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Background: This study examines the intra-, and interobserver reliability of digital templating in uncemented 

total hip arthroplasty (THA), and assesses whether these values are dependent on professional experience.

Methods: Three independent observers retrospectively examined digital X-rays of 34 consecutive hips scheduled 

for uncemented THA. These were templated using templating software. Evaluations were carried out on two 

occasions at least 6 weeks apart. Findings were compared to each surgeon’s own findings, and then to the other 

surgeons’ findings. Data underwent statistical analysis to assess and describe reliability.

Results: The intraobserver reliability of the method was found to be good. The intra-class correlation coefficient 

(ICC) for individual surgeons ranged from 0.81 to 0.87 for acetabular components and 0.74 to 0.91 for femoral 

components. However, it was somewhat lower for neck length with kappa statistics (κ) from 0.41 to 0.51 with 

agreement in about 70% of the cases. Interobserver reliability was similar, with an ICC of 0.87 for the acetabular 

component and 0.79 for the femoral component, but somewhat lower for neck length with κ of 0.27 and agreement 

in 41% of the cases. We found no association between increasing experience and increasing precision, as the least 

experienced observer showed the highest intraobserver reliability.

Conclusions: The reliability of digital templating of uncemented THA is good for acetabular and femoral 

components, but inferior for neck length. Precision does not rely on professional experience. Digital templating 

provides surgeons with a valuable tool for preoperative planning, but cannot supersede the intraoperative 

assessment and final decision. 
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Introduction

Templating has been described as an integral part of 
preoperative planning in total hip arthroplasty (THA), and 
has been unanimously advocated from Charnley until the 
present (1-5). It involves the use of a visual representation 
of the prosthesis in question, which is combined with X-rays 
of the patient’s hip. The objective is to predict optimal sizes 
of the components to obtain correct offset, hip stability and 

equal limb length.
Digital radiography has led to development of templating 

software. However, reliable measurements presume 
accurate magnification of the hip on the radiograph and 
identical magnification of the template, and controversy 
exists whether digital templating is more precise than 
conventional templating. Some studies have reported a 
higher accuracy for acetate templating (6,7), whereas other 
studies reported better accuracy for digital templating (8,9). 
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There is a tendency towards digitalization of radiology, and 
acetate X-rays are no longer produced in our department. 

Several studies have been published, that aim to evaluate 
the accuracy, precision and reliability of preoperative 
templating in THA (10-14). The results are predominantly 
reported as favourable, and the recommendation to utilize 
the method is strong (15). However, most studies report on 
at least partially cemented prostheses, which is less dictated 
by anatomical constraints than uncemented prostheses. 
Inaccuracies during templating can therefore be amended, 
or hidden, by cement. Also, size gaps in cemented stems 
series are usually larger than in uncemented stem series. 
Templating cemented stems is therefore more forgiving. 
The literature suggests that a ±1 size estimation of the 
component sizes is adequate for a templating method 
(6,10,11,14,16-19). We would argue, however, that the 
clinical value of evaluating and reporting ±1 size is limited, 
especially for uncemented components, as a change in 1 size 
from template to surgery is likely to affect both leg length 
and offset. Hence, we asked (I) what are the intra-, and 
interobserver reliability of preoperative digital templating 
in uncemented THA? And, (II) are these values dependent 
on the experience of the surgeon?

Methods

The study was performed in accordance with the ethical 
standards of the 1975 Declaration of Helsinki as revised in 
2008. Data were anonymized and treated according to the 
ethical standards of our institution. As the study was not 
interventional, the patients followed ordinary routines and 
could not be identified. Therefore specific ethics approval 
and patient consent were not required.

We reviewed the X-rays of 42 consecutive patients who 
underwent primary THA at our institution. The variables 
collected included templated implant size for acetabular, 
femoral and neck components. Three independent 
observers conducted measurements twice, separated by a 
time interval of at least 6 weeks to minimize recall bias. 
These had different levels of professional experience: (I)
sixth-year resident; (II) senior chief attending surgeon and  
(III) chief attending surgeon. Only the 1st measurement 
was used to assess interobserver, i.e., between surgeons, 
reliability. Randomization of the X-rays, data collection and 
analysis were performed by independent evaluators who 
were not the observers.

Eight patients were excluded due to inadequate X-rays, 
either lacking sufficient representation of the calibration 

marker, or inadequate exposure of, or malrotation of the 
joint. This lefts 34 patients for further examination: 22 
women (65%) and 12 men (35%). The age ranged from 
13 to 82 years, with a mean of 51 years. The indication for 
THA was primary osteoarthritis in 15 (44%), avascular 
necrosis of the femoral head in 6 (18%), developmental 
dysplasia in 6 (18%), Legg-Calvé-Perthes disease in 4 (12%), 
and miscellaneous in 3 (9%). 

All patients were planned to receive a THA using Zimmer 
Trilogy uncemented shell, and DePuy Corail uncemented 
femoral stems. The available acetabular implants ranged from 
40 to 68 mm in 2 mm increments, and the femoral implants 
ranged from 8 to 18 in 11 size units. The neck lengths ranged 
from short via medium to long. 

All the radiological examinations were performed digitally 
at the same radiological centre, using a standardized protocol. 
We used a calibration marker of 36 mm positioned between 
the patient’s legs, as close to the focal point of the X-ray beam 
as practically possible.

Templating was performed with a digital radiograph 
planning software (EndoMap, Siemens, Nuremberg, 
Germany), which is routinely used in our clinic, and all 
surgeons are trained in using this software to position the 
templates within the anatomical borders. 

Statistical analysis

We considered 0.75 as the minimal acceptable value for 
intra-class correlation coefficient (ICC), and expected an 
ICC value of 0.90, hence a sample size of n>26 for a test-
retest design (k=2) was estimated (significance level =0.05 
and power =0.80) (20). 

The differences between measurements on same patient, 
the ICC and the repeatability coefficient (RC) were used to 
assess reliability for acetabular and femoral implant sizes. 
Differences between measurements were described by their 
mean, standard deviation (SD) and range that statistically 
include 95% of the observed differences (mean ±1.96 × SD). 
The ICC describes how strongly units in the same group 
resemble each other; with 1.0 as perfect and 0 as agreement 
just by chance. 

The RC provides a more direct clinical measure on 
reliability. If the difference between two measurements 
made on a subject (i.e., a patient) is approximately normally 
distributed, the absolute difference between the two 
measurements is in the long run expected to differ by no 
more than the RC on 95% of occasions. On a relative basis, 
a lower RC indicates a better reliability.
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For neck lengths, reliability was assessed using the 
kappa statistics (κ) (21). With complete agreement, then 
κ=1, and with no agreement among raters other than as 
expected by chance, then κ=0. The percentage of cases with 
agreement within 1 and 2 sizes differences by the same 
surgeon (intraobserver) or between the three surgeons 
(interobserver) was estimated. 

Reliability was graphically assessed using pairplots. 
Pairplots is a user-developed package in Stata that plots 
paired data using lines to show the difference between values. 

All statistical analyses were done in Stata 13 (StataCorp 
LP, College Station, TX, USA).

Results

We found good intraobserver reliability with an ICC from 
0.81 to 0.87 for the acetabular component and from 0.74 to 
0.91 for the femoral component. The combined RCs were 
2.9 and 2.1 for acetabular and femoral component sizes, 
respectively (Table 1). 

The interpretation is that a surgeon differs between two 
measurements on the same patient very rarely by more than 
3 size units for acetabular and by more than 2 size units for 
femoral components. In 67% and 90% of the cases there 
were intraobserver agreements within 1 size difference 
for acetabular and femoral components, respectively. 
The intraobserver reliability is graphically illustrated in  

Figures 1,2 and shows that in about half of the patients 
there was negligible difference between first and second 
measurement. Due to space constraints, we present plots 
solely for surgeon 2. 

Neck length was classified in short, medium or long, and 
seemed to have somewhat lower intraobserver reliability 
with κ from 0.41 to 0.50 (Table 2). Agreement between 1st 
and 2nd measurement was about 70% for all surgeons, but 
approximately 40% to 50% agreement could statistically be 
expected just by chance. Surgeon 1, 2 and 3 had agreement 
within 1 size difference in 91%, 100% and 97% of the 
cases, respectively. The lowest κ was observed for surgeon 3 
with complete agreement for 25 (74%) patients. 

The interobserver reliability for acetabular and femoral 
component had ICC of 0.87 and 0.79 and RC of 2.7 
and 2.5, respectively (Table 3), and thereby similar to the 
intraobserver reliability.

An interpretation of the RC estimates is that two 
surgeons differ between measurements on the same patients 
very rarely by more than 3 size units for acetabular and 
femoral component. About half of the patients (44% for 
acetabular and 59% for femoral) had an agreement within 
1 size difference among the three surgeons. A somewhat 
lower interobserver reliability was found for neck length 
with a combined κ of 0.27. For 14 (41%) of the patients 
all three surgeons agreed completely and for 32 (94%) of 
patients the surgeons agreed within 1 size difference in neck 

Table 1 Intraobserver reliability for acetabular and femoral component sizes assessed by the interclass correlation coefficient, the difference (1st–2nd 
measurement) and the RC

Intraobserver Agreement, ICC (95% CI) Difference, mean (SD): range RC Agree 1 size Agree 2 sizes

Acetabular component

Surgeon 1 0.87 (0.76–0.93) 0.4 (1.5): −2.5–3.2 2.9 68 91

Surgeon 2 0.82 (0.67–0.91) 0.5 (1.3): −2.1–3.0 2.6 74 90

Surgeon 3 0.83 (0.70–0.91) −0.3 (1.5): −3.3–2.6 3.0 59 94

Combined 0.85 (0.76–0.91) 0.2 (1.4): −2.7–3.0 2.9 67 92

Femoral component

Surgeon 1 0.91 (0.83–0.95) 0.2 (0.7): −1.2–1.6 1.4 97 100

Surgeon 2 0.89 (0.79–0.94) 0.0 (0.9): −1.7–1.7 1.7 94 100

Surgeon 3 0.74 (0.56–0.86) 0.5 (1.4): −2.1–3.2 2.8 79 94

Combined 0.83 (0.74–0.90) 0.3 (1.0): −1.8–2.3 2.1 90 98

RC, repeatability coefficient; ICC, intra-class correlation coefficient; 95% CI, 95% confidence interval; SD, standard deviation; range, 
range that statistically include 95% of the observed difference; agree 1 size, percentage of cases with agreement within 1 size difference; 
agree 2 size, percentage of cases with agreement within 2 sizes difference.
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length size.
We found that the least experienced surgeon, surgeon 

1, had the highest ICC, i.e., was most consistent, for 
templating the acetabular and femoral components, and 
had the highest Kappa coefficient for neck length. The 
most experienced surgeon, surgeon 2, had intermediate 
ICC for templating the femoral component, and lowest 
ICC for the acetabular component, as well as intermediate 
Kappa coefficient for neck length. Hence, we did not 
find an association between professional experience and 
intraobserver reliability. 

Discussion

An increasing number of studies aim to evaluate the accuracy, 
precision and reliability of preoperative templating in THA, 

and the results are predominantly reported in favour of 
templating (10-15). Most publications follow the example 
of Knight and Atwater, who used a ±1 size approximation 
of the component sizes in their evaluation. Intraobserver 
agreement of the acetabular and femoral components is 
reported at 60% to 85% (6,10,11,14,16-19). Within 1 size, 
we found that in between 67% and 90% of the cases there 
were intraobserver agreements for acetabular and femoral 
components, respectively. We would argue, however, that 
the clinical value of reporting ±1 size is limited, particularly 
for uncemented components, as a change in 1 size from 
template to surgery is likely to affect both leg length and 
offset. We therefore prefer to present our primary findings 
as ICC and Kappa values, but with a thorough statistical 
analysis. We did not investigate component placement, as 
this adds several magnitudes of bias.

Figure 1 Intraobserver reliability on acetabular implant size 
assessed by a pair plot for surgeon 2. Paired data is plotted using 
lines to visualize the difference between values. Superimposed plots 
signify coinciding measurements.

Figure 2 Intraobserver reliability on femoral implant size assessed 
by a pair plot for surgeon 2. Paired data is plotted using lines to 
visualize the difference between values. Superimposed plots signify 
coinciding measurements.
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Table 2 Intraobserver reliability given cross-tabulation of neck length from 1st and 2nd measurement and corresponding the kappa coefficient  for 
each surgeon

Intraobserver
Neck length, 1st 
measurement

Neck length, 2nd measurement κ Agree 1 size
Short Medium Long

Surgeon 1 Short 3 1 0 0.50 91
Medium 3 16 0

Long 3 3 5
Surgeon 2 Short 7 3 0 0.47 100

Medium 1 10 5
Long 0 1 3

Surgeon 3 Short 5 4 1 0.41 97
Medium 1 20 2

Long 0 1 0
κ, Kappa coefficient; agree 1 size, percentage of cases with agreement within 1 size difference.
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We found good intraobserver reliability with an ICC 
from 0.81 to 0.87 for the acetabular component and from 
0.74 to 0.91 for the femoral component. Our findings 
compare favourably with other reports of templating 
uncemented THA (4,13,14,16-19). If an agreement within 
2 to 3 component sizes is clinically relevant for acetabular 
and femoral components, reliability can be satisfactory. 
Reliability for neck length on the other hand seemed 
low, with Kappa values from 0.41 to 0.50. This can be 
explained by fluctuating or individual preferences for 
medicalization of the acetabulum and axial stem placement. 
Hence, the choice of neck length is dependent on two 
other factors, each adding uncertainty. Varying the neck 
length is used perioperatively to provide optimal conditions 
for leg length and biomechanics around the hip joint. A 
possible interpretation of these findings is that there is 
good agreement on templating component sizes among 
surgeons, but poorer agreement on component placement. 
It follows that preoperative templating cannot supersede the 
intraoperative assessment and final decision. 

The influence of professional experience on the precision 
of templating was evaluated in this study. In the current 
literature this is controversial, and contradictory results have 
been reported (10,13). While two studies found a significant 
influence of the professional experience on templating 
the components for THA, two recently published studies 
did not find a significant influence (22,23). However, it 
should be noted that in these studies, the different types of 
observers are not directly comparable. What constitutes 
an “experienced” and “less experienced” surgeon is not 
universally defined, and this is likely to cause some of these 
discrepancies. Some of the studies also included cemented 

as well as uncemented components, and had small numbers 
in some of the subgroups. In our study we templated only 
uncemented components that intended to be inserted with 
press fit. Anatomical borders are therefore more clearly 
defined. We found that the least experienced surgeon, 
surgeon 1, had the highest ICC, i.e., was most consistent, 
for templating the acetabular and femoral components, and 
highest Kappa value for neck length. The most experienced 
surgeon, surgeon 2, had intermediate ICC for templating 
the femoral component, and lowest ICC for the acetabular 
component, as well as intermediate Kappa coefficient for 
neck length. Hence, at these experience intervals, or at 
least, above our threshold of experience, we could not find 
a correlation between experience and consistency. We did 
not compare the templates with the components chosen 
during surgery, however, so it is not possible to tell how the 
precision correlates with the prediction of actual implant 
(accuracy). 

There are a few limitations of our study. First, our 
study was carried out in only one clinic, and there are 
concerns whether the findings can be generalized. Second, 
we did not investigate in a longitudinal fashion. However, 
all observers were experienced in using the software, so 
we do not expect any significant change in measurements 
over time. Third, the number of patients could be higher. 
But our power analysis suggests that the number is 
sufficient to yield significant results (20). Also, our sample 
population had an adequate distribution of all values 
to make the analyses meaningful. Fourth, there is no 
golden standard that we could compare our results with. 
But this is a general and main objection to preoperative 
templating of joint prostheses. Fifth, we concede that 
radiographic interpretation relies on the clinician’s 
experience with reading hip radiographs. Main sources of 
errors when measuring radiographs are errors in locating 
corresponding landmarks, and errors in calibration on 
digital radiographs. However, our findings suggest that 
above a certain threshold of experience, this is mainly a 
methodological problem, and is not likely to infer further 
bias to our results.

In conclusion, if an agreement within 2 to 3 component 
sizes is clinically relevant for uncemented acetabular 
and femoral components, reliability can be satisfactory. 
However, preoperative templating cannot supersede 
the intraoperative assessment and final decision. Also, 
professional experience is not correlated to intraobserver 
reliability. Hence, lack of precision is not due to lack of 
experience, but inherent to the method.

Table 3 Interobserver reliability for acetabular and femoral 
component sizes assessed by the interclass correlation coefficient 
and the RC

Interobserver  
reliability

Agreement,  
ICC (95% CI)

RC
Agree 1 

size 
Agree 2 sizes

Acetabular  
component

0.87 (0.78–0.92) 2.7 44 88

Femoral  
component

0.79 (0.66–0.88) 2.5 59 88

RC, repeatability coefficient; ICC, inter-class correlation 
coefficient; 95% CI, 95% confidence interval; agree 1 size, 
percentage of cases with agreement within 1 size difference; 
agree 2 size, percentage of cases with agreement within 2 sizes 
difference.
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