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M etal-on-metal hip resurfacing offers a bone conserv-
ing alternative to total hip arthroplasty (THA) for 
young, active patients with osteoarthritis.1,2 Both 

surgical treatments utilize a similar acetabular component, 
but unlike THA, hip resurfacing uses a short, stemmed femo-
ral component that preserves the femoral neck.3 The 
benefits of preserving the femoral neck are thought 
to include: easier revision surgery, lower disloca-
tion rates, improved stress shielding to the proxi-
mal femur, increased range of motion, and limb 
length preservation.4-7 However, placement of the 
femoral component presents challenges unique to 
hip resurfacing. Femoral neck fracture occurs in 0% 
to 4% of cases and is responsible for 30% of failed 
outcomes.5,7-10 The incidence of femoral neck frac-
tures has been found to be higher for inexperienced 
surgeons.10-13 Risk factors known to provoke femo-
ral neck fracture include: notching of the femoral 
neck during femoral head preparation, varus implant 
alignment, an undersized femoral component, and 
inadequate coverage of the reamed femoral head.13 To 
avoid these risk factors, accurate sizing and placement 
of the components are critical. 

Surgeons use templating before arthroplasty procedures to 
determine the appropriate size and placement of implanted 
components. Templating also benefits the operative team by 
allowing them to ensure availability of the anticipated com-
ponent sizes for surgery and minimizing the risk of opening 
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Figure 1. (A) Acetate templates of femoral and acetabular component sizes 
provided by the manufacturer to overlay on printed radiographs; (B) Digital 
template of preoperative radiograph with TraumaCad software planning for 
50 mm femoral and 58 mm acetabular components. Radiopaque marker 
used to calibrate radiograph magnification (*).
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Abstract
This study sought to determine whether templating for 
metal-on-metal hip resurfacing is more accurate with 
digital or acetate methodology. 

The medical records of 102 consecutive patients 
who underwent hip resurfacing at our institution were 
retrospectively reviewed. Records lacking preoperative 
radiographs that included a magnification-establishing 
marker were excluded, leaving 78 records for study. 
Two investigators independently prepared acetate and 
digital templates of the preoperative radiographs, which 
had been calibrated to 120% magnification, to predict 
femoral and acetabular component size. Accuracy was 
measured by comparing the predicted component sizes 
to the surgically implanted component sizes. 

Digital templating was more accurate than acetate 
templating in predicting hip resurfacing component 
size when measuring accuracy of templates by the 
absolute error of predicted component sizes (femoral,  
P < .001; acetabular, P = .002), and by the prediction  
of components to +/-1 size difference (femoral,  
P = .001; acetabular, P = .002). Experience of the 
templating surgeon did not correlate with templating 
accuracy for acetate or digital templating. Although 
acetate templating is often regarded as the “gold  
standard” in preoperative planning, data from the 
current study shows that digital technology can be 
used for accurate preoperative templating prior to hip 
resurfacing procedures.
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the wrong components intraoperatively.14 In the United States, 
wasted hip and knee implants alone cost hospitals an estimated 
$36 million each year.15 Preoperative templating may represent 
a simple way to reduce this cost.

Conventional templating overlays acetate templates (Figure 
1A) of different sizes on printed radiographs to predict compo-
nent size, and has long been regarded as the “gold standard” in 
preoperative planning.14,16 The push to adopt electronic medical 
records17 has led many hospitals to replace printed radiographs 
with digital imaging systems, making acetate templating im-
practical, both financially and logistically.18 Digital templating 
software (Figure 1B) is available, but its reliability in compari-
son to acetate templating has been questioned.14,16,18-22 The accu-
racy of digital templating was compared with acetate templat-
ing in several studies for THA. The and colleagues14 and Della 
Valle and colleagues18 found acetate templating to be more 
accurate, but more recent studies by Iorio and colleagues,20 
Kosashvili and colleagues,21 and Gamble and colleagues22 found 
no difference between the templating methods, and concluded 
that digital templating was safe and reliable.

The literature regarding templating for hip resurfacing, 
however, is limited. Only 3 studies have tested the accuracy 

of acetate or digital templating, and no study has compared 
the 2 methods for hip resurfacing.6,23,24 Because resurfacing is 
a technically difficult surgery that requires careful preopera-
tive planning, it is imperative that we establish whether digital 
templating is a safe and reliable method. The purpose of the 
current study was to compare acetate to digital templating for 
hip resurfacing by addressing the following research questions: 
(a) is preoperative digital templating as accurate as acetate tem-
plating in predicting component size for hip resurfacing, and 
(b) does surgical experience of the templating surgeon cor-
relate with templating accuracy? 

Materials and Methods
Following Institutional Review Board approval, medical re-
cords of all patients who underwent hip resurfacing at our 
institution between January 2007 and December 2009 were 
reviewed. A total of 102 patients were identified. Twenty-four 
patients were excluded because they did not have preoperative 
radiographs with a magnification-establishing marker at the 
level of the greater trochanter, leaving 78 to be studied. The 
cohort included 53 men and 25 women, with a mean age of 
48.8 years (range, 19 to 64), and mean body mass index of 29.4 

Table I. Accuracy in Predicting Exact Size of Component

Resident Attending

Acetate Digital Acetate Digital 

Femoral 
Component Trial 1 19/78 (24%) 34/78 (44%) P = 0.11 29/78 (37%) 23/78 (29%) P = 0.73

Trial 2 21/78 (27%) 21/78 (27%) 13/78 (17%) 20/78 (26%)

Trial 1&2 11/78 (14%) 10/78 (13%) 8/78 (10%) 8/78 (10%)

Acetabular 
Component Trial 1 19/78 (24%) 32/78 (41%) P = 0.06 36/78 (46%) 29/78 (37%) P = 0.85

Trial 2 24/78 (31%) 27/78 (35%) 18/78 (23%) 25/78 (32%)

Trial 1&2 12/78 (15%) 13/78 (17%) 11/78 (14%) 11/78 (14%)

Table II. Accuracy in Predicting Within One Component Size

Resident Attending

Acetate Digital Acetate Digital

Femoral 
Component Trial 1 51/78 (65%) 65/78 (83%) P = 0.008 60/78 (77%) 52/78 (67%) P = 0.057

Trial 2 55/78 (71%) 65/78 (83%) 41/78 (53%) 62/78 (79%)

Trial 1&2 45/78 (58%) 55/78 (71%) 38/78 (49%) 48/78 (62%)

Acetabular 
Component Trial 1 56/78 (72%) 69/78 (88%) P = 0.01 63/78 (81%) 64/78 (82%) P = 0.114

Trial 2 56/78 (72%) 66/78 (85%) 58/78 (74%) 66/78 (85%)

Trial 1&2 50/78 (64%) 58/78 (74%) 53/78 (68%) 56/78 (72%)
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(range, 19.1 to 44.3) at the time of surgery. All patients received 
the Birmingham Hip Resurfacing (BHR) system (Smith and 
Nephew, Memphis, TN, USA).

Preoperative anteroposterior unilateral hip radiographs 
were taken in standard fashion with a 25.4 mm radiopaque 
sphere and stored in iSite v3.6 (Philips Healthcare, Andover, 
MA, USA) Picture Archiving and Communication System 
(PACS). Radiographs were calibrated to 120% and printed for 
acetate templating with standardized templates provided by the 
manufacturer. Digital templating was performed with Trau-
maCad v2.0 software (Voyant Health, Columbia, MD, USA) on 
digital PACS radiographs calibrated to 120%. 

Two investigators, 1 fellowship-trained attending surgeon 
and 1 chief resident, independently prepared templates to pre-
dict the femoral and acetabular component sizes for each of 
the 78 preoperative radiographs. Both surgeons had experience 
with templating for hip resurfacing, but did not participate 
in the surgeries of enrolled patients. Acetate and digital tem-
plates were prepared on different occasions, separated by 2 
months. Both surgeons repeated acetate and digital measures 
4 months later to assess intra- and interobserver variability. 
When repeating measures, subject order was randomized and 
surgeons were blinded to their previous results in order to 
minimize recall bias.

Accuracy of the templating methods was measured by com-
paring the templated femoral and acetabular component sizes 
to the sizes of components actually implanted, which were 
retrieved from patients’ medical records. To determine if a cor-
relation existed between surgical experience and templating 
accuracy, results of the more-experienced attending surgeon 
were compared with the less-experienced chief resident. 

Statistical analyses were performed with SAS 9.2 (Cary, 
NC, USA) and a p-value of 0.05 was considered statistically 
significant. Templating accuracy was calculated as the per-
centage of agreement between the templated and implanted 
components, either to within +/-1 size difference, or exact 
size. Frequencies of accuracy and component undersizing were 
calculated for each combination of method, surgeon, and loca-

tion. Logistic regressions with repeated measures were used to 
compare templating accuracy and component undersizing of 
the 2 templating methods for each location, either for single 
surgeon or combined. A comparison of acetate and digital 
templating methods using absolute error values pooled from 
both surgeons was done using mixed effect models to account 
for within-subject-correlation for the repeated measures. To 
evaluate within-surgeon-reliability and between-surgeon-reli-
ability, intraclass correlation coefficients (ICC) were calculated; 
ICC can be interpreted as follows for strength of agreement: 
0.00 to 0.20 ‘poor’, 0.21 to 0.40 ‘fair’, 0.41 to 0.60 ‘moderate’, 
0.61 to 0.80 ‘substantial’, and 0.80 to 1.00 ‘nearly perfect.’25,26 

Results
Digital templating was more accurate than acetate templating in 
predicting femoral and acetabular component size. The absolute 
error (size increments away from actual implant size) of pre-
dicted femoral components was 1.13 sizes for acetate templates 
and 0.93 sizes for digital templates (P < .001). The absolute error 
of predicted acetabular components was 0.98 sizes for acetate 
templates and 0.81 sizes for digital templates (P = .002). Sur-
geons predicted the exact component size (Table I) in 29% of 
acetate templates and 34% of digital templates (femoral, P = .101; 
acetabular, P = .202). They predicted to +/-1 component size 
(Table II) in 71% of acetate templates and 82% of digital tem-
plates, (femoral, P = .001; acetabular, P = .002). Intraobserver 
reliability (Table III) was substantial to nearly perfect for both 
surgeons with both methods (ICC, 0.76 to 0.87). Interobserver 
reliability was also substantial to nearly perfect (ICC, 0.66 to 
0.86). When surgeons did not predict exact size, they tended to 
underestimate component size (Table IV, Figure 2), which was 
done more often and to a larger degree with acetate templating. 

The attending surgeon’s templates were not more accurate 
than the chief resident’s templates. The attending surgeon’s 
absolute error for femoral components was 1.08 sizes and the 
resident’s was 0.98 sizes (P = .37). The attending surgeon’s 
absolute error for acetabular components was 0.86 sizes and 
the resident’s was 0.92 sizes (P = .53).

Table III. Intra and Inter-class Correlation Coefficient Analysis

Intraobserver Reliability

Acetate Templating Digital Templating

Acetabular Femoral Acetabular Femoral

Resident 0.84 (0.76-0.89) 0.87 (0.80-0.91) 0.76 (0.65-0.84) 0.76 (0.65-0.84)

Attending 0.85 (0.78-0.90) 0.76 (0.65-0.84) 0.87 (0.80-0.91) 0.82 (0.73-0.88)

Interobserver Reliability

Acetate Templating Digital Templating

Acetabular Femoral Acetabular Femoral

Trial 1 0.82 (0.73-0.88) 0.84 (0.76-0.89) 0.73 (0.61-0.82) 0.66 (0.52-0.77)

Trial 2 0.86 (0.79-0.91) 0.86 (0.79-0.91) 0.78 (0.68-0.85) 0.75 (0.64-0.83)
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Discussion
The findings of the current study revealed that digital tem-
plating is more accurate than acetate templating in predict-
ing component size when grading accuracy by absolute error 
and by prediction to +/-1 component size. The accuracy of 
digital templating for hip resurfacing was previously assessed 
by Olsen and colleagues.24 In this study, surgeons predicted 

exact component size in 54% of femoral and 47% of acetabular 
templates. Digital trials in our study were less accurate (femo-
ral, 31%; acetabular, 36%). Surgeons undersized components 
in roughly 35% of templates in Olsen and colleagues’24 study, 
nearly as often as our surgeons did (42%). Konan and col-
leagues6 found significant agreement between digital templates 
and actual implant size, but their study measured accuracy of 
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Figure 2. Distribution of the errors of acetate and digital templates. Acetate templating tended to undersize components as shown by 
the leftward shift of its distribution.

Table IV. Component Undersizing

Frequency

Resident Attending

Acetate Digital Acetate Digital

Femoral 
Component Trial 1 51/78 (65%) 20/78 (26%) P < 0.001 39/78 (50%) 52/78 (67%) P = 0.720

Trial 2 54/78 (69%) 32/78 (41%) 62/78 (79%) 39/78 (50%)

Trial 1&2 47/78 (60%) 13/78 (17%) 37/78 (47%) 35/78 (45%)

Acetabular 
Component Trial 1 49/78 (63%) 19/78 (24%) P < 0.001 32/78 (41%) 41/78 (53% P = 0.344

Trial 2 50/78 (64%) 30/78 (38%) 54/78 (69%) 30/78 (38%)

Trial 1&2 42/78 (54%) 10/78 (13%) 30/78 (38%) 27/78 (35%)

Mean & Standard Error of Undersizing (Component Size Increments) 

Resident Attending

Acetate Digital Acetate Digital

Femoral 
Component Trial 1 (SEM) 1.61 (0.09) 1.25 (0.12) 1.51 (0.10) 1.56 (0.08)

Trial 2 (SEM) 1.52 (0.09) 1.31 (0.10) 1.71 (0.08) 1.26 (0.09)

Acetabular 
Component Trial 1 (SEM) 1.51 (0.09) 1.16(0.12) 1.44 (0.09) 1.34 (0.07)

Trial 2 (SEM) 1.56 (0.10) 1.27 (0.10) 1.41 (0.08) 1.20 (0.09)
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templates using ICC values, making comparison with our ac-
curacy results difficult.6 Most recently, Choi and colleagues23 
reported on acetate templating for hip resurfacing. In this study, 
surgeons predicted exact component size in 64% of femoral 
and 38% of acetabular templates, which was more accurate 
than our acetate trials (femoral, 26%; acetabular, 31%). Com-
ponents were predicted to +/-1 size in 98.8% of femoral and 
80.6% of acetabular templates, also more accurate than our 
acetate trials (femoral, 66%; acetabular, 75%). 

While the results from our study were less accurate than 
those reported by Olsen and colleagues23 and Choi and col-
leagues24, one explanation for this finding is that additional 
sizes of the femoral component became available during our 
patient series. The majority of patients in our study received 
the BHR system with femoral components available in 4-mm-
increments, but in early 2009 the manufacturer released femo-
ral components in 2-mm-increments.23 The acetate and digital 
templates used in our study already offered femoral compo-
nents in 2-mm-increments. As a result, the surgeons in our 
study were templating with additional component sizes that 
were not available at the time of surgery, and accuracy was 
limited by this.23 This discrepancy was accounted for by Choi 
and colleagues23 and Olsen and colleagues,24 and likely explains 
why templates were more accurate in these studies. 

Surgical experience did not correlate with templating ac-
curacy in our study. Templates prepared by the attending sur-
geon who completed an adult reconstruction fellowship were 
no more accurate than those performed by the resident. A 
relationship between surgical experience and templating ac-
curacy has been suggested in the arthroplasty literature, but 
these studies were done for THA and total knee arthroplasty, 
not hip resurfacing.27-29 

The tendency to undersize the femoral component in our 
study (Figure 2) is concerning, but consistent with results pub-
lished in other acetate and digital templating studies.6,14,16,23,24,30 
Perhaps a more concerning finding in our study, however, was 
that surgeons were more likely to undersize the femoral com-
ponent with acetate templating than with digital templating 
(P < .001). An undersized component is more likely to notch 
the femoral neck, which greatly increases the risk of fracture. 
It is also more difficult to seat in proper valgus orientation.9 A 
biomechanical investigation in cadaveric femurs showed that 
components in valgus orientation had a significantly greater 
ultimate load to failure than components in varus orientation.13 

The primary limitation to our study was the inconsistency 
of component size-increments, which limited the accuracy of 
predicted component sizes. However, both templating meth-
ods were equally affected by this, and in the setting of excellent 
intra- and interobserver reliability, comparative results remain 
valid. A second limitation was that implanted component sizes 
were assumed to be correct.16 The purpose of our study was to 
compare the 2 templating methods, so clinical outcomes were 
not assessed. Our conclusions regarding surgical experience 
and templating accuracy are limited by the small number of 
templating surgeons. Additional limitations to our study in-
clude the retrospective single center design, the small sample 

size, and exclusive use of a single digital templating software 
system. The strengths of our study include subject randomiza-
tion to minimize recall bias, and calibration of both acetate and 
digital radiographs to ensure that any difference in accuracy 
found between the templating methods cannot be attributed 
to incorrect image magnification.18,30-32 Previous comparative 
studies have performed digital templating on calibrated radio-
graphs but performed acetate templating on images that were 
printed at an assumed magnification based on patient distance 
from the radiograph cassette.23,24 This assumed magnification 
is inaccurate because inconsistencies in patient position and 
body size alter distance from the cassette.33 The difference in 
calibration would naturally make digital templating more ac-
curate in these cases. In contrast to the previous studies, we 
eliminated this variable by including only radiographs with 
magnification establishing markers so that both acetate and 
digital images could be properly calibrated to 120% magnifica-
tion before templating. This did limit our sample size, but the 
significance of proper image calibration is well documented 
in the templating literature and this was necessary to ensure 
a fair comparison of the templating methodologies without 
image calibration bias.23,24

The current study showed that digital templating is at least 
as accurate as acetate templating in predicting femoral and 
acetabular component sizes for hip resurfacing. Although the 
difference in accuracy was statistically significant, we are un-
able to comment on the clinical significance of this. These 
findings do suggest that, with appropriate calibration of the 
radiograph, surgeons can rely on digital templating for ac-
curate preoperative planning and to ensure that anticipated 
component sizes are available in the operating room.
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