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Orthopaedic surgeons are 
often barraged with offers 
to examine and use a va-

riety of modified or new surgical 
techniques. These techniques often 
involve new instruments, new im-
plants, or devices that have new 
materials associated with them. 

The selection of a specific surgi-
cal device, method, or approach 
is affected by a number of factors, 
such as the device’s suitability for 
the procedure and whether it is 
sufficiently strong, compliant, and 
biocompatible. 

Ideally, to ensure safety, sufficient 
technique and implant evalua-
tions would be performed and the 
device would be tested according 
to approved consensus standards 
before clinical use. In many cases, 
implants have undergone extensive 
testing both in vitro and in vivo. 
Consensus standards have enabled 
the evaluation of modified or new 
implant designs on a comparison 
basis. The consensus standards 
are living documents that can be 
revised if necessary. This article 
will provide background on how 
consensus standards for implant 
devices are developed, maintained, 
and used.

Who develops and maintains these 
standards?

The overall evaluation of or-
thopaedic implants lies within the 
combined efforts and responsibil-
ity of the federal Food and Drug 
Administration (FDA), standards 
organizations such as the American 
Society for Testing and Materials 
(ASTM) International and the In-
ternational Standards Organization 
(ISO), manufacturers, and oth-
ers. “Others” is a big group that 
includes researchers of all types, 
testing laboratories, biomaterial 
producers, surgeons, and more. 
The AAOS Biomedical Engineering 
Committee and the Orthopaedic 
Device Forum are also involved in 
this process, as may be the AAOS 
Biological Implants Committee.

As a surgeon, you should be 
aware of the process leading to 
performance standards for the 
implants you are offering to your 
patients.

Performance standards
Performance standards define 

how an implant should be tested. 
An example is the ASTM F2068, 
Standard Specification for Femo-
ral Prostheses–Metallic Implants, 
which requires that representative 
implant samples must be able to 
support a specified loading profile 
for 10 million cycles, represent-
ing years of in vivo function (Fig. 
1). As noted in the standard, this 
testing has been based on the cor-
relation of clinical fractures and 
associated laboratory simulations 
to characterize fatigue strength 
performance. 

Thus, new or significantly modi-
fied implants must pass this cyclic 
loading test to be considered com-
pliant. However, other factors—in-
cluding the location and assembly 
of parts during placement; patient 
size, weight, and activity level; and 
the presence of progressive dis-
eases—may affect the clinical out-
come of treatment. 

These minimum loading profiles 
were determined only after the 
forces that cause clinical fractures 
were recognized. As a result, you, 
as an orthopaedic surgeon, should 
be confident that a design that 
meets this consensus standard will 
not break down structurally, unless 
there are highly irregular size, fixa-
tion, or other issues.

Frequently, ASTM standards 
are proposed and developed only 
after a known and significant clini-
cal outcome or concern has been 
determined and the need arises for 
more clinically applicable testing 
to enhance clinical outcomes. For 
example, ASTM F1800, Standard 
Practice for Cyclic Fatigue Testing 
of Metal Tibial Tray Components 

of Total Knee Joint Replacements, 
was developed after a series of 
tibial trays required revision due 
to the absence of sufficient medial 
tibial bone support (Fig. 2). 

Similarly, after reports of device 
fractures, ASTM F2345, Standard 
Test Methods for Determination of 
Static and Cyclic Fatigue Strength 
of Ceramic Modular Femoral 
Heads, was developed to help 
evaluate the mechanical strength 
of these heads (Fig. 3). These 
standards help ensure that these 
problems would not occur, while 
recognizing that it is difficult to an-
ticipate every mode leading to loss 
of function. 

Other ASTM standards clearly 
recommend that certain types of 
testing should be performed by 
referring to that test method. For 
example, ASTM F1378, Standard 
Specification for Shoulder Pros-
theses, states that porous coat-
ings should be tested according to 
ASTM Test Method F1044 (shear 
strength) (Fig. 4) and F1147 (ten-
sile strength). However, neither 
the shoulder specification nor the 
test methods specify a strength 
minimum. 

Therefore, when an orthopaedic 
surgeon is presented with a new 
design with some type of porous 
coating, such as a 3-D additive 
metal printed porous surface, he or 
she might ask if the strength of the 

coating has been tested. It is very 
important to also ask how this de-
sign compared with an existing de-
sign used previously with a similar 
type of coating. 

Surgeon involvement
These examples of performance 
standards have led to numerous 
safe implant designs and should 
allow for many more. The need for 
surgeon involvement in the devel-
opment and revision of consensus 
standards remains. For example, 
an orthopaedic surgeon can help 
improve standards for testing by 
alerting not just the manufacturer 
of a clinical problem, but also 
regulatory bodies such as the FDA. 
Previous articles in AAOS Now 
and The Journal of the AAOS 
have discussed the use of the FDA 
MedWatch program to report 
adverse events. The sooner details 
of a clinical failure are reported, 
the sooner testing procedures and 
associated studies can be developed 
to minimize such events. 

As a surgeon, when should you 
be concerned about a new im-
plantable device or method? What 
questions should you ask when 
presented with a new implant or 
surgical technique with revised 
instruments? 

First, consider how this device 
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Fig. 2 To limit fracture of metallic tibial trays having one unsupported condyle, fatigue testing must 
be performed until failure or to a suggested 10 million cycles. 
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Fig. 1 Illustration of a loading setup used to 
test a metallic femoral prosthesis. 
REDRAWN WITH PERMISSION FROM ASTM F1612, STANDARD 
PRACTICE FOR CYCLIC FATIGUE TESTING OF METALLIC 
STEMMED HIP ARTHROPLASTY FEMORAL COMPONENTS 
WITH TORSION, © ASTM INTERNATIONAL.

AAOS Now_2017 June.indd   31 5/17/2017   12:52:09 PM


