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Abstract

We conducted a study to examine intraobserver
reliability, interobserver reliability, and accuracy

of preoperative templating in approximating hu-
meral and ulnar component sizes in total elbow

arthroplasty (TEA).

Twenty-two patients underwent cemented TEA
with 1 of 2 commonly used implants. Four in-
dependent reviewers performed templatingjin 2
separate sessions spaced a minimum of 2 weeks
apart. Reviewers were blinded to patient inferma-
tion and used appropriately magnified templates
provided by the implant manufacturer. Preopera-
tive and postoperative films were assessed for
humeral and ulnar stem width and length.

For both/implants combined, there was
substantial (x > 0.7)/intraobserver reliability for
humeral width, humeral length, and ulnar length.
Interobserver reliability was fair for humeral
width (x = 0.28), substantial for humeral length
(x = 0.64), and moderate for both ulnar width
(x = 0.44) and ulnar length (x = 0.49). Preop-
erative templating accurately predicted exact
stem size 72.7% of the time and within 1 size
variation 96.9% of the time. Attending surgeons
were slightly more accurate than fellows (75.5%
vs 71.5%) in predicting stem sizes.

Preoperative templating is moderately reli-
able and largely accurate in planning TEA.

degeneration of the ulnohumeral and radiocapitellar
joints. It provides reliable pain relief and restores elbow
motion in the vast majority of patients.! However, because
there are significantly fewer cases of advanced arthritis of the

T otal elbow arthroplasty (TEA) is used to treat severe

elbow than advanced arthritis of other major joints (eg, hip,
shoulder, knee), the overall incidence of elbow arthroplasty is
relatively low.” Even orthopedic surgeons with busy upper ex-
tremity practices may perform only a handful of TEAs per year.

Before any surgery is performed, it is important to engage in
planning to help ensure a successful outcome. In joint arthro-
plasty, preoperative templating is often beneficial. Templating
can provide additional information that may be useful to the
surgeon, such as the size of the implant that may be needed
and where bone cuts should be made. Templating has been
efficacious in other arthroplasties—namely, hip and shoulder.?
To our knowledge, however, no study has examined the ef-
fectiveness of preoperative templating in TEA. Therefore, we
conducted a study to measure the reliability and accuracy of
preoperative templating in TEA and to determine its usefulness
for approximating humeral and ulnar stem sizes.

Materialgfand Metfiods

Institutional review board approval was'ebtained for this
study. Twenty=two patientsunderwent cemented TEA. Of these
patients, 13 received the Discovery Elbow System (Biomet,
Warsaw, Indiana); the other 9 received the Coonrad/Mor-
rey Total Elbow (Zimmer, Warsaw, Indiana). Four reviewers
(2 experienced hand and upper extremity attending surgeons,
and 2 hand and upper extremity fellows) analyzed the patients’
preoperative and postoperative standard anteroposterior and
lateral radiographs at 2 separate review sessions a minimum
of 2 weeks apart. At each session, the reviewers were blinded
to patient information and used appropriately magnified tem-
plates provided by the implant manufacturers. Preoperative ra-
diographs were assessed for humeral and ulnar stem width and
length, and postoperative radiographs for appropriate length
and width of the implanted stem.

We used free-marginal k analysis to calculate the reliability
of intraobserver and interobserver agreement for preoperative
templating.** Kappa values were interpreted according to a
commonly used scale (Table I). The accuracy of templating was
calculated as a percentage agreement between template size
and implanted size for each patient. Postoperative analysis of
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Table I. Interpretation of k Values

K Agreement

<0.0 Less than chance
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081-099  Amostperfect

Table Il. Intraobserver Agreement for Preoperative Templating

plant, intraobserver agreement was substantial for humeral
width (k = 0.75) and length (k = 0.67), and moderate for
ulnar width (i = 0.54) and length (i = 0.58). Interobserver
agreement was slight for humeral width (k = 0.17) and ulnar
length (k = 0.19), substantial for humeral length (k = 0.61),
and fair for ulnar width (k = 0.40).

For the 2 implant types combined, intraobserver reliabil-
ity was substantial for humeral width and length and ulnar
length (k > 0.7), and moderate for ulnar width (k = 0.52)
(Table II). Interobserver reliability was fair for humeral width
(i = 0.28), substantial for humeral length (k = 0.64), and mod-
erate for ulnar width (k = 0.44) and length
(k = 0.49) (Table III).

Interobserver agreement regarding appro-

h Agreement % Agreement priate stem size on postoperative radiographs

Humeral Width 0.659 Substantial 77.3 was 83.7%. Agreement was almost perfect for
........................................................................................................ humeral length and ulnar width and length
Length 0.795 Substantial 86.4 (k > 0.80), and moderate for humeral width

Ulnar Width 0.523 Moderate 68.2 (k = 0.47). Overall, stem size was deemed ap-
........................................................................................................ propriate 89.2% of the time, with the humeral
Length 0.761 Substantial 841 stem deemed too narrow 25% of the time and

Table IIl. Interobserver Agreement for Preoperative Templating,

too long 2.3% of the time; the ulnar stem was
deemed too narrow 6.8% of the time and too

short 6.8% of the time.

K Proyert  Jogement Among all reviewers, preoperative templat-

Humeral Width 0.284 Fair 52:3 ing accurately predicted exact stem size 72.7%
..................................................................................................... of the time and within 1 stem size 96.9% of the
Length 0.636 Substantial 75.8 time (Table IV). Reviewers were slightly more

Ulnar Width 0.443 Moderate 62.3 accurate in predicting exact Discovery stem
..................................................................................................... size,(75.7 %) than exactCoonrad/Morrey stem
Length 0.489 Moderate 65.9 size (680%). They were also slightlymore ac-

Table V. Accuracy of Templating for,Total,Elbow Arthroplasty

curate in predicting exact"humeral stem size
(7540%) than exact ulnar stem

Accurate Prediction, %

1 Size Variation, %

size (70.4%). Regarding level of

>1 Size Variation, % . .
experience, attending surgeons

Humeral ~ Width 68.2 96.6 134 were slightly more accurate
.................................................................................................................... (75.5%) than fellows (71.5%) in
Length 81.8 98.9 11 L .
predicting exact stem size.
Ulnar Width 64.7 9r.7 2.3
Length 76.1 94.3 5.7 DISCPSSIOH . .
.................................................................................................................... Selecting an appropriately sized
Average 72.7 96.9 5.6 implant is key in successful joint

the subjective grading of implant fit was based on percentage
agreement between raters.

Results
Among the 13 patients who received the Discovery implant,
intraobserver agreement was substantial for humeral width
(k = 0.65), almost perfect for ulnar width (k = 0.89), and
almost perfect for humeral and ulnar length (k > 0.80). In-
terobserver agreement was fair for humeral width (k = 0.37),
moderate for ulnar width (k = 0.48), and substantial for hu-
meral length (k = 0.65) and ulnar length (kx = 0.64).

In the 9 patients who received the Coonrad/Morrey im-
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arthroplasty. Preoperative tem-

plating can assist in this endeavor.
Studies have shown templating to be efficacious in both hip and
shoulder arthroplasty.®”

The study reported here is the first to examine the reliabil-
ity and accuracy of templating in TEA. On average, our results
showed substantial intraobserver reliability for humeral width
and length and ulnar length (k > 0.7), and moderate reliability
for ulnar width (i = 0.52) (Table II). When the implants were
analyzed in combination, however, interobserver agreement was
only moderate (Discovery, k = 0.53) to fair (Coonrad/Morrey,
K = 0.34). Although we do not know the exact reason for the slight
difference between the implants, we speculate that since Coon-
rad/Morrey has an additional length option for its humeral and ul-
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nar stems compared to Discovery, reviewers had more length op-
tions to choose from, and thus a greater chance of picking a stem
different from the one implanted. Nevertheless, the relatively low
overall interobserver agreement for both implants is still an issue.
Why is agreement only moderate at best for predicting stem sizes?

First, there are no real guidelines regarding the lengths re-
quired for ulnar and humeral stems in TEA. For example, there
are no dataregarding when to use a 4-inch-long humeral stem
and when to use a 6-inch-long humeral stem in primary TEA.
Although a recent article indicated that longer humeral stems
may cause elbow joint alignment issues, it did not elucidate the
ideal stem lengths in different scenarios.® Generally, surgeons
choose longer stems in trauma cases and shorter stems for ar-
thritis. However, the literature does not provide any evidence
supporting this practice in the elbow, though common sense
suggests such an approach.

Whereas interobserver agreement was moderate for pre-
dicting stem sizes, it was excellent for judging the appropriate-
ness of the implanted stems on postoperative radiographs. As
a group, the reviewers subjectively graded the postoperative
radiographs as having appropriately sized stems almost 90%
of the time, which is a high percentage.

In this study, the overall accuracy of preoperatiye templat-
ing in predicting exact stem size was good (72.7%); and the ac-
curacy was excellent in predicting within 1 stemysize (96.9%).
The general goal of templating stem sizes is to give the surgeen
an approximate idea of the size of the implants that he or she
will need during surgery. If a surgeon can predict within 1
stem size what will be needed almost 97% of the time, then
templating is clearly"worth the effort.

Our reviewers were slightly more accurate'in predicting
Discovery stem sizes (75.7%) than Coonrad/Morrey stem sizes
(68.0%). Again, we hypothesize that the difference between
these implants derives from the extra length option for the
Coonrad/Morrey stems. Regarding level of templating expe-
rience, reviewers with more experience had a slightly higher
accuracy (75.5%) than reviewers with less experience (71.5%),
suggesting a learning curve for TEA templating.

Our study had several strengths and weaknesses. To our
knowledge, this is the first study to analyze the reliability and
accuracy of TEA templating. In addition, it used 4 separate re-
viewers, each of whom had been blinded to patient information
and had reviewed the radiographs on 2 different occasions.
We believe that these measures helped reduce bias in our data.

A potential weakness of this study is radiographic magni-
fication. All films were printed radiographs, reportedly taken
at the standard 40-inch source-to-image distance. Depending
on patient size and amount of soft tissue around the arm,
magnification is typically about 3% or higher. Our templates
take into account approximately 3% to 5% of magnification.
Magnifying the films more than 5% would have resulted in
overestimating the required sizes of our components and thus
would have skewed our data. One might argue that this issue
could be solved with digital templating. Digital templating
for TEA exists. However, it is costly and is not found in most
institutions, including ours. The most practical templating
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method for most hand surgeons—certainly those in smaller
community settings—still involves printed films and templating
sheets, which is why we conducted our study the way we did.

Another potential weakness is our assumption that the size
of the actual implant is the correct size for our assessment of
accuracy. If the actual implant were undersized or oversized,
it would limit our ability to truly measure accuracy. To control
for this scenario, we had reviewers assess postoperative films
for appropriate stem sizes. Given that the reviewers deemed
stem sizes appropriate about 90% of the time, we believe that
this potential source of error was minimized.

Conclusion

Preoperative planning is key in maximizing outcomes in joint
arthroplasty. Specifically, templating for implant sizes before
surgery can provide the surgeon with important informa-
tion that can aid in intraoperative decision making. Our study
showed substantial intraobserver agreement, fair-to-moderate
interobserver agreement, and good accuracy for predicting exact
stem sizes in TEA. Compared with less-experienced reviewers,
experienced reviewers were slightly more accurate in predicting
stem sizes. Overall, we believe that our results show that preop-
erative templating can be of significant value in performing TEA.
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