count in patients with inflammatory arthritis(3444 cells/microL) 1M 4.7-4.7 0.13-0.13 0.89-0.89 0.81-0.81 

 synovial fluid WBC in patients with dual taper modular implants with taper corrosion (730 cells/microL) 1L 4.29-4.29 0.18-0.18 0.86-0.86 0.8-0.8 

 synovial fluid absolute neutrophil count(1001 cells/microL) 1L 2.92-2.92 0-0 1-1 0.66-0.66 



  

 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 synovial fluid absolute neutrophil count(1499 cells/microL) 1L 7.09-7.09 0.21-0.21 0.82-0.82 0.88-0.88 

 synovial fluid absolute neutrophil count(2146 cells/microL) 1L 11.4-11.4 0.1-0.1 0.91-0.91 0.92-0.92 

 synovial fluid absolute neutrophil count(408 cells/microL) 1L 4.64-4.64 0.2-0.2 0.83-0.83 0.82-0.82 

Knee synovial fluid PMN%(0.64) 1M 18.19-18.19 0.05-0.05 0.95-0.95 0.95-0.95 

 synovial fluid PMN%(0.65) 1H/1M 6.46-48.04 0.03-0.03 0.97-0.98 0.85-0.98 

 synovial fluid PMN%(0.8) 1L 16.29-16.29 0.17-0.17 0.84-0.84 0.95-0.95 

 synovial fluid WBC (1100 cells/microL) 2M 7.59-7.76 0.07-0.11 0.91-0.94 0.88-0.88 

 synovial fluid WBC (3000 cells/microL) 1H 35.57-35.57 0.01-0.01 1-1 0.98-0.98 

Hip/Knee synovial fluid PMN% in inflammatory arthritis patients.(0.75) 1M 5.25-5.25 0-0 1-1 0.81-0.81 

 synovial fluid PMN%(0.78) 1M 7.44-7.44 0.05-0.05 0.95-0.95 0.87-0.87 

 synovial fluid WBC (3450 cells/microL) 1M 13.15-13.15 0.1-0.1 0.91-0.91 0.93-0.93 

 synovial fluid WBC count in patients with inflammatory arthritis(3444 cells/microL) 1M 4.7-4.7 0.13-0.13 0.89-0.89 0.81-0.81 

Hip Synovial Percentage Mononuclears in patients with dual taper modular implants with taper corrosion (0.02) 1L 1.1-1.1 0-0 1-1 0.09-0.09 

 synovial fluid PMN% in patients with dual taper modular implants with taper corrosion(0.65) 1L 3.29-3.29 0-0 1-1 0.7-0.7 

 synovial fluid PMN%(0.76) 1L 5-5 0-0 1-1 0.8-0.8 

 synovial fluid PMN%(0.8) 1L 6.5-6.5 0.09-0.09 0.92-0.92 0.86-0.86 

 synovial fluid PMN%(0.82) 1L 4.73-4.73 0.11-0.11 0.91-0.91 0.81-0.81 

 synovial fluid PMN%(0.95) 1L 4.88-4.88 0.3-0.3 0.75-0.75 0.85-0.85 

 synovial fluid WBC (1290 cells/microL) 1L 5.42-5.42 0.2-0.2 0.83-0.83 0.85-0.85 

 synovial fluid WBC (1556 cells/microL) 1L 17.64-17.64 0.1-0.1 0.91-0.91 0.95-0.95 

 synovial fluid WBC (1714 cells/microL) 1L 5.32-5.32 0.21-0.21 0.82-0.82 0.85-0.85 

 synovial fluid WBC (2689 cells/microL) 1L 13.19-13.19 0.09-0.09 0.92-0.92 0.93-0.93 

 synovial fluid WBC (3966 cells/microL) 1L 10.19-10.19 0.11-0.11 0.9-0.9 0.91-0.91 

 synovial fluid WBC (5750 cells/microL) 1L 94.12-94.12 0.06-0.06 0.94-0.94 1-1 

 synovial fluid WBC (6878 cells/microL) 1L 7.78-7.78 0.36-0.36 0.67-0.67 0.91-0.91 

 synovial fluid WBC in patients with dual taper modular implants with taper corrosion (730 cells/microL) 1L 4.29-4.29 0.18-0.18 0.86-0.86 0.8-0.8 

 synovial fluid absolute neutrophil count(1001 cells/microL) 1L 2.92-2.92 0-0 1-1 0.66-0.66 



  

 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 synovial fluid absolute neutrophil count(1499 cells/microL) 1L 7.09-7.09 0.21-0.21 0.82-0.82 0.88-0.88 

 synovial fluid absolute neutrophil count(2146 cells/microL) 1L 11.4-11.4 0.1-0.1 0.91-0.91 0.92-0.92 

 synovial fluid absolute neutrophil count(408 cells/microL) 1L 4.64-4.64 0.2-0.2 0.83-0.83 0.82-0.82 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

 

Table 66: Summary of Findings intraoperative- synovial fluid WBC 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall intraop synovial fluid >80% Neutrophils(0.8) 1M 5.94-5.94 0.13-0.13 0.89-0.89 0.85-0.85 

 intraop synovial fluid >80% PMN(0.8) 1M 4.78-4.78 0.22-0.22 0.82-0.82 0.83-0.83 

 intraop synovial fluid >80% PMN, among patients with elevated ESR and CRP(0.8) 1M 8.78-8.78 0.14-0.14 0.88-0.88 0.9-0.9 

 intraop synovial fluid WBC among patients with either elevated ESR or CRP(3.0x10^3 cells/microleter) 1M 6.43-6.43 0.19-0.19 0.83-0.83 0.87-0.87 

 intraop synovial fluid WBC among patients with either elevated ESR or CRP(9.0x10^3 cells/microleter) 1M 86.4-86.4 0.22-0.22 0.83-0.83 1-1 

 intraop synovial fluid WBC among patients with elevated ESR and CRP(3.0x10^3 cells/microleter) 1M 8.98-8.98 0.11-0.11 0.9-0.9 0.9-0.9 

 intraop synovial fluid WBC among patients with elevated ESR and CRP(9.0x10^3 cells/microleter) 1M 8.16-8.16 0.2-0.2 0.82-0.82 0.9-0.9 

 intraop synovial fluid WBC(4.2x10^3 cells/microleter) 1M 12.21-12.21 0.18-0.18 0.84-0.84 0.93-0.93 

 intraop synovial fluid WBC(4.45x10^3 cells/microleter) 1L 102.73-102.73 0.1-0.1 0.9-0.9 0.99-0.99 

 intraop synovial fluid WBC(5.0x10^4 cells/microleter) 1M 55.36-55.36 0.65-0.65 0.36-0.36 0.99-0.99 

 intraoperative synovial fluid WBC and %PMN(both positive)(Leucocyte count 1463 cells/uL , PMN 81%) 1M 3.13-3.13 0.29-0.29 0.78-0.78 0.75-0.75 

 synovial fluid segmented cell count(47 cells/microliter) 1M 14.54-14.54 0.12-0.12 0.89-0.89 0.94-0.94 

Knee intraop synovial fluid WBC(4.45*10^3 cells/microleter) 1L 102.73-102.73 0.1-0.1 0.9-0.9 0.99-0.99 

 synovial fluid segmented cell count(47 cells/microliter) 1M 14.54-14.54 0.12-0.12 0.89-0.89 0.94-0.94 

Hip/Knee intraoperative synovial fluid WBC and %PMN(both positive)(Leucocyte count 1463 cells/uL , PMN 81%) 1M 3.13-3.13 0.29-0.29 0.78-0.78 0.75-0.75 

Hip intraop synovial fluid >80% Neutrophils(0.8) 1M 5.94-5.94 0.13-0.13 0.89-0.89 0.85-0.85 

 intraop synovial fluid >80% PMN(0.8) 1M 4.78-4.78 0.22-0.22 0.82-0.82 0.83-0.83 

 intraop synovial fluid >80% PMN, among patients with elevated ESR and CRP(0.8) 1M 8.78-8.78 0.14-0.14 0.88-0.88 0.9-0.9 

 intraop synovial fluid WBC among patients with either elevated ESR or CRP(3.0x10^3 cells/microleter) 1M 6.43-6.43 0.19-0.19 0.83-0.83 0.87-0.87 

 intraop synovial fluid WBC among patients with either elevated ESR or CRP(9.0x10^3 cells/microleter) 1M 86.4-86.4 0.22-0.22 0.83-0.83 1-1 

 intraop synovial fluid WBC among patients with elevated ESR and CRP(3.0x10^3 cells/microleter) 1M 8.98-8.98 0.11-0.11 0.9-0.9 0.9-0.9 

 intraop synovial fluid WBC among patients with elevated ESR and CRP(9.0x10^3 cells/microleter) 1M 8.16-8.16 0.2-0.2 0.82-0.82 0.9-0.9 

 intraop synovial fluid WBC(4.2x10^3 cells/microleter) 1M 12.21-12.21 0.18-0.18 0.84-0.84 0.93-0.93 

 intraop synovial fluid WBC(5.0x10^4 cells/microleter) 1M 55.36-55.36 0.65-0.65 0.36-0.36 0.99-0.99 
 



  

 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

 

Table 67: preoperative - synovial fluid WBC- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Ghanem,E,2008 Moderate Quality 429 synovial fluid 
WBC (1.1x10^3 

/microliter) 

at least 1 of 3 criteria: 
1)presence of an abscess or 
sinus tract communicating 

with the joint space 
2)positive culture of aspirate 
on solid medium 3)2 positive 
intraoperative cultures of the 

same organism, or one 
positive culture on solid 

medium and the presence of 
gross intracapsular purulence 

or abnormal histological 
findings; when cultures were 

negative, infection was 
present if had both grossly 

purulent fluid and an 
abnormal frozen section 

(Mirra et al. criteria) 

0.91|0.88 7.59|0.11 MODERATE MODERATE 

Trampuz,A,2004 Moderate Quality 133 synovial fluid 
WBC (1.7x10^3 

/microliter) 

at least 1 of the following 
criteria: growth of the same 
microorganism in at least 2 
cultures of synovial fluid or 
periprosthetic tissue; visible 
synovial fluid purulence at 

the time of arthrocentesis or 
during surgery; acute 

inflammation on 
histopathologic examination 
of permanent periprosthetic 
tissue sections; or presence 

of a sinus tract 
communicating with the 

prosthesis 

0.94|0.88 7.76|0.07 MODERATE STRONG 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Della,Valle,CJ,2007 High Quality 94 synovial fluid 
WBC 

(3.0x10^3/?L) 

At least 2 of 3 positive 
intraoperative cultures on 

solid media or 2 of 
following: 1)at least 1 
positive culture 2)final 

histopathology consistent 
with infection 3)gross 
purulence at revision 

1|0.98 35.57|0.01 STRONG STRONG 

 
 



  

 

 

Table 68: preoperative - synovial fluid WBC- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cipriano,C.A., 2012 Moderate Quality 61 synovial WBC 
count in patients 

with inflammatory 
arthritis(3444/mL) 

two positive cultures of 
specimens from the joint, or 
2/3 of criteria: the presence 

of a sinus tract or gross 
purulence at the time of 

revision, one positive deep 
culture, or histopathological 

findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells in 
the five most cellular fields 

examined 

0.89|0.81 4.70|0.13 WEAK MODERATE 

Cipriano,C.A., 2012 Moderate Quality 810 Synovial fluid 
WBC count in 
patients with 

noninflammatory 
arthritis(3450/mL) 

two positive cultures of 
specimens from the joint, or 
2/3 of criteria: the presence 

of a sinus tract or gross 
purulence at the time of 

revision, one positive deep 
culture, or histopathological 

findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells in 
the five most cellular fields 

examined 

0.91|0.93 13.15|0.10 STRONG STRONG 

 
 



  

 

 

Table 69: preoperative - synovial fluid WBC- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Choi,H.R., 2016 Low Quality 138 synovial fluid 
white blood cell 
count(some with 

ultrasound 
guidance and some 

without)(2689 
cell/microL) 

composite; MSIS and 
ICMPJI criteria 

0.92|0.93 13.19|0.09 STRONG STRONG 

Choi,H.R., 2016 Low Quality 28 synovial fluid 
white blood cell 
count(some with 

ultrasound 
guidance and some 

without)(5750 
cell/microL) 

composite; MSIS and 
ICMPJI criteria 

0.94|1.00 94.12|0.06 STRONG STRONG 

Choi,H.R., 2016 Low Quality 110 synovial fluid 
WBC (synovial 

fluid white blood 
cell count(with or 
without ultrasound 

guidance)(1556 
cell/microL) 

composite; MSIS and 
ICMPJI criteria 

0.91|0.95 17.64|0.10 STRONG STRONG 

Higuera,C.A., 2017 Low Quality 453 synovial fluid 
white blood cell 

count(3966) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.90|0.91 10.19|0.11 STRONG MODERATE 

Higuera,C.A., 2017 Low Quality 37 synovial fluid 
white blood cell 

count(1714) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.82|0.85 5.32|0.21 MODERATE WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Higuera,C.A., 2017 Low Quality 51 synovial fluid 
white blood cell 

count(1290) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.83|0.85 5.42|0.20 MODERATE MODERATE 

Higuera,C.A., 2017 Low Quality 38 synovial fluid 
white blood cell 

count(6878) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.67|0.91 7.78|0.36 MODERATE WEAK 

Kwon,Y.M., 2016 Low Quality 62 Synovial White 
Blood Cell 

Count(730 cells/uL 
(optimal cutoff)) 

MSIS criteria 0.857142|0.8 4.285714|0.178571 WEAK MODERATE 

 
 



  

 

 

Table 70: preoperative - synovial fluid mononuclear percentage- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Kwon,Y.M., 2016 Low Quality 62 Synovial 
Percentage 

Mononuclears 
(%MONO) 

Count(2 (optimal 
cutoff)) 

MSIS criteria 1|0.090909 1.1|0 POOR STRONG 

 
 



  

 

 

Table 71: preoperative - synovial fluid neutrophil count- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Higuera,C.A., 2017 Low Quality 415 synovial fluid 
absolute neutrophil 

count(2146) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.91|0.92 11.40|0.10 STRONG MODERATE 

Higuera,C.A., 2017 Low Quality 37 synovial fluid 
absolute neutrophil 

count(1499) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.82|0.88 7.09|0.21 MODERATE WEAK 

Higuera,C.A., 2017 Low Quality 51 synovial fluid 
absolute neutrophil 

count(408) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.83|0.82 4.64|0.20 WEAK WEAK 

Higuera,C.A., 2017 Low Quality 38 synovial fluid 
absolute neutrophil 

count(1001) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

1.00|0.66 2.92|0.00 WEAK STRONG 

 
 



  

 

 

Table 72: preoperative - synovial fluid neutrophil percentage- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Balato,G., 2017 Low Quality 167 Synovial Fluid 
%PMN(80%) 

International Consensus 
Meeting criteria 

0.84|0.95 16.29|0.17 STRONG MODERATE 

Ghanem,E,2008 Moderate Quality 429 synovial fluid > 
64% Neutrophils 

at least 1 of 3 criteria: 
1)presence of an abscess or 
sinus tract communicating 

with the joint space 
2)positive culture of aspirate 
on solid medium 3)2 positive 
intraoperative cultures of the 

same organism, or one 
positive culture on solid 

medium and the presence of 
gross intracapsular purulence 

or abnormal histological 
findings; when cultures were 

negative, infection was 
present if had both grossly 

purulent fluid and an 
abnormal frozen section 

(Mirra et al. criteria) 

0.95|0.95 18.19|0.05 STRONG STRONG 

Trampuz,A,2004 Moderate Quality 133 synovial fluid > 
65% Neutrophils 

at least 1 of the following 
criteria: growth of the same 
microorganism in at least 2 
cultures of synovial fluid or 
periprosthetic tissue; visible 
synovial fluid purulence at 

the time of arthrocentesis or 
during surgery; acute 

inflammation on 
histopathologic examination 
of permanent periprosthetic 
tissue sections; or presence 

of a sinus tract 
communicating with the 

prosthesis 

0.97|0.98 48.04|0.03 STRONG STRONG 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Della,Valle,CJ,2007 High Quality 94 synovial fluid 
>65% PMN 

At least 2 of 3 positive 
intraoperative cultures on 

solid media or 2 of 
following: 1)at least 1 
positive culture 2)final 

histopathology consistent 
with infection 3)gross 
purulence at revision 

0.98|0.85 6.46|0.03 MODERATE STRONG 

 
 



  

 

 

Table 73: preoperative - synovial fluid neutrophil percentage- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cipriano,C.A., 2012 Moderate Quality 61 Synovial fluid 
PMN% in 

inflammatory 
arthritis 

patients.(75%) 

two positive cultures of 
specimens from the joint, or 
2/3 of criteria: the presence 

of a sinus tract or gross 
purulence at the time of 

revision, one positive deep 
culture, or histopathological 

findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells in 
the five most cellular fields 

examined 

1.00|0.81 5.25|0.00 MODERATE STRONG 

Cipriano,C.A., 2012 Moderate Quality 810 Synovial fluid 
PMN % in 

noninflammatory 
arthritis 

patients(78%) 

two positive cultures of 
specimens from the joint, or 
2/3 of criteria: the presence 

of a sinus tract or gross 
purulence at the time of 

revision, one positive deep 
culture, or histopathological 

findings consistent with 
infection with a mean of 

more than ten 
polymorphonuclear cells in 
the five most cellular fields 

examined 

0.95|0.87 7.44|0.05 MODERATE STRONG 

 
 



  

 

Table 74: preoperative - synovial fluid neutrophil percentage- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Higuera,C.A., 2017 Low Quality 415 synovial fluid 
PMN%(80%) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.92|0.86 6.50|0.09 MODERATE STRONG 

Higuera,C.A., 2017 Low Quality 37 synovial fluid 
PMN%(82%) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.91|0.81 4.73|0.11 WEAK MODERATE 

Higuera,C.A., 2017 Low Quality 51 synovial fluid 
PMN%(95%) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

0.75|0.85 4.88|0.30 WEAK WEAK 

Higuera,C.A., 2017 Low Quality 38 synovial fluid 
PMN%(76%) 

MSIS criteria. for evaluation 
of WBC and PMN as index 
tests, these individual tests 

were removed from 
diagnostic criteria to avoid 

incorporatoin bias. 

1.00|0.80 5.00|0.00 MODERATE STRONG 

Kwon,Y.M., 2016 Low Quality 62 Synovial 
Percentage 

Polymorphonuclear 
(%PMN)(65 

(optimal cutoff)) 

MSIS criteria 1|0.696428 3.294117|0 WEAK STRONG 

 
 



  

 

Table 75: intraoperative- synovial fluid WBC- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Chalmers,P.N., 2015 Low Quality 433 synovial fluid 
White cell blood 

count(quality 
would be low for 
this test, because 

index test is part of 
reference 

standard)(4450) 

bacterial growth from 
aspirate cultures, the 

presence of a sinus tract, 
intraoperative purulence, or a 
combination of at least three 

of four laboratory values 
(abnormal ESR, abnormal 
CRP, synovial fluid white 
blood-cell count of >3000 

cells/mL, or abnormal 
intraoperative frozen 

section22) 

0.90|0.99 102.73|0.10 STRONG STRONG 

 
 



  

 

 

Table 76: intraoperative - synovial fluid WBC- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Schinsky,MF,2008 Moderate Quality 201 intraop synovial fluid 
WBC(4.2x10^3/microleter) 

At least 2 of: 1)a positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.84|0.93 12.21|0.18 STRONG MODERATE 

Schinsky,MF,2008 Moderate Quality 79 intraop synovial fluid 
WBC(3.0x10^3/microleter), 

among patients with 
elevated ESR and CRP 

At least 2 of: 1)a positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.9|0.9 8.98|0.11 MODERATE MODERATE 

Schinsky,MF,2008 Moderate Quality 79 synovial fluid 
WBC(9.0x10^3/microleter), 

among patients with 
elevated ESR and CRP 

At least 2 of: 1)a positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.82|0.9 8.16|0.2 MODERATE MODERATE 

Schinsky,MF,2008 Moderate Quality 60 intraop synovial fluid WBC 
(3.0x10^3/microleter), 
among patients with 

elevated ESR or CRP, not 
both 

At least 2 of: 1)a positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.83|0.87 6.43|0.19 MODERATE MODERATE 

Schinsky,MF,2008 Moderate Quality 60 synovial fluid WBC 
(9.0x10^3/microleter), 
among patients with 

elevated ESR or CRP, not 
both 

At least 2 of: 1)a positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.83|1 86.4|0.22 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Spangehl,MJ,1999 Moderate Quality 183 intraop synovial fluid WBC 
(5.0x10^4/microleter) 

at least 1 of: 1)open wound 
of sinus in communication 
with the joint 2)systemic 
infection with pain in the 
joint and purulent fluid 

within the joint 3)positive 
result on at least 3 

investigations(ESR, CRP, 
preoperative aspiration, 

frozen section, 
intraoperative cultures 

0.36|0.99 55.36|0.65 STRONG POOR 

 
 



  

 

Table 77: intraoperative - synovial fluid neutrophil percentage- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Schinsky,MF,2008 Moderate Quality 201 intraop synovial 
fluid >80% PMN 

At least 2 of: 1)positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.82|0.83 4.78|0.22 WEAK WEAK 

Schinsky,MF,2008 Moderate Quality 79 intraop synovial 
fluid >80% PMN, 

among patients 
with elevated ESR 

and CRP 

At least 2 of: 1)positive 
intraoperative culture (on 

solid media) 2)gross 
purulence 3)final 
histopathology 

0.88|0.9 8.78|0.14 MODERATE MODERATE 

Spangehl,MJ,1999 Moderate Quality 181 intraop synovial 
fluid >80% 
Neutrophils 

at least 1 of: 1)open wound 
of sinus in communication 
with the joint 2)systemic 
infection with pain in the 
joint and purulent fluid 

within the joint 3)positive 
result on at least 3 

investigations (ESR, CRP, 
preoperative aspiration, 

frozen section, intraoperative 
cultures 

0.89|0.85 5.94|0.13 MODERATE MODERATE 

 
 



  

 

Table 78: intraoperative - synovial fluid segmented cell count- Knee 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Chalmers,P.N., 
2015 

Moderate Quality 433 synovial fluid 
Segmented cell 

count(73) 

bacterial growth from 
aspirate cultures, the 

presence of a sinus tract, 
intraoperative purulence, 

or a combination of at 
least three of four 
laboratory values 
(abnormal ESR, 

abnormal CRP, synovial 
fluid white blood-cell 

count of >3000 cells/mL, 
or abnormal 

intraoperative frozen 
section22) 

0.89|0.94 14.54|0.12 STRONG MODERATE 

 
 

 
 
 
 
 



  

 

Figure 47:  Meta-Analysis ROC Curve- preoperative percent neutrophils/ 
percent PMN (4 knee studies. cutoffs ranged from 64% to 80%) 
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Table 79: meta-analysis statistics: preoperative %neutrophils/%PMN (4 
knee studies. cutoffs ranged from 64% to 80%) 

 



  

 

Table 80: Summary of Findings synovial fluid CRP 
 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall synovial fluid CRP(1.8 mg/L) 1L 6.6-6.6 0-0 1-1 0.85-0.85 

 synovial fluid CRP(2.5 mg/L) 1L 14.05-14.05 0.05-0.05 0.95-0.95 0.93-0.93 

 synovial fluid CRP(2.8 mg/L) 1L 15-15 0.1-0.1 0.91-0.91 0.94-0.94 

 synovial fluid CRP(6.6 mg/L) 1M 5.86-5.86 0.15-0.15 0.88-0.88 0.85-0.85 

 synovial fluid CRP(8.5 mg/L) 1M 6.36-6.36 0.15-0.15 0.87-0.87 0.86-0.86 

 synovial fluid CRP(14.1 mg/L) 1M 11.8-11.8 0.19-0.19 0.82-0.82 0.93-0.93 

Knee synovial fluid CRP(1.8 mg/L) 1L 6.6-6.6 0-0 1-1 0.85-0.85 

 synovial fluid CRP(2.8 mg/L) 1L 15-15 0.1-0.1 0.91-0.91 0.94-0.94 

 synovial fluid CRP(14.1 mg/L) 1M 11.8-11.8 0.19-0.19 0.82-0.82 0.93-0.93 

Hip/Knee synovial fluid CRP(6.6 mg/L) 1M 5.86-5.86 0.15-0.15 0.88-0.88 0.85-0.85 

Hip synovial fluid CRP(2.5 mg/L) 1L 14.05-14.05 0.05-0.05 0.95-0.95 0.93-0.93 

 synovial fluid CRP(8.5 mg/L) 1M 6.36-6.36 0.15-0.15 0.87-0.87 0.86-0.86 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

Table 81: synovial fluid CRP- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Tetreault,M.W., 2014 Moderate Quality 60 Synovial CRP 
collected 

preoperatively or in 
operating room at 

revision(14.1 
mg/L) 

MSIS criteria 0.82|0.93 11.80|0.19 STRONG MODERATE 

Vanderstappen,C., 
2013 

Low Quality 44 synovial fluid 
CRP(1.8 mg/L) 

MSIS criteria 1.00|0.85 6.60|0.00 MODERATE STRONG 

Vanderstappen,C., 
2013 

Low Quality 44 synovial fluid 
CRP(2.8 mg/L) 

MSIS criteria 0.91|0.94 15.00|0.10 STRONG STRONG 

 
 



  

 

 

Table 82: synovial fluid CRP- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Tetreault,M.W., 2014 Moderate Quality 119 Synovial CRP 
collected 

preoperatively or in 
operating room at 
revision(6.6 mg/L) 

MSIS criteria 0.88|0.85 5.86|0.15 MODERATE MODERATE 

 
 



  

 

 

Table 83: synovial fluid CRP- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Omar,M., 2015 Low Quality 89 synovial C-reactive 
protein(2.5 mg/L) 

sinus draining, purulence, 
microbiology, culture, 
serology and synovial 

findings 

0.95|0.93 14.05|0.05 STRONG STRONG 

Tetreault,M.W., 2014 Moderate Quality 59 Synovial CRP 
collected 

preoperatively or in 
operating room at 
revision(8.5 mg/L) 

MSIS criteria 0.87|0.86 6.36|0.15 MODERATE MODERATE 

 
 



  

 

 

Table 84: Summary of Findings - other preoperative synovial fluid tests 

patients index test 

number of 
studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Synovasure lateral flow device alpha-defensin test on synovial fluid(synovasure test) 2L 16.77-28.15 0.03-0.03 0.97-1 0.95-0.97 

 preop or intra-op aspiration tested with  a-defensin 1-3 (5.2 mg/L) 1L 21.79-21.79 0.03-0.03 0.97-0.97 0.96-0.96 

 synovial fluid Alpha-2-Macroglobulin(0.262 mg/mL) 1L 17.34-17.34 0.2-0.2 0.81-0.81 0.95-0.95 

 synovial fluid Interleukin-6(4270 pg/mL) 1L 87.1-87.1 0.13-0.13 0.87-0.87 1-1 

 synovial fluid Interleukin-8(8790 pg/mL) 1L 38.84-38.84 0.1-0.1 0.9-0.9 0.98-0.98 

 synovial fluid PCR 1M/1L 5.55-6.82 0.45-0.48 0.56-0.6 0.89-0.92 

 synovial fluid Vascular Endothelial Growth Factor(9745 pg/mL) 1L 8.32-8.32 0.25-0.25 0.77-0.77 0.91-0.91 

 synovial fluid leukocyte esterase test(LE semi-quantitative reagent strips indicating 70 WBCs) 1M 6.39-6.39 0.16-0.16 0.86-0.86 0.87-0.87 

 synovial fluid leukocyte esterase test(LE semi-quantitative reagent strips indicating 125 WBCs) 1M 11.52-11.52 0.2-0.2 0.82-0.82 0.93-0.93 

 synovial fluid leukocyte esterase test(LE strip(double plus sign)) 1M 4.67-4.67 0-0 1-1 0.79-0.79 

 synovial fluid leukocyte esterase test(LE strip(single  plus sign)) 1M 4.25-4.25 0.19-0.19 0.85-0.85 0.8-0.8 

Knee synovial fluid PCR 1M 6.82-6.82 0.48-0.48 0.56-0.56 0.92-0.92 

 synovial fluid leukocyte esterase test(LE strip(double plus sign)) 1M 4.67-4.67 0-0 1-1 0.79-0.79 

 synovial fluid leukocyte esterase test(LE strip(single  plus sign)) 1M 4.25-4.25 0.19-0.19 0.85-0.85 0.8-0.8 

Hip/Knee Synovasure lateral flow device alpha-defensin test on synovial fluid(synovasure test) 1L 28.15-28.15 0.03-0.03 0.97-0.97 0.97-0.97 

 preop or intra-op aspiration tested with  a-defensin 1-3 (5.2 mg/L) 1L 21.79-21.79 0.03-0.03 0.97-0.97 0.96-0.96 

 synovial fluid Alpha-2-Macroglobulin(0.262 mg/mL) 1L 17.34-17.34 0.2-0.2 0.81-0.81 0.95-0.95 

 synovial fluid Interleukin-6(4270 pg/mL) 1L 87.1-87.1 0.13-0.13 0.87-0.87 1-1 

 synovial fluid Interleukin-8(8790 pg/mL) 1L 38.84-38.84 0.1-0.1 0.9-0.9 0.98-0.98 

 synovial fluid PCR 1L 5.55-5.55 0.45-0.45 0.6-0.6 0.89-0.89 

 synovial fluid Vascular Endothelial Growth Factor(9745 pg/mL) 1L 8.32-8.32 0.25-0.25 0.77-0.77 0.91-0.91 

 synovial fluid leukocyte esterase test(LE semi-quantitative reagent strips indicating 70 WBCs) 1M 6.39-6.39 0.16-0.16 0.86-0.86 0.87-0.87 

 synovial fluid leukocyte esterase test(LE semi-quantitative reagent strips indicating 125 WBCs) 1M 11.52-11.52 0.2-0.2 0.82-0.82 0.93-0.93 
* study quality key: H=High, M=Moderate, L=Low 



  

 

 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 



  

 

Table 85: Summary of Findings - other intraoperative synovial fluid tests 
 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall synovial fluid alpha defensin(synovasure test) 3M 4.36-32.33 0.03-0.36 0.67-0.97 0.82-0.97 

 synovial fluid leukocyte esterase test double positive signs(double plus sign) 1M 80-80 0.2-0.2 0.8-0.8 1-1 

 synovial fluid leukocyte esterase test single positive sign(single plus sign) 1M 7.28-7.28 0.08-0.08 0.93-0.93 0.87-0.87 

Knee synovial fluid leukocyte esterase test double positive signs(double plus sign) 1M 80-80 0.2-0.2 0.8-0.8 1-1 

 synovial fluid leukocyte esterase test single positive sign(single plus sign) 1M 7.28-7.28 0.08-0.08 0.93-0.93 0.87-0.87 

Hip/Knee synovial fluid alpha defensin(synovasure test) 2M 4.36-9.33 0.28-0.36 0.67-0.77 0.82-0.93 
 



  

 

 

Table 86: preoperative synovial fluid alpha-defensin- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Bingham J,. 2014 Low Quality 61 
Alpha Defensin-1 
Biomarker Assay MSIS criteria 1|0.95 16.77|0.03 STRONG STRONG 

Berger,P., 2017 Low Quality 121 Synovasure lateral 
flow device alpha-

defensin test on 
synovial 

fluid(positive when 
the control line and 
the alpha defensin 

visible) 

modified MSIS criteria, 
excluding histology 

0.97|0.97 28.15|0.03 STRONG STRONG 

Deirmengian,C., 2014 Low Quality 149 preop or intra-op 
aspiration tested 

with  a-defensin 1-3 
(HNP1-3)(5.2 

mg/L)(measured 
using enzyme-

linked 
immunosorbent 
assay (ELISA)) 

MSIS criteria 0.97|0.96 21.79|0.03 STRONG STRONG 

 
 



  

 

Table 87: intraoperative synovial fluid alpha-defensin- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Kasparek,M.F., 2016 Moderate Quality 40 Synovasure 
Test(presence of 
control and alpha 

defensin band) 

 0.67|0.93 9.33|0.36 MODERATE WEAK 

Suda,A.J., 2017 Moderate Quality 30 Alpha defensin 
Synovasure rapid 

test() 

MSIS criteria 0.77|0.82 4.36|0.28 WEAK WEAK 

Bonanzinga, T,. 2017 Moderate Quality 156 
Alpha Defensin 
Immunoassay test 

International Consensus 
Group Criteria 0.97|0.97 32.33|0.03 STRONG STRONG 

 
 

Table 88: preoperative synovial fluid leukocyte esterase- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Koh,I.J., 2017 Moderate Quality 60 Synovial Fluid 
Leukocyte Esterase 
Strip(double plus 

sign) 

MSIS criteria 1.00|0.79 4.67|0.00 WEAK STRONG 

Koh,I.J., 2017 Moderate Quality 60 Synovial Fluid 
Leukocyte Esterase 

Strip(single plus 
sign) 

MSIS criteria 0.85|0.80 4.25|0.19 WEAK MODERATE 

 
 



  

 

 

Table 89: preoperative synovial fluid leukocyte esterase- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Shafafy,R., 2015 Moderate Quality 103 synovial fluid 
leukocyte esterase 
semi-quantitative 

strip test(70 WBC) 

Infectious Diseases Society 
of America (IDSA) criteria 

0.86|0.87 6.39|0.16 MODERATE MODERATE 

Shafafy,R., 2015 Moderate Quality 103 synovial fluid 
leukocyte esterase 
semi-quantitative 

strip test(125 
WBC) 

Infectious Diseases Society 
of America (IDSA) criteria 

.82|.93 11.52|.2 STRONG MODERATE 

 
 

Table 90: intraoperative synovial fluid leukocyte esterase- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Parvizi,J., 2011 Moderate Quality 108 synovial fluid 
leukocyte esterase 
test double positive 
signs(dark purple)() 

sinus tract or open wound 
communication with joint, 
Purulence, intraoperative 
fluid or tissue cultures, 

elevated serum marker levels  
as well as elevated WBC 

and/or cell count differential 

0.80|1.00 80.00|0.20 STRONG MODERATE 

Parvizi,J., 2011 Moderate Quality 108 synovial fluid 
leukocyte esterase 
test double positive 
signs(dark purple) 
or single positive 

sign(light purple)() 

sinus tract or open wound 
communication with joint, 
Purulence, intraoperative 
fluid or tissue cultures, 

elevated serum marker levels  
as well as elevated WBC 

and/or cell count differential 

0.93|0.87 7.28|0.08 MODERATE STRONG 

 



  

 

Table 91: synovial fluid PCR- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Melendez,D.P., 
2016 

Moderate Quality 284 synovial fluid Genus and Group Specific 
multi-assay panel PCR(targeting 

Staphylococcus species, 
Enterococcus/Granulicatella/Abiotrophia 

species, Proteus species, 
Enterobacteriaceae, Bacteroides fragilis 

group, 

Pseudomonas aeruginosa, streptococci, 
Corynebacterium species, 

Propionibacterium/ 

Actinomyces species, and anaerobic 
Gram-positive cocci) 

MSIS criteria 0.56|0.92 6.82|0.48 MODERATE WEAK 

 
 

 



  

 

Table 92: synovial fluid PCR- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Morgenstern,C., 2017 Low Quality 142 Synovial Fluid 
multiplex PCR 

device() 

European Bone and Joint 
Infection Society (EBJIS) 

criteria 

0.60|0.89 5.55|0.45 MODERATE WEAK 

 
 



  

 

 
 

Table 93:  synovial fluid Alpha-2-Macroglobulin- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Jacovides,C.L., 2011 Low Quality 74 synovial fluid 
Alpha-2-

Macroglobulin(0.262 
mg/mL) 

they presented with a sinus 
tract or open wound in 

communication with the joint 
or purulence was 

encountered in the joint 
intraoperatively, (2) 

preoperative or 
intraoperative fluid or tissue 
cultures were positive, or (3) 

a combination of positive 
serologic and aspiration 

analyses 

0.81|0.95 17.34|0.20 STRONG WEAK 

 
 



  

 

Table 94:  synovial fluid IL-6- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Jacovides,C.L., 2011 Low Quality 74 synovial fluid 
Interleukin-6(4270 

pg/mL) 

they presented with a sinus 
tract or open wound in 

communication with the joint 
or purulence was 

encountered in the joint 
intraoperatively, (2) 

preoperative or intraoperative 
fluid or tissue cultures were 

positive, or (3) a combination 
of positive serologic and 

aspiration analyses 

0.87|1.00 87.10|0.13 STRONG MODERATE 

 
 



  

 

Table 95:  synovial fluid IL-8- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Jacovides,C.L., 2011 Low Quality 75 synovial fluid 
Interleukin-8(8790 

pg/mL) 

they presented with a sinus 
tract or open wound in 

communication with the joint 
or purulence was 

encountered in the joint 
intraoperatively, (2) 

preoperative or intraoperative 
fluid or tissue cultures were 

positive, or (3) a combination 
of positive serologic and 

aspiration analyses 

0.90|0.98 38.84|0.10 STRONG STRONG 

 
 



  

 

 

Table 96:  synovial fluid VEGF- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Jacovides,C.L., 2011 Low Quality 74 synovial fluid 
Vascular 

Endothelial Growth 
Factor(9745 

pg/mL) 

they presented with a sinus 
tract or open wound in 

communication with the joint 
or purulence was 

encountered in the joint 
intraoperatively, (2) 

preoperative or intraoperative 
fluid or tissue cultures were 

positive, or (3) a combination 
of positive serologic and 

aspiration analyses 

0.77|0.91 8.32|0.25 MODERATE WEAK 

 
 



  

 

 
  

INTRAOPERATIVE TESTS SECTION 

Quality Evaluation Table 5- intraoperative diagnostic tests 

Study 
Representative 
Population 

Clear 
Selection 
Criteria 

Detailed Enough 
to Replicate 

Reference Standard 
Identifies Target 
Condition 

Blinding 
Other 
Bias? 

Inclusion Strength 

Abdul-Karim,F.W., 
1998       

Include 
Moderate 
Quality 

Aggarwal,V.K., 2013 
      

Include High Quality 

Alijanipour,P., 2013 
      

Include 
Moderate 
Quality 

Athanasou,N.A., 1995 
      

Include Low Quality 

Atkins,B.L., 1998 
      

Include 
Moderate 
Quality 

Banit,D.M., 2002 
      

Include 
Moderate 
Quality 

Boettner,F., 2016 
      

Include 
Moderate 
Quality 

Bonanzinga,T. 2017       Include 
Moderate 
Quality 

Buttaro,M.A., 2010 
      

Include 
Moderate 
Quality 

Chalmers,P.N., 2015 
      

Include 
Moderate 
Quality 



  

 

Study 
Representative 
Population 

Clear 
Selection 
Criteria 

Detailed Enough 
to Replicate 

Reference Standard 
Identifies Target 
Condition 

Blinding 
Other 
Bias? 

Inclusion Strength 

Chimento,G.F., 1996 
      

Include 
Moderate 
Quality 

Cazanave,C., 2017       Include Low Quality 

El,Espera,I, 2004 
      

Include 
Moderate 
Quality 

Elgeidi,A., 2014 
      

Include 
Moderate 
Quality 

Fink,B., 2013 
      

Include 
Moderate 
Quality 

Frances,Borrego A., 
2007       

Include 
Moderate 
Quality 

Gomez,E., 2012       Include Low Quality 

Greenwood-
Quaintance,K.E., 2014       

Include High Quality 

Janz,V., 2013 
      

Include 
Moderate 
Quality 

Kasparek,M.F., 2016 
      

Include 
Moderate 
Quality 

Nunez,L.V., 2007 
      

Include 
Moderate 
Quality 

Parvizi,J., 2011 
      

Include 
Moderate 
Quality 



  

 

Study 
Representative 
Population 

Clear 
Selection 
Criteria 

Detailed Enough 
to Replicate 

Reference Standard 
Identifies Target 
Condition 

Blinding 
Other 
Bias? 

Inclusion Strength 

Pelosi,E., 2004 
      

Include High Quality 

Pons,M., 1999 
      

Include 
Moderate 
Quality 

Schafer,P., 2008 
      

Include 
Moderate 
Quality 

Smith,E.B., 2014 
      

Include High Quality 

Sousa,R., 2017 
      

Include 
Moderate 
Quality 

Spangehl,M.J., 1999 
      

Include 
Moderate 
Quality 

Suda,A.J., 2017 
      

Include 
Moderate 
Quality 

Teller,R.E., 2000 
      

Include 
Moderate 
Quality 

Tetreault,M.W., 2014 
      

Include 
Moderate 
Quality 

Trampuz, A., 2007 
      

Include 
Moderate 
Quality 

Vicente,A.G., 2004 
      

Include High Quality 

 



  

 

 

Evidence Summary: Intraoperative cultures 
Overall, there were seven studies that evaluated the effect of intraoperative tissue cultures (Aggarwal 2013;Atkins 1998;Schafer 2008;Spangehl 1999;Trampuz 
2006;Trampuz 2007;Parvizi 2006).  There was 1 high, 5 moderate and 1 low quality study included.  Five studies examined combined hip and knee patient populations 
(Aggarwal 2013;Atkins 1998;Schafer 2008;Trampuz 2006;Trampuz 2007), whereas Spangehl(1999) evaluated only hip patients, and Parvizi 2006 evaluated only knee 
patients. Positivity thresholds ranged from 1 to 3 positive samples.  

 

The Summary of Findings for intraoperative cultures can be found in Table 1. Five studies were meta-analyzed at a threshold of 2 or more positive samples indicating PJI 
(Figure 2). The analysis revealed that two positive cultures was a very good rule in test, with a positive likelihood ratio(LR) of 28.9, meaning that a positive test produces 
a large increase in probability of PJI. However, this was a weak rule out test with a negative LR of .34., meaning that a negative test produced a small but sometimes 
important decrease in probability of infection.   One moderate quality study that evaluated three positive tissue samples using different reference standards showed 
positive likelihood ratios ranging from 114 to 168, and negative likelihood ratios ranging from .3 to .38, again indicating it is a very strong rule in test, and a weak rule out 
test.  

 

Six studies evaluated thresholds of one positive sample, but due to very high statistical heterogeneity, the data were not meta-analyzed. In the studies, the positive 
likelihood ratios ranged from 2.87 to 40.6, and the negative likelihood ratios ranged from .06 to .29. This indicates that only one positive sample may be a weaker rule in 
test and slightly stronger rule out test than multiple positive samples.  

 

One low quality study looked at intraoperative fluid cultures in knee patients (Parvizi 2006). This was a strong rule in test (positive LR=27.8), and a moderate rule out test 
(negative LR=.11).  

 

Two studies (one high and one moderate quality) evaluated intraoperative swab cultures (Aggarwal 2013;Spangehl 1999). One study was in hip patients, and the other in 
both hip and knee patients. At a threshold of 1 positive swab culture the positive likelihood ratio ranged from 6.09 to 115, indicating a moderate to strong rule in test. 
The negative likelihood ratio ranged from .24 to .34, indicating a weak rule out test.  Aggarwal et al 2013 also studied a threshold of two positive samples. This was a 
stronger rule in test (positive LR=23), but a weaker rule out test (negative LR=.48).  

 

One high quality knee study by Smith et al 2014, looked at broth-only tissue and/or fluid cultures. This study found that broth-only cultures of tissue and/or fluid was a 
poor rule in test (positive LR=1.55) and poor rule out test (negative LR=.92). However, Suda et al. (moderate quality) looked at combined tissue and fluid samples (not 
limited to broth only) in hip and knee patients, which showed them to be a strong rule in (positive LR=15.23) and a moderate rule out test. 



  

 

 

Table 97: Summary of Findings intraoperative cultures 
 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Intraoperative Fluid Culture(undefined) 1L 27.8-27.8 0.11-0.11 0.9-0.9 0.97-0.97 

 Intraoperative Swab Cultures (1 or more positive) 1H/1M 6.09-115 0.24-0.34 0.7-0.76 0.89-0.99 

 Intraoperative Swab Cultures (2 or more positive ) 1H 23.2-23.2 0.48-0.48 0.53-0.53 0.98-0.98 

 Intraoperative Tissue Cultures (undefined) 1L 53.6-53.6 0.17-0.17 0.85-0.85 1-1 

 Intraoperative Tissue Cultures(1 or more positive) 1H/5M 2.87-40.6 0.06-0.29 0.73-0.94 0.67-0.98 

 Intraoperative Tissue Cultures(2 or more positive) 1H/4M 28.9(14.3, 58.6) 0.34(0.27, 0.43) 0.54-0.77 0.93-0.99 

 Intraoperative Tissue Cultures(3 or more positive) 1M 114-168 0.3-0.38 0.62-0.7 0.99-1 

 Intraoperative tissue and fluid culture (undefined) 1H/1M 1.55-15.23 0.16-0.92 0.19-0.85 0.88-0.94 

Knee Intraoperative Fluid Culture(undefined) 1L 27.8-27.8 0.11-0.11 0.9-0.9 0.97-0.97 

 Intraoperative Tissue Cultures (undefined) 1L 53.6-53.6 0.17-0.17 0.85-0.85 1-1 

 Intraoperative tissue and fluid culture (undefined) 1H 1.55-1.55 0.92-0.92 0.19-0.19 0.88-0.88 

Hip/Knee Intraoperative Swab Cultures (1 or more positive) 1H 6.09-6.09 0.34-0.34 0.7-0.7 0.89-0.89 

 Intraoperative Swab Cultures (2 or more positive ) 1H 23.2-23.2 0.48-0.48 0.53-0.53 0.98-0.98 

 Intraoperative Tissue Cultures(1 or more positive) 1H/4M 2.87-40.6 0.07-0.29 0.73-0.94 0.67-0.98 

 Intraoperative Tissue Cultures(2 or more positive) 1H/4M 11.54-76.6 0.25-0.47 0.54-0.77 0.93-0.99 

 Intraoperative Tissue Cultures(3 or more positive) 1M 114-168 0.3-0.38 0.62-0.7 0.99-1 

 Intraoperative tissue and fluid culture (undefined) 1M 15.23-15.23 0.16-0.16 0.85-0.85 0.94-0.94 

Hip Intraoperative Swab Cultures (1 or more positive) 1M 115-115 0.24-0.24 0.76-0.76 0.99-0.99 

 Intraoperative Tissue Cultures(1 or more positive) 1M 30.6-30.6 0.06-0.06 0.94-0.94 0.97-0.97 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 



  

 

 

Table 98:  intraoperative culture- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Parvizi,J,2006 Low Quality 70 Intraoperative Fluid 
Culture 

At least 3 of: 1)CRP 
>1mg/dL 2)ESR >30mm/hr 
3)positive joint aspiration 

culture 4)purulent 
intraoperative tissue 

appearance 5)positive 
intraoperative culture 

0.9|0.97 27.8|0.11 STRONG MODERATE 

Smith,E.B., 2014 High Quality 190 Tissue and/or Fluid 
Broth 

culture(increased 
turbidity and 

positive 
growth/culture) 

MSIS criteria and 1 year 
clinical follow up 

0.19|0.88 1.55|0.92 POOR POOR 

Parvizi,J,2006 Low Quality 70 Intraoperative 
Tissue Culture 

At least 3 of: 1)CRP 
>1mg/dL 2)ESR >30mm/hr 
3)positive joint aspiration 

culture 4)purulent 
intraoperative tissue 

appearance 5)positive 
intraoperative culture 

0.85|1 53.6|0.17 STRONG MODERATE 

 
 



  

 

 

Table 99:  intraoperative culture- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Aggarwal,V.K., 
2013 

High Quality 117 Swab culture(1 or 
more positive 

cultures) 

MSIS(excluding index test) 0.7|0.885057 6.09|0.338961 MODERATE WEAK 

Aggarwal,V.K., 
2013 

High Quality 117 Swab culture(2 or 
more positive 

cultures) 

MSIS(excluding index test) 0.533333|0.977011 23.2|0.477647 STRONG WEAK 

Suda,A.J., 2017 Moderate Quality 30 tissue and fluid 
culture 

(conventional 
microbiological 

methods) 

MSIS criteria 0.85|0.94 15.23|0.16 STRONG MODERATE 

Aggarwal,V.K., 
2013 

High Quality 117 Tissue culture(1 or 
more positive 

cultures) 

MSIS(excluding index test) 0.933333|0.977011 40.6|0.068235 STRONG STRONG 

Aggarwal,V.K., 
2013 

High Quality 117 Tissue culture(2 or 
more positive 

cultures) 

MSIS(excluding index test) 0.633333|0.977011 27.55|0.375294 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 297 Intraoperative 
Tissue Cultures(1 
or more positive) 

(all) 

Histology 0.83|0.81 4.33|0.21 WEAK WEAK 

Atkins,BL,1998 Moderate Quality 213 Intraoperative 
Tissue Cultures(1 

or more 
positive)(patients 
with 3-6 samples) 

Histology 0.83|0.79 4.01|0.22 WEAK WEAK 

Atkins,BL,1998 Moderate Quality 239 Intraoperative 
Tissue Cultures(1 

or more 
positive)(patients 

operated on by 
most consistent 

sureons) 

Histology 0.85|0.81 4.37|0.19 WEAK MODERATE 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Atkins,BL,1998 Moderate Quality 297 Intraoperative 
Tissue Cultures(2 
or more positive) 

(all) 

Histology 0.71|0.97 25.87|0.3 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 213 Intraoperative 
Tissue Cultures(2 

or more 
positive)(patients 
with 3-6 samples) 

Histology 0.66|0.97 24.11|0.35 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 239 Intraoperative 
Tissue Cultures(2 

or more 
positive)(patients 

operated on by 
most consistent 

sureons) 

Histology 0.73|0.97 25|0.28 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 297 Intraoperative 
Tissue Cultures(3 
or more postive 
samples) (all) 

Histology 0.66|1 168|0.34 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 213 Intraoperative 
Tissue Cultures(3 
or more postive 

samples)(patients 
with 3-6 samples) 

Histology 0.62|0.99 114|0.38 STRONG WEAK 

Atkins,BL,1998 Moderate Quality 239 Intraoperative 
Tissue Cultures(3 
or more postive 

samples)(patients 
operated on by 
most consistent 

sureons) 

Histology 0.7|1 144|0.3 STRONG WEAK 

Schafer,P,2008 Moderate Quality 284 Intraoperative 
Tissue Cultures (1 

or more) 

Histology 0.94|0.67 2.87|0.09 WEAK STRONG 

Schafer,P,2008 Moderate Quality 284 Intraoperative 
Tissue Cultures (2 

or more) 

Histology 0.77|0.93 11.54|0.25 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Trampuz,A,2006 Moderate Quality 78 Intraoperative 
Tissue Cultures (1 

or more) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 
tissue sections  3)a sinus 
tract communicating with 

the prosthesis 

0.75|0.91 8.1|0.28 MODERATE WEAK 

Trampuz,A,2006 Moderate Quality 78 Intraoperative 
Tissue Cultures (2 

or more) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 
tissue sections  3)a sinus 
tract communicating with 

the prosthesis 

0.54|0.98 29.25|0.47 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 Intraoperative 
Tissue Cultures (1 

or more) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 
tissue sections  3)a sinus 
tract communicating with 

the prosthesis 

0.73|0.91 8.04|0.29 MODERATE WEAK 

Trampuz,A,2007 Moderate Quality 331 Intraoperative 
Tissue Cultures (2 

or more) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 
tissue sections  3)a sinus 
tract communicating with 

the prosthesis 

0.61|0.99 76.6|0.4 STRONG WEAK 



  

 

Table 100:  intraoperative culture- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Spangehl,MJ,1999 Moderate Quality 168 Intraoperative 
Swab Cultures 

(>1/3 of samples 
positive) 

At least 1 of: 1)open 
wound of sinus in 

communication with the 
joint 2)systemic 

infection with pain in the 
joint and purulent fluid 

within the joint 
3)positive result on at 

least 3 
investigations(ESR>30, 
CRP>10, preoperative 

aspiration with at least 1 
positive culture, frozen 

section with 
>5PMN/HPF, 

intraoperative culture 
(>1/3 of cultures 

positive) 

0.76|0.99 115|0.24 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Spangehl,MJ,1999 Moderate Quality 180 Intraoperative 
Tissue Cultures 
(>1/3 of sample 

positive) 

At least 1 of: 1)open 
wound of sinus in 

communication with the 
joint 2)systemic 

infection with pain in the 
joint and purulent fluid 

within the joint 
3)positive result on at 

least 3 
investigations(ESR>30, 
CRP>10, preoperative 

aspiration with at least 1 
positive culture, frozen 

section with 
>5PMN/HPF, 

intraoperative culture 
(>1/3 of cultures 

positive) 

0.94|0.97 30.6|0.06 STRONG STRONG 

 
 
 
 



  

 

Figure 48:  Meta-Analysis ROC Curve - Intraoperative Tissue Cultures(2 or 
more positive) Hip and Knee: 
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Table 101: meta-analysis statistics: Intraoperative Tissue Cultures(2 or 
more positive) Hip and Knee: 

 

 



  

 

 

Figure 49:  Meta-Analysis Forest Plot- Intraoperative Tissue Cultures(2 or 
more positive) Hip and Knee 
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Evidence Summary: Histology  
There were three high quality studies, six moderate and one low quality study evaluating Histology(Della Valle 2007;Frances 2007;Ko 2005;Banit 2002;Boettner 
2016;Fehring 1994;Kasparek 2016;Lonner 1996;Nunez 2007;Suda 2017). Two high and one moderate quality study evaluated knee patients (Della Valle 2007;Frances 
2007;Banit 2002); one high and two moderate quality studies evaluated hip patients(Frances 2007;Banit 2002;Nunez 2007); one high, four moderate and one low quality 
study evaluated both hip and knee patients (Ko 2005;Boettner 2016;Fehring 1994;Kasparek 2016;Lonner 1996;Suda 2017).  Positivity thresholds ranged from 5 PMN to 
23 PMN.  

A meta-analysis was conducted at a threshold of 5 PMN/HPF. This meta-analysis revealed histology to be a strong rule in test, with a pooled positive likelihood ratio of 
13.82(7.29, 26.19). Due to high heterogeneity, the negative likelihood ratio is presented as a range, rather than a pooled effect. The negative LR ranged from .16 
(moderate test) to .54(poor test). Sensitivity ranged from 48 to 86%, and specificity ranged from 87 to 97%.  

 

At a threshold of 10 PMN/5HPF, the pooled positive likelihood ratio was 56.5(20.3,157.2), indicating a strong rule in test. The pooled specificity was 99%(96,1). There 
was high heterogeneity for pooled estimates of the negative LR and sensitivity. Sensitivity ranged from 39 to 88%, and the negative likelihood ratio ranged from 
.13(moderate test) to .62(poor test).  

 

One moderate quality hip and knee study (Boettner 2016) evaluated a threshold of 5 PMN in 1 of 5 HPF. This test was a weak rule in test (positive LR=3.17) and a 
moderate rule out test (negative LR=.13). Two moderate quality studies evaluated a threshold of 10 PMN in 1 out of 5 HPF.  This threshold was a moderate to strong rule 
in test (positive LR range: 5.56 to 17.86), and had negative likelihood ratios ranging from strong to poor(.05 to .59) as a rule out test.  



  

 

 

Table 102: Summary of Findings- histology 
 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Histology(10 PMN in 1 out of 5 HPF) 2M 5.56-17.86 0.05-0.59 0.45-1 0.84-0.96 

 Histology(10 PMN/5 HPF) 1H/2M/1L 56.5(20.3,157.2) 0.13-0.62 0.39-0.88 0.99(0.96,1.00) 

 Histology(23 PMN/10 HPF) 1M/1L 14.86-25 0.45-0.75 0.25-0.57 0.96-1 

 Histology(5 PMN in 1 out of 5 HPF) 1M 3.17-3.17 0.13-0.13 0.9-0.9 0.71-0.71 

 Histology(5 PMN/10 HPF) 1M 6.78-6.78 0.16-0.16 0.86-0.86 0.87-0.87 

 Histology(5 PMN/5 HPF) 1H/2M 12.91-20.67 0.17-0.54 0.48-0.84 0.96-0.97 

 Histology(5 PMN/HPF) 1H/3M 13.82(7.29, 26.19) 0.16-0.54 0.48-0.86 0.87-0.97 

 Histology(average of more than 1 PMN from 10 HPFs) 1M 2.81-2.81 0.14-0.14 0.9-0.9 0.68-0.68 

 Histology(no specific criteria of number per field) 1M 1.74-1.74 0.91-0.91 0.18-0.18 0.9-0.9 

 Histology(undefined) 1M 15.68-15.68 0.47-0.47 0.55-0.55 0.96-0.96 

Knee Histology(10 PMN in 1 out of 5 HPF) 1M 17.86-17.86 0.05-0.05 1-1 0.96-0.96 

 Histology(10 PMN/5 HPF) 1H 6.5-6.5 0.37-0.37 0.67-0.67 0.9-0.9 

 Histology(avg. of >10 PMNs in the 5 most cellular HPF) 1H 23.27-23.27 0.13-0.13 0.88-0.88 0.96-0.96 

Hip/Knee Histology(10 PMN in 1 out of 5 HPF) 1M 5.56-5.56 0.11-0.11 0.91-0.91 0.84-0.84 

 Histology(10 PMN/5 HPF) 2M 21.13-65.7 0.16-0.62 0.39-0.84 0.98-0.99 

 Histology(23 PMN/10 HPF) 1M/1L 14.86-25 0.45-0.75 0.25-0.57 0.96-1 

 Histology(5 PMN in 1 out of 5 HPF) 1M 3.17-3.17 0.13-0.13 0.9-0.9 0.71-0.71 

 Histology(5 PMN/5 HPF) 1H/2M 12.91-20.67 0.17-0.54 0.48-0.84 0.96-0.97 

 Histology(average of more than 1 PMN from 10 HPFs) 1M 2.81-2.81 0.14-0.14 0.9-0.9 0.68-0.68 



  

 

patients index test 

number of 
studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 Histology(no specific criteria of number per field) 1M 1.74-1.74 0.91-0.91 0.18-0.18 0.9-0.9 

 Histology(undefined) 1M 15.68-15.68 0.47-0.47 0.55-0.55 0.96-0.96 

Hip Histology(10 PMN in 1 out of 5 HPF) 1M 5.91-5.91 0.59-0.59 0.45-0.45 0.92-0.92 

 Histology(10 PMN/5 HPF) 1H 76-76 0.5-0.5 0.5-0.5 1-1 

 Histology(5 PMN/10 HPF) 1M 6.78-6.78 0.16-0.16 0.86-0.86 0.87-0.87 

* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

 

Table 103:  histology- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Banit,DM,2002 Moderate Quality 55 Frozen Section 
(>10 PMNs/HPF in 
any of the sampled 

areas) 

Intraoperative Cultures 1|0.96 17.86|0.05 STRONG STRONG 

Frances,BA,2007 High Quality 63 Frozen Section 
(>10 PMNs/hpf in 

5 fields) 

Intraoperative Cultures 0.67|0.9 6.5|0.37 MODERATE WEAK 

Della,Valle,CJ,2007 High Quality 94 Frozen Section 
(avg. of >10 PMNs 

in the 5 most 
cellular HPF) 

At least 2 of 3 positive 
intraoperative cultures on 

solid media or 2 of 
following: 1)one positive 

culture 2)final 
histopathology consistent 

with infection 3)gross 
purulence seen at time of 

revision 

0.88|0.96 23.27|0.13 STRONG MODERATE 

 
 



  

 

 

Table 104:  histology- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(Histology 

picture) 

Culture 0.55|0.96 15.68|0.47 STRONG WEAK 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(5 HPF all 
showing more than 5 

PML) 

Culture 0.48|0.96 12.91|0.54 STRONG POOR 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(5 HPF all 

showing more than 10 
PML) 

Culture 0.39|0.98 21.13|0.62 STRONG POOR 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(5 HPF one 

showing at least 5 
PML) 

Culture 0.90|0.71 3.17|0.13 WEAK MODERATE 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(1 out of 5 
HPF with more than 

10 PML) 

Culture 0.91|0.84 5.56|0.11 MODERATE MODERATE 

Boettner,F., 2016 Moderate Quality 77 frozen section 
Histology(10 HPF 

having an average of 
more than 1 PML) 

Culture 0.90|0.68 2.81|0.14 WEAK MODERATE 

Fehring,TK,1994 Moderate Quality 97 Frozen Section 
(Presence of PMNs 

(no specific criteria of 
number per field) 

Intraoperative Cultures 0.18|0.9 1.74|0.91 POOR POOR 

Kasparek,M.F., 2016 Moderate Quality 40 frozen section(was 
classifed according to 
the histopathological 

consensus 
classification of 
Morawietz et al) 

MSIS 0.57|0.96 14.86|0.45 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Ko,PS,2005 High Quality 40 Frozen Section (>5 
PMNs/HPF) 

Intraoperative Cultures 0.67|0.97 20.67|0.34 STRONG WEAK 

Lonner,JH,1996 Moderate Quality 175 Frozen Section (10 
PMN/HPF in 5 fields) 

Intraoperative Cultures 0.84|0.99 65.7|0.16 STRONG MODERATE 

Lonner,JH,1996 Moderate Quality 175 Frozen Section (5 
PMN/HPF in 5 fields) 

Intraoperative Cultures 0.84|0.96 18.8|0.17 STRONG MODERATE 

Suda,A.J., 2017 Low Quality 30 Histopathological 
examination(classified 

according to 
Morawietz et al 

criteria) 

MSIS criteria 0.25|1.00 25.00|0.75 STRONG POOR 

 
 



  

 

Table 105:  histology- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Banit,DM,2002 Moderate Quality 63 Frozen Section 
(>10 PMNs/HPF 

in any of the 
sampled areas) 

Intraoperative Cultures 0.45|0.92 5.91|0.59 MODERATE POOR 

Frances,BA,2007 High Quality 83 Frozen Section 
(>10 PMNs/HPF 

in 5 fields) 

Intraoperative Cultures 0.5|1 76|0.5 STRONG POOR 

Nunez,LV,2007 Moderate Quality 136 Frozen Section 
(5 PMN/HPF; 
looked at 10 

fields) 

Intraoperative Cultures 0.86|0.87 6.78|0.16 MODERATE MODERATE 

 
 

 



  

 

Figure 50:  Meta-Analysis ROC Curve- Histology: 5 PMN/HPF (3 hip/knee 
studies and 1 hip only study) 
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Table 106: meta-analysis statistics: Histology 5 PMN/HPF 

 

 

  



  

 

 

Figure 51:  Meta-Analysis ROC Curve – Histology 10 PMN/5HPF(1 hip, 1 
knee and 2 hip/knee studies): 

0
.2

.4
.6

.8
1

Se
ns

iti
vi

ty

0.2.4.6.81
Specificity

Study estimate Summary point

HSROC curve 95% confidence
region

95% prediction
region

 

 

 



  

 

 

Table 107: meta-analysis statistics: Histology 10 PMN/5HPF (1 hip, 1 knee 
and 2 hip/knee studies) 



  

 

 

Figure 52:  Meta-Analysis Forest Plot: Histology 10 PMN/5HPF (1 hip, 1 
knee and 2 hip/knee studies) 

 



  

 

Evidence Summary: Sonication 
There was one high and three moderate quality studies that evaluated implant sonication culture in hip and knee patients (Greenwood-
Quaintance 2014;Janz 2013;Trampuz 2006;Trampuz 2007).  The positivity thresholds ranged from 1 to 50 colony forming units. However, in two 
of the studies, the CFU positivity cutoff was undefined.  

 

 

A meta-analysis of four studies was conducted for implant sonication. One study had a threshold of 5 CFU; one had a threshold of 20 CFU, and it 
was unclear what threshold the other two studies used. Because the studies used varying CFU cutpoints, computing a single average sensitivity, 
specificity and likelihood ratios was deemed inappropriate. Instead, this recommendation would more appropriately be made using the 
summary ROC curve(figure 6), and the parameters of the HSROC model in table 31.  The Beta coefficient in the model indicates that there was 
significant variation in accuracy according to which CFU threshold was used to define a positive test. Therefore, the HSROC model parameters 
were used to compute the predicted specificity at three fixed points along the curve: using the median specificity among the studies, the lower 
quartile of specificity, and the upper quartile of specificity. These predicted sensitivities were then used to compute likelihood ratios for each of 
these three points on the curve.  

 

The median specificity was 93%; the lower quartile was 83% and the upper quartile was 99%. At the median specificity of 93%, predicted 
sensitivity was 82.6%. The test was a strong rule in test (positive LR=11.68) and a moderate rule out test(negative LR=.19). 

 

At the lower quartile of study specificity,83%, using lower positivity thresholds, the predicted sensitivity was 86.2%. Using these numbers, the 
test was a weaker, but still moderately strong rule-in test (Positive LR=5.01). It was also a moderately strong rule out test (negative LR=.17).  

 

At the upper quartile specificity of 99%, using higher positivity thresholds, the predicted sensitivity was 73.1%. This resulted in a strong rule in 
test (positive LR=76.67), but a weaker rule out test (negative LR=.271).  

 



  

 

One moderate quality hip and knee study evaluated sonicate fluid gram stain. While the test was a strong rule in test (positive LR=224. 92), it 
was a poor rule out test (negative LR=.55).  

 

One high and two low quality hip and knee studies(Greenwood-Quaintance 2014; Cazanave 2013; Gomez 2012), and one low quality knee 
study(Ryu 2014) evaluated sonicate fluid PCR. The test was a moderate to strong rule in test (positive LR range= 8.71-78.26) and was moderate 
to weak rule out test (negative LR range=0.19-0.30). 



  

 

Table 108: Summary of Findings  sonication 
 

patients index test 

number 
of 

studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall sonicate fluid Gram staining(undefined) 1M 224.92-224.92 0.55-0.55 0.45-0.45 1-1 

 sonicate fluid PCR 1H/3L 8.71-78.26 0.19-0.30 0.70-0.83 0.91-1 

 Sonicate fluid culture(undefined) 2M 4.25-5.79 0.11-0.29 0.75-0.91 0.79-0.87 

 sonicate fluid culture (1 or more CFU ) 1M 7.29-7.29 0.21-0.21 0.81-0.81 0.89-0.89 

 sonicate fluid culture (2 CFU ) 1M 25.12-25.12 0.21-0.21 0.8-0.8 0.97-0.97 

 sonicate fluid culture (3 CFU ) 1M 40.19-40.19 0.21-0.21 0.8-0.8 0.98-0.98 

 sonicate fluid culture (4 CFU ) 1M 39.55-39.55 0.22-0.22 0.78-0.78 0.98-0.98 

 sonicate fluid culture (5 CFU ) 1M 65.92-65.92 0.22-0.22 0.78-0.78 0.99-0.99 

 sonicate fluid culture (50 CFU ) 1M 172.25-172.25 0.32-0.32 0.68-0.68 1-1 

 sonicate fluid culture (6 CFU ) 1M 65.92-65.92 0.22-0.22 0.78-0.78 0.99-0.99 

 sonicate fluid culture (7 CFU ) 1M 63.8-63.8 0.24-0.24 0.76-0.76 0.99-0.99 

 sonicate fluid culture (8 CFU ) 1M 62.73-62.73 0.26-0.26 0.75-0.75 0.99-0.99 

 sonicate fluid culture (9 CFU ) 1M 61.67-61.67 0.27-0.27 0.73-0.73 0.99-0.99 

 sonicate fluid culture (10 CFU ) 1M 60.61-60.61 0.28-0.28 0.72-0.72 0.99-0.99 

 Sonicate fluid culture(20 CFU) 1H 38.09-104.54 0.24-0.3 0.7-0.77 0.98-0.99 

 sonicate fluid culture (25 CFU ) 1M 87.72-87.72 0.31-0.31 0.7-0.7 0.99-0.99 

Knee sonicate fluid PCR 1L 78.26-78.26 0.22-0.22 0.78-0.78 1-1 

Hip/Knee Sonicate fluid culture(20 CFU) 1H 38.09-104.54 0.24-0.3 0.7-0.77 0.98-0.99 

 Sonicate fluid culture(undefined) 2M 4.25-5.79 0.11-0.29 0.75-0.91 0.79-0.87 

 sonicate fluid Gram staining(undefined) 1M 224.92-224.92 0.55-0.55 0.45-0.45 1-1 

 sonicate fluid PCR 1H/2L 8.71-36.71 0.19-0.30 0.70-0.83 0.91-0.98 

 sonicate fluid culture (1 or mo CFU ) 1M 7.29-7.29 0.21-0.21 0.81-0.81 0.89-0.89 

 sonicate fluid culture (10 CFU ) 1M 60.61-60.61 0.28-0.28 0.72-0.72 0.99-0.99 

 sonicate fluid culture (2 CFU ) 1M 25.12-25.12 0.21-0.21 0.8-0.8 0.97-0.97 



  

 

patients index test 

number 
of 

studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 sonicate fluid culture (25 CFU ) 1M 87.72-87.72 0.31-0.31 0.7-0.7 0.99-0.99 

 sonicate fluid culture (3 CFU ) 1M 40.19-40.19 0.21-0.21 0.8-0.8 0.98-0.98 

 sonicate fluid culture (4 CFU ) 1M 39.55-39.55 0.22-0.22 0.78-0.78 0.98-0.98 

 sonicate fluid culture (5 CFU ) 1M 65.92-65.92 0.22-0.22 0.78-0.78 0.99-0.99 

 sonicate fluid culture (50 CFU ) 1M 172.25-172.25 0.32-0.32 0.68-0.68 1-1 

 sonicate fluid culture (6 CFU ) 1M 65.92-65.92 0.22-0.22 0.78-0.78 0.99-0.99 

 sonicate fluid culture (7 CFU ) 1M 63.8-63.8 0.24-0.24 0.76-0.76 0.99-0.99 

 sonicate fluid culture (8 CFU ) 1M 62.73-62.73 0.26-0.26 0.75-0.75 0.99-0.99 

 sonicate fluid culture (9 CFU ) 1M 61.67-61.67 0.27-0.27 0.73-0.73 0.99-0.99 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

Table 109:  sonication culture- Hip_Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
culture(growth of 
20 CFU/10 mL 
unconcentrated 
sonicate fluid) 

MSIS or ISDA criteria 0.70|0.99 97.28|0.30 STRONG WEAK 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
culture(growth of 
20 CFU/10 mL 
unconcentrated 
sonicate fluid) 

ISDA criteria 0.73|0.99 104.54|0.27 STRONG WEAK 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
culture(growth of  
20 CFU/10 mL 
unconcentrated 
sonicate fluid) 

MSIS criteria 0.77|0.98 38.09|0.24 STRONG WEAK 

Janz,V., 2013 Moderate Quality 59 Sonication(culture) preop fluid cultures in 
concordence with positive 
tissue culture, or 2 positive 

tissue cultures 

0.91|0.79 4.25|0.11 WEAK MODERATE 

Trampuz,A,2006 Moderate Quality 78 sonicate fluid 
cultures 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.75|0.87 5.79|0.29 MODERATE WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (1 or mo 

CFU (colony 
forming unit per 

agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.81|0.89 7.29|0.21 MODERATE WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (10 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.72|0.99 60.61|0.28 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (2 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.8|0.97 25.12|0.21 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (25 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.7|0.99 87.72|0.31 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (3 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.8|0.98 40.19|0.21 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (4 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.78|0.98 39.55|0.22 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (5 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.78|0.99 65.92|0.22 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (50 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.68|1 172.25|0.32 STRONG WEAK 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (6 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.78|0.99 65.92|0.22 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (7 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.76|0.99 63.8|0.24 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (8 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.75|0.99 62.73|0.26 STRONG WEAK 

Trampuz,A,2007 Moderate Quality 331 sonicate fluid 
culture (9 CFU 
(colony forming 

unit per agar plate)) 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.73|0.99 61.67|0.27 STRONG WEAK 



  

 

 
 

 

Table 110:  sonication gram stain- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Trampuz,A,2007 Moderate Quality 326 sonicate fluid Gram 
staining 

At least 1 of: 1)visible 
purulence of synovial fluid 

or area surrounding the 
prosthesis 2)acute 
inflammation on 

histopathologic exam of 
permanent periprosthetic 

tissue sections  3)a sinus tract 
communicating with the 

prosthesis 

0.45|1 224.92|0.55 STRONG POOR 

 
 

 

Table 111:  sonication PCR- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Ryu,S.Y., 2014 Low Quality 36 sonicate fluid 
PCR(10 assay 

panels any positive 
result) 

composite; histopathology, 
microbiology, purulence, 

sinus draining 

0.78|1.00 78.26|0.22 STRONG WEAK 

 
 



  

 

Table 112:  sonication PCR- Hip/Knee 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cazanave, C,. 
2013 Low Quality 434 

Sonicate fluid 
PCR (10-assay 

panel) 

acute inflammation on 
periprosthetic tissue 
histopathology, joint 
space purulence, or a 

sinus tract 0.77|0.98 36.71|0.24 STRONG WEAK 

Gomez E., 2012 Low Quality 366 

Sonicate fluid 
PCR (CP   
26 cycles) 

synovial fluid or 
periprosthetic purulence, 

sinus tract 
communicating with the 

prosthesis, and 
periprosthetic tissue 

histopathology showing 
acute inflammation 0.70|0.98 32|0.0.30 STRONG WEAK 

Gomez E., 2012 Low Quality 366 

Sonicate fluid 
PCR - higher 

cutoff (CP   
27.59 

cycles) 

synovial fluid or 
periprosthetic purulence, 

sinus tract 
communicating with the 

prosthesis, and 
periprosthetic tissue 

histopathology showing 
acute inflammation 0.80|.91 8.71|.22 MODERATE WEAK 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
PCR-

ESI/MS(PCR 
panel assay) 

MSIS or ISDA criteria 0.78|0.94 12.03|0.24 STRONG WEAK 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
PCR-

ESI/MS(PCR 
panel assay) 

MSIS criteria 0.83|0.91 9.48|0.19 MODERATE MODERATE 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Greenwood-
Quaintance,K.E., 

2014 

High Quality 431 Sonicate fluid 
PCR-

ESI/MS(PCR 
panel assay) 

ISDA criteria 0.81|0.94 12.84|0.20 STRONG WEAK 

 
 

 

 

 



  

 

Figure 53:  Meta-Analysis ROC Curve –Implant Sonication (4 hip/knee 
studies; positive thresholds of studies: 5 CFU -1 study ; 20 CFU 1 study; 
CFU undefined- 2 studies) 
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Table 113: meta-analysis statistics: Implant Sonication (4 hip/knee studies; 
positive thresholds of studies: 5 CFU -1 study ; 20 CFU 1 study; CFU 
undefined- 2 studies) 



  

 

Evidence Summary: Tissue PCR 
One moderate quality hip and knee study (Suda 2017) and one low quality knee study(Ryu 2014) evaluated tissue PCR. Both studies suggested this is a weak rule in test 
(positive LR range=2.92-4.84) and a poor rule out test (negative LR=0.77-0.87).  

 

Table 114: Summary of Findings  Tissue PCR 
 

patients index test 

number 
of 

studies/ 
quality* 

positive 
liklihood 

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Tissue PCR 1M/1L 2.92-4.84 0.77-0.87 0.16-0.31 0.89-0.97 

Knee Tissue PCR 1L 4.84-4.84 0.87-0.87 0.16-0.16 0.97-0.97 

Hip/Knee Tissue PCR 1M 2.92-2.92 0.77-0.77 0.31-0.31 0.89-0.89 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

 

Table 115:  tissue PCR- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Ryu,S.Y., 2014 Low Quality 95 Tissue PCR(8 assay 
panels any positive 

result) 

composite; histopathology, 
microbiology, purulence, 

sinus draining 

0.16|0.97 4.84|0.87 WEAK POOR 

 
 



  

 

Table 116:  tissue PCR- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Suda,A.J., 2017 Moderate Quality 30 Multiplex 
PCR(sensitivity and 

specifities 
calculated for 

frequences reported 
in 2nd paragraph of 
results section. We 
didn't use post-hoc 

analysis that 
classified 2 false 
positives as true 

negatives) 

MSIS criteria 0.31|0.89 2.92|0.77 WEAK POOR 

 
 



  

 

ADVANCED IMAGING SECTION 

Quality Evaluation Table 6 Advanced Imaging 
Study Representative Population Clear Selection Criteria Detailed Enough to Replicate Reference Standard Identifies Target Condition Blinding Other Bias? Inclusion Strength 

Chacko,T.K., 2002 
      

Include Moderate Quality 
Chryssikos,T., 2008 

      

Include High Quality 
Cyteval,C., 2002 

      

Include Moderate Quality 
Kumar,R., 2016 

      

Include High Quality 
Li,A.E., 2016 

      

Include Low Quality 
Stumpe,K.D., 2004 

      

Include Moderate Quality 
 
 
 
 
 



  

 

Evidence Summary: Computed Tomography(CT) 
One moderate quality hip study evaluated the diagnostic accuracy of computed tomography(CT) (Cyteval 2002). The study used 
several different measures, including joint distention, fluid-filled bursae, and fluid collection in muscles and perimuscular 
fat(for the complete list see table 1 of the draft document). CT may be useful for ruling in infection, with positive likelihood 
ratios(LR’s) ranging from poor to strong(positive LR range=.29 to 45.69). Seven of the 11 CT measures had positive LR’s 
over 2(see table 1 for specific measure results), indicating that CT might be useful as a rule in test. The four CT measures 
under two(indicating a poor rule in test) were: focal low attenuation, bone abnormalities, nonfocal low attenuation and 
asymmetric position of femoral head.  
 
However, the study indicated that CT may not be as good of a rule out test(negative LR range=.04 to 1.28). Nine of 11 CT 
measures had negative LR’s over .5, indicating a very low decrease in probability of PJI with a negative test result(see table 
1 of draft document for specific CT results). The only two CT measures without poor negative LR’s were soft tissue 
abnormalities(negative LR=.04, strong rule out test), and joint distention(negative LR=.17, moderate rule out test).  
 

Evidence Summary: F-FDG PET/CT 
One high quality hip study evaluated F-FDG PET/CT(Kumar 2016).  The test was both a strong rule in and strong rule out 
test(positive LR=12.19, negative LR=.07). This means there was a large change in PJI probability depending on the test 
result.  
 

Evidence Summary: F-Fluoride PET/CT 
One high quality hip study evaluated F-Fluoride PET/CT(Kumar 2016). The test was strong at ruling in infection (positive 
LR=19.5), and weak at ruling out PJI(negative LR=.26).  
 
 

Evidence Summary: MRI 
One low quality knee study evaluated MRI(Li 2016). A single low quality study is considered very low strength of evidence, so a 
recommendation cannot be made.  The study evaluated the test using two separate readers; one with one year of experience and the other with 2 
years’ experience.  MRI was a moderate to strong rule in test (positive LR range =5-92.31). As a rule out test, the range of negative LR’s was 
more varied, ranging from poor to strong (negative LR range=0.08-0.65).  
 
 
 
 
 
 
 



  

 

 

Table 117: Summary of Findings Advanced Imaging 
 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall CT - asymmetric position of femoral head 1M 0.29-0.29 1.28-1.28 0.08-0.08 0.72-0.72 

 CT - bone abnormalities 1M 1.07-1.07 0.83-0.83 0.75-0.75 0.3-0.3 

 CT - fluid collections in muscles and perimuscular fat 1M 45.69-45.69 0.58-0.58 0.42-0.42 1-1 

 CT - fluid-filled bursae 1M 3.68-3.68 0.66-0.66 0.42-0.42 0.89-0.89 

 CT - fluid-filled bursae - greater trochanter 1M 17.67-17.67 0.68-0.68 0.33-0.33 0.98-0.98 

 CT - fluid-filled bursae - iliopsoas 1M 2.65-2.65 0.83-0.83 0.25-0.25 0.91-0.91 

 CT - focal low attenuation 1M 1.47-1.47 0.86-0.86 0.33-0.33 0.77-0.77 

 CT - joint distention 1M 22.08-22.08 0.17-0.17 0.83-0.83 0.96-0.96 

 CT - nonfocal low attenuation 1M 0.88-0.88 1.1-1.1 0.42-0.42 0.53-0.53 

 CT - periostitis 1M 20.77-20.77 0.82-0.82 0.17-0.17 1-1 

 CT - soft-tissue abnormalities 1M 6.92-6.92 0.04-0.04 1-1 0.87-0.87 

 F FDG PET/CT 1H 12.19-12.19 0.07-0.07 0.94-0.94 0.92-0.92 

 F-Fluoride PET/CT 1H 19.5-19.5 0.26-0.26 0.75-0.75 0.96-0.96 

 FDG-labelled leucocyte PET/CT 1H 36.4-36.4 0.07-0.07 0.93-0.93 0.97-0.97 

 MR imaging 1L 5-92.31 0.08-0.65 0.4-0.92 0.92-1 

Knee MR imaging 1L 5-92.31 0.08-0.65 0.4-0.92 0.92-1 

Hip/Knee FDG-labelled leucocyte PET/CT 1H 36.4-36.4 0.07-0.07 0.93-0.93 0.97-0.97 

Hip CT - asymmetric position of femoral head 1M 0.29-0.29 1.28-1.28 0.08-0.08 0.72-0.72 

 CT - bone abnormalities 1M 1.07-1.07 0.83-0.83 0.75-0.75 0.3-0.3 

 CT - fluid collections in muscles and perimuscular fat 1M 45.69-45.69 0.58-0.58 0.42-0.42 1-1 

 CT - fluid-filled bursae - greater trochanter 1M 17.67-17.67 0.68-0.68 0.33-0.33 0.98-0.98 

 CT - fluid-filled bursae - iliopsoas 1M 2.65-2.65 0.83-0.83 0.25-0.25 0.91-0.91 

 CT - fluid-filled bursae 1M 3.68-3.68 0.66-0.66 0.42-0.42 0.89-0.89 



  

 

patients index test 

number 
of 

studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 CT - focal low attenuation 1M 1.47-1.47 0.86-0.86 0.33-0.33 0.77-0.77 

 CT - joint distention 1M 22.08-22.08 0.17-0.17 0.83-0.83 0.96-0.96 

 CT - nonfocal low attenuation 1M 0.88-0.88 1.1-1.1 0.42-0.42 0.53-0.53 

 CT - periostitis 1M 20.77-20.77 0.82-0.82 0.17-0.17 1-1 

 CT - soft-tissue abnormalities 1M 6.92-6.92 0.04-0.04 1-1 0.87-0.87 

 F FDG PET/CT 1H 12.19-12.19 0.07-0.07 0.94-0.94 0.92-0.92 

 F-Fluoride PET/CT 1H 19.5-19.5 0.26-0.26 0.75-0.75 0.96-0.96 
 

 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 



  

 

Table 118:  CT- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Cyteval,C,2002 Moderate Quality 65 CT - asymmetric 
position of femoral 

head 

Intraoperative Cultures (2 or 
more) 

0.08|0.72 0.29|1.28 POOR POOR 

Cyteval,C,2002 Moderate Quality 65 CT - periostitis Intraoperative Cultures (2 or 
more) 

0.17|1 20.77|0.82 STRONG POOR 

Cyteval,C,2002 Moderate Quality 65 CT - fluid-filled 
bursae - iliopsoas 

Intraoperative Cultures (2 or 
more) 

0.25|0.91 2.65|0.83 WEAK POOR 

Cyteval,C,2002 Moderate Quality 65 CT - focal low 
attenuation 

Intraoperative Cultures (2 or 
more) 

0.33|0.77 1.47|0.86 POOR POOR 

Cyteval,C,2002 Moderate Quality 65 CT - fluid-filled 
bursae - greater 

trochanter 

Intraoperative Cultures (2 or 
more) 

0.33|0.98 17.67|0.68 STRONG POOR 

Cyteval,C,2002 Moderate Quality 65 CT - nonfocal low 
attenuation 

Intraoperative Cultures (2 or 
more) 

0.42|0.53 0.88|1.1 POOR POOR 

Cyteval,C,2002 Moderate Quality 65 CT - fluid-filled 
bursae 

Intraoperative Cultures (2 or 
more) 

0.42|0.89 3.68|0.66 WEAK POOR 

Cyteval,C,2002 Moderate Quality 65 CT - fluid 
collections in 
muscles and 

perimuscular fat 

Intraoperative Cultures (2 or 
more) 

0.42|1 45.69|0.58 STRONG POOR 

Cyteval,C,2002 Moderate Quality 65 CT - bone 
abnormalities 

Intraoperative Cultures (2 or 
more) 

0.75|0.3 1.07|0.83 POOR POOR 

Cyteval,C,2002 Moderate Quality 65 CT - joint 
distention 

Intraoperative Cultures (2 or 
more) 

0.83|0.96 22.08|0.17 STRONG MODERATE 

Cyteval,C,2002 Moderate Quality 65 CT - soft-tissue 
abnormalities 

Intraoperative Cultures (2 or 
more) 

1|0.87 6.92|0.04 MODERATE STRONG 

 
 



  

 

 

Table 119:  MRI- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Li,A.E., 2016 Low Quality 108 MR imaging Reader 
A- one year 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.78|0.99 66.52|0.22 STRONG WEAK 

Li,A.E., 2016 Low Quality 108 MR imaging Reader 
B- two years 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.65|0.98 27.72|0.36 STRONG WEAK 

Li,A.E., 2016 Low Quality 35 MR imaging Reader 
A- one year 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.60|0.96 15.00|0.42 STRONG WEAK 

Li,A.E., 2016 Low Quality 35 MR imaging Reader 
B- two years 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.40|0.92 5.00|0.65 MODERATE POOR 



  

 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Li,A.E., 2016 Low Quality 73 MR imaging Reader 
A- one year 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.92|1.00 92.31|0.08 STRONG STRONG 

Li,A.E., 2016 Low Quality 73 MR imaging Reader 
B- two years 

experience(Accuracy 
of Lamellated and 

Hyperintense 
Synovitis for 
Diagnosis of 

Infection) 

surgical diagnosis reports of 
reason for revision and 
microbiology reports 

0.85|1.00 84.62|0.15 STRONG MODERATE 

 
 



  

 

Table 120:  PET/CT- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Kumar,R., 2016 High Quality 42 F-Fluoride 
PET/CT() 

1 Presence of =5 neutrophils 
per HPF (9400) in at least 

five separate fields was 
classified as infective 

pathology. 2 Presence of <5 
neutrophils per HPF (9400) 

in at least five separate fields 
was classified as aseptic 

loosening. 

0.75|0.96 19.50|0.26 STRONG WEAK 

Kumar,R., 2016 High Quality 42 F FDG PET/CT() 1 Presence of =5 neutrophils 
per HPF (9400) in at least 

five separate fields was 
classified as infective 

pathology. 2 Presence of <5 
neutrophils per HPF (9400) 

in at least five separate fields 
was classified as aseptic 

loosening. 

0.94|0.92 12.19|0.07 STRONG STRONG 

 
 



  

 

 

NUCLEAR IMAGING SECTION 

Quality Evaluation Table 7- Nuclear Imaging 
Study Representative 

Population 
Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies Target 
Condition Blinding Other 

Bias? Inclusion Strength 

Chik,K.K., 1996 
      

Include Moderate 
Quality 

Glithero,P.R., 1993 
      

Include Moderate 
Quality 

Hill,D.S., 2017 
      

Include Moderate 
Quality 

Kraemer,W.J., 1993 
      

Include Low Quality 

Larikka,M.J., 2001 
      

Include Moderate 
Quality 

Larikka,M.J., 2002 
      

Include Low Quality 

Levitsky,K.A., 1991 
      

Include Moderate 
Quality 

Rand,J.A., 1990 
      

Include Moderate 
Quality 

Savarino,L., 2004 
      

Include Moderate 
Quality 

Scher,D.M., 2000 
      

Include High Quality 

Segura,A.B., 2004 
      

Include Moderate 
Quality 

von,Rothenburg T., 
2004       

Include Low Quality 

 



  

 

 

Evidence Summary: Technetium-99- or Indium-111-labeled-Leukocyte Imaging 
Two moderate quality studies evaluated Indium-111-labeled-Leukocyte Imaging (Glithero 1993; Rand 1990).  Glithero studied hip patients and found it was a strong rule in test with a 
positive likelihood ratio(LR) of 14, indicating that a positive result caused a strong increase in probability of PJI. However, the study found it to be a poor rule out test(negative LR=.63). 
Rand evaluated the test in knee patients and found it to be a moderately good rule in and rule out test(positive LR=5.56, negative LR=.2).  
 
One high(Pelosi 2004), two moderate(Glithero 1993; Segura 2004) and one low quality study(Savarino 2004) evaluated Tc-99 leukocyte scintigraphy.  Three studies evaluated the test in 
both hip/knee patients (Pelosi 2004; Glithero 1993; Segura 2004), and one studied only hip patients(Savarino 2004). No studies evaluated the test in only knee patients.  
 
Estimates of positive and negative likelihood ratios for Tc-99 leukocyte imaging were heterogeneous in the included studies. The positive likelihood ratios from the studies indicated that it 
might be a useful rule in test, with estimates ranging from poor to strong(positive LR range=1.39-22.98). As a rule out test, negative LR’s also ranged from poor to strong in the included 
studies (negative LR range=0.04-0.71), so the test may be useful in ruling out PJI.  
 
One moderate quality study evaluated the diagnostic accuracy of either a positive Tc-99  or Indium-111-labeled-Leukocyte Imaging in both hip, and combined hip/knee. The study also 
evaluated a subgroup of knee patients, but there were less than 25 patients in this group, so the knee only results were not extracted. The test was strong at ruling in infection in both the hip 
and the combined hip/knee patients(positive LR = 16.5 and 34.89 respectively). However, it was a poor rule out test in both the hip and combined hip/knee groups(negative LR= 0.56 and 
0.76 respectively).  
 

Evidence Summary: Combined labeled-Leukocyte/Bone Imaging 
One high and two moderate quality studies evaluated combined labeled leukocyte/bone imaging(Scher 2000;Pons 1999;Teller 2000). One study evaluated both hip and knee patient 
subgroups(Scher 2000); One study looked at combined hip/knee patients(Teller 2000) and another looked at only hip patients(Pons 1999). Two studies (Scher 2000; Teller 2000) evaluated 
Tc-99 bone scans and In-111 WBC scans. An additional study evaluated Tc-99 bone scans and Tc-99 white blood cell scans(Pons 1999). For these tests, positive LRs were in the weak to 
moderately strong rule in range (positive LR range=2.86-8.1). Negative LR’s were also in the weak to moderately strong rule out range(0.15-0.47).  
 

Evidence Summary: Combined labeled-Leukocyte/Bone Marrow Imaging 
Two moderate quality studies evaluated combined labeled-leukocyte/bone marrow imaging (Joseph 2001;Segura 2004).  The studies both evaluated combined hip and knee patients. Segura 
also evaluated a subgroup of hip only patients.  Both studies found that it was a strong rule in tests(positive LR=19.6-45.5).  Estimates of the negative LR’s were more varied, ranging from 
a strong rule out test to a poor test (negative LR=0.07-0.66).  
 

Evidence Summary: Technetium-99m Bone Imaging 
Three moderate quality and one low quality study evaluated Technetium-99m Bone Imaging(Hill 2017;Levitsky 1991;Segura 2004;Bernay 1993). Three studies evaluated triple-phase 
Tc-99m bone scintigraphy(Hill 2017;Levitsky 1991;Bernay 1993). One study evaluated two-phase Tc-99m bone scintigraphy(Segura 2004). Estimates of the positive 
and negative LRs are varied, making it hard to determine with certainty if the test is effective. Positive LR’s ranged from a poor to moderately good rule in test in the studies(positive LR 
range= 0.58-6), so it may be useful. The Negative LRs in the studies ranged from a poor to strong rule out test(negative LR range=0.05-1.72).  
 



  

 

Evidence Summary: FDG-PET imaging 
One high quality hip study(Chryssikos 2008) evaluated FDG-PET imaging. This was a strong rule in test, with a positive LR of 11.39. It was a moderately good rule out test, with a 
negative LR of .16.  
 

Evidence Summary: Gallium-67 Imaging 
One low quality hip study evaluated Gallium-67 Imaging (Kraemer 1993). The test was good at ruling in infection(positive LR=24.36), but poor at ruling out infection(negative LR=.62).  

Table 121: Summary of Findings  Nuclear Imaging 

patients index test 

number of 
studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

Overall Combined labeled-Leukocyte/Bone Imaging 1H/2M 2.86-8.1 0.15-0.47 0.6-0.88 0.78-0.93 

 Combined labeled-Leukocyte/Bone Marrow Imaging 2M 19.6-45.5 0.07-0.66 0.33-0.93 0.98-1 

 FDG-PET Imaging 1H 11.39-11.39 0.16-0.16 0.85-0.85 0.93-0.93 

 Gallium-67 Imaging 1L 24.36-24.36 0.62-0.62 0.38-0.38 1-1 

 Indium-111-labeled-Leukocyte Imaging 2M 5.56-14 0.2-0.63 0.38-0.83 0.85-1 

 Technetium-99 Leukocyte Imaging 1H/2M/1L 1.39-22.98 0.04-0.71 0.31-0.96 0.31-1 

 Combined Technetium-99- or Indium-111-labeled-Leukocyte Imaging 1M 16.5-34.89 0.56-0.76 0.23-0.44 1-1 

 Technetium-99m Bone Imaging 3M/1L 0.58-6 0.05-1.72 0.29-1 0-0.91 

Knee Combined labeled-Leukocyte/Bone Imaging 1H 4.06-4.06 0.15-0.15 0.88-0.88 0.78-0.78 

 Indium-111-labeled-Leukocyte Imaging 1M 5.56-5.56 0.2-0.2 0.83-0.83 0.85-0.85 
Hip/Knee Combined labeled-Leukocyte/Bone Imaging 1M 2.86-2.86 0.47-0.47 0.64-0.64 0.78-0.78 

 Combined labeled-Leukocyte/Bone Marrow Imaging 2M 28.67-45.5 0.07-0.54 0.47-0.93 0.98-1 

 Technetium-99 Leukocyte Imaging 1H/2M 1.39-22.98 0.04-0.51 0.5-0.96 0.31-1 
 Combined Technetium-99- or Indium-111-labeled-Leukocyte Imaging 1M 34.89-34.89 0.56-0.56 0.44-0.44 1-1 
 Technetium-99m Bone Imaging 2M 0.99-4.31 0.68-1.72 0.33-1 0-0.91 

Hip Combined labeled-Leukocyte/Bone Imaging 1H/1M 6.3-8.1 0.43-0.44 0.6-0.6 0.9-0.93 

 Combined labeled-Leukocyte/Bone Marrow Imaging 1M 19.6-30.8 0.46-0.66 0.33-0.56 1-1 

 FDG-PET Imaging 1H 11.39-11.39 0.16-0.16 0.85-0.85 0.93-0.93 

 Gallium-67 Imaging 1L 24.36-24.36 0.62-0.62 0.38-0.38 1-1 



  

 

patients index test 

number of 
studies/ 
quality* 

positive 
likelihood  

ratio 

negative 
likelihood 

ratio sensitivity specificity 

 Indium-111-labeled-Leukocyte Imaging 1M 14-14 0.63-0.63 0.38-0.38 1-1 

 Technetium-99 Leukocyte Imaging 1L 7.12-17 0.52-0.71 0.31-0.5 1-1 

 Combined Technetium-99- or Indium-111-labeled-Leukocyte Imaging 1M 16.5-16.5 0.76-0.76 0.23-0.23 1-1 

 Technetium-99m Bone Imaging 1M/1L 0.58-6 0.05-1.42 0.29-1 0.5-0.86 
* study quality key: H=High, M=Moderate, L=Low 
 range presented when fewer than four studies or when meta-analysis indicated heterogeneity 
 positive LR key: Strong Rule-out= ≥10 ; Moderate= ≥5 but <10; Weak=>2 but <5, Poor=≤2 
 negative LR key: Strong Rule-in= ≤.1 ; Moderate= >.1 but ≤.2; Weak= >.2 but <.5, Poor=≥.5 

 
 

Table 122:  Combined labeled-Leukocyte/Bone Imaging- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Scher,DM,2000 High Quality 40 Tc-99m HDP/In-
111 leukocyte scan 

At least 2 of: 1)positive 
intraoperative cultures (either 

broth or plate) 
2)intraoperative findings of 
gross purulence within the 

joint 3)final permanent 
histologic section incidcating 
acute inflammation based on 
10 or more PMN/HPF in 5 

areas 

0.88|0.78 4.06|0.15 WEAK MODERATE 

 
 



  

 

 

Table 123:  Combined labeled-Leukocyte/Bone Imaging- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Teller,RE,2000 Moderate Quality 166 Tc-99m HPD/In-
111 leukocyte scan 

Intraoperative cultures of 
frank purulence 

0.64|0.78 2.86|0.47 WEAK WEAK 

 
 

Table 124:  Combined labeled-Leukocyte/Bone Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Pons,M,1999 Moderate Quality 78 Tc-99m MDP, Tc-
99 HMPAO 
leukocyte 

scintigraphy 

Intraoperative cultures and 
histology 

0.6|0.9 6.3|0.44 MODERATE WEAK 

Scher,DM,2000 High Quality 91 Tc-99m HDP/In-
111 leukocyte scan 

At least 2 of: 1)positive 
intraoperative cultures (either 

broth or plate) 
2)intraoperative findings of 
gross purulence within the 

joint 3)final permanent 
histologic section incidcating 
acute inflammation based on 
10 or more PMN/HPF in 5 

areas 

0.6|0.93 8.1|0.43 MODERATE WEAK 

 
 



  

 

 

Table 125:  Combined labeled-Leukocyte/Bone Marrow Imaging- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Joseph,TN,2001 Moderate Quality 58 In-111 
leukocyte/Tc-99m 
sulfur colloid scans 

at least 2 of: 1)positive 
intraoperative culture 2)final 
histology (>10 PMN/HPF in 

5 areas) 3)intraoperative 
findings of gross purulence 

within the joint 

0.47|1 41.25|0.54 STRONG POOR 

Joseph,TN,2001 Moderate Quality 58 In-111 
leukocyte/Tc-99m 
sulfur colloid scans 

and with blood 
pooling and flow 

phase data 

at least 2 of: 1)positive 
intraoperative culture 2)final 
histology (>10 PMN/HPF in 

5 areas) 3)intraoperative 
findings of gross purulence 

within the joint 

0.67|0.98 28.67|0.34 STRONG WEAK 

Segura,AB,2004 Moderate Quality 77 Tc-99m HMPAO 
leukocyte/Tc-99m 

stannous 
microcolloid bone 

marrow scan 

Intraoperative cultures 0.93|0.98 45.5|0.07 STRONG STRONG 

Segura,AB,2004 Moderate Quality 77 Tc-99m HMPAO 
leukocyte/Tc-99m 

stannous 
microcolloid bone 
marrow scan/Tc-
99m MDP bone 

scan 

Intraoperative cultures 0.93|0.98 45.5|0.07 STRONG STRONG 

 
 



  

 

 

Table 126:  Combined labeled-Leukocyte/Bone Marrow Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Joseph,TN,2001 Moderate Quality 36 In-111 
leukocyte/Tc-99m 
sulfur colloid scans 

at least 2 of: 1)positive 
intraoperative culture 2)final 
histology (>10 PMN/HPF in 

5 areas) 3)intraoperative 
findings of gross purulence 

within the joint 

0.33|1 19.6|0.66 STRONG POOR 

Joseph,TN,2001 Moderate Quality 36 In-111 
leukocyte/Tc-99m 
sulfur colloid scans 

and with blood 
pooling and flow 

phase data 

at least 2 of: 1)positive 
intraoperative culture 2)final 
histology (>10 PMN/HPF in 

5 areas) 3)intraoperative 
findings of gross purulence 

within the joint 

0.56|1 30.8|0.46 STRONG WEAK 

 
 



  

 

 

Table 127:  FDG-PET Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Chryssikos,T,2008 High Quality 127 FDG-PET - 
increased FDG 

uptake at 
prosthesis-bone 

interface 

At least 1 of: 1)an open 
wound or sinus 

communicating with the joint 
2) systemic infection with 

pain in the hip and purulent 
fluid within the joint 

3)positive result on at least 3 
tests (ESR, CRP, joint 

aspiration, intraoperative 
frozen section, and 

intraoperative culture) 

0.85|0.93 11.39|0.16 STRONG MODERATE 

 
 



  

 

 

Table 128:  Indium-111-labeled-Leukocyte Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Glithero,PR,1993 Moderate Quality 25 In-111 leukocyte 
scan 

Intraoperative cultures 0.38|1 14|0.63 STRONG POOR 

 
 



  

 

 

Table 129:  Indium-111-labeled-Leukocyte Imaging - Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Rand,JA,1990 Moderate Quality 38 In-111 leukocyte 
scan 

at least 2 of: 1)positive 
culture results 2)acute 

inflammatory histologic 
findings 3)clinical sepsis 
with pus within the joint 

0.83|0.85 5.56|0.2 MODERATE MODERATE 

 
 



  

 

 

Table 130:  Technetium-99 Leukocyte Imaging- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Glithero,PR,1993 Moderate Quality 31 Tc-99m HMPAO 
leukocyte 

scintigraphy 

Intraoperative cultures 0.5|1 22|0.51 STRONG POOR 

Segura,AB,2004 Moderate Quality 77 Tc-99m HMPAO 
leukocyte 

scintigraphy 

Intraoperative cultures 0.96|0.31 1.39|0.12 POOR MODERATE 

Pelosi,E., 2004 High Quality 95 99m Tc-HMPAO-
leukocyte imaging 
(increased intensity 
in ROI compared to 

contralateral or 
ipsilateral adjacent 

bone segment) 

intraoperative cultures, 
purulence, 1 year clinical 

follow up 

0.96|0.96 22.98|0.04 STRONG STRONG 

 
 



  

 

 

Table 131:  Technetium-99 Leukocyte Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Savarino,L,2004 Low Quality 26 Tc-99m-HMPAO 
granulocyte 
scintigraphy 

Intraoperative cultures 0.31|1 7.12|0.71 MODERATE POOR 

Savarino,L,2004 Low Quality 26 Tc-99m-HMPAO 
granulocyte 
scintigraphy 

Histology 0.42|1 12.69|0.6 STRONG POOR 

Savarino,L,2004 Low Quality 26 Tc-99m-HMPAO 
granulocyte 
scintigraphy 

Intraoperative cultures and 
histology 

0.5|1 17|0.52 STRONG POOR 

 
 

Table 132:  Combined Technetium-99- or Indium-111-labeled-Leukocyte Imaging - Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Glithero,PR,1993 Moderate Quality 56 Tc-99m HMPAO 
or In-111-oxine 
leukocyte scan 

Intraoperative cultures 0.44|1 34.89|0.56 STRONG POOR 



  

 

 

Table 133:  Technetium-99- or Indium-111-labeled-Leukocyte Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Glithero,PR,1993 Moderate Quality 45 Tc-99m HMPAO 
or In-111-oxine 
leukocyte scan 

Intraoperative cultures 0.23|1 16.5|0.76 STRONG POOR 

Table 134:  Technetium-99m Bone Imaging- Hip/Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Levitsky,KA,1991 Moderate Quality 54 Tc-99m MDP 3-
phase bone 

scintigraphy and 
plain radiographs 

Intraoperative cultures and 
gross sepsis 

0.38|0.91 4.31|0.68 WEAK POOR 

Levitsky,KA,1991 Moderate Quality 58 Tc-99m MDP 3-
phase bone 
scintigraphy 

Intraoperative cultures and 
gross sepsis 

0.33|0.86 2.33|0.78 WEAK POOR 

Segura,AB,2004 Moderate Quality 77 Tc-99m MDP 2-
phase bone 
scintigraphy 

Intraoperative cultures 1|0 0.99|1.72 POOR POOR 

 
 



  

  

Table 135:  Technetium-99m Bone Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Bernay,I,1993 Low Quality 31 Tc-99m MDP 3-
phase scintigraphy 

Pathological and gross 
operative findings 

0.8|0.76 3.36|0.26 WEAK WEAK 

Bernay,I,1993 Low Quality 31 Tc-99m 
nanocolloid 
scintigraphy 

Pathological and gross 
operative findings 

1|0.86 6|0.05 MODERATE STRONG 

Hill,D.S., 2017 Moderate Quality 100 Technicium-
99M(bone scan) 

intraoperative findings, 
microbiological and 
histological samples 

0.29|0.50 0.58|1.42 POOR POOR 

 
 

Table 136:  Gallium-67 Imaging- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Kraemer,WJ,1993 Low Quality 43 Sequential Tc-99m 
bone scan/Ga-67 

scan 

Intraoperative cultures 0.38|1 24.36|0.62 STRONG POOR 

 



  

  

GRAM STAIN SECTION 

Quality Evaluation Table 8: Gram Stain 
Study Representative Population Clear Selection Criteria Detailed Enough to Replicate Reference Standard Identifies Target Condition Blinding Other Bias? Inclusion Strength 

Zywiel,M.G., 2011 
      

Include Moderate Quality 
Spangehl,M.J., 1999       Include Moderate Quality 
Banit,D.M., 2002       Include Moderate Quality 
Parvizi, J., 2006       Include Low Quality 
 
 
 



  

  

 

Evidence Summary: Gram Stain: 
Three moderate quality studies (Banit,DM,2002;Spangehl,MJ,1999;Zywiel,M.G., 2011) and one low quality study (Parvizi,J,2006) evaluated the diagnostic accuracy of gram stain.  
Three studies evaluated knee patients(Banit,DM,2002;Zywiel,M.G., 2011;Parvizi,J,2006) and two studies evaluated hip patients(Banit,DM,2002; Spangehl,MJ,1999). 
The studies found gram stain to be strong at ruling in infection (positive LR range=10.8-42.3). However, every study found it to be poor at ruling out infection (negative LR=.56-.93).  
 
 

Table 137: Summary of Findings Gram Stain 
 

patients index test 

number of 
studies/ 
quality* 

positive 
likelihood  
ratio 

negative 
likelihood 
ratio sensitivity specificity 

Overall Gram Stain 3M/1L 10.8-42.3 0.56-0.93 0.07-0.44 0.97-1 
Hip Gram Stain 2M 10.8-39.75 0.63-0.83 0.19-0.36 0.98-1 
Knee Gram Stain 2M/1L 11.13-42.3 0.56-0.93 0.07-0.44 0.97-1 

 
 



  

  

Table 138: gram stain- Hip 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Banit,DM,2002 Moderate 
Quality 

63 Gram stain Intraoperative cultures 0.36|1 39.75|0.63 STRONG POOR 

Spangehl,MJ,19
99 

Moderate 
Quality 

202 Gram 
stain(tissue) 

At least 1 of: 1)open 
wound or sinus 

communicating with 
the joint 2)purulent 

fluid within the joint 
3)positive 

investigations in a 
minumum of 3 of the 
following: ESR >30 

mm/h, CRP >10mg/L, 
preoperative aspiration 

1 positive culture, 
frozen section >5 

PMNs/hpf, 
intraoperative culture 
>1/3 positive cultures 

0.19|0.98 10.8|0.83 STRONG POOR 

 



 

  

Table 139: gram stain- Knee 
 

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Banit,DM,2002 Moderate 
Quality 

55 Gram stain Intraoperative cultures 0.44|1 42.3|0.56 STRONG POOR 

Morgan,P.M., 
2009 

Low Quality 921 Gram stain ( ) 3 of 5 Leone and 
Hanssen :(1) the 

presence of the same 
organism in two 

cultures, (2) growth of 
an organism on solid 

media as well as other 
objective evidence of 

infection such as 
elevated levels of 

inflammatory markers 
in the absence of 

systemic inflammatory 
disease or an elevated 

cell count and 
percentage of 

polymorphonuclear 
leukocytes in aspirated 

joint fluid, (3) 
histologic evidence of 
acute inflammation, 

(4) gross purulence at 
the time of surgery, or 

(5) an actively 
draining sinus. 

0.27|1.00 182.83|0.73 STRONG POOR 

Parvizi,J,2006 Low Quality 70 Gram 
stain(tissue) 

at least 3 of: 1)CRP 
>1mg/dL 2)ESR 

>30mm/hr 3)positive 
joint aspiration culture 

4)purulent 
intraoperative tissue 

appearance 5)positive 
intraoperative culture 

0.21|1 13.6|0.8 STRONG POOR 



 

  

Reference 
Title Quality N 

Index 
Test 

Reference 
Standard Sens|Spec LR+|LR- 

Rule 
In 

Test 

Rule 
Out 
Test 

Parvizi,J,2006 Low Quality 70 Gram 
stain(fluid) 

at least 3 of: 1)CRP 
>1mg/dL 2)ESR 

>30mm/hr 3)positive 
joint aspiration culture 

4)purulent 
intraoperative tissue 

appearance 5)positive 
intraoperative culture 

0.36|0.97 11.13|0.66 STRONG POOR 

Zywiel,M.G., 
2011 

Moderate 
Quality 

347 Gram stain in 
swab samples 
(The presence 

of 10 or 
morepolymorp

honuclear 
leukocytes in 

any single 
high-power 

field 
wasconsidered 
diagnostic for 

infection ) 

2 positve cultures, 
histology,  gros 

purulence, sinustract 

0.07|0.99 13.47|0.93 STRONG POOR 

 
 



 

  

WITHHOLDING ANTIBIOTICS FOR 2 WEEKS WHEN DIAGNOSIS HAS NOT BEEN ESTABLISHED SECTION 

Quality Evaluation Table 9: withholding antibiotics for 2 weeks when diagnosis has not been established 

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies 
Target Condition Blinding Other 

Bias? Inclusion Strength 

Trampuz, A., 
2007       

Include Moderate 
Quality 

Shahi,A., 2016 
      

Include Low Quality 
 

Figure 54: Summary of Findings: Use of antibiotics 2 weeks before PJI diagnosis is established.  
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Table 140: Antibiotics 2 weeks before diagnosis is made: data 

Author Quality of 
evidence  N Joint Reference Standard False Negatives Statistic/result 

Significance 

Trampuz, A., 
2007 Moderate 79 Hip/knee 

At least 1 of: 1)visible purulence of synovial fluid or area 
surrounding the prosthesis 2)acute inflammation on 
histopathologic exam of permanent periprosthetic tissue 
sections  3)a sinus tract communicating withthe prosthesis                           

 
Antibiotics within 14 days: 
55%;No antibiotics within 
14 days: 23% 

 
RR=2.38(1.26,4.51) 

Receiving antibiotics 
within 2 weeks of 
culture increased risk of 
negative results 

Shahi,A.,2016 Low 106 Hip/knee International Consensus Meeting criteria 
Antibiotics within 2 
weeks:30%; no antibiotics 
within 2 weeks(33%) 

OR=0.87(0.35,2.18) 
 NS 

 



 

  

 

ANTIBIOTIC PROPHYLAXIS WHEN PJI DIAGNOSIS HAS ALREADY BEEN ESTABLISHED SECTION 
 

Quality Evaluation Table 10 Diagnostic studies: preop antibiotic prophylaxis when PJI diagnosis has already been 
established  
 

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies 
Target Condition Blinding Other 

Bias? Inclusion Strength 

Ghanem, E., 
2007       

Include Low 
Quality 

Burnett,R.S., 
2010       Include Low 

Quality 
Bedencic,K., 

2016       Include High 
Quality 

 

Quality Evaluation Table 11: RCTs: preop antibiotic prophylaxis when PJI diagnosis has already been established  

Study 
Random 
Sequence 
Generation 

Allocation 
Concealment Blinding Incomplete 

Outcome Data 
Selective 
Reporting 

Other 
Bias 

Is there a large 
magnitude of 
effect? 

Influence of All Plausible 
Residual Confounding 

Dose-
Response 
Gradient 

Inclusion Strength 

Tetreault,M.W., 
2014          

Include High 
Quality 

Carlsson,A.K., 
1977          Include Moderate 

Quality 

Hill,C., 1981          Include Moderate 
Quality 

Doyon,F., 1987          
Include Moderate 

Quality 



 

  

 

Figure 55: Summary of Findings: Use of Antibiotic Prophylaxis in Revision Surgery after Diagnosis Has Been 
Established(the effect of antibiotics on diagnostic accuracy) 
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Figure 56: Summary of Findings: Use of Antibiotic Prophylaxis in Revision Surgery after Diagnosis Has Been 
Established(Efficacy in Preventing Future Infection).  
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Table 141: Antibiotics when diagnosis has already been established 

 
 

Author 
qualit

y N Patient Population Reference Standard False Negatives statistics 
Significan

ce 

 
Ghanem, E., 

2007 

 
Low 171 

knee patients undergoing  revision for 
infection in whom infecting organism 
had been isolated from preoperative 

joint aspirate 

Aspiration culture on 
solid media, or on liquid 
media if intraoperative 
culture positive, if CRP, 
ESR, and aspirate 
leukocyte cell count 
and/or neutrophil 
percentage were 
elevated in presence of 
intraoperative purulent 
material 

 
Antibiotics: 

12.5% 
No antibiotics: 8.1% 

 
1.55(0.63,3.81) 

 
NS 

Burnett,R.S., 
2010 Low 26 

knee patients undergoing revision for 
infection and a known infecting 
organism.  Excluded those who 

received antibiotic treatments within 
4 weeks of surgery 

Organisms cultured 
before antibiotics were 

given in OR 

0 false negatives. All 
organisms cultured pre-
antibiotic administration 

matched organisms 
cultured from intraop 

aspiration after antibiotics 
given 

NA NA 

Bedencic,K., 
2016 

High 
Quality 40 

enrolled hip/knee patients 
undergoing revision for suspected PJI 

with unknown microorganism. 
inclusion criteria: early loosening ( 10 

years after primary implantation), 
positive synovial cytology results and 

negative microbiology results on 
preoperative aspiration (in this series, 

all aspirations performed yielded 
sufficient fluid on which to perform 

cultures), and any TKA or THA with no 
obvious mechanical  reason  for  

failure: exclusion 
criteria:antimicrobial therapy less 

than 14 days before surgery 

One or more positive 
cultures.  Unclear 

Odds of positive cultures 
before vs after antibiotic 

administration in patients 
undergoing revision for 

PJI=.99(.4,2.48) 

NS 



 

  

Author 
qualit

y N Patient Population Reference Standard False Negatives statistics 
Significan

ce 

Tetreault,M.W., 
2014 

High 
Quality 65 

hip/knee patients who met MSIS 
criteria for infection undergoing 

revision. Excluded those with clinical 
evidence of infection but negative 

preoperative aspiration cultures and 
patients who received antibiotic 
therapy within 2 weeks of preop 

aspiration 

Intraoperative cultures 

Preop culture 
concordance rate: 

82.4% in preop-antibiotic 
prophylaxis group; 80.6% 

in group getting 
antibiotics after cultures 

Relative risk of 
intraoperative cultures 
matching preoperative 
cultures in PJI revision 

patients randomized to 
receive antibiotic 

prophylaxis before skin 
incision vs. patients 

receiving antibiotics after 
intraoperative cultures 

were obtained=1.02 (0.81, 
1.29) 

 

NS 



 

  

 

Table 142: placebo vs antibiotic prophylaxis: prevention of PJI 
Author  Antibiotic Quality N  Joint  Duration 

(years)  
Statistic# Result Number 

Needed 
to Treat  

Carlsson,A.K., 
1977 

Cloxacillin Moderate Quality 171  Hip  1 to 2.5  RD= 
12.07%(3.50,22.88) 
 

PJI risk is 
greater in 
the placebo 
group than 
the 
antibiotic 
group 

9 

Carlsson,A.K., 
1977 

Cloxacillin Moderate Quality 118  Hip  Between 5 and 
6.6  

RR=7.2 (1.7, 30.5)  PJI risk is 
greater in 
the placebo 
group than 
the 
antibiotic 
group 

5  

Hill,C., 1981  Cefazolin  Moderate Quality 2137  Hip  3  RR=3.51 (1.75, 7.05) 
 

PJI risk is 
greater in 
the placebo 
group than 
the 
antibiotic 
group 

43  

Doyon,F., 
1987* 

Cefazolin Moderate Quality 1069  Hip  5  Log rank p 
value=<.001(higher 
risk of infection in 
placebo group)  

PJI risk is 
greater in 
the placebo 
group than 
the 
antibiotic 
group 

unclear 

*The Doyon article is a later follow up of the patients in the Hill article.  
Risk Ratios(RR) >1 indicates higher risk of PJI in the placebo group. Risk Differences(RD) > 0 indicates higher risk of PJI in the Placebo group 



 

  

 

AVOIDING INITIATING ANTIBIOTICS PRIOR TO OBTAINING INTRA-ARTICULAR CULTURES IN CASES OF SUSPECTED PJI 
SECTION 

Quality Evaluation Table 12: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected 
PJI 

Study Representative 
Population 

Clear Selection 
Criteria 

Detailed Enough to 
Replicate 

Reference Standard Identifies 
Target Condition Blinding Other 

Bias? Inclusion Strength 

Trampuz, A., 
2007       

Include Moderate 
Quality 

Shahi,A., 2016 
      

Include Low Quality 
 

Figure 57: Summary of Findings: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of 
suspected PJI  
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Table 143: Avoiding initiating antibiotics prior to obtaining intra-articular cultures in cases of suspected PJI: data table 

Author Quality of 
evidence  N Joint Reference Standard False Negatives Statistic/result 

Significance 

Trampuz, A., 
2007 Moderate 79 Hip/knee 

At least 1 of: 1)visible purulence of synovial fluid or area 
surrounding the prosthesis 2)acute inflammation on 
histopathologic exam of permanent periprosthetic tissue 
sections  3)a sinus tract communicating withthe prosthesis                           

 
Antibiotics within 14 days: 
55%;No antibiotics within 
14 days: 23% 

 
RR=2.38(1.26,4.51) 

Receiving antibiotics 
within 2 weeks of 
culture increased risk of 
negative results 

Shahi,A.,2016 Low 106 Hip/knee International Consensus Meeting criteria 
Antibiotics within 2 
weeks:30%; no antibiotics 
within 2 weeks(33%) 

OR=0.87(0.35,2.18) 
 NS 

 



 

  

 

CHOICE OF ANTIBIOTIC PROPHYLAXIS SECTION 

Quality Evaluation Table 13 Antibiotic Choice- RCTs 
Study Random Sequence 

Generation 
Allocation 
Concealment Blinding Incomplete 

Outcome Data 
Selective 
Reporting 

Other 
Bias 

Is there a large 
magnitude of effect? 

Influence of All Plausible 
Residual Confounding 

Dose-Response 
Gradient Inclusion Strength 

Bryan,C.S., 1988 
         

Include High Quality 
Chareancholvanich,K., 
2012          

Include Moderate 
Quality 

DeBenedictis,K.J., 1984 
         

Include Moderate 
Quality 

Josefsson,G., 1993 
         

Include Low Quality 

Periti,P., 1999 
         

Include Moderate 
Quality 

Soave,R., 1986 
         

Include Moderate 
Quality 

Soriano,A., 2008 
         

Include High Quality 
Suter,F., 1994 

         

Include High Quality 
Tyllianakis,M.E., 2010 

         

Include Low Quality 

Wall,R., 1988 
         

Include Moderate 
Quality 

 



 

  

Quality Evaluation Table 14 Antibiotic Choice- Observational Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Robertsson,O., 2017 
      

Include Low Quality 
Soriano,A., 2008 

      

Include Low Quality 
Wu,C.T., 2016 

      

Include Low Quality 
 
 



 

  

Figure 58: antibiotic choice part 1- 2nd generation cephalosporin vs. 1st generation 
cephalosporin Summary of Findings  
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Figure 59: antibiotic choice part 2- 2nd generation cephalosporin vs. epoxide Summary of 
Findings 
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Figure 60: antibiotic choice part 3- 2nd generation cephalosporin vs. fusidic acid Summary 
of Findings 
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Figure 61: antibiotic choice part 4- 2nd generation cephalosporin vs. glycopeptide 
Summary of Findings 
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Figure 62: antibiotic choice part 5- fusidic acid vs. glycopeptide Summary of Findings 
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Figure 63: antibiotic choice part 6- glycopeptide vs. 1st generation cephalosporin Summary 
of Findings 
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Figure 64: antibiotic choice part 7- lincosamides vs. penicillinase resistant penicillins 
Summary of Findings 
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Figure 65: antibiotic choice part 8- timing Summary of Findings 
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Table 144: antibiotic choice part 1- 2nd generation cephalosporin vs. 1st generation cephalosporin: 
Complications(Hip/Knee Combined) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Bryan,C.S., 1988 High 
Quality 

Infection(deep 
wound) 

3.9 years 2 g of cefamandole 
before surgery 
followed by 1g 

every eight hours for 
six dose 

49 0.00% 1g of cefazolin 
before surgery 

followed by 500 mg 
every eight hours 

for six doses 

48 0.00% RD 0(-
7.41,7.27) 

Not Significant 
(P-value>.05) 

DeBenedictis,K.J., 
1984 

Moderate 
Quality 

Infection(PJI) 1 years THA or TKA with 1 
g of cefonicid 

administered im or 
iv 30 

37 0.00% THA or TKA with 
1g of cefazolin 30 
before incision and 
every 8 hr for 72 

hours post surgery 

39 0.00% RD 0(-
8.967,9.406) 

Not Significant 
(P-value>.05) 

Soave,R., 1986 Moderate 
Quality 

Infection(PJI) Post-Op Cephalothin (2 gm 
preoperatively, 2 gm 

intraoperati vely 
after blood and bone 

specimens were 
obtained, and 1 gm 
every six hours for 

three additional 
doses) 

50 0.00% ceforanide(gm 
preoperatively and 1 
gm 12 hours later) 

51 0.00% RD 0(-
7.005,7.135) 

Not Significant 
(P-value>.05) 

 
 



 

 

 

Table 145: antibiotic choice part 2- 2nd generation cephalosporin vs. Epoxide: Complications(Knee) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Chareancholvanich,K., 
2012 

Moderate 
Quality 

Infection(deep) 5.9 
months 

three intravenous 
bolus doses of 

cefuroxime were 
given 

intravenously. The 
1st dose, 1.5 grams 
of cefuroxime, was 
given to the patient 
at one hour before 
skin incision. The 

2nd dose, 750 
milligrams of 

cefuroxime, was 
given at the 8th 
hour and the 3rd 

dose, 750 
milligrams of 

cefuroxime, was 
given to the patient 
at 16th hour after 

the first dose) 

56 0.00% 2 doses of 2 grams 
of fosfomycin by 

15 minute 
intravenous 

dripping. The 1st 
dose was given at 
one hour before 
skin incision and 
the 2nd dose was 
given at 12th hour 
after the first dose 

56 0.00% RD 0(-
6.419,6.419) 

Not 
Significant 

(P-
value>.05) 

 
 



 

 

 

Table 146: antibiotic choice part 3- 2nd generation cephalosporin vs. fusidic acid: Complications(Hip/Knee Combined) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(overall 
deep wound 
infections) 

Post-Op primary THA or 
TKA with IV 

cefuroxime, 1.5g, 45 
minutes before 

wound incision and 
2 doses of 750 mg 8 

and 16 hours 
postoperatively 

188 0.53% primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% RD 0.532(-
2.651,2.951) 

Not Significant 
(P-value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(late 
deep wound 

infection 
between 30 days 
and 5 years post 

op) 

Post-Op primary THA or 
TKA with IV 

cefuroxime, 1.5g, 45 
minutes before 

wound incision and 
2 doses of 750 mg 8 

and 16 hours 
postoperatively 

188 0.00% primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% RD 0(-
3.153,2.002) 

Not Significant 
(P-value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(early 
deep wound 
infection) 

1 months primary THA or 
TKA with IV 

cefuroxime, 1.5g, 45 
minutes before 

wound incision and 
2 doses of 750 mg 8 

and 16 hours 
postoperatively 

188 0.53% primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% RD 0.532(-
2.651,2.951) 

Not Significant 
(P-value>.05) 

 
 



 

 

 

Table 147: antibiotic choice part 4- 2nd generation cephalosporin vs. glycopeptide: Complications(Hip/Knee Combined) 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Suter,F., 1994 High 
Quality 

Serous non-
infected exudate 

Post-Op THA with 
cefamandole IV 2 
doses (2 g before 

and 1 g after 
surgery) 

246 0% THA with 
teicoplanin (1 
iv dose of 400 

mg) 

250 0.4% RD -0.4(-2.231,1.172) Not 
Significant 

(P-
value>.05) 

Suter,F., 1994 High 
Quality 

Non-infected 
haematoma      

Post-Op THA with 
cefamandole IV 2 
doses (2 g before 

and 1 g after 
surgery) 

246 1.63% THA with 
teicoplanin (1 
iv dose of 400 

mg) 

250 3.25% RR .51(.16,1.67) Not 
Significant 

(P-
value>.05) 

Suter,F., 1994 High 
Quality 

wound erythema Post-Op THA with 
cefamandole IV 2 
doses (2 g before 

and 1 g after 
surgery) 

246 1.22% THA with 
teicoplanin (1 
iv dose of 400 

mg) 

250 1.6% RR .76(.17,3.37) Not 
Significant 

(P-
value>.05) 

Suter,F., 1994 High 
Quality 

Infected 
superficial 
haematoma   

Post-Op THA with 
cefamandole IV 2 
doses (2 g before 

and 1 g after 
surgery) 

246 1.63% THA with 
teicoplanin (1 
iv dose of 400 

mg) 

250 0% RD 1.626(-
0.183,4.105) 

Not 
Significant 

(P-
value>.05) 

Suter,F., 1994 High 
Quality 

deep infection Post-Op THA with 
cefamandole IV 2 
doses (2 g before 

and 1 g after 
surgery) 

246 0% THA with 
teicoplanin (1 
iv dose of 400 

mg) 

250 0% RD 0(-1.513,1.538) Not 
Significant 

(P-
value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(late deep 
wound infection 
between 30 days 
and 5 years post 

op) 

Post-Op primary THA or 
TKA with IV 

cefuroxime, 1.5g, 
45 minutes before 

wound incision 
and 2 doses of 

750 mg 8 and 16 
hours 

postoperatively 

188 0.00% primary THA 
or TKA with . 

Iv 1 g of 
vancomycin 1 

hour before 
wound incision 
and 2 doses 12 
and 24 hours 

postoperatively 

129 0.78% RD -0.775(-4.26,1.326) Not 
Significant 

(P-
value>.05) 



 

 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(overall 
deep wound 
infections) 

Post-Op primary THA or 
TKA with IV 

cefuroxime, 1.5g, 
45 minutes before 

wound incision 
and 2 doses of 

750 mg 8 and 16 
hours 

postoperatively 

188 0.53% primary THA 
or TKA with . 

Iv 1 g of 
vancomycin 1 

hour before 
wound incision 
and 2 doses 12 
and 24 hours 

postoperatively 

129 0.78% RR 0.69(0.04,10.87) Not 
Significant 

(P-
value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(early 
deep wound 
infection) 

1 months primary THA or 
TKA with IV 

cefuroxime, 1.5g, 
45 minutes before 

wound incision 
and 2 doses of 

750 mg 8 and 16 
hours 

postoperatively 

188 0.53% primary THA 
or TKA with . 

Iv 1 g of 
vancomycin 1 

hour before 
wound incision 
and 2 doses 12 
and 24 hours 

postoperatively 

129 0.00% RD 0.532(-
2.393,2.951) 

Not 
Significant 

(P-
value>.05) 

Wall,R., 1988 Moderate 
Quality 

Other adverse 
event(Cl. difficile-

associated 
diarrhoea) 

1.4 
weeks 

TKA or THA 
with cefuroxime 
750 mg iv with 
pre-medication, 
ceruroxime 750 

mg iv al 
induction, and 

ceruroxime 750 
mg iv 8 h post-

operation 

74 0.00% TKA or THA 
with 

teicoplanin 400 
mg iv with 

induction of 
anaesthesia 

72 0.00% RD 0(-5.065,4.935) Not 
Significant 

(P-
value>.05) 

 



 

 

Table 148: antibiotic choice part 5- fusidic acid vs. glycopeptide: Complications(Hip/Knee Combined) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(overall 
deep wound 
infections) 

Post-Op primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% primary THA or 
TKA with . Iv 1 g of 
vancomycin 1 hour 

before wound 
incision and 2 doses 

12 and 24 hours 
postoperatively 

129 0.78% RD -0.775(-
4.26,2.442) 

Not Significant 
(P-value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(late 
deep wound 

infection 
between 30 days 
and 5 years post 

op) 

Post-Op primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% primary THA or 
TKA with . Iv 1 g of 
vancomycin 1 hour 

before wound 
incision and 2 doses 

12 and 24 hours 
postoperatively 

129 0.78% RD -0.775(-
4.26,2.442) 

Not Significant 
(P-value>.05) 

Tyllianakis,M.E., 
2010 

Low 
Quality 

Infection(early 
deep wound 
infection) 

1 months primary THA or 
TKA with iv 500 mg 

of fusidic acid 1 
hour before wound 
incision and 2 doses 

8 and 16 hours 
postoperatively 

118 0.00% primary THA or 
TKA with . Iv 1 g of 
vancomycin 1 hour 

before wound 
incision and 2 doses 

12 and 24 hours 
postoperatively 

129 0.00% RD 0(-
2.892,3.153) 

Not Significant 
(P-value>.05) 

 
 



 

 

 

Table 149: antibiotic choice part 6- glycopeptide vs. 1st generation cephalosporin: Complications(Hip/Knee Combined) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Periti,P., 1999 Moderate 
Quality 

Infection(deep 
wound) 

3 months 400 mg i.v. bolus of 
teicoplanin at 
induction of 
anesthesia 

364 0.82% received a 2 g i.v. 
bolus of cefazolin at 
induction and a 1 g 

i.v. bolus of 
cefazolin at 6, 12, 

18, and 24 h 
postoperatively 

375 0.80% RR 1.03(0.21,5.07) Not 
Significant (P-

value>.05) 

Periti,P., 1999 Moderate 
Quality 

Infection(deep 
wound) 

1 years 400 mg i.v. bolus of 
teicoplanin at 
induction of 
anesthesia 

343 0.29% received a 2 g i.v. 
bolus of cefazolin at 
induction and a 1 g 

i.v. bolus of 
cefazolin at 6, 12, 

18, and 24 h 
postoperatively 

340 0.29% RR 0.99(0.06,15.78) Not 
Significant (P-

value>.05) 

 
 



 

 

 

Table 150: antibiotic choice part 7- lincosamides vs. penicillinase resistant penicillins: Reoperation(Knee) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Robertsson,O., 
2017 

Low 
Quality 

revision for 
infection 

7 years clindamycin 72232  cloxacillin 5771  hazard 
ratio 

1.5(1.2–
2.0) 

Treatment 2 

 
 



 

 

 

Table 151: antibiotic choice part 8- timing: Complications(Knee) 
 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Soriano,A., 
2008 

High 
Quality 

Infection(deep 
tissue) 

3 months Primary TKA 
recieving 1.5 g of 
cefuroxime 10–30 

min before inflation 
of the tourniquet 

442 3.39% Primary TKA 
recieving 1.5 g of 

cefuroxime 10 min 
before release of the 

tourniquet 

466 1.93% RR 1.76(0.78,3.97) Not Significant 
(P-value>.05) 

Soriano,A., 
2008 

High 
Quality 

Infection(deep 
tissue) 

1 years Primary TKA 
recieving 1.5 g of 
cefuroxime 10–30 

min before inflation 
of the tourniquet 

442 3.62% Primary TKA 
recieving 1.5 g of 

cefuroxime 10 min 
before release of the 

tourniquet 

466 2.58% RR 1.41(0.67,2.94) Not Significant 
(P-value>.05) 

Wu,C.T., 2016 Low 
Quality 

Infection(deep 
implant) 

1 years cefazolin or 
clindamycin within 

30 minutes of 
incision 

.  cefazolin or 
clindamycin betwen 
30 and 60 minutes 

of incision 

.  logistic 
regression 

p value 

p=.97 Not Significant 
(P-value>.05) 

 
 

  
 
 
  



 

 

ANTIBIOTIC CEMENT SECTION 

Quality Evaluation Table 15 Antibiotic Cement RCTs 

Study 
Random 
Sequence 
Generation 

Allocation 
Concealment Blinding Incomplete 

Outcome Data 
Selective 
Reporting 

Other 
Bias 

Is there a large 
magnitude of 
effect? 

Influence of All 
Plausible Residual 
Confounding 

Dose-
Response 
Gradient 

Inclusion Strength 

Chiu,F.Y., 2001 
         

Include Moderate 
Quality 

Chiu,F.Y., 2002 
         

Include Moderate 
Quality 

Chiu,F.Y., 2009 
         

Include Moderate 
Quality 

Hinarejos,P., 2013 
         

Include High 
Quality 

Josefsson,G., 
1993          

Include Low 
Quality 

McQueen,M.M., 
1990          

Include Moderate 
Quality 

 

Quality Evaluation Table 16 Antibiotic Cement Observational Studies 
Study Representative 

Population 
Reason for Follow Up 
Loss 

Prognostic Factor 
Measured 

Outcome 
Measurement Confounders Appropriate Statistical 

Analysis Inclusion Strength 

Bohm,E., 2014 
      

Include Low 
Quality 

Chiu,F.Y., 2001 
      

Include Low 
Quality 

Chiu,F.Y., 2009 
      

Include Low 
Quality 

Dale,H., 2009 
      

Include Low 
Quality 

Dale,H., 2012 
      

Include Low 
Quality 



 

 

Study Representative 
Population 

Reason for Follow Up 
Loss 

Prognostic Factor 
Measured 

Outcome 
Measurement Confounders Appropriate Statistical 

Analysis Inclusion Strength 

Engesaeter,L.B., 
2003       

Include Low 
Quality 

Engesaeter,L.B., 
2006       

Include Low 
Quality 

Espehaug,B., 1997 
      

Include Low 
Quality 

Gandhi,R., 2009 
      

Include Low 
Quality 

Hinarejos,P., 2013 
      

Include Low 
Quality 

Namba,R.S., 2009 
      

Include Low 
Quality 

Namba,R.S., 2013 
      

Include Low 
Quality 

Schrama,J.C., 2015 
      

Include Low 
Quality 

Tayton,E.R., 2016 
      

Include Low 
Quality 

Wang,H., 2015 
      

Include Low 
Quality 

Wu,C.T., 2016 
      

Include Low 
Quality 

 
 



 

 

Figure 66: Antibiotic Cement vs No Antibiotic Cement(knee) 
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Figure 67: Antibiotic Cement vs Systemic Antibiotics (1 hip and 1 hip/knee 
study) 
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Figure 68: Antibiotic Cement vs No Antibiotic Cement(Hip) 
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Table 152: Knee RCT results 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Hinarejos,P., 
2013 

High 
Quality 

Infection(infection 
diagnosed but had 

negative 
cultures(Primary TKA 

patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.07% TKA with 
Simplex P 

cement 

1465 0.00% RD 0.067(-
0.2,0.381) 

Not 
Significant 

(P-
value>.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
Polymicrobial(Primary 

TKA patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.61% TKA with 
Simplex P 

cement 

1465 0.27% RR 2.22(0.69,7.20) Not 
Significant 

(P-
value>.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
monomicrobial 
Staphylococcus 

aureus(Primary TKA 
patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.34% TKA with 
Simplex P 

cement 

1465 0.34% RR 0.99(0.29,3.41) Not 
Significant 

(P-
value>.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
monomicrobial 
Streptococcus 

species(Primary TKA 
patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.07% TKA with 
Simplex P 

cement 

1465 0.00% RD 0.067(-
0.2,0.381) 

Not 
Significant 

(P-
value>.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
monomicrobial Gram-

negative 
bacilli(Primary TKA 

patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.20% TKA with 
Simplex P 

cement 

1465 0.14% RR 1.48(0.25,8.86) Not 
Significant 

(P-
value>.05) 



  

  

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
monomicrobial 

Coagulase-negative 
staphylococcus(Primary 

TKA patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.00% TKA with 
Simplex P 

cement 

1465 0.48% RD -0.478(-0.983,-
0.121) 

Treatment 
1 

Significant 
(P-

value<.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep 
monomicrobial 

Propionibacterium 
acnes(Primary TKA 

patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 0.07% TKA with 
Simplex P 

cement 

1465 0.14% RR 0.49(0.04,5.44) Not 
Significant 

(P-
value>.05) 

Hinarejos,P., 
2013 

High 
Quality 

Infection(deep(Primary 
TKA patients)) 

Post-Op TKA with Simplex 
P cement loaded 

with 0.5 g of 
erythromycin and 
threemillion units 
of colistin in 40 g 

of cement 

1483 1.35% TKA with 
Simplex P 

cement 

1465 1.37% RR 0.99(0.53,1.83) Not 
Significant 

(P-
value>.05) 

Chiu,F.Y., 
2002 

Moderate 
Quality 

Infection(deep(Primary 
TKA patients)) 

Post-Op primary tka with 
tibial and patellar 

components getting 
cement 

impregnated with 2 
g of cefuroxime in 
40 g of Simplex P 

cement 

178 0.00% primary tka with 
tibial and patellar 

components 
getting plain 

cement 

162 3.09% RD -3.086(-7.021,-
0.336) 

Treatment 
1 

Significant 
(P-

value<.05) 

Chiu,F.Y., 
2002 

Moderate 
Quality 

Loosening(loosening of 
femoral component 

leading to component 
revision(Primary TKA 

patients)) 

2 years primary tka with 
tibial and patellar 

components getting 
cement 

impregnated with 2 
g of cefuroxime in 
40 g of Simplex P 

cement 

178 0.56% primary tka with 
tibial and patellar 

components 
getting plain 

cement 

162 0.00% RD 0.562(-
1.8,3.113) 

Not 
Significant 

(P-
value>.05) 



  

  

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Chiu,F.Y., 
2001 

Low 
Quality 

Infection(deep(Primary 
TKA Diabetic 

Patients)) 

Post-Op TKA with patellar 
and tibial 

components 
cemented with 2 g 

of cefuroxime in 40 
g of Simplex P 

cement 

41 0.00% TKA with 
patellar and tibial 

components 
cemented with 
plain cement 

37 13.51% RD -13.514(-
27.977,-2.0) 

Treatment 
1 

Significant 
(P-

value<.05) 

Chiu,F.Y., 
2009 

Low 
Quality 

Infection(deep(revision 
TKA)) 

Post-Op revision TKA with 
1 g of vancomycin 
in 40 g of Simplex-

P cement. none 
were determined to 

have infection at 
revision 

93 0.00% revision TKA. 
none were 

determined to 
have infection at 

revision 

90 6.67% RD -6.667(-13.79,-
1.326) 

Treatment 
1 

Significant 
(P-

value<.05) 

Chiu,F.Y., 
2009 

Low 
Quality 

Loosening(component 
loosening. outcome is 
risk difference with 

newcombe score 
confidence 

intervals(revision 
TKA)) 

Post-Op revision TKA with 
1 g of vancomycin 
in 40 g of Simplex-

P cement. none 
were determined to 

have infection at 
revision 

93 0.00% revision TKA. 
none were 

determined to 
have infection at 

revision 

90 0.00% RD 0(-
4.094,3.967) 

Not 
Significant 

(P-
value>.05) 

 
 



 

  

Table 153: Knee Observational Study Results 
Reference 

Title Quality 
Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Wu,C.T., 2016 Low 
Quality 

Infection (deep 
implant) 

1 Days 3152  Antibiotic 
cement (TKA 

for advance OA, 
RA or post 
traumatic 
arthritis) 

patients with 
pre mixed or 

surgeon mixed 
antibiotic bone 
cement:59% 

with cefazolin, 
29% 

vancomycin,1% 
gentamicin, 8% 
tobramycin, or 
3% cefuroxime 
vs no antibiotic 

bone cement 

Thrombocytopenia, timing of 
antibiotic prophylaxis within 30 

minutes of surgery, antibiotic bone 
cement 

logistic 
regression 

odds 
ratio(CI) 

0.31 (0.13-0.76) antibiotic 
cement lowered 
the odds of deep 

implant 
infection 

Tayton,E.R., 
2016 

Low 
Quality 

Infection 
(infection 
within 6 
months 

postoperatively) 

Post-Op 64566  Antibiotic 
cement (Primary 

TKA) 

antibiotic bone 
cement vs no 

antibiotic bone 
cement 

age, BMI, surgical helmet systems, 
laminar flow, antibiotic 

cement,gender, previous surgery 

odds 
ratio(95% 

CI), p 
value 

1.93 (1.19, 3.13), 
.0008 

Use of an 
antibiotic bone 

cement is 
associated with 

infection 6 
months 

postoperatively 

Wang,H., 
2015 

Low 
Quality 

Infection (deep) 1.7 
weeks 

2293  Antibiotic 
cement (primary 

TKA) 

commercial 
antibiotic-

loaded bone 
cement (0.5-0.8 
g gentamicin/40 
g) vs plain bone 

cment 

height, weight, diagnosis(OA vs 
other), uni vs bilateral, operative time, 

antibiotic bone cement 

logistic 
regression 
odds ratio 

0.835 (0.104-
6.713) 

NS 

Bohm,E., 2014 Low 
Quality 

Revision 
(revision for all 

reasons) 

2 Days 36681  Antibiotic 
cement 

(cemented 
TKAs) 

simplex, 
palacos, or 

cmw cement 
with antibiotics 

vs same 
cements 
without 

antibiotics 

diabetes, sex, age, Charlson 
comorbidity index score 

hazard 
ratio(CI) 

1.066 (0.90–1.27) NS 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Namba,R.S., 
2013 

Low 
Quality 

Infection (deep) Post-Op 56216  Antibiotic 
cement (primary 

elective total 
knee 

arthroplasties 
registered in the 

total joint 
replacement 

registry) 

antibiotic 
cement vs no 

use of antibiotic 
cement 

age, sex, race, diabetes, bmi, ASA 
score, diagnosis, hospital and surgeon 

characteristics, bilateral surgery, 
anesthesia type, surgical exposure, 

antibiotic prophylaxis type 

hazard 
ratio(CI) 

1.53(1.18, 1.98) antibiotic 
cement 

increased the 
risk of deep 

infection 

Namba,R.S., 
2009 

Low 
Quality 

Infection (deep) Post-Op 22889  Antibiotic 
cement 

(cemented 
primary TKA) 

use of antibiotic 
cement 

commercially 
available in the 

US vs plain 
cement 

age, sex, primary diagnosis 
(osteoarthritis vs other), ASA score, 

diabetes, operative time, use of 
antibiotic cement 

logistic 
regression 

odds 
ratio(CI) 

1.7 (1.1-2.5) antibiotic 
cement 

increased the 
risk of infection 

compared to 
plain cement 

Namba,R.S., 
2009 

Low 
Quality 

Infection (deep) Post-Op 22889  Antibiotic 
cement 

(cemented 
primary TKA in 

diabetic 
patients) 

use of antibiotic 
cement 

commercially 
available in the 

US vs plain 
cement 

none odds 
ratio(exact 
confidence 
intervals) 

1.939(0.561,5.422) NS 

Dowsey,M.M., 
2009 

Low 
Quality 

Infection (PJI) 1 Days 1214  Antibiotic 
cement (elective 

TKA) 

antibiotic bone 
cement vs. no 
antibiotic bone 

cement 

cardiovascular disease, diabetes, 
respiratory disease, smoking, obesity, 

Rheumatoid arhtritis, transfusion, 
drain tube, antibiotic cement, gender, 

age 

logistic 
regression 

odds 
ratio(CI) 

1.05(0.35–3.11) NS 



 

  

Table 154:  Antibiotic Cement vs Systemic Antibiotics RCTs (1 hip study and 1 hip/knee study) 

Reference 
Title Quality 

Outcome 
Details Duration 

Treatment 
1 

(Details) 
Group1 

N 
Mean1/P1 

(SD1) 

Treatment 
2 

(Details) 
Group2 

N 
Mean2/P2 

(SD2) 
effect 

measure 

Result 
(95% 
CI) 

Favored 
Treatment 

Josefsson,G., 1993 Low 
Quality 

Loosening(aseptic 
loosening of 1 or 

both 
components(THA)) 

Post-Op Gentamycin 
bone cement as 

only 
prophylaxis 

713 23.98% Various 
systemic 

antibiotics only  

707 29.00% RR 0.83(0.69,0.98) Treatment 1 
Significant 

(P-value<.05) 

McQueen,M.M.,1990 Moderate 
Quality 

Infection(deep hip 
or knee infection 
within 3 months) 

3 months cefuroxime in 
cement  

201 0.995% systemic 
cefuroxime 

200 1.00% RR 1.00 (0.14, 
6.99) 

Not 
Significant 

(P-value>.05) 

McQueen,M.M.,1990 Moderate 
Quality 

Infection(late deep 
hip or knee 

infection after  3 
months) 

>3months cefuroxime in 
cement  

201 0.00% systemic 
cefuroxime 

200 0.00% RD 0(-
1.885,1.875) 

Not 
Significant 

(P-value>.05) 

 
  



 

  

Table 155: Hip Observational Study Results 
Reference 

Title Quality 
Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Schrama,J.C., 
2015 

Low 
Quality 

Infection 
(revision 

due to 
infection) 

Post-Op 390671  Antibiotic 
cement 

(primary 
THAs for 

OA or RA in 
Nordic 

Arthroplasty 
Register 

Association 
(NARA) 
registry) 

cement without 
antibiotics vs 

antibiotic bone 
cement 

age,sex,diagnosis, year of 
primary surgery (before or 
after 2001), fixation type 

cox proportional 
hazard ratio(CI) 

1.4(1.2–1.6) antibiotics with 
cement resulted in 

lower risk of 
revision for 

infection 

Dale,H., 2012 Low 
Quality 

Infection 
(revision 

for 
infection) 

Post-Op 113280  Antibiotic 
cement 

(primary 
THAs in 
Nordic 

Arthroplasty 
Register 

Association 
dataset) 

cement with 
antibiotics vs cement 
without antibiotics 

age, sex, diagnosis, 
prosthesis type, fixation 

type, cement type, cement 
with antibiotics 

Hazard ratio(CI) .67(.55–.76) Cement without 
antibiotics 

increased risk of 
pji 

Dale,H., 2009 Low 
Quality 

Revision 
(revision 

for 
infection) 

5 Days 97344  Antibiotic 
cement 

(Primary 
THAs in the 
Norwegian 

Arthroplasty 
Register) 

uncemented THA vs 
antibiotic cement 

sex,age, diagnosis, 
modular vs monoblock, 

duration of surgery, 
operation room ventilation 
type, systemic antibiotic 
prophylaxis, uncemented 
vs cement with antibiotics 

vs plain cemented 

cox proportional 
hazard ratio(CI) (p 

value) 

1.4(1.0–1.8) 
(p=.03) 

antibiotic cement 
resulted in lower 

risk of revision for 
infection than 

uncemented THA 

Dale,H., 2009 Low 
Quality 

Revision 
(revision 

for 
infection) 

5 Days 97344  Antibiotic 
cement 

(Primary 
THAs in the 
Norwegian 

Arthroplasty 
Register) 

plain cement vs 
antibiotic cement 

sex,age, diagnosis, 
modular vs monoblock, 

duration of surgery, 
operation room ventilation 
type, systemic antibiotic 
prophylaxis, uncemented 
vs cement with antibiotics 

vs plain cemented 

cox proportional 
hazard ratio(CI) 

1.9( 1.5–2.3) cement with 
antibiotics resulted 

in lower risk of 
revision for 

infection than 
cement w/o 
antibiotic 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Gandhi,R., 2009 Low 
Quality 

Infection 
(deep) 

1 Days 1625  Antibiotic 
cement 

(THA with a 
diagnosis of 
primary or 
secondary 

osteoarthritis 
or 

rheumatoid 
arthritis) 

tombramycin 
antibiotic bone 

cement vs plain bone 
cement 

antibiotic cement, age, 
sex, bmi, charlson index, 
education, preop womac 

score, Rheumatoid 
arthritis. 

logistic regression 
odds ratio(CI) 

1.1 (0.4,3.1) NS 

Dowsey,M.M., 
2008 

Low 
Quality 

Infection 
(PJI) 

1 Days 1207  Antibiotic 
cement 

(Primary 
elective 
THA) 

antibiotic 
cement(type unclear) 

vs no antibiotic 
cement 

none odds ratio(exact 
confidence 
intervals) 

0.655(0.237,1.755) NS 

Engesaeter,L.B., 
2006 

Low 
Quality 

Revision 
(overall 
revision) 

1.7 
weeks 

51016  Antibiotic 
cement 

(primary 
THAs 

performed 
because of 
idiopathic 

osteoarthritis 
of the hip, 

and 
prostheses 
where both 

the 
acetabular 

and the 
femoral 

component 
were either 
uncemented 

or 
cemented.) 

cement with 
antibiotics vs cement 
without antibiotics 

sex, age, systemic 
antibiotic prophylaxis, 
type of operating room, 

and duration of operation 

hazard ratio(CI) 
antibiotic 

cement;hazard 
ratio(CI) plain 

cement 

0.5(0.4–
0.6);0.9(0.8–1.0) 

risk of overall 
revision is lower 
with antibiotic 

cement than plain 
cement 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Engesaeter,L.B., 
2006 

Low 
Quality 

Loosening 
(reoperation 
for aseptic 
loosening) 

1.7 
weeks 

51016  Antibiotic 
cement 

(primary 
THAs 

performed 
because of 
idiopathic 

osteoarthritis 
of the hip, 

and 
prostheses 
where both 

the 
acetabular 

and the 
femoral 

component 
were either 
uncemented 

or 
cemented.) 

cement with 
antibiotics vs cement 
without antibiotics 

sex, age, systemic 
antibiotic prophylaxis, 
type of operating room, 

and duration of operation 

hazard ratio(CI) 
antibiotic cement 

vs 
uncemented;hazard 

ratio(CI) plain 
cement vs 

uncemented. 
statistic=lack of 

overlaping 
confidence 
intervals 

0.6(0.5–
0.7);1.3(1.1–1.6) 

risk of aseptic 
loosening is lower 

with antibiotic 
cement than plain 

cement 

Engesaeter,L.B., 
2006 

Low 
Quality 

Infection 
(revision 

for 
infection) 

1.7 
weeks 

40743  Antibiotic 
cement 

(primary 
THAs 

performed 
because of 
idiopathic 

osteoarthritis 
of the hip, 

and 
prostheses 
where both 

the 
acetabular 

and the 
femoral 

component 
were either 
uncemented 

or 
cemented.) 

cement with 
antibiotics vs 
uncemented 

sex, age, systemic 
antibiotic prophylaxis, 
type of operating room, 

and duration of operation 

hazard ratio(CI) 1.2(0.7–2.0) NS 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Engesaeter,L.B., 
2006 

Low 
Quality 

Loosening 
(reoperation 
for aseptic 
loosening) 

1.7 
weeks 

40743  Antibiotic 
cement 

(primary 
THAs 

performed 
because of 
idiopathic 

osteoarthritis 
of the hip, 

and 
prostheses 
where both 

the 
acetabular 

and the 
femoral 

component 
were either 
uncemented 

or 
cemented.) 

cement with 
antibiotics vs 
uncemented 

sex, age, systemic 
antibiotic prophylaxis, 
type of operating room, 

and duration of operation 

hazard ratio(CI) 0.6(0.5–0.7) cement with 
antibiotics lowered 

risk of aseptic 
loosening 

compared to 
uncemented THA 

Engesaeter,L.B., 
2006 

Low 
Quality 

Revision 
(overall 
revision) 

1.7 
weeks 

40743  Antibiotic 
cement 

(primary 
THAs 

performed 
because of 
idiopathic 

osteoarthritis 
of the hip, 

and 
prostheses 
where both 

the 
acetabular 

and the 
femoral 

component 
were either 
uncemented 

or 
cemented.) 

cement with 
antibiotics vs 
uncemented 

sex, age, systemic 
antibiotic prophylaxis, 
type of operating room, 

and duration of operation 

hazard ratio(CI) 0.5(0.4–0.6) cement with 
antibiotics 

decreases revision 
risk compared to 

uncemented 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Engesaeter,L.B., 
2003 

Low 
Quality 

Revision 
(for all 

reasons) 

1.4 
weeks 

21636  Antibiotic 
cement 

(THA for 
primary 

osteoarthritis 
using 

cemented 
implants  

with 
documented 
good results 

and high 
viscosity 
cement) 

only systemic 
antibiotics  vs. 

cement with either 
colistin and 

erythromycin or 
gentamycin + 

systemic antibiotics 

gender, age, cement- and 
prosthesis-brand, type of 

operating room and 
duration of operation 

hazard ratio(CI) 1.4(1.1–1.7) overall revision 
risk was lower 

with systemic and 
cement antibiotics 
vs systemic alone 

Engesaeter,L.B., 
2003 

Low 
Quality 

Loosening 
(revision 

for aseptic 
loosening) 

1.4 
weeks 

21636  Antibiotic 
cement 

(THA for 
primary 

osteoarthritis 
using 

cemented 
implants  

with 
documented 
good results 

and high 
viscosity 
cement) 

only systemic 
antibiotics  vs. 

cement with either 
colistin and 

erythromycin or 
gentamycin + 

systemic antibiotics 

gender, age, cement- and 
prosthesis-brand, type of 

operating room and 
duration of operation 

hazard ratio(CI)(p 
value) 

1.3(1.0–
1.7)(p=.02) 

systemic+antibiotic 
cement was 

associated with 
lower risk of 
revision for 
loosening 

Engesaeter,L.B., 
2003 

Low 
Quality 

Infection 
(revision 

for 
infection at 
6 or more 
years after 
surgery) 

1.4 
weeks 

21636  Antibiotic 
cement 

(THA for 
primary 

osteoarthritis 
using 

cemented 
implants  

with 
documented 
good results 

and high 
viscosity 
cement) 

only systemic 
antibiotics  vs. 

cement with either 
colistin and 

erythromycin or 
gentamycin + 

systemic antibiotics 

gender, age, cement- and 
prosthesis-brand, type of 

operating room and 
duration of operation 

hazard ratio(CI) 1.8(1.1–3.0) systemic+antibiotic 
cement was 

associated with 
lower risk of 
revision for 

infection 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Espehaug,B., 
1997 

Low 
Quality 

Revision 
(overall 
revision) 

5 Days 10905  Antibiotic 
cement 

(primary 
THA in 

Norwegian 
arthroplasty 

register) 

systemetic antibiotics 
alone vs. antibiotic 

bone cement 
(gentamicin or 

erythromicin/colistin) 
and systemic 

antibiotics 

gender, age, the brand of 
cement, the prosthesis, the 
type of operating theatre, 

the operating time 

Hazard ratio(CI) 1.8 (1.3 to 2.7) systemic+cement 
antibiotics 

decreased risk of 
revision compared 
to systemic only 

Espehaug,B., 
1997 

Low 
Quality 

Loosening 
(revision 

for aseptic 
loosening) 

5 Days 10905  Antibiotic 
cement 

(primary 
THA in 

Norwegian 
arthroplasty 

register) 

systemetic antibiotics 
alone vs. antibiotic 

bone cement 
(gentamicin or 

erythromicin/colistin) 
and systemic 

antibiotics 

gender, age, the brand of 
cement, the prosthesis, the 
type of operating theatre, 

the operating time 

Hazard ratio(CI) 1.8 (1.1 to 2.9) systemic+cement 
antibiotics 

decreased risk of 
revision for asep. 

loosening 
compared to 

systemic only 

Espehaug,B., 
1997 

Low 
Quality 

Infection 
(revision 

for 
infection) 

5 Days 10905  Antibiotic 
cement 

(primary 
THA in 

Norwegian 
arthroplasty 

register) 

systemetic antibiotics 
alone vs. antibiotic 

bone cement 
(gentamicin or 

erythromicin/colistin) 
and systemic 

antibiotics 

gender, age, the brand of 
cement, the prosthesis, the 
type of operating theatre, 

the operating time 

Hazard ratio(CI) 4.3 (1.7 to 11) systemic+cement 
antibiotics 

decreased risk of 
revision for 

infection compared 
to systemic only 

 
 

 
 



 

  

MRSA AND STAPHYLOCOCCUS SCREENING AND DECOLONIZATION SECTION 

Quality Evaluation Table 17 MRSA and Staphylococcus Screening and Decolonization RCTs 
Study Random Sequence 

Generation 
Allocation 
Concealment Blinding Incomplete 

Outcome Data 
Selective 
Reporting 

Other 
Bias 

Is there a large magnitude 
of effect? 

Influence of All Plausible Residual 
Confounding 

Dose-Response 
Gradient Inclusion Strength 

Kapadia,B.H., 
2016          

Include Low 
Quality 

Sousa,R.J., 2016 
         

Include Low 
Quality 

Quality Evaluation Table 18 MRSA and Staphylococcus Screening and Decolonization Observational Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Kapadia,B.H., 2016 
      

Include Low Quality 
Kapadia,B.H., 2016 

      

Include Low Quality 
Sousa,R.J., 2016 

      

Include Low Quality 
 
 
 



 

  

Figure 69: Summary of Findings: screening and selective decolonization with 2% mupirocin nasal ointment vs. No 
screening and decolonization 
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Figure 70: Summary of Findings: universal chlorhexidine cloth decolonization 
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Table 156: screening and selective decolonization with 2% mupirocin nasal ointment vs. No screening and 
decolonization 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Sousa,R.J., 
2016 

Low 
Quality 

Infection 
(PJI) 

1 Days 228 MRSA and 
Staphylococcus 
aureus screening 

and decolonization 
(elective primary 

THA or TKA) 

S Aureus 
carriers that 

were 
decolonized 

by being 
Instructed to 
apply a 2% 
mupirocin 

nasal 
ointment  

twice daily to 
both nares 

and to bathe 
with 

chlorhexidine 
soap daily for 
5 days before 
surgery vs. S 

Aureus 
carriers not 
decolonised 

randomized, but no control for 
potential imbalance cause by 
switching treatment groups 

odds 
ratio(exact 
confidence 
intervals) 

0.774(0.122,3.74) NS 

 
 



  

  

Table 157: universal chlorhexidine cloth decolonization 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI) 

1 Days 442 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision THA 

or TKA) 

2% chlorhexidine gluconate 
cloths night before and 

morning of admission vs 
bathing in soap and water 

preadmission 

randomized odds ratio 
with exact 
confidence 
intervals 

0.107(0.002,0.807) chlorexidine 
cloths 

lowered the 
odds of pji 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI) 

1 Days 234 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 
(primary TKA) 

2% chlorhexidine gluconate 
cloths night before and 

morning of admission vs 
bathing in soap and water 

preadmission 

randomized % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-1.724(-6.069,1.667) NS 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI) 

1 Days 208 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 
(primary THA) 

2% chlorhexidine gluconate 
cloths night before and 

morning of admission vs 
bathing in soap and water 

preadmission 

randomized % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-1.099(-5.965,2.206) NS 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI(in 

subgroup 
of 

patients 
in 

medium 
nhsn risk 
category)) 

1 Days 1620 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision TKA 
with medium 

National 
Healthcare 

Safety 
Network risk 

category) 

2% chlorhexidine 
gluconate(500mg)-

impregnated cloths (6 cloths 
evening before surgery and 6 
morning of surgery applied to 
neck, abdomen, back, upper 
extremities, left/right lower 

extremities and surgical site)  
vs. standard in-hospital 

perioperative skin 

stratified by National 
Healthcare Safety Network risk 

category 

relative 
risk(CI) 

0.12 (0.02, 0.89) chlorexidine 
cloths 

lowered risk 
of pji in 

patients at 
medium risk 
category for 

pji 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI(in 

subgroup 
of 

patients 
in high 

nhsn risk 
category)) 

1 Days 650 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision TKA 

with high 
National 

Healthcare 
Safety 

Network risk 
category) 

2% chlorhexidine 
gluconate(500mg)-

impregnated cloths (6 cloths 
evening before surgery and 6 
morning of surgery applied to 
neck, abdomen, back, upper 
extremities, left/right lower 

extremities and surgical site)  
vs. standard in-hospital 

perioperative skin 

stratified by National 
Healthcare Safety Network risk 

category 

% risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-3.455(-5.463,-
0.755) 

chlorhexidine  
cloths 

reduced the 
risk of pji 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI (in 

subgroup 
of 

patients 
in low 

nhsn risk 
category)) 

1 Days 1447 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision TKA 

with low 
National 

Healthcare 
Safety 

Network risk 
category) 

2% chlorhexidine 
gluconate(500mg)-

impregnated cloths (6 cloths 
evening before surgery and 6 
morning of surgery applied to 
neck, abdomen, back, upper 
extremities, left/right lower 

extremities and surgical site)  
vs. standard in-hospital 

perioperative skin 

stratified by National 
Healthcare Safety Network risk 

category 

odds ratio 
with exact 
confidence 
intervals 

0.469(0.05,2.215) NS 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI) 

1 Days 1368 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision THAs 

in medium 
infection risk 

category) 

2% chlorhexidine gluconate-
impregnated cloths (500 mg 
chlorhexidine gluconate per 

cloth) the evening before and 
morning of surgery vs. 

standard in-hospital 
perioperative preparation for 

disinfection 

stratified using the National 
Healthcare Safety Network 

(NHSN) risk categories 

odds ratio 
with exact 
confidence 
intervals 

0.345(0.039,1.443) NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI(in 

subgroup 
of 

patients 
in low 

nhsn risk 
category)) 

1 Days 2032 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision THAs 

in low 
infection risk 

category) 

2% chlorhexidine gluconate-
impregnated cloths (500 mg 
chlorhexidine gluconate per 

cloth) the evening before and 
morning of surgery vs. 

standard in-hospital 
perioperative preparation for 

disinfection 

stratified using the National 
Healthcare Safety Network 

(NHSN) risk categories 

odds ratio 
with exact 
confidence 
intervals 

0.573(0.104,2.095) NS 

Kapadia,B.H., 
2016 

Low 
Quality 

Infection 
(PJI(in 

subgroup 
of 

patients 
in high 

nhsn risk 
category)) 

1 Days 441 MRSA and 
Staphylococcus 

aureus 
screening and 
decolonization 

(primary or 
revision THAs 

in high 
infection risk 

category) 

2% chlorhexidine gluconate-
impregnated cloths (500 mg 
chlorhexidine gluconate per 

cloth) the evening before and 
morning of surgery vs. 

standard in-hospital 
perioperative preparation for 

disinfection 

stratified using the National 
Healthcare Safety Network 

(NHSN) risk categories 

odds ratio 
with exact 
confidence 
intervals 

0.249(0.006,1.68) NS 

 
 



  

  

INTRAOPERATIVE TECHNICAL FACTORS SECTION  

Quality Evaluation Table 19: Intraoperative Technical Factors- RCTs 
Study Random Sequence 

Generation 
Allocation 
Concealment Blinding Incomplete Outcome 

Data 
Selective 
Reporting 

Other 
Bias 

Is there a large magnitude 
of effect? 

Influence of All Plausible Residual 
Confounding 

Dose-Response 
Gradient Inclusion Strength 

Assor,M., 
2010          

Include Low 
Quality 

 
  

Quality Evaluation Table 20: Intraoperative Technical Factors- Observational Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Brown,N.M., 2012 
      

Include Low Quality 
Frisch,N.B., 2017       Include Moderate Quality 
 

Figure 71: Summary of Findings-anti-septic wash vs No antiseptic wash 
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Figure 72: Summary of Findings-antibiotic powder vs No antibiotic powder 
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Table 158: anti-septic wash vs No antiseptic wash 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Brown,N.M., 
2012 

Low 
Quality 

Infection (acute 
PJI within 3 

months) 

3 Days 2540 Intraoperative 
Technical factor 

(primary hip or knee 
TJA) 

Post-
Betadine 
period vs 

Pre-Betadine 
period 

none chi-
squared 

test 

0.018 acute infection 
rates were lower 

in the post 
betadine period 

Frisch,N.B., 
2017 

Moderate 
Quality 

Infection (Deep 
surgical site 
infection) 

Post-Op 664 Intraoperative 
Technical factor 
(THA and TKA) 

chlorhexidine 
gluconate 

irrigation vs. 
saline 

age, gender, bmi, surgery, transfusion 
included 

odds 
ratio(95% 

CI), p 
value 

.6 (.12, 
3.0) p= 

.534 

NS 

 
 



  

  

Table 159: antibiotic powder vs No antibiotic powder 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Assor,M., 2010 Low 
Quality 

Loosening Post-Op 135 Intraoperative 
Technical factor 

(Uncemented TKAs) 

1-2g 
vancomycin 
powder with 
few drops of 
physiologic 
serum vs no 
local anti-
infection 

agent 

randomized % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

0(-
4.999,5.834) 

NS 

Assor,M., 2010 Low 
Quality 

Infection 
(deep) 

Post-Op 135 Intraoperative 
Technical factor 

(Uncemented TKAs) 

1-2g 
vancomycin 
powder with 
few drops of 
physiologic 
serum vs no 
local anti-
infection 

agent 

randomized % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

-4.11(-
11.4,2.32) 

NS 

 
 

 



  

  

PICO QUESTIONS IN WHICH NO RECOMMENDATION FOR OR AGAINST COULD BE MADE DUE TO LOW EVIDENCE 
STRENGTH OR CONFLICTING EVIDENCE
 
 

INTRAOPERATIVE ENVIRONMENTAL CONTROLS SECTION (NO RECOMMENDATION FOR OR AGAINST WAS ABLE TO BE 
MADE DUE LOW EVIDENCE STRENGTH AND CONFLICTING EVIDENCE).  

Quality Evaluation Table 21: Intraoperative Environmental Controls RCTs 
Study Random Sequence 

Generation 
Allocation 
Concealment Blinding Incomplete 

Outcome Data 
Selective 
Reporting 

Other 
Bias 

Is there a large 
magnitude of effect? 

Influence of All Plausible 
Residual Confounding 

Dose-Response 
Gradient Inclusion Strength 

Lidwell,O.M., 
1982          

Include Moderate 
Quality 

 

Quality Evaluation Table 22: Intraoperative Environmental Controls Observational Studies 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Dale,H., 2009 
      

Include Low Quality 
Namba,R.S., 2013 

      

Include Low Quality 
Salvati,E.A., 1982 

      

Include Low Quality 
Song,K.H., 2012 

      

Include Low Quality 
Tayton,E.R., 2016 

      

Include Low Quality 
 
 



  

  

Figure 73: Summary of Findings-OR traffic control vs. No OR traffic control: less OR 
personnel vs more personal 
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Figure 74: Summary of Findings- Greenhouse ventilation vs. Ordinary Ventilation 
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Figure 75: Summary of Findings-laminar air flow vs. No laminar air flow 
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Figure 76: Summary of Findings-space suits vs. No space suits 
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Figure 77: Summary of Findings-ultra clean air vs. No ultra clean air 
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Table 160: OR traffic control vs. No OR traffic control 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Salvati,E.A., 
1982 

Low 
Quality 

Infection 
(postoperative 

wound 
infection) 

Post-Op 3175 Intraoperative 
environmental control 
measures (Total hip 

and knee 
replacements) 

number of 
operating 

room 
personal 

none correlation, 
p 

.03, < 
.03 

Number of 
operating room 

personnel showed 
significant 

correlation with 
postoperative 
infection rate 

 
 



  

  

 

Table 161: Greenhouse ventilation vs. Ordinary Ventilation 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Intraoperative 
environmental 

control measures 
(Primary THAs in the 

Norwegian 
Arthroplasty 

Register) 

greenhouse 
ventilation 

vs. ordinary 
ventilation 

sex,age, diagnosis, modular vs 
monoblock, duration of surgery, 
operation room ventilation type, 
systemic antibiotic prophylaxis, 

uncemented vs cement with antibiotics 
vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

1.3(0.9–
2.0) 

NS 

 
 



  

  

 

Table 162: laminar air flow vs. No laminar air flow 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Tayton,E.R., 
2016 

Low 
Quality 

Infection 
(infection 
within 12 
months 

postoperatively) 

Post-Op 64566 Intraoperative 
environmental 

control measures 
(Primary TKA) 

laminar air 
flow vs. no 
laminar air 

flow 

age, BMI, surgical helmet systems, 
laminar flow, antibiotic 

cement,gender, previous surgery 

odds 
ratio(95% 

CI), p value 

1.42 (1.05, 
1.90), .021 

Use of laminar 
air flow is 

associated with 
infection 6 

months 
postoperatively 

Tayton,E.R., 
2016 

Low 
Quality 

Infection 
(infection 
within 6 
months 

postoperatively) 

Post-Op 64566 Intraoperative 
environmental 

control measures 
(Primary TKA) 

laminar air 
flow vs. no 
laminar air 

flow 

age, BMI, surgical helmet systems, 
laminar flow, antibiotic 

cement,gender, previous surgery 

odds 
ratio(95% 

CI), p value 

1.6 (1.04, 
2.47), .033 

Use of laminar 
air flow is 

associated with 
infection 6 

months 
postoperatively 

Namba,R.S., 
2013 

Low 
Quality 

Infection (deep) Post-Op 56216 Intraoperative 
environmental 

control measures 
(primary elective 

total knee 
arthroplasties 

registered in the 
total joint 

replacement 
registry) 

clean air vs 
no clean air 

age, sex, race, diabetes, bmi, ASA 
score, diagnosis, hospital and surgeon 

characteristics, bilateral surgery, 
anesthesia type, surgical exposure, 

antibiotic prophylaxis type 

hazard 
ratio(CI) 

0.93(0.73, 
1.18) 

NS 

Namba,R.S., 
2013 

Low 
Quality 

Infection (deep) Post-Op 56216 Intraoperative 
environmental 

control measures 
(primary elective 

total knee 
arthroplasties 

registered in the 
total joint 

replacement 
registry) 

laminar flow 
vs no 

laminar flow 

age, sex, race, diabetes, bmi, ASA 
score, diagnosis, hospital and surgeon 

characteristics, bilateral surgery, 
anesthesia type, surgical exposure, 

antibiotic prophylaxis type 

hazard 
ratio(CI) 

0.91(0.71, 
1.16) 

NS 



  

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Song,K.H., 
2012 

Low 
Quality 

Infection (deep 
incisional 

and/or organ 
space infection) 

Post-Op 6848 Intraoperative 
environmental 

control measures 
(THA or TKA 

combined) 

HEPA 
filtered 

laminar flow 
vs no 

artificial 
ventilation 

none p value 
from 

logistic 
regression 

0.47(0.26,0.83) HEPA filtered 
laminar flow 

decreased risk of 
PJI 

Song,K.H., 
2012 

Low 
Quality 

Infection (deep 
incisional 

and/or organ 
space infection) 

Post-Op 3426 Intraoperative 
environmental 

control measures 
(TKA) 

HEPA 
filtered 

laminar flow 
vs no 

artificial 
ventilation 

number of surgeon surgeries per mont, 
ventilation, sex, hospital stay, 

anesthesia, revision surgery, duration 
of surgery, infections at other 

anatomical sites 

p value 
from 

logistic 
regression 

.34(.18,.49) HEPA filtered 
laminar flow 

decreased risk of 
PJI 

Dale,H., 2009 Low 
Quality 

Revision 
(revision for 

infection) 

5 Days 97344 Intraoperative 
environmental 

control measures 
(Primary THAs in 

the Norwegian 
Arthroplasty 

Register) 

laminar flow 
vs ordinary 
ventilation 

sex,age, diagnosis, modular vs 
monoblock, duration of surgery, 
operation room ventilation type, 
systemic antibiotic prophylaxis, 

uncemented vs cement with antibiotics 
vs plain cemented 

cox 
proportional 

hazard 
ratio(CI) 

1.3(1.1–1.5) laminar flow 
increased the risk 
of revision due to 

infection 

Salvati,E.A., 
1982 

Low 
Quality 

Infection 
(postoperative 

wound 
infection) 

Post-Op 3175 Intraoperative 
environmental 

control measures 
(Total hip 

replacements) 

laminar flow 
vs no 

laminar flow 

stratified by joint type risk ratio 
(CI) 

0.64 (0.32, 
1.24) 

NS 

Salvati,E.A., 
1982 

Low 
Quality 

Infection 
(postoperative 

wound 
infection) 

Post-Op 3175 Intraoperative 
environmental 

control measures 
(Total knee 

replacements) 

laminar flow 
vs no 

laminar flow 

stratified by joint type risk ratio 
(CI) 

2.77 (1.15, 
6.71) 

Laminar flow 
increased risk of 

PJI 

 
 



 

  

Table 163: space suits vs. No space suits 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Namba,R.S., 
2013 

Low 
Quality 

Infection (deep) Post-Op 56216 Intraoperative 
environmental control 

measures (primary 
elective total knee 

arthroplasties 
registered in the total 

joint replacement 
registry) 

body 
exhaust suits 
vs no body 

exhaust suits 

age, sex, race, diabetes, bmi, ASA 
score, diagnosis, hospital and surgeon 

characteristics, bilateral surgery, 
anesthesia type, surgical exposure, 

antibiotic prophylaxis type 

hazard 
ratio(CI) 

0.87(0.68, 
1.11) 

NS 

 
 



 

  

 

Table 164: ultra clean air vs. No ultra clean air 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lidwell,O.M., 
1982 

Moderate 
Quality 

Infection (Deep 
joint 

sepsis(DJS) 
within 2-2.5 

years) 

2 Days 8055 Intraoperative 
environmental control 

measures (primary 
hip or knee TJA) 

ultraclean vs 
control air 

overall 
hospitals 

randomized relative 
risk(CI) 

2.6 (1.6-
4.2) 

ultraclean air 
conditions result 
in lower risk of 

PJI 

Lidwell,O.M., 
1982 

Moderate 
Quality 

Infection (Deep 
joint 

sepsis(DJS) 
within 2-2.5 

years) 

2 Days 4248 Intraoperative 
environmental control 

measures (primary 
hip or knee TJA) 

ultra clean 
air vs no 
clean air 

(subgroup of 
hospitals 
that used 

conventional 
clothing) 

randomized relative 
risk(CI) 

2 (1.1-
3.6) 

ultraclean air 
conditions that 

wore conventional 
clothing result in 
lower risk of PJI 

Lidwell,O.M., 
1982 

Moderate 
Quality 

Infection (Deep 
joint 

sepsis(DJS) 
within 2-2.5 

years) 

2 Days 4768 Intraoperative 
environmental control 

measures (primary 
hip or knee TJA) 

ultra clean 
air vs no 

clean 
air(subgroup 
of hospitals 
using body 

exhaust suits 
or trexler 
isolaters) 

randomized relative 
risk(CI) 

4.5 (1.8-
11) 

ultraclean air 
conditions that use 
body exhaust suits 
result in lower risk 

of PJI 

Lidwell,O.M., 
1982 

Moderate 
Quality 

Infection (Deep 
joint 

sepsis(DJS) 
within 2-2.5 

years) 

2 Days 2221 Intraoperative 
environmental control 

measures (primary 
hip or knee TJA) 

ultra clean 
air vs no 
clean air 

(subgroup of 
patients Not 

given 
antibiotic 

prophylaxis) 

randomized relative 
risk(CI) 

2.74 
(1.47-
5.10) 

ultraclean air 
conditions not 

given antibiotic 
prophylaxis  result 

in lower risk of 
PJI 



 

  

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Lidwell,O.M., 
1982 

Moderate 
Quality 

Infection (Deep 
joint 

sepsis(DJS) 
within 2-2.5 

years) 

2 Days 5831 Intraoperative 
environmental control 

measures (primary 
hip or knee TJA) 

ultra clean 
air vs no 
clean air 

(subgroup of 
patients 
given 

antibiotic 
prophylaxis) 

randomized relative 
risk(CI) 

2.32 
(1.11-
4.83) 

ultraclean air 
conditions given 

antibiotic 
prophylaxis  result 

in lower risk of 
PJI 

 
 



 

  

POSTOPERATIVE PREVENTION TECHNIQUES 
 

Quality Evaluation Table 23: Post-Op Prevention Techniques Observational Study Quality 
Study Representative Population Reason for Follow Up Loss Prognostic Factor Measured Outcome Measurement Confounders Appropriate Statistical Analysis Inclusion Strength 

Grosso,M.J., 2017 
      

Include Low Quality 
Newman,J.T., 2011 

      

Include Low Quality 



 

  

Figure 78: Summary of Findings-silver impregnated dressing vs No silver impregnated 
dressing 
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Figure 79: Summary of Findings-sutures vs. staples 
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Table 165: silver impregnated dressing vs No silver impregnated dressing 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Grosso,M.J., 
2017 

Low 
Quality 

Infection 
(acute PJI 
within 3 

months of 
surgery) 

3 Days 1173 Postop Prevention 
techniques (primary 

hip or knee TJA) 

Aquacel silver 
impregnated 
dressing vs. 

standard  
standard 

xeroform/gauze 
dressing 

Aquacel dressing, age, gender, and 
BMI, hip vs knee surgery, evidence of 
superficial infection, other variables 
included in model are unclear due to 

incomplete results reporting 

logistic 
regression 

odds 
ratio(CI) 

0.092 (0.017-
0.490) 

silver 
impregnated 

dressing results 
in lower risk of 

PJI 

 
 



  

  

 

Table 166: sutures vs. staples 
 

Reference 
Title Quality 

Outcome 
Details Duration N 

Treatment 
(Details) Comparison 

Confounding 
Adjustment Statistic Result Significance 

Newman,J.T., 
2011 

Low 
Quality 

Infection 
(organ space) 

Post-Op 181 Postop Prevention 
techniques (Primary 

TKA Patients) 

subarticular 
sutures vs. 

staples 

none % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

1.01(-
3.542,5.502) 

NS 

Newman,J.T., 
2011 

Low 
Quality 

Infection 
(deep tissue 

or organ 
space 

infection) 

Post-Op 181 Postop Prevention 
techniques (Primary 

TKA Patients) 

subarticular 
sutures vs. 

staples 

none % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

2.02(-
2.688,7.069) 

NS 

Newman,J.T., 
2011 

Low 
Quality 

Wound 
healing 

complication 
(Simple 
wound 

dehiscence) 

Post-Op 181 Postop Prevention 
techniques (Primary 

TKA Patients) 

subarticular 
sutures vs. 

staples 

none % risk 
difference 

with 
newcombe 

score 
confidence 
intervals 

3.03(-
1.869,8.534) 

NS 



  

  

Excluded Literature 
Article Title Authors Year Expanded Periodical Title Reason for Exclusion 

Periprosthetic Joint Infections Caused by 
Enterococci Have Poor Outcomes 

Kheir,M.M.;  Tan,T.L.;  
Higuera,C.;  George,J.;  Della 
Valle,C.J.;  Shen,M.;  Parvizi,J. 

2017 J.Arthroplasty not relevant. was study of treatment outcomes 
of pji. also not all patients had revision 
arthroplasty 

What Are the Frequency, Associated 
Factors, and Mortality of Amputation and 
Arthrodesis After a Failed Infected TKA? 

Son,M.S.;  Lau,E.;  Parvizi,J.;  
Mont,M.A.;  Bozic,K.J.;  Kurtz,S. 

2017 Clin.Orthop.Relat.Res. inadequate data for pico question. article 
studies failed revision as a treatment for 
infection that leads to amputation or 
arthrodesis. They have to rely on the 
assumption that subsequent amputations or 
arthrodeses were from failed infection, since 
the diagnosis leading to the procedures 
weren't available in the claims dataset 

Does Extracellular DNA Production Vary in 
Staphylococcal Biofilms Isolated From 
Infected Implants versus Controls? 

Zatorska,B.;  Groger,M.;  
Moser,D.;  Diab-
Elschahawi,M.;  Lusignani,L.S.;  
Presterl,E. 

2017 Clin.Orthop.Relat.Res. inadequate quality due to spectrum bias 

Intrawound Vancomycin Powder Reduces 
Early Prosthetic Joint Infections in Revision 
Hip and Knee Arthroplasty 

Otte,J.E.;  Politi,J.R.;  
Chambers,B.;  Smith,C.A. 

2017 Surg.Technol.Int. Very low quality 

Does laminar airflow make a difference to 
the infection rates for lower limb 
arthroplasty: a study using the National 
Joint Registry and local surgical site 
infection data for two hospitals with and 
without laminar airflow 

Singh,S.;  Reddy,S.;  
Shrivastava,R. 

2017 Eur.J.Orthop.Surg.Traumatol. Very low quality 

Do zip-type skin-closing devices show 
better wound status compared to 
conventional staple devices in total knee 
arthroplasty? 

Ko,J.H.;  Yang,I.H.;  Ko,M.S.;  
Kamolhuja,E.;  Park,K.K. 

2017 Int.Wound J. Not relevant to criteria 

Strategies to Prevent Periprosthetic Joint 
Infection After Total Knee Arthroplasty 
and Lessen the Risk of Readmission for the 
Patient 

Iorio,R.;  Osmani,F.A. 2017 J.Am.Acad.Orthop.Surg. narrative review 

Complications After Revision Total Hip 
Arthroplasty in the Medicare Population 

Badarudeen,S.;  Shu,A.C.;  
Ong,K.L.;  Baykal,D.;  Lau,E.;  

2017 J.Arthroplasty unclear if infection outcome is specifict to 
prosthetic joint infections 



  

  

Malkani,A.L. 

Periprosthetic Infection Recurrence After 
2-Stage Exchange Arthroplasty: Failure or 
Fate? 

Triantafyllopoulos,G.K.;  
Memtsoudis,S.G.;  Zhang,W.;  
Ma,Y.;  Sculco,T.P.;  
Poultsides,L.A. 

2017 J.Arthroplasty uninterpretable results. the logistic regression 
results in the table seem to imply that the 
variables were screened out of the stepwise 
model, but the text says the variables are 
statistically signficant.  

Super Obesity Is an Independent Risk 
Factor for Complications After Primary 
Total Hip Arthroplasty 

Werner,B.C.;  Higgins,M.D.;  
Pehlivan,H.C.;  Carothers,J.T.;  
Browne,J.A. 

2017 J.Arthroplasty unclear if infection outcome is specific to PJI 

Effect of Hypoglycemia on the Incidence of 
Revision in Total Knee Arthroplasty 

Roche,M.W.;  Law,T.Y.;  
Triplet,J.J.;  Hubbard,Z.S.;  
Kurowicki,J.;  Rosas,S. 

2017 J.Arthroplasty not relevant to pico question because diabetic 
patients were excluded from study 

Is There a Threshold Value of Hemoglobin 
A1c That Predicts Risk of Infection 
Following Primary Total Hip Arthroplasty? 

Cancienne,J.M.;  Werner,B.C.;  
Browne,J.A. 

2017 J.Arthroplasty the study group was comprised of patients 
who had a1c measurements taken either 
before or after surgery 

Increased Risk of Revision, Reoperation, 
and Implant Constraint in TKA After 
Multiligament Knee Surgery 

Pancio,S.I.;  Sousa,P.L.;  
Krych,A.J.;  Abdel,M.P.;  
Levy,B.A.;  Dahm,D.L.;  
Stuart,M.J. 

2017 Clin.Orthop.Relat.Res. risk factor studies not relevant to pico 
questions 

Repeat Two-Stage Exchange Arthroplasty 
for Periprosthetic Knee Infection Is 
Dependent on Host Grade 

Fehring,K.A.;  Abdel,M.P.;  
Ollivier,M.;  Mabry,T.M.;  
Hanssen,A.D. 

2017 J.Bone Joint Surg.Am. quality was rated inadequate due to 
ungeneralizable patient population, no control 
for confounding, and the retrospective nature 
need to collect risk factor data. 

Outcome analysis of hip or knee 
arthroplasty in patients with cirrhotic liver 
disease 

Seol,Y.J.;  Yoon,T.R.;  Lee,D.H.;  
Lee,S.H.;  Park,K.S. 

2017 J.Orthop. insufficient reporting of infection results  

The Synergy cementless femoral stem in 
primary total hip arthroplasty at a 
minimum follow-up of 15 years 

Martino,I.;  Santis,V.;  
Apolito,R.;  Sculco,P.K.;  
Cross,M.B.;  Gasparini,G. 

2017 Bone Joint J. retrospective case series 

What is the Diagnostic Accuracy of 
Aspirations Performed on Hips With 
Antibiotic Cement Spacers? 

Newman,J.M.;  George,J.;  
Klika,A.K.;  Hatem,S.F.;  
Barsoum,W.K.;  Trevor,North 
W.;  Higuera,C.A. 

2017 Clin.Orthop.Relat.Res. evaluates diagnostic tests in patients that 
already had infected implant removed 

The Mark Coventry, MD, Award: Oral 
Antibiotics Reduce Reinfection After Two-
Stage Exchange: A Multicenter, 
Randomized Controlled Trial 

Frank,J.M.;  Kayupov,E.;  
Moric,M.;  Segreti,J.;  
Hansen,E.;  Hartman,C.;  
Okroj,K.;  Belden,K.;  

2017 Clin.Orthop.Relat.Res. not relevant to pico question. antibiotics given 
post revision for infection, based on antibiotic 
sensitivity.  



  

  

Roslund,B.;  Silibovsky,R.;  
Parvizi,J.;  Della Valle,C.J. 

The John N. Insall Award: Do Intraarticular 
Injections Increase the Risk of Infection 
After TKA? 

Bedard,N.A.;  Pugely,A.J.;  
Elkins,J.M.;  Duchman,K.R.;  
Westermann,R.W.;  Liu,S.S.;  
Gao,Y.;  Callaghan,J.J. 

2017 Clin.Orthop.Relat.Res. unclear if all patients had injections of 
hyaluronic acid and/or corticosteroids.  

Elevated Body Mass Index Is Associated 
With Early Total Knee Revision for 
Infection 

Electricwala,A.J.;  
Jethanandani,R.G.;  
Narkbunnam,R.;  
Huddleston,J.I.,III;  
Maloney,W.J.;  Goodman,S.B.;  
Amanatullah,D.F. 

2017 J.Arthroplasty descriptive study of revision patients, that 
cannot adequately evaluate revision risk 
because no unrevised patients were included 
in the study 

Visible glove perforation in total knee 
arthroplasty 

Jid,L.Q.;  Ping,M.W.;  
Chung,W.Y.;  Leung,W.Y. 

2017 J.Orthop.Surg.(Hong Kong) for risk factor PICOS: no relevant risk factors 
for pji not examined. for intra-op 
environmental control PICO: does not evaluate 
efficacy of glove changes on preventing PJI, but 
rather evaluates glove perforation as a risk 
factor for PJI 

Postoperative hyperglycaemia control 
reduces postoperative complications in 
patients subject to total knee arthroplasty 

Reategui,D.;  Tornero,E.;  
Popescu,D.;  Sastre,S.;  
Camafort,M.;  Gines,G.;  
Combalia,A.;  Lozano,L. 

2017 Knee infection outcome not specific to PJI 

Length of stay and short-term functional 
outcomes after total knee arthroplasty: 
Can we predict them? 

Maiorano,E.;  Bodini,B.D.;  
Cavaiani,F.;  Pelosi,C.;  
Sansone,V. 

2017 Knee unclear if infection outcome is specific to PJI 

Comparable outcomes after total knee 
arthroplasty in patients under 55 years 
than in older patients: a matched 
prospective study with minimum follow-
up of 10 years 

Lizaur-Utrilla,A.;  Martinez-
Mendez,D.;  Miralles-
Munoz,F.A.;  Marco-Gomez,L.;  
Lopez-Prats,F.A. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

although well designed to evaluate risk factors 
for poor patient reported outcomes, the 
quality was inadequate for the deep infection 
outcome because the sample size was to small 
to detect any events in both age groups, which 
also would proclude any advanced statistical 
analysis on that outcome.  

Does Barbed Suture Lower Cost and 
Improve Outcome in Total Knee 
Arthroplasty? A Randomized Controlled 
Trial 

Chan,V.W.;  Chan,P.K.;  
Chiu,K.Y.;  Yan,C.H.;  Ng,F.Y. 

2016 J.Arthroplasty Not relevant to criteria 



  

  

Minimum 10-year results of cementless 
total hip arthroplasty in patients with 
rheumatoid arthritis 

Haraguchi,A.;  Nakashima,Y.;  
Miyahara,H.;  Esaki,Y.;  
Okazaki,K.;  Fukushi,J.I.;  
Hirata,G.;  Ikemura,S.;  
Kamura,S.;  Sakuraba,K.;  
Fujimura,K.;  Akasaki,Y.;  
Yamada,H. 

2016 Mod.Rheumatol. doesn't study risk factors for pji 

Operative Time Affects Short-Term 
Complications in Total Joint Arthroplasty 

Duchman,K.R.;  Pugely,A.J.;  
Martin,C.T.;  Gao,Y.;  
Bedard,N.A.;  Callaghan,J.J. 

2016 J.Arthroplasty wound complications not specific to pji 

Antibiotics and antiseptics for preventing 
infection in people receiving revision total 
hip and knee prostheses: a systematic 
review of randomized controlled trials 

Voigt,J.;  Mosier,M.;  
Darouiche,R. 

2016 BMC Infect.Dis. systematic review 

False-positive Cultures After Native Knee 
Aspiration: True or False 

Jennings,J.M.;  Dennis,D.A.;  
Kim,R.H.;  Miner,T.M.;  
Yang,C.C.;  McNabb,D.C. 

2016 Clin.Orthop.Relat.Res. not relevant. looks at infection in native knees 

Polymerase Chain Reaction-Electrospray-
Time-of-Flight Mass Spectrometry Versus 
Culture for Bacterial Detection in Septic 
Arthritis and Osteoarthritis 

Palmer,M.P.;  Melton-Kreft,R.;  
Nistico,L.;  Hiller,N.L.;  
Kim,L.H.;  Altman,G.T.;  
Altman,D.T.;  Sotereanos,N.G.;  
Hu,F.Z.;  De Meo,P.J.;  
Ehrlich,G.D. 

2016 Genet.Test.Mol.Biomarkers not relevant. evaluated septic arthritis in native 
knee joint 

Topical use of topical fibrin sealant can 
reduce the need for transfusion, total 
blood loss and the volume of drainage in 
total knee and hip arthroplasty: A 
systematic review and meta-analysis of 
1489 patients 

Li,J.;  Li,H.B.;  Zhai,X.C.;  
Qin,Lei;  Jiang,X.Q.;  Zhang,Z.H. 

2016 Int.J.Surg. systematic review and doesn't anser pico 
question 

Prior Staphylococcus Aureus Nasal 
Colonization: A Risk Factor for Surgical Site 
Infections Following Decolonization 

Ramos,N.;  Stachel,A.;  
Phillips,M.;  Vigdorchik,J.;  
Slover,J.;  Bosco,J.A. 

2016 J.Am.Acad.Orthop.Surg. not relevant comparison to pico question 
because all patients got screening and 
decolonization. study compares those with 
positive colonization to those with negative 
colonization prognostic factors 

Do the biologic agents increase the risk of 
infection in patients undergoing lower 
limb arthroplasty surgery? 

Sandiford,N.A. 2016 Curr Rheumatol.Rev. systematic review 



  

  

A Bundle Protocol to Reduce the Incidence 
of Periprosthetic Joint Infections After 
Total Joint Arthroplasty: A Single-Center 
Experience 

Bullock,M.W.;  Brown,M.L.;  
Bracey,D.N.;  Langfitt,M.K.;  
Shields,J.S.;  Lang,J.E. 

2016 J.Arthroplasty insufficient data to separate the effects of each 
infection control protocol to answer the PICO 
question, since multiple infection control 
measures were bundled together and 
compared to time period before bundle was 
implemented.  

Use of a provincial surveillance system to 
characterize postoperative surgical site 
infections after primary hip and knee 
arthroplasty in Alberta, Canada 

Rennert-May,E.;  Bush,K.;  
Vickers,D.;  Smith,S. 

2016 Am.J.Infect.Control not relevant comparison. looked at positive 
colonization as a risk factor, rather than 
comparing patients screened and decolonized 
to those not screened and decolonized.  

The use of high-dose dual-impregnated 
antibiotic-laden cement with 
hemiarthroplasty for the treatment of a 
fracture of the hip: The Fractured Hip 
Infection trial 

Sprowson,A.P.;  Jensen,C.;  
Chambers,S.;  Parsons,N.R.;  
Aradhyula,N.M.;  Carluke,I.;  
Inman,D.;  Reed,M.R. 

2016 Bone Joint J. patients did not get total joint replacement 

Risk Factors for Wound Complications 
After Direct Anterior Approach Hip 
Arthroplasty 

Jahng,K.H.;  Bas,M.A.;  
Rodriguez,J.A.;  Cooper,H.J. 

2016 J.Arthroplasty wound complication outcome not specific to 
PJI 

Total Knee Arthroplasty in Obesity: In-
Hospital Outcomes and National Trends 

Woon,C.Y.;  Piponov,H.;  
Schwartz,B.E.;  Moretti,V.M.;  
Schraut,N.B.;  Shah,R.R.;  
Goldstein,W.M. 

2016 J.Arthroplasty infection outcome not specific to pji 

Simplified Frailty Index as a Predictor of 
Adverse Outcomes in Total Hip and Knee 
Arthroplasty 

Shin,J.I.;  Keswani,A.;  
Lovy,A.J.;  Moucha,C.S. 

2016 J.Arthroplasty outcomes not specific to PJI 

Do Pre-Operative Glycated Hemoglobin 
Levels Correlate with the Incidence of 
Revision in Diabetic Patients that Undergo 
Total Knee Arthroplasty? 

Roche,M.;  Law,T.Y.;  
Chughtai,M.;  Elmallah,R.K.;  
Hubbard,Z.;  Khlopas,A.;  
Mont,M.A. 

2016 Surg.Technol.Int. does not look at risk factors for revision due to 
infection 

Total Knee Arthroplasty in the Younger 
Patient 

Shah,S.H.;  Schwartz,B.E.;  
Schwartz,A.R.;  Goldberg,B.A.;  
Chmell,S.J. 

2016 J.Knee Surg. infection outcome not specific to pji 

Complications Are Not Increased With 
Acetabular Revision of Metal-on-metal 
Total Hip Arthroplasty 

Penrose,C.T.;  Seyler,T.M.;  
Wellman,S.S.;  Bolognesi,M.P.;  
Lachiewicz,P.F. 

2016 Clin.Orthop.Relat.Res. insufficient data to answer pico question.  
difference in infection rates between 
difference implant types are stratified by age, 
but the data is not sufficient to determine if 
age is a risk factor for PJI 



  

  

Aspirin Can Be Used as Prophylaxis for 
Prevention of Venous Thromboembolism 
After Revision Hip and Knee Arthroplasty 

Deirmengian,G.K.;  Heller,S.;  
Smith,E.B.;  Maltenfort,M.;  
Chen,A.F.;  Parvizi,J. 

2016 J.Arthroplasty not relevant comparison since both groups get 
vte prophylaxis. also infection outcome not 
specific to pji 

Does obesity affects early infection after 
total knee arthroplasty. A comparison of 
obese vs non obese patients 

Ahmed,W.;  Lakdawala,R.H.;  
Mohib,Y.;  Qureshi,A.;  
Rashid,R.H. 

2016 J.Pak.Med.Assoc. infection outcome not specific to pji 

Antibiotic-loaded bone cement reduces 
risk of infections in primary total knee 
arthroplasty? A systematic review 

Schiavone,Panni A.;  Corona,K.;  
Giulianelli,M.;  Mazzitelli,G.;  
Del,Regno C.;  Vasso,M. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

systematic review 

Does pre-operative sampling predict intra-
operative cultures and antibiotic 
sensitivities in knee replacements revised 
for infection?: a study using the NJR 
dataset 

Holleyman,R.J.;  Deehan,D.J.;  
Charlett,A.;  Gould,K.;  
Baker,P.N. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

inadequate quality due to spectrum bias. 
samples were only available for 23% of 
patients, and culture negative specimins were 
not recorded in their databases.  

Infection recurrence factors in one- and 
two-stage total knee prosthesis exchanges 

Massin,P.;  Delory,T.;  
Lhotellier,L.;  Pasquier,G.;  
Roche,O.;  Cazenave,A.;  
Estellat,C.;  Jenny,J.Y. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

was a study of treatment, instead of 
prevention of pji 

Predictors of hospital readmission 
following revision total knee arthroplasty 

Belmont,P.J.,Jr.;  
Goodman,G.P.;  Rodriguez,M.;  
Bader,J.O.;  Waterman,B.R.;  
Schoenfeld,A.J. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

not relevant, since PJI is not the outcome, but 
is instead a predictor of hospital readmission 

The results of two-stage revision TKA using 
Ceftazidime-Vancomycin-impregnated 
cement articulating spacers in Tsukayama 
Type II periprosthetic joint infections 

Drexler,M.;  Dwyer,T.;  
Kuzyk,P.R.;  Kosashvilli,Y.;  
Abolghasemian,M.;  
Regev,G.J.;  Kadar,A.;  
Rutenberg,T.F.;  Backstein,D. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

not relevant. patients already had joint 
infection at start of the study 

Approach to Decrease Infection Following 
Total Joint Arthroplasty 

Hatz,D.;  Anoushiravani,A.A.;  
Chambers,M.C.;  El-
Othmani,M.M.;  Saleh,K.J. 

2016 Orthop.Clin.North Am. narrative review 

Development and Validation of a 
Preoperative Surgical Site Infection Risk 
Score for Primary or Revision Knee and Hip 
Arthroplasty 

Everhart,J.S.;  Andridge,R.R.;  
Scharschmidt,T.J.;  
Mayerson,J.L.;  Glassman,A.H.;  
Lemeshow,S. 

2016 J.Bone Joint Surg.Am. outcome not specific to pji 

Infection and revision rates following 
primary total knee arthroplasty in patients 
with rheumatoid arthritis versus 
osteoarthritis: a meta-analysis 

Lee,D.K.;  Kim,H.J.;  Cho,I.Y.;  
Lee,D.H. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

meta analysis 



  

  

Does laminar flow ventilation reduce the 
rate of infection? an observational study 
of trauma in England 

Pinder,E.M.;  Bottle,A.;  
Aylin,P.;  Loeffler,M.D. 

2016 Bone Joint J. Not relevant to criteria 

Does bariatric surgery prior to total hip or 
knee arthroplasty reduce post-operative 
complications and improve clinical 
outcomes for obese patients? Systematic 
review and meta-analysis 

Smith,T.O.;  Aboelmagd,T.;  
Hing,C.B.;  MacGregor,A. 

2016 Bone Joint J. systematic review 

Eradication rates, risk factors, and implant 
selection in two-stage revision knee 
arthroplasty: a mid-term follow-up study 

Hoell,S.;  Sieweke,A.;  
Gosheger,G.;  Hardes,J.;  
Dieckmann,R.;  Ahrens,H.;  
Streitbuerger,A. 

2016 J.Orthop.Surg.Res. inadequate quality, due to sparse event rates, 
and ungeneralizable sample.  

Moderating effects of immunosuppressive 
medications and risk factors for post-
operative joint infection following total 
joint arthroplasty in patients with 
rheumatoid arthritis or osteoarthritis 

Salt,E.;  Wiggins,A.T.;  
Rayens,M.K.;  Morris,B.J.;  
Mannino,D.;  Hoellein,A.;  
Donegan,R.P.;  Crofford,L.J. 

2016 Semin.Arthritis Rheum. not all patients had hip or knee arthroplasty 

Intra-articular steroid injection for 
osteoarthritis of the hip prior to total hip 
arthroplasty : is it safe? a systematic 
review 

Pereira,L.C.;  Kerr,J.;  
Jolles,B.M. 

2016 Bone Joint J. systematic review 

Complications of Primary Total Knee 
Arthroplasty Among Patients With 
Rheumatoid Arthritis, Psoriatic Arthritis, 
Ankylosing Spondylitis, and Osteoarthritis 

Cancienne,J.M.;  Werner,B.C.;  
Browne,J.A. 

2016 J.Am.Acad.Orthop.Surg. unclear if infection outcome is specific to PJI 

Modifying Risk Factors for Total Joint 
Arthroplasty: Strategies That Work 
Nicotine 

Springer,B.D. 2016 J.Arthroplasty narrative review 

Impact of adherence to local antibiotic 
prophylaxis guidelines on infection 
outcome after total hip or knee 
arthroplasty 

Chandrananth,J.;  
Rabinovich,A.;  Karahalios,A.;  
Guy,S.;  Tran,P. 

2016 J.Hosp.Infect. infection outcome not specific to pji 

Risk factors for periprosthetic joint 
infection following primary total hip or 
knee arthroplasty: a meta-analysis 

Kong,L.;  Cao,J.;  Zhang,Y.;  
Ding,W.;  Shen,Y. 

2016 Int.Wound J. meta analysis 

Synovial Cytokines and the MSIS Criteria 
Are Not Useful for Determining Infection 
Resolution After Periprosthetic Joint 

Frangiamore,S.J.;  
Siqueira,M.B.;  Saleh,A.;  
Daly,T.;  Higuera,C.A.;  

2016 Clin.Orthop.Relat.Res. Very low quality 



  

  

Infection Explantation Barsoum,W.K. 

Are Frozen Sections and MSIS Criteria 
Reliable at the Time of Reimplantation of 
Two-stage Revision Arthroplasty? 

George,J.;  Kwiecien,G.;  
Klika,A.K.;  Ramanathan,D.;  
Bauer,T.W.;  Barsoum,W.K.;  
Higuera,C.A. 

2016 Clin.Orthop.Relat.Res. evaluated a test in a cohort in which infected 
implant had already been removed 

The effectiveness and safety of two 
prophylactic antibiotic regimes in hip-
fracture surgery 

Ahmed,I.;  Khan,M.A.;  
Allgar,V.;  Mohsen,A. 

2016 Eur.J.Orthop.Surg.Traumatol. not specific to hip and knee arthroplasty 

A cost-effectiveness modelling study of 
strategies to reduce risk of infection 
following primary hip replacement based 
on a systematic review 

Graves,N.;  Wloch,C.;  
Wilson,J.;  Barnett,A.;  
Sutton,A.;  Cooper,N.;  
Merollini,K.;  McCreanor,V.;  
Cheng,Q.;  Burn,E.;  
Lamagni,T.;  Charlett,A. 

2016 Health Technol.Assess. meta analysis 

Risk factors and a prognostic model of hip 
periprosthetic infection recurrence after 
surgical treatment using articulating and 
non-articulating spacers 

Tikhilov,R.;  Bozhkova,S.;  
Denisov,A.;  Labutin,D.;  
Shubnyakov,I.;  Razorenov,V.;  
Artyukh,V.;  Klitsenko,O. 

2016 Int.Orthop. not relevant, since patients were assesed for 
risk factors of treatment failure after the first 
stage of a two stage exchange. therefore 
patients evaluated before prosthesis was 
implanted.  

Assessing In-Hospital Outcomes and 
Resource Utilization After Primary Total 
Joint Arthroplasty Among Underweight 
Patients 

Anoushiravani,A.A.;  Sayeed,Z.;  
Chambers,M.C.;  Gilbert,T.J.;  
Scaife,S.L.;  El-Othmani,M.M.;  
Saleh,K.J. 

2016 J.Arthroplasty infection outcome not specific to pji 

Rivaroxaban Use for Thrombosis 
Prophylaxis Is Associated With Early 
Periprosthetic Joint Infection 

Brimmo,O.;  Glenn,M.;  
Klika,A.K.;  Murray,T.G.;  
Molloy,R.M.;  Higuera,C.A. 

2016 J.Arthroplasty not relevant to pico question, since all patients 
in the control group also recieved some form 
of chemical prophylaxis 

Can Serum Albumin Level and Total 
Lymphocyte Count be Surrogates for 
Malnutrition to Predict Wound 
Complications After Total Knee 
Arthroplasty? 

Morey,V.M.;  Song,Y.D.;  
Whang,J.S.;  Kang,Y.G.;  
Kim,T.K. 

2016 J.Arthroplasty insufficient data to separate the effects on PJI 
from the general "wound complications" 
outcome.  

Does BMI influence clinical outcomes after 
total knee arthroplasty? 

Daniilidis,K.;  Yao,D.;  
Gosheger,G.;  Berssen,C.;  
Budny,T.;  Dieckmann,R.;  
Holl,S. 

2016 Technol.Health Care does not look at risk factors for PJI 



  

  

Is Hypoalbuminemia Associated With 
Septic Failure and Acute Infection After 
Revision Total Joint Arthroplasty? A Study 
of 4517 Patients From the National 
Surgical Quality Improvement Program 

Bohl,D.D.;  Shen,M.R.;  
Kayupov,E.;  Cvetanovich,G.L.;  
Della Valle,C.J. 

2016 J.Arthroplasty inadequate quality due to large amount of 
missing data on hypoalbuminemia, as well as 
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analysis 
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and thirty-day complication rates 

Hart,A.;  Khalil,J.A.;  Carli,A.;  
Huk,O.;  Zukor,D.;  Antoniou,J. 
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2014 Clinics (Sao Paulo) Not relevant to criteria 



  

  

arthroplasty Demange,M.K.;  Mota e 
Albuquerque RF;  Pecora,J.R.;  
Camanho,G.L. 
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2014 J.Arthroplasty patient spectum specific to presumed aseptic 
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Wilson,M. 

2014 J.Patient Saf. Cost effectiveness analysis  

The incidence of postoperative urinary 
retention in patients undergoing elective 
hip and knee arthroplasty 

Fernandez,M.A.;  
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different study by the same author. The other 
study was included, and was rated sufficient 
quality, but this subgroup analysis of patients 
who maintained weightloss after surgery was 
appraised as inadequate quality due to 
protopathic bias.  

Association of obesity with inflammation 
and pain after total hip arthroplasty 

Motaghedi,R.;  Bae,J.J.;  
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Austin,P.C.;  Hollands,S.;  
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Knee osteoarthritis and role for surgical 
intervention: lessons learned from 
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orthopaedic surgery in human 
immunodeficiency virus-infected 
hemophiliacs with CD4 counts < or = 
200/mm3 

Ragni,M.V.;  Crossett,L.S.;  
Herndon,J.H. 

1995 J.Arthroplasty not specific to hip and knee replacement and 
retrospective case series 

Wound drains in proximal femoral fracture 
surgery: a randomized prospective trial of 
177 patients 

Varley,G.W.;  Milner,S.A. 1995 J.R Coll.Surg.Edinb. Not relevant to criteria 

The National Veterans Administration 
Surgical Risk Study: risk adjustment for the 
comparative assessment of the quality of 
surgical care 

Khuri,S.F.;  Daley,J.;  
Henderson,W.;  Barbour,G.;  
Lowry,P.;  Irvin,G.;  Gibbs,J.;  
Grover,F.;  Hammermeister,K.;  
Stremple,J.F.;  . 

1995 J.Am.Coll.Surg. not specific to arthroplasty patients 

Hip arthroplasty in patients with chronic 
renal failure 

Lieberman,J.R.;  Fuchs,M.D.;  
Haas,S.B.;  Garvin,K.L.;  
Goldstock,L.;  Gupta,R.;  
Pellicci,P.M.;  Salvati,E.A. 

1995 J.Arthroplasty less than 25 patients per group. if dialysis and 
renal transplant groups were lumped together, 
it would be a retrospective case series.  

Fine needle aspiration in infected hip 
replacements 

Taylor,T.;  Beggs,I. 1995 Clin.Radiol. inadequate quality 

Skin closure in hip surgery: subcuticular 
versus transdermal. A prospective 
randomized study 

Sakka,S.A.;  Graham,K.;  
Abdulah,A. 

1995 Acta Orthop.Belg. Unclear if tested PJI 

Treatment of the infected total knee 
arthroplasty with insertion of another 
prosthesis. The effect of antibiotic-
impregnated bone cement 

Hanssen,A.D.;  Rand,J.A.;  
Osmon,D.R. 

1994 Clin.Orthop.Relat.Res. not relevant. patients already had joint 
infection at start of the study 



  

  

Primary total hip arthroplasty using 
noncemented porous-coated femoral 
components in patients with 
osteonecrosis of the femoral head 

Brinker,M.R.;  Rosenberg,A.G.;  
Kull,L.;  Galante,J.O. 

1994 J.Arthroplasty does not evaluate risk factors for PJI 

Methicillin-resistant Staphylococcus 
epidermidis in infection of hip 
arthroplasties 

James,P.J.;  Butcher,I.A.;  
Gardner,E.R.;  Hamblen,D.L. 

1994 J.Bone Joint Surg.Br. insufficent data for 2x2 table 

One-stage revision of infected total hip 
replacements with discharging sinuses 

Raut,V.V.;  Siney,P.D.;  
Wroblewski,B.M. 

1994 J.Bone Joint Surg.Br. does not answer pico question 

Diagnosis and management of the 
infected hip 

Salvati,E.A. 1994 Orthopedics Narrative review  

Wound infection in total joint 
arthroplasty: effect of extended wound 
surveillance on wound infection rates 

Taylor,S.;  Pearce,P.;  
McKenzie,M.;  Taylor,G.D. 

1994 Can.J.Surg. Not relevant to criteria 

Preoperative assessment of skin 
colonization and antibiotic effectiveness in 
total knee arthroplasty 

Tanzer,M.;  Miller,J.;  
Richards,G.K. 

1994 Clin.Orthop.Relat.Res. Does not compare effectiveness of different 
antibiotics in preventing PJI 

Uncemented total hip replacements and 
thigh pain 

Petrou,G.;  Gavras,M.;  
Diamantopoulos,A.;  
Kapetsis,T.;  Kremmydas,N.;  
Kouzoupis,A. 

1994 Arch.Orthop.Trauma Surg. retrospective case series 

Palacos gentamicin for the treatment of 
deep periprosthetic hip infections 

Garvin,K.L.;  Evans,B.G.;  
Salvati,E.A.;  Brause,B.D. 

1994 Clin.Orthop.Relat.Res. not relevant patients already had joint 
infection at start of the study 

Prophylaxis against infection in total joint 
arthroplasty. One day of cefuroxime 
compared with three days of cefazolin 

Mauerhan,D.R.;  Nelson,C.L.;  
Smith,D.L.;  Fitzgerald,R.H.,Jr.;  
Slama,T.G.;  Petty,R.W.;  
Jones,R.E.;  Evans,R.P. 

1994 J.Bone Joint Surg.Am. different post operative treatment doses 
confound the comparison of the two drugs that 
is relevant to to pico question 

Hip aspiration: a cost-effective and 
accurate method of evaluating the 
potentially infected hip prosthesis 

Tigges,S.;  Stiles,R.G.;  
Meli,R.J.;  Roberson,J.R. 

1993 Radiology spectrum of patient in the study not 
representative of patients applicable to the 
pico question, resulting in an inadequate 
quality rating 

Prognosis of total hip replacement in 
Sweden. Follow-up of 92,675 operations 
performed 1978-1990 

Malchau,H.;  Herberts,P.;  
Ahnfelt,L. 

1993 Acta Orthop.Scand. insufficient data. orthopedic departments, and 
not individual patients, were unit of analysis 

A comparison of gentamicin-impregnated 
polymethylmethacrylate bead 
implantation to conventional parenteral 

Nelson,C.L.;  Evans,R.P.;  
Blaha,J.D.;  Calhoun,J.;  
Henry,S.L.;  Patzakis,M.J. 

1993 Clin.Orthop.Relat.Res. less than 25 patients per group 



  

  

antibiotic therapy in infected total hip and 
knee arthroplasty 

Oral rifampin plus ofloxacin for treatment 
of Staphylococcus-infected orthopedic 
implants 

Drancourt,M.;  Stein,A.;  
Argenson,J.N.;  Zannier,A.;  
Curvale,G.;  Raoult,D. 

1993 Antimicrob.Agents Chemother. not relevant. study of pji treatment. also was a 
case series with concurrent treatments 

Total hip arthroplasty in patients with 
diabetes mellitus 

Moeckel,B.;  Huo,M.H.;  
Salvati,E.A.;  Pellicci,P.M. 

1993 J.Arthroplasty retrospective case series 

Use of an antibiotic impregnated 
polymethyl methacrylate intramedullary 
spacer for complicated revision total hip 
arthroplasty 

Kraay,M.J.;  Goldberg,V.M.;  
Figgie,H.E.,III 

1992 J.Arthroplasty only 7 patients studied 

Periprosthetic knee sepsis. The role of 
irrigation and debridement 

Hartman,M.B.;  Fehring,T.K.;  
Jordan,L.;  Norton,H.J. 

1991 Clin.Orthop.Relat.Res. patients did not get arthroplasty 

Postoperative urinary retention associated 
with total hip and total knee arthroplasties 

Petersen,M.S.;  Collins,D.N.;  
Selakovich,W.G.;  
Finkbeiner,A.E. 

1991 Clin.Orthop.Relat.Res. insufficient data to determine if UTI was 
associated with PJI 

Infection in orthopaedic implants Sanderson,P.J. 1991 J.Hosp.Infect. narative review 
Comparative study of skin closure in hip 
surgery 

Clayer,M.;  Southwood,R.T. 1991 Aust.N.Z.J.Surg. Not relevant to criteria 

The release of gentamicin after total hip 
replacement using low or high viscosity 
bone cement. A prospective, randomized 
study 

Lindberg,L.;  Onnerfalt,R.;  
Dingeldein,E.;  Wahlig,H. 

1991 Int.Orthop. does not look at risk for pji as an outcome 

The use of an antibiotic-impregnated 
spacer block for revision of the septic total 
knee arthroplasty 

Henderson,M.H.,Jr.;  
Booth,R.E.,Jr. 

1991 Semin.Arthroplasty not relevant. patients already had joint 
infection at start of the study 

Total knee arthroplasty in diabetes 
mellitus 

England,S.P.;  Stern,S.H.;  
Insall,J.N.;  Windsor,R.E. 

1990 Clin.Orthop.Relat.Res. retrospective case series 

Risk factors for wound infections after 
total knee arthroplasty 

Gordon,S.M.;  Culver,D.H.;  
Simmons,B.P.;  Jarvis,W.R. 

1990 Am.J.Epidemiol. Not relevant to criteria 

Prosthetic joint infections in the elderly Powers,K.A.;  Terpenning,M.S.;  
Voice,R.A.;  Kauffman,C.A. 

1990 Am.J.Med. retrospective case series 

Prophylaxis with systemic antibiotics 
versus gentamicin bone cement in total 
hip arthroplasty. A five-year survey of 
1688 hips 

Josefsson,G.;  
Gudmundsson,G.;  Kolmert,L.;  
Wijkstrom,S. 

1990 Clin.Orthop.Relat.Res. repeat publication 



  

  

Scintigraphic detection of bone and joint 
infections with indium-111-labeled 
nonspecific polyclonal human 
immunoglobulin G 

Oyen,W.J.;  Claessens,R.A.;  
van Horn,J.R.;  van der 
Meer,J.W.;  Corstens,F.H. 

1990 J.Nucl.Med. Patient population 

The Bateman bipolar prosthesis in 
osteoarthritis and rheumatoid arthritis. A 
review of 400 cases 

Vazquez-Vela,G.;  Vazquez-
Vela,E.;  Garcia,Dobarganes F. 

1990 Clin.Orthop.Relat.Res. in adequate quality due to no confounding 
adjustment, loss to follow up, and lack of 
description of research methodology 

Tc-99m HM-PAO labelled leucocyte 
scanning for detection of infection in 
orthopedic surgery 

Verlooy,H.;  Mortelmans,L.;  
Verbruggen,A.;  Stuyck,J.;  
Boogaerts,M.;  De,Roo M. 

1990 Prog.Clin.Biol.Res. Not relevant to criteria 

Deep infection of cemented total hip 
arthroplasties caused by coagulase-
negative staphylococci 

Hope,P.G.;  Kristinsson,K.G.;  
Norman,P.;  Elson,R.A. 

1989 J.Bone Joint Surg.Br. insufficient data to answer pico question. only 
patients who had antibiotic cement and later 
developed infection were considered, instead 
of evaluating all patients who had cement.  

Comparison of intraoperative versus 24 
hour antibiotic prophylaxis in total joint 
replacement. A controlled prospective 
study 

Ritter,M.A.;  Campbell,E.;  
Keating,E.M.;  Faris,P.M. 

1989 Orthop.Rev. not relevant to pico question. compares post 
op cefuroxime to no postop cefuroxime 

Acute and subacute deep infection after 
uncemented total hip replacement using 
antibacterial prophylaxis 

Hill,G.E.;  Droller,D.G. 1989 Orthop.Rev. doesn't answer pico question and retrospective 
case series 

Revision operations on infected total hip 
arthroplasties. Two- to nine-year follow-
up study 

Sanzen,L.;  Carlsson,A.S.;  
Josefsson,G.;  Lindberg,L.T. 

1988 Clin.Orthop.Relat.Res. not relevant. patients already had joint 
infection at start of the study 

The long-term results of the Howse total 
hip arthroplasty. With particular reference 
to those requiring revision 

Roberts,J.A.;  Finlayson,D.F.;  
Freeman,P.A. 

1987 J.Bone Joint Surg.Br. less than 25 patients had Rheumatoid arthritis, 
so this study could not be used to evaluate RA 
as a risk factor for infection 

Urinary tract sequelae: possible influence 
on joint infections following total joint 
replacement 

Ritter,M.A.;  Fechtman,R.W. 1987 Orthopedics not relevant to pico question, since prognostic 
factor evaluated was UTI in pre or 
perioperative period 

A comparison of systemic cefuroxime and 
cefuroxime loaded bone cement in the 
prevention of early infection after total 
joint replacement 

McQueen,M.;  Littlejohn,A.;  
Hughes,S.P. 

1987 Int.Orthop. repeat data from another trial 

Failures and reoperations following low-
friction arthroplasty of the hip. A five- to 
fifteen-year follow-up study 

Eftekhar,N.S.;  Tzitzikalakis,G.I. 1986 Clin.Orthop.Relat.Res. does not evaluate risk factors for PJI 



  

  

One-stage revision of infected cemented 
total hip arthroplasty 

Wroblewski,B.M. 1986 Clin.Orthop.Relat.Res. not relevant. patients already had joint 
infection at start of the study 

Dental treatment and late prosthetic joint 
infections 

Jacobson,J.J.;  Millard,H.D.;  
Plezia,R.;  Blankenship,J.R. 

1986 Oral Surg.Oral Med.Oral Pathol. dental procedures occurred after joint 
replacement  in some patients.  

Deep sepsis following total knee 
arthroplasty. Ten-year experience at the 
University of California at Los Angeles 
Medical Center 

Grogan,T.J.;  Dorey,F.;  
Rollins,J.;  Amstutz,H.C. 

1986 J.Bone Joint Surg.Am. Not relevant to criteria 

99Tcm-MDP, 67Ga-citrate and 111In-
leucocytes for detecting prosthetic hip 
infection 

Mountford,P.J.;  Hall,F.M.;  
Wells,C.P.;  Coakley,A.J. 

1986 Nucl.Med.Commun. Very low quality 

Extended follow-up of patients suspected 
of having joint sepsis after total joint 
replacement 

Lidwell,O.M.;  Lowbury,E.J.;  
Whyte,W.;  Blowers,R.;  
Lowe,D. 

1985 J.Hyg.(Lond.) Doesn't answer pico question of whether 
previous infection predicts pji, since the risk 
factor being studied was suspected, but not 
confirmed, sepsis occurring after the joint was 
replace.  

Indium-111 chloride imaging in the 
detection of infected prostheses 

Sayle,B.A.;  Fawcett,H.D.;  
Wilkey,D.J.;  Cierny,G.,III;  
Mader,J.T. 

1985 J.Nucl.Med. Patient population 

Diagnostic value of bone scintigraphy in 
the complications of total replacement of 
the hip 

Magyari,Z.;  Fekete,G.;  
Molnar,G. 

1985 Acta Chir.Hung. Case series  

Reimplantation for salvage of the infected 
hip: rationale for the use of gentamicin-
impregnated cement and beads 

Callaghan,J.J.;  Salvati,E.A.;  
Brause,B.D.;  Rimnac,C.M.;  
Wright,T.M. 

1985 Hip not relevant. patients already had joint 
infection at start of the study 

The infected hip after total hip 
arthroplasty 

Canner,G.C.;  Steinberg,M.E.;  
Heppenstall,R.B.;  
Balderston,R. 

1984 J.Bone Joint Surg.Am. not relevent. study evaluates antibiotics versus 
revision for treatment of infection 

Infection and sepsis after operations for 
total hip or knee-joint replacement: 
influence of ultraclean air, prophylactic 
antibiotics and other factors 

Lidwell,O.M.;  Lowbury,E.J.;  
Whyte,W.;  Blowers,R.;  
Stanley,S.J.;  Lowe,D. 

1984 J.Hyg.(Lond.) repeat data from lidwell(1982) 

Use of antibiotic-containing bone cement Murray,W.R. 1984 Clin.Orthop.Relat.Res. unclear if any of the revision patients were 
revised for infection 

Antibiotic-loaded acrylic cement: current 
concepts 

Buchholz,H.W.;  Elson,R.A.;  
Heinert,K. 

1984 Clin.Orthop.Relat.Res. Narrative review  

The use of preventive antibiotics in Williams,D.N.;  Gustilo,R.B. 1984 Clin.Orthop.Relat.Res. review 



  

  

orthopaedic surgery 
Pharmacokinetics of topical gentamicin in 
total hip arthroplasty 

Sorensen,T.S.;  Andersen,M.R.;  
Glenthoj,J.;  Petersen,O. 

1984 Acta Orthop.Scand. less than 25 patients per group 

Posterior approach for total hip 
arthroplasty. A study of postoperative 
course, early results and early 
complications in 131 cases 

Patiala,H.;  Lehto,K.;  
Rokkanen,P.;  Paavolainen,P. 

1984 Arch.Orthop.Trauma Surg. does not examine risk factors for pji 

Charnley low-friction arthroplasty in 
diabetic patients 

Menon,T.J.;  Thjellesen,D.;  
Wroblewski,B.M. 

1983 J.Bone Joint Surg.Br. could only be used as a retrospective case 
series. they compare infection rates in their 
series to results of nondiabetic patients in 
other published studies.  

Indium-111 leucocyte scanning in the 
evaluation of painful hip arthroplasty 

Mulamba,L.;  Ferrant,A.;  
Leners,N.;  de,Nayer P.;  
Rombouts,J.J.;  Vincent,A. 

1983 Acta Orthop.Scand. Very low quality 

Prevention and treatment of deep 
infection following total hip replacement 

Josefsson,G. 1983 Can.J.Surg. Systematic review 

Radionuclide joint imaging Esdaile,J.;  Rosenthall,L. 1983 Compr.Ther Narrative review  
The influence of the total body exhaust 
suit on air and wound contamination in 
elective hip-operations 

Blomgren,G.;  Hambraeus,A.;  
Malmborg,A.S. 

1983 J.Hosp.Infect. Not relevant to criteria 

Infection after total hip replacement. With 
special reference to a discharge from the 
wound 

Surin,V.V.;  Sundholm,K.;  
Backman,L. 

1983 J.Bone Joint Surg.Br. no risk factors relevant to pico questions 

Charnley low-friction arthroplasty in 
patients with psoriasis 

Menon,T.J.;  Wroblewski,B.M. 1983 Clin.Orthop.Relat.Res. could only be used as a retrospective case 
series. they compare infection rates in their 
series to results of non-psoriasis patients in 
other published studies. 

Tobramycin in bone cement. An in-depth 
analysis of wound, serum, and urine 
concentrations in patients undergoing 
total hip revision arthroplasty 

Soto-Hall,R.;  Saenz,L.;  
Tavernetti,R.;  Cabaud,H.E.;  
Cochran,T.P. 

1983 Clin.Orthop.Relat.Res. Less than 25 in each group 

Total hip arthroplasties in patients less 
than forty-five years old 

Dorr,L.D.;  Takei,G.K.;  
Conaty,J.P. 

1983 J.Bone Joint Surg.Am. does not evaluate risk factors for PJI 

Effects of using a Charnley-Howorth 
enclosure in a district general hospital 

Bintcliffe,I.W. 1983 J.R Soc.Med. confouding treatments since post intervention 
group had surgery with both ultraclean air 
system and exhaust suits. it would be 
impossible to separate effect of each 



  

  

intervention 

Radiologic evaluation of painful joint 
prostheses 

Schneider,R.;  Freiberger,R.H.;  
Ghelman,B.;  Ranawat,C.S. 

1982 Clin.Orthop.Relat.Res. Commentary review  

Cefoxitin antibiotic concentration in bone 
and synovial fluid 

Schurman,D.J.;  Burton,D.S.;  
Kajiyama,G. 

1982 Clin.Orthop.Relat.Res. no relevant comparison group. was a case 
series. 

Fatal pulmonary embolism after total hip 
replacement 

Fredin,H.O.;  Nillius,A.S. 1982 Acta Orthop.Scand. not relevant. does not evaluate risk factors for 
pji 

Prophylactic cefuroxime in total joint 
replacement 

Hughes,S.P.;  Want,S.;  
Darrell,J.H.;  Dash,C.H.;  
Kennedy,M. 

1982 Int.Orthop. not relevant. does not compare antibiotics 

Prophylactic cefazolin versus placebo in 
total hip replacement. Report of a 
multicentre double-blind randomised trial 

Hill,C.;  Flamant,R.;  Mazas,F.;  
Evrard,J. 

1981 Lancet unclear if infection outcome included 
superficial infections 

Surgical wound infection occurrence in 
clean operations; risk stratification for 
interhospital comparisons 

Ehrenkranz,N.J. 1981 Am.J.Med. Not relevant to criteria 

The effect of the combined use of a clean 
air system and one day prophylactic 
administration of cefamandole in total hip 
replacement 

Mulier,J.C.;  Cheng,N.;  
Van,Tornout B.;  Vandepitte,J.;  
Debruyne,H. 

1981 Arch.Orthop.Trauma Surg. case series with multiple(confounding) 
treatments 

Function of fifty-seven septic, revised and 
healed total hip arthroplasties 

Carlsson,A.S.;  Josefsson,G.;  
Lindberg,L. 

1980 Acta Orthop.Scand. not relevant. patients already had joint 
infection at start of the study 

Total hip replacement in a laminar flow 
environment with special reference to 
deep infections 

Ha'eri,G.B.;  Wiley,A.M. 1980 Clin.Orthop.Relat.Res. Not relevant to criteria 

Results with the constrained total knee 
prosthesis in treating severely disabled 
patients and patients with failed total 
knee replacements 

Bargar,W.L.;  Cracchiolo,A.,III;  
Amstutz,H.C. 

1980 J.Bone Joint Surg.Am. does not evaluate risk factors for PJI 

Reconstruction of the knee with 
endoprosthesis in rheumatoid arthritis: a 
report of 112 consecutive cases operated 
upon from 1973 through 1977 

Larsson,S.E. 1979 Clin.Orthop.Relat.Res. does not look at risk factors for PJI 

Primary postoperative wound infection 
due to Staphylococcus pyogenes 

Smith,G. 1979 Curr Probl.Surg. Narrative review  



  

  

Revision with gentamicin-impregnated 
cement for deep infections in total hip 
arthroplasties 

Carlsson,A.S.;  Josefsson,G.;  
Lindberg,L. 

1978 J.Bone Joint Surg.Am. not relevant. patients already had joint 
infection at start of the study 

The effect of antibiotic additions on the 
mechanical properties of acrylic cement 

Nelson,R.C.;  Hoffman,R.O.;  
Burton,T.A. 

1978 J.Biomed Mater.Res. no relevant outcomes to pico question 

The penetration characteristics of 
cefazolin, cephalothin, and cephradine 
into bone in patients undergoing total hip 
replacement 

Cunha,B.A.;  Gossling,H.R.;  
Pasternak,H.S.;  
Nightingale,C.H.;  Quintiliani,R. 

1977 J.Bone Joint Surg.Am. no relevant outcome to pico question 

Prophylactic antibiotics against early and 
late deep infections after total hip 
replacements 

Carlsson,A.K.;  Lidgren,L.;  
Lindberg,L. 

1977 Acta Orthop.Scand. not relvant comparison to pico question, since 
antibiotic was compared to passive controls 

Urinary infections in total hip arthroplasty. 
Influences of prophylactic cephalosporins 
and catheterization 

Donovan,T.L.;  Gordon,R.O.;  
Nagel,D.A. 

1976 J.Bone Joint Surg.Am. does not evaluate risk factors for PJI 

The plastic surgical adhesive drape: an 
evaluation of its efficacy as a microbial 
barrier 

French,M.L.;  Eitzen,H.E.;  
Ritter,M.A. 

1976 Ann.Surg. Less than 25 in each group 

Infection following total hip replacement 
in a general hospital without special 
orthopaedic facilities 

Benson,M.K.;  Hughes,S.P. 1975 Acta Orthop.Scand. Not relevant to criteria 

Antibiotic bone penetration. 
Concentrations of methicillin and 
clindamycin phosphate in human bone 
taken during total hip replacement 

Schurman,D.J.;  
Johnson,B.L.,Jr.;  Finerman,G.;  
Amstutz,H.C. 

1975 Clin.Orthop.Relat.Res. less than 25 patients per group 

The effect of operating-room environment 
on the infection rate after Charnley low-
friction total hip replacement 

Brady,L.P.;  Enneking,W.F.;  
Franco,J.A. 

1975 J.Bone Joint Surg.Am. Not relevant to criteria 

The use of an antibiotic bone cement 
combination as a different approach to 
the elimination of infection in total hip 
replacement 

Medcraft,J.W.;  Gardner,A.D. 1974 Med.Lab.Technol. in vitro 

Subacute sepsis of the hip treated by 
antibiotics and cemented prosthesis 

Wilson,P.D.,Jr.;  Aglietti,P.;  
Salvati,E.A. 

1974 J.Bone Joint Surg.Am. not relevant. patients already had joint 
infection at start of the study 

Cloxacillin in the prophylaxis of 
postoperative infections of the hip 

Ericson,C.;  Lidgren,L.;  
Lindberg,L. 

1973 J.Bone Joint Surg.Am. unclear how many deep infections occurred in 
the arthroplasty subgroup 



  

  

Postoperative infection after total hip 
replacement with special reference to air 
contamination in the operating room 

Charnley,J. 1972 Clin.Orthop.Relat.Res. Narrative review  

Allogeneic Blood Transfusion Is a 
Significant Risk Factor for Surgical-Site 
Infection Following Total Hip and Knee 
Arthroplasty: A Meta-Analysis 

Kim,J.L.;  Park,J.-H.;  Han,S.-B.;  
Cho,I.Y.;  Jang,K.-M. 

2017 Journal of Arthroplasty meta analysis 

Survivorship After Primary Total Hip 
Arthroplasty in Solid-Organ Transplant 
Patients 

Chalmers,B.P.;  Ledford,C.K.;  
Statz,J.M.;  Perry,K.I.;  
Mabry,T.M.;  Hanssen,A.D.;  
Abdel,M.P. 

2016 Journal of Arthroplasty does not answer pico question because risk of 
infection because risk of revision for infection 
is compared between patients who recieve 
different types of organ transplants, and not 
compared to patients who are not 
immunocompromised from recieving organ 
transplants.  

The Diagnosis of Infection in Metal-on-
Metal Hip Arthroplasties 

Grammatopoulos,G.;  
Munemoto,M.;  Inagaki,Y.;  
Tanaka,Y.;  Athanasou,N.A. 

2016 Journal of Arthroplasty spectrum of patients not representative of all 
patients relevant to PICO question, since none 
of the included patients were thought to have 
PJI before revision. therefore the article would 
be inadequate quality to answer PICO question 

Metal on Metal or Ceramic on Ceramic for 
Cementless Total Hip Arthroplasty: A 
Meta-Analysis 

Lee,Y.-K.;  Yoon,B.-H.;  
Choi,Y.S.;  Jo,W.-L.;  Ha,Y.-C.;  
Koo,K.-H. 

2016 Journal of Arthroplasty Meta analysis  

Does cemented or cementless single-stage 
exchange arthroplasty of chronic 
periprosthetic hip infections provide 
similar infection rates to a two-stage? A 
systematic review 

George,D.A.;  Logoluso,N.;  
Castellini,G.;  Gianola,S.;  
Scarponi,S.;  Haddad,F.S.;  
Drago,L.;  Romano,C.L. 

2016 BMC Infectious Diseases Systematic review 

Human Immunodeficiency Virus and Total 
Joint Arthroplasty: The Risk for Infection Is 
Reduced 

Enayatollahi,M.A.;  Murphy,D.;  
Maltenfort,M.G.;  Parvizi,J. 

2016 Journal of Arthroplasty meta-analysis 

Risk of Reinfection After Treatment of 
Infected Total Knee Arthroplasty 

Cochran,A.R.;  Ong,K.L.;  
Lau,E.;  Mont,M.A.;  
Malkani,A.L. 

2016 Journal of Arthroplasty was a study of reinfection after first line 
treatment for PJI, but not all patients in the 
study were treated with revision arthroplasty 

Synovial fluid C-reactive protein as a 
diagnostic marker for periprosthetic joint 
infection: A systematic review and meta-
analysis 

Wang,C.;  Wang,Q.;  Li,R.;  
Duan,J.-Y.;  Wang,C.-B. 

2016 Chinese Medical Journal Systematic review 



  

  

Intra-articular steroid injections and risk of 
infection following total hip replacement 
or total knee replacement: A meta-
analysis of cohort studies 

Meng,F.-T.;  Gong,B.-B.;  
Yang,G.;  Zhang,Y.-Z.;  Ding,W.-
Y.;  Shen,Y. 

2016 International Journal of Clinical 
and Experimental Medicine 

Meta analysis  

Single vs Repeat Surgical Skin Preparations 
for Reducing Surgical Site Infection After 
Total Joint Arthroplasty: A Prospective, 
Randomized, Double-Blinded Study 

Morrison,T.N.;  Chen,A.F.;  
Taneja,M.;  
KÃ?Â¼Ã?Â§Ã?Â¼kdurmaz,F.;  
Rothman,R.H.;  Parvizi,J. 

2016 Journal of Arthroplasty Not relevant to criteria 

Frequent dental scaling is associated with 
a reduced risk of periprosthetic infection 
following total knee arthroplasty: A 
nationwide population-based nested case- 
control study 

Tai,T.-W.;  Lin,T.-C.;  Ho,C.-J.;  
Yang,Y.-H.;  Yang,C.-Y. 

2016 PLoS One doesn't answer pico question. Dental health 
was mostly measured in the years after TJA 

Body mass and weight thresholds for 
increased prosthetic joint infection rates 
after primary total joint arthroplasty 

LÃ?Â¼bbeke,A.;  Zingg,M.;  
Vu,D.;  Miozzari,H.H.;  
Christofilopoulos,P.;  
UÃ?Â§kay,I.;  Harbarth,S.;  
Hoffmeyer,P. 

2016 Acta Orthopaedica repeat data 

Neutrophil to lymphocyte ratio may be a 
diagnostic marker for prosthetic joint 
infection 

GÃ?Â¶lge,U.H.;  Kaymaz,B.;  
PazarcÃ?Â±,Ã?-;  
KÃ?Â±lÃ?Â±nÃ?Â§,S.;  Ã?-
ztemur,Z.;  Bulut,O. 

2016 Journal of Clinical and Analytical 
Medicine 

Not relevant to criteria 

Periprosthetic joint infections in modular 
endoprostheses of the lower extremities: 
A retrospective observational study in 101 
patients 

Zajonz,D.;  Zieme,A.;  
Prietzel,T.;  Moche,M.;  
Tiepoldt,S.;  Roth,A.;  Josten,C.;  
von Salis-Soglio,G.F.;  Heyde,E.;  
Ghanem,M. 

2016 Patient Safety in Surgery not specific to hip and knee replacement 

Clinical Presentation, Risk Factors, and 
Outcomes of Hematogenous Prosthetic 
Joint Infection in Patients with 
Staphylococcus aureus Bacteremia 

Tande,A.J.;  Palraj,B.R.;  
Osmon,D.R.;  Berbari,E.F.;  
Baddour,L.M.;  Lohse,C.M.;  
Steckelberg,J.M.;  Wilson,W.R.;  
Sohail,M.R. 

2016 American Journal of Medicine not specific to hip and knee arthroplasty 

The QuickLine IL-6 lateral flow 
immunoassay improves the rapid 
intraoperative diagnosis of suspected 
periprosthetic joint infections 

Wimmer,M.D.;  Ploeger,M.M.;  
Friedrich,M.J.;  Bornemann,R.;  
Roessler,P.P.;  Gravius,S.;  
Randau,T.M. 

2016 Technology and Health Care Less than 25 in each group 

Positive culture during reimplantation 
increases the risk of subsequent failure in 

Tan,T.L.;  Gomez,M.M.;  
Manrique,J.;  Parvizi,J.;  

2016 Journal of Bone and Joint 
Surgery - American Volume 

Not relevant to criteria 



  

  

two-stage exchange arthroplasty Chen,A.F. 

The effect of intra-wound vancomycin 
powder application in reducing surgical 
site infections after total hip arthroplasty 

Omrani,F.A.;  Emami,M.;  
Sarzaeem,M.;  Zarei,R.;  
Yeganeh,A. 

2015 Biosciences Biotechnology 
Research Asia 

infection outcome not specific to pji 

The role of ultrasonography in the 
assessment of peri-prosthetic hip 
complications 

Sdao,S.;  Orlandi,D.;  
Aliprandi,A.;  Lacelli,F.;  
Sconfienza,L.M.;  Randelli,F.;  
Sardanelli,F.;  Serafini,G. 

2015 Journal of Ultrasound Narrative review  

Limitations of Gram staining for the 
diagnosis of infections following total hip 
or knee arthroplasty 

Ouyang,Z.;  Zhai,Z.;  Qin,A.;  
Li,H.;  Liu,X.;  Qu,X.;  Dai,K. 

2015 Experimental and Therapeutic 
Medicine 

Meta analysis  

Prosthesis infection: diagnosis after total 
joint arthroplasty with three-phase bone 
scintigraphy 

Ouyang,Z.;  Li,H.;  Liu,X.;  
Zhai,Z.;  Li,X. 

2014 Annals of Nuclear Medicine Meta analysis  

Antibiotic prophylaxis for dental 
procedures at risk of causing bacteremia 
among post-total joint arthroplasty 
patients: A survey of canadian orthopaedic 
surgeons and dental surgeons 

Colterjohn,T.;  De,Beer J.;  
Petruccelli,D.;  Zabtia,N.;  
Winemaker,M. 

2014 Journal of Arthroplasty not relevant to pico questions. was a survey of 
physician attitudes and practices 

Total joint arthroplasty: Should patients 
have preoperative dental clearance? 

Lampley,A.;  Huang,R.C.;  
Arnold,W.V.;  Parvizi,J. 

2014 Journal of Arthroplasty inadequate quality. inclusion criteria for dental 
clearance  and non-clearance patients was 
different, leading to very high risk of 
confounding. also data collection methods 
between group was different.  

Prevention methodologies against 
infection after total joint arthroplasty 

Kapadia,B.H.;  Johnson,A.J.;  
Issa,K.;  Naziri,Q.;  Daley,J.A.;  
Mont,M.A. 

2012 Current Orthopaedic Practice Systematic review 

The Infected Hip: Avoidance and 
Treatment 

Del Gaizo,D.J.;  Della Valle,C.J. 2012 Seminars in Arthroplasty Narrative review  

Promising roles of PET in management of 
arthroplasty-associated infection 

Saboury,B.;  Ziai,P.;  
Parsons,M.;  Zhuang,H.;  
Basu,S.;  Alavi,A. 

2012 PET Clinics Commentary review  

The effects of positive blood cultures after 
surgery on the outcomes of total joint 
arthroplasty 

George,J.;  Murray,T.G.;  
Klika,A.K.;  Molloy,R.;  
Krebs,V.E.;  Barsoum,W.K. 

2012 Current Orthopaedic Practice Not relevant to criteria 



  

  

Blister formation with negative pressure 
dressings after total knee arthroplasty 

Howell,R.D.;  Hadley,S.;  
Strauss,E.;  Pelham,F.R. 

2011 Current Orthopaedic Practice Narrative review  

Do resistant organisms affect success of 
two-stage reimplantation for prosthetic 
hip infections? 

Murray,T.G.;  Cochran,J.;  
Klika,A.K.;  Krebs,V.E.;  
Barsoum,W.K. 

2011 Current Orthopaedic Practice not relevant. patients already had joint 
infection at start of the study 

Total knee arthroplasty on the disease 
activity of rheumatoid arthritis 

Ryu,J.;  Aibe,K.;  Sakamoto,A.;  
Simizu,I. 

1998 Japanese Journal of 
Rheumatology 

Not relevant to criteria 

Novel biomarkers to detect infection in 
revision hip and knee arthroplasties 
infection 

Glehr,M.;  Friesenbichler,J.;  
Hofmann,G.;  Bernhardt,G.A.;  
Zacherl,M.;  Avian,A.;  
Windhager,R.;  Leithner,A. 

2013 Clinical Orthopaedics and 
Related Research 

patient spectrum not representative of 
population defined in pico question. excluded 
obese patients 

Prevalence of asymptomatic bacteriuria in 
knee arthroplasty patients and 
subsequent risk of prosthesis infection 

Martinez,Velez D.;  
Gonzalez,Fernandez E.;  
Esteban,J.;  Cordero,Ampuero 
J. 

2016 European journal of orthopaedic 
surgery & traumatology : 
orthopedie.traumatologie 

less than 25 patients had asymptomatic 
bacteriuria  

Acetabular spacers in two stage hip 
revision: Does it worth? a controlled 
clinical trial 

Burastero,G.;  Carrega,G.;  
Basso,M.;  Cavagnaro,L.;  
Felli,L. 

2015 HIP International conferenct abstract, and looks at patients who 
halready had infection 

Diagnosing infection in the failed joint 
replacement: a comparison of coincidence 
detection 18F-FDG and 111In-labeled 
leukocyte/99mTc-sulfur colloid marrow 
imaging 

Love,C.;  Marwin,S.E.;  
Tomas,M.B.;  Krauss,E.S.;  
Tronco,G.G.;  Bhargava,K.K.;  
Nichols,K.J.;  Palestro,C.J. 

2004 Journal of nuclear medicine : 
official.publication., Society of 
Nuclear Medicine 

not all patients had total joint arthroplasty. 3 
had hemiarthroplasty 

Incisional negative pressure wound 
therapy dressings (inpWTd) in routine 
primary hip and knee arthroplasties: A 
randomised controlled trial 

Karlakki,S.L.;  Hamad,A.K.;  
Whittall,C.;  Graham,N.M.;  
Banerjee,R.D.;  Kuiper,J.H. 

2016 Bone and Joint Research Not relevant to criteria 

The value of (18)FDG-PET for the 
detection of infected hip prosthesis 

Vanquickenborne,B.;  Maes,A.;  
Nuyts,J.;  Acker,F.;  Stuyck,J.;  
Mulier,M.;  Verbruggen,A.;  
Mortelmans,L. 

2003 European journal of nuclear 
medicine and molecular imaging 

Not relevant to criteria 

Comparative multicenter trial of 
teicoplanin versus cefazolin for 
antimicrobial prophylaxis in prosthetic 
joint implant surgery 

Periti,P.;  Stringa,G.;  Mini,E. 1999 European journal of clinical 
microbiology & infectious 
diseases 

repeat article 

The Chitranjan Ranawat Award: Should 
prophylactic antibiotics be withheld 
before revision surgery to obtain 

Tetreault,M.W.;  Wetters,N.G.;  
Aggarwal,V.;  Mont,M.;  
Parvizi,J.;  Della-Valle,C.J. 

2014 Clinical Orthopaedics and 
Related Research 

no relevant outcomes 



  

  

appropriate cultures? Knee 

Analgesic effectiveness of celecoxib and 
diclofenac in patients with osteoarthritis 
of the hip requiring joint replacement 
surgery: a 12-week, multicenter, 
randomized, double-blind, parallel-group, 
double-dummy, noninferiority study 

Emery,P.;  Koncz,T.;  Pan,S.;  
Lowry,S. 

2008 Clinical Therapeutics not a study of antibiotics 

Antibiotic prophylaxis in total hip 
replacement 

Pollard,J.P.;  Hughes,S.P.;  
Scott,J.E.;  Evans,M.J.;  
Benson,M.K. 

1979 British Medical Journal confounded treatment comparison that 
doesn't answer pico question. different lengths 
of post op treatment could confound 
differences between the type of antibiotics 
used.  

The prophylactic use of antibiotics in 
alloarthroplasty of the hip joint for 
coxarthrosis. A randomized study 

Schulitz,K.P.;  Winkelmann,W.;  
Schoening,B. 

1980 ARCH.ORTHOP.TRAUM.SURG. antibiotics given post surgery 

Screening Patients Undergoing Total Hip 
or Knee Arthroplasty with Perioperative 
Urinalysis and the Effect of a Practice 
Change on Antimicrobial Use 

Bailin,S.;  Noiseux,N.;  
Pottinger,J.M.;  Johannsson,B.;  
Haleem,A.;  Johnson,S.;  
Herwaldt,L.A. 

2017 Infect.Control Hosp.Epidemiol. infection outcome not specific to pji 

Leukocyte Esterase Strip Test Can Predict 
Subsequent Failure Following 
Reimplantation in Patients With 
Periprosthetic Joint Infection 

Kheir,M.M.;  Ackerman,C.T.;  
Tan,T.L.;  Benazzo,A.;  
Tischler,E.H.;  Parvizi,J. 

2017 J.Arthroplasty evaluates tests in a cohort in which infected 
implant had already been removed 

Pre-operative intra-articular deep tissue 
sampling with novel retrograde forceps 
improves the diagnostics in periprosthetic 
joint infection 

Wimmer,M.D.;  Ploeger,M.M.;  
Friedrich,M.J.;  Hugle,T.;  
Gravius,S.;  Randau,T.M. 

2017 Int.Orthop test not relevant to pico question 

What is the Accuracy of Nuclear Imaging in 
the Assessment of Periprosthetic Knee 
Infection? A Meta-analysis 

Verberne,S.J.;  Sonnega,R.J.;  
Temmerman,O.P.;  
Raijmakers,P.G. 

2017 Clin.Orthop Relat.Res. Meta analysis  

Qualitative alpha-defensin test 
(Synovasure) for the diagnosis of 
periprosthetic infection in revision total 
joint arthroplasty 

Sigmund,I.K.;  Holinka,J.;  
Gamper,J.;  Staats,K.;  
Bohler,C.;  Kubista,B.;  
Windhager,R. 

2017 Bone Joint J. Patient population 

Increased rate of bacterial colonization on 
PE-components in total joint arthroplasty: 
An evaluation through sonication 

Janz,V.;  Wassilew,G.I.;  
Perka,C.F.;  Bartek,B. 

2017 Technol.Health Care insufficient data for a diagnostic 2x2 table 



  

  

The Accuracy of Imaging Techniques in the 
Assessment of Periprosthetic Hip 
Infection: A Systematic Review and Meta-
Analysis 

Verberne,S.J.;  Raijmakers,P.G.;  
Temmerman,O.P. 

2016 J.Bone Joint Surg.Am. Systematic review 

EKA survey: diagnosis of prosthetic knee 
joint infection 

Ahmad,S.S.;  Becker,R.;  
Chen,A.F.;  Kohl,S. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

Systematic review 

Neutrophil-to-lymphocyte ratio (NLR) 
distribution shows a better kinetic pattern 
than C-reactive protein distribution for the 
follow-up of early inflammation after total 
knee arthroplasty 

Yombi,J.C.;  Schwab,P.E.;  
Thienpont,E. 

2016 Knee Surg.Sports 
Traumatol.Arthrosc. 

Not relevant to criteria 

Diagnosing Infection in the Setting of 
Periprosthetic Fractures 

Shah,R.P.;  Plummer,D.R.;  
Moric,M.;  Sporer,S.M.;  
Levine,B.R.;  Della Valle,C.J. 

2016 J.Arthroplasty Not relevant to criteria 

Variations in ESR and CRP in total knee 
arthroplasty and total hip arthroplasty in 
Iranian patients from 2009 to 2011 

Nazem,K.;  Motififard,M.;  
Yousefian,M. 

2016 Adv.Biomed Res. not relevant to pico question. was a natural 
history study rather than a diagnostic study 

Validation of the diagnosis 'prosthetic 
joint infection' in the Danish Hip 
Arthroplasty Register 

Gundtoft,P.H.;  Pedersen,A.B.;  
Schonheyder,H.C.;  
Overgaard,S. 

2016 Bone Joint J. insufficient data to answer pico question, since 
objective was to validate pji diagnoses in the 
DHR.  since specific index tests or combinations 
of tests that were used was unclear, this can 
not be used to answer the pico question 

An evaluation of the role of nuclear 
medicine imaging in the diagnosis of 
periprosthetic infections of the hip 

Trevail,C.;  Ravindranath-
Reddy,P.;  Sulkin,T.;  Bartlett,G. 

2016 Clin.Radiol. Very low quality 

Comparative analysis of dual-phase 18F-
fluoride PET/CT and three phase bone 
scintigraphy in the evaluation of septic (or 
painful) hip prostheses: A prospective 
study 

Kumar,R.;  Kumar,R.;  
Kumar,V.;  Malhotra,R. 

2016 J.Orthop Sci. Very low quality 

The role of bone SPECT/CT in the 
evaluation of painful joint prostheses 

Arican,P.;  Okudan,Tekin B.;  
Sefizade,R.;  Naldoken,S.;  
Bastug,A.;  Ozkurt,B. 

2015 Nucl.Med.Commun. Insufficient data for 2x2 table  

Seronegative infections in hip and knee 
arthroplasty: periprosthetic infections 
with normal erythrocyte sedimentation 
rate and C-reactive protein level 

McArthur,B.A.;  Abdel,M.P.;  
Taunton,M.J.;  Osmon,D.R.;  
Hanssen,A.D. 

2015 Bone Joint J. patient spectrum not representative of 
population defined in pico question 



  

  

How accurate are orthopedic surgeons in 
diagnosing periprosthetic joint infection 
after total knee arthroplasty?: A 
multicenter study 

Koh,I.J.;  Cho,W.S.;  Choi,N.Y.;  
Parvizi,J.;  Kim,T.K. 

2015 Knee patient spectrum not representative of 
population defined in pico question. only 
included patients diagnosed with pji by there 
doctors, who subsequently underwent 2 stage 
revision 

Two-Stage Total Knee Arthroplasty for 
Prosthetic Joint Infection 

Cha,M.S.;  Cho,S.H.;  Kim,D.H.;  
Yoon,H.K.;  Cho,H.S.;  Lee,D.Y.;  
Lee,S.H.;  Hwang,S.C. 

2015 Knee Surg.Relat.Res. Not relevant to criteria 

Diagnostic work-up strategy for 
periprosthetic joint infections after total 
hip and knee arthroplasty: a 12-year 
experience on 320 consecutive cases 

Zajonz,D.;  Wuthe,L.;  
Tiepolt,S.;  Brandmeier,P.;  
Prietzel,T.;  von Salis-
Soglio,G.F.;  Roth,A.;  Josten,C.;  
Heyde,C.E.;  Ghanem,M. 

2015 Patient Saf.Surg. dosn't answer risk factor pico questions. 
inadequate data for diagnostic pico questions, 
since study is descriptive 

(18)F-fluorodeoxy glucose and (18)F 
fluoride PET for detection of inflammation 
focus in periprosthetic hip joint infection 
cases 

Choe,H.;  Inaba,Y.;  
Kobayashi,N.;  Miyamae,Y.;  
Ike,H.;  Yukizawa,Y.;  Saito,T. 

2015 Mod.Rheumatol. Less than 25 in each group 

Converting between high- and low-
sensitivity C-reactive protein in the 
assessment of periprosthetic joint 
infection 

Milone,M.T.;  Kamath,A.F.;  
Israelite,C.L. 

2014 J.Arthroplasty Not relevant to criteria 

Diagnostic accuracy of intra-articular C-
reactive protein assay in periprosthetic 
knee joint infection--a preliminary study 

Ronde-Oustau,C.;  Diesinger,Y.;  
Jenny,J.Y.;  Antoni,M.;  
Gaudias,J.;  Boeri,C.;  Sibilia,J.;  
Lessinger,J.M. 

2014 Orthop Traumatol.Surg.Res. Less than 25 in each group 

The 2013 Frank Stinchfield Award: 
Diagnosis of infection in the early 
postoperative period after total hip 
arthroplasty 

Yi,P.H.;  Cross,M.B.;  Moric,M.;  
Sporer,S.M.;  Berger,R.A.;  
Della Valle,C.J. 

2014 Clin.Orthop Relat.Res. Not relevant to criteria 

Evaluation and Management of 
Periprosthetic Joint Infection-an 
International, Multicenter Study 

Shanmugasundaram,S.;  
Ricciardi,B.F.;  Briggs,T.W.;  
Sussmann,P.S.;  Bostrom,M.P. 

2014 HSS.J. patient spectrum not representative of 
population defined in pico question 

Painful knee prosthesis: can we help with 
bone SPECT/CT? 

Al-Nabhani,K.;  
Michopoulou,S.;  Allie,R.;  
Alkalbani,J.;  Saad,Z.;  Sajjan,R.;  
Syed,R.;  Bomanji,J. 

2014 Nucl.Med.Commun. Insufficient data for 2x2 table  

Evaluation of white cell count and 
differential in synovial fluid for diagnosing 

Qu,X.;  Zhai,Z.;  Liu,X.;  Li,H.;  
Wu,C.;  Li,Y.;  Li,H.;  Zhu,Z.;  

2014 PLoS One Meta analysis  



  

  

infections after total hip or knee 
arthroplasty 

Qin,A.;  Dai,K. 

Serum C-reactive protein and 
procalcitonin kinetics in patients 
undergoing elective total hip arthroplasty 

Battistelli,S.;  Fortina,M.;  
Carta,S.;  Guerranti,R.;  
Nobile,F.;  Ferrata,P. 

2014 Biomed Res.Int. not relevent. natural history study of tests 
levels before and after primary arthroplasty 

Clinical value of optimized magnetic 
resonance imaging for evaluation of 
patients with painful hip arthroplasty 

He,C.;  Lu,Y.;  Jiang,M.;  Feng,J.;  
Wang,Y.;  Liu,Z. 

2014 Chin.Med.J.(Engl.) Less than 25 in each group 

The natural progression of synovial fluid 
white blood-cell counts and the 
percentage of polymorphonuclear cells 
after primary total knee arthroplasty: a 
multicenter study 

Christensen,C.P.;  Bedair,H.;  
Della Valle,C.J.;  Parvizi,J.;  
Schurko,B.;  Jacobs,C.A. 

2013 J.Bone Joint Surg.Am. Not relevant to criteria 

Different diagnostic properties of C-
reactive protein, real-time PCR, and 
histopathology of frozen and permanent 
sections in diagnosis of periprosthetic joint 
infection 

Miyamae,Y.;  Inaba,Y.;  
Kobayashi,N.;  Choe,H.;  
Yukizawa,Y.;  Ike,H.;  Saito,T. 

2013 Acta Orthop Not relevant to criteria 

Preoperative aspiration culture for 
preoperative diagnosis of infection in total 
hip or knee arthroplasty 

Qu,X.;  Zhai,Z.;  Wu,C.;  Jin,F.;  
Li,H.;  Wang,L.;  Liu,G.;  Liu,X.;  
Wang,W.;  Li,H.;  Zhang,X.;  
Zhu,Z.;  Dai,K. 

2013 J.Clin.Microbiol. Meta analysis  

Assessment of interleukin-6 and other 
inflammatory markers in the diagnosis of 
Egyptian patients with periprosthetic joint 
infection 

Abou El-Khier,N.T.;  El,Ganainy 
Ael;  Elgeidy,A.;  Rakha,S.A. 

2013 Egypt.J.Immunol. duplicate publication of same data from Elgeidi 
2014 

Lamellated hyperintense synovitis: 
potential MR imaging sign of an infected 
knee arthroplasty 

Plodkowski,A.J.;  Hayter,C.L.;  
Miller,T.T.;  Nguyen,J.T.;  
Potter,H.G. 

2013 Radiology Very low quality 

Periprosthetic joint infection diagnosis: a 
complete understanding of white blood 
cell count and differential 

Zmistowski,B.;  Restrepo,C.;  
Huang,R.;  Hozack,W.J.;  
Parvizi,J. 

2012 J.Arthroplasty Insufficient data for 2x2 table  

Does 99mTc-MDP bone scintigraphy add 
to the investigation of patients with 
symptomatic unicompartmental knee 
replacement? 

Wong,M.Y.;  Beadsmoore,C.;  
Toms,A.;  Smith,T.;  Donell,S. 

2012 Knee patient didn't get total joint replacement. only 
got Unicompartmental KA 



  

  

Diagnosis of periprosthetic joint infection 
after unicompartmental knee arthroplasty 

 2012 J.Arthroplasty Not relevant to criteria 

Leukocyte esterase reagent strips for the 
rapid diagnosis of periprosthetic joint 
infection 

Wetters,N.G.;  Berend,K.R.;  
Lombardi,A.V.;  Morris,M.J.;  
Tucker,T.L.;  Della Valle,C.J. 

2012 J.Arthroplasty Very low quality 

Aseptic loosening of total hip arthroplasty: 
infection always should be ruled out 

Parvizi,J.;  Suh,D.H.;  
Jafari,S.M.;  Mullan,A.;  
Purtill,J.J. 

2011 Clin.Orthop Relat.Res. patient population specific to aseptic revision, 
so patient spectrum not representative of 
patient population relevent to pico question 

Outcome and predictors of treatment 
failure in early post-surgical prosthetic 
joint infections due to Staphylococcus 
aureus treated with debridement 

Vilchez,F.;  Martinez-
Pastor,J.C.;  Garcia-Ramiro,S.;  
Bori,G.;  Macule,F.;  Sierra,J.;  
Font,L.;  Mensa,J.;  Soriano,A. 

2011 Clin.Microbiol.Infect. Not relevant to criteria 

Accuracy of CT-guided joint aspiration in 
patients with suspected infection status 
post-total hip arthroplasty 

Tomas,X.;  Bori,G.;  Garcia,S.;  
Garcia-Diez,A.I.;  Pomes,J.;  
Soriano,A.;  Rios,J.;  Almela,M.;  
Mensa,J.;  Gallart,X.;  
Martinez,J.C.;  Riba,J. 

2011 Skeletal Radiol. Not best available evidence 

Analysis of synovial fluid in culture-
negative samples of suspicious 
periprosthetic infections 

Lee,S.C.;  Jung,K.A.;  Yoon,J.Y.;  
Nam,C.H.;  Hwang,S.H.;  
Park,I.S. 

2010 Orthopedics Incorrect patient population (exclusive to 
culture-negative  

Inflammatory blood laboratory levels as 
markers of prosthetic joint infection: a 
systematic review and meta-analysis 

Berbari,E.;  Mabry,T.;  
Tsaras,G.;  Spangehl,M.;  
Erwin,P.J.;  Murad,M.H.;  
Steckelberg,J.;  Osmon,D. 

2010 J.Bone Joint Surg.Am. Systematic review 

Potential clinical role of 18F FDG-PET/CT in 
detecting hip prosthesis infection: a study 
in patients undergoing two-stage revision 
arthroplasty with an interim spacer 

Chen,S.H.;  Ho,K.C.;  
Hsieh,P.H.;  Lee,M.S.;  Yen,T.C. 

2010 Q.J.Nucl.Med.Mol.Imaging Population size 

Aortobifemoral bypass grafting using 
expanded polytetrafluoroethylene stretch 
grafts in patients with occlusive 
atherosclerotic disease 

Chiesa,R.;  Marone,E.M.;  
Tshomba,Y.;  Logaldo,D.;  
Castellano,R.;  Melissano,G. 

2009 Ann.Vasc.Surg. not relevant 

The value of intraoperative Gram stain in 
revision total knee arthroplasty 

Morgan,P.M.;  Sharkey,P.;  
Ghanem,E.;  Parvizi,J.;  
Clohisy,J.C.;  Burnett,R.S.;  
Barrack,R.L. 

2009 J.Bone Joint Surg.Am. excluded from pji 2017 because gram stain test 
wasn't relevant to intraop pico question, but is 
included in the pji dx update  



  

  

Inflammatory laboratory markers in 
periprosthetic hip fractures 

Chevillotte,C.J.;  Ali,M.H.;  
Trousdale,R.T.;  Larson,D.R.;  
Gullerud,R.E.;  Berry,D.J. 

2009 J.Arthroplasty patient spectrum not representative of 
population defined in pico question 

The pattern of procalcitonin in primary 
total hip and knee arthroplasty and its 
implication in periprosthetic infection 

Ali,S.;  Christie,A.;  Chapel,A. 2009 J.Clin.Med.Res. not relevant. was a natural history study of 
primary arthroplasty patients 

Periprosthetic infection: where do we 
stand with regard to Gram stain? 

Ghanem,E.;  Ketonis,C.;  
Restrepo,C.;  Joshi,A.;  
Barrack,R.;  Parvizi,J. 

2009 Acta Orthop test not relevant to pji 2017 pico question and 
was excluded from first guideline for being not 
best available evidence 

The role of FDG-PET in distinguishing 
between septic and aseptic loosening in 
hip prosthesis: a review of literature 

Zoccali,C.;  Teori,G.;  
Salducca,N. 

2009 Int.Orthop Systematic review 

FDG-PET for diagnosing prosthetic joint 
infection: systematic review and 
metaanalysis 

Kwee,T.C.;  Kwee,R.M.;  
Alavi,A. 

2008 Eur.J.Nucl.Med.Mol.Imaging Systematic review 

Diagnosis of peri-prosthetic infection at 
the hip using triple-phase bone 
scintigraphy 

Nagoya,S.;  Kaya,M.;  
Sasaki,M.;  Tateda,K.;  
Yamashita,T. 

2008 J.Bone Joint Surg.Br. not all patients had TJA 
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analysis 

Ding,H.;  Yao,J.;  Chang,W.;  
Liu,F. 

2017 J Orthop Surg Res Systematic review 

Obesity Is Independently Associated With 
Early Aseptic Loosening in Primary Total 
Hip Arthroplasty 
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2017 J Arthroplasty Population size 

Temporal trends and epidemiology of 
Staphylococcus aureus surgical site 
infection in the Swiss surveillance 
network: a cohort study 

Abbas,M.;  Aghayev,E.;  
Troillet,N.;  Eisenring,M.C.;  
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Miller,A.O.;  Westrich,G.H. 

2017 Knee. not relevant. patients already had joint 
infection at start of the study 

Body mass index as a predictor of 
outcome in total knee replace: A systemic 
review and meta-analysis 
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and Risk of Infection 

Wouthuyzen-Bakker,M.;  
Tornero,E.;  Claret,G.;  
Bosch,J.;  Martinez-Pastor,J.C.;  
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