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Abstract

Background Total hip arthroplasty (THA) is the gold standard procedure for patients with end-stage osteoarthritis after
failed conservative therapy. Digital templating is commonly employed in preoperative preparation for THA and contributes
positively to its outcome. However, the impact of coxa valga and antetorta (CVA) configurations on stem size prediction
accuracy remains not reported. Previous studies demonstrated that the size of the lesser trochanter (LT) can be used to deter-
mine femoral anteversion on pelvis radiographs. This study investigates the accuracy of preoperative digital templating in
predicting stem size in patients with CVA undergoing cementless THA.

Methods Preoperative radiographs of 620 patients undergoing cementless THA were retrospectively investigated. Radio-
graphs were standardized with patients standing and the leg internally rotated by 15°. A CVA group was established includ-
ing patients with a CCD angle greater than 140° and a lesser trochanter (LT) size of at least 10 mm for men and 8 mm for
women. For the control group, radiographs with a CCD angle ranging from 125-135° and LT size 3—10 mm for men and
3-8 mm for women were selected. Preoperative templating was performed using mediCAD. To reduce confounding factors,
case-control matching was carried out for BMI and body height.

Results After case-control matching, a total of thirty-one matches were analyzed. Stem size was underestimated in 74%
(23/31) in the CVA and 13% (4/31) in the control group (p <0.001). Moreover, patients with CVA were more likely to be
underestimated by two sizes compared to controls (p < 0.004). In contrast, the exact stem size was predicted more frequently
in the control group (»p <0.001).

Conclusion Stem size in patients with a CVA configuration are at high risk of being underestimated when using digital
templating. These findings can be valuable for guiding in intraoperative decisions and lowering the risk of complications
associated with an undersized femoral component.
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Abbreviations CVA Coxa Valga and Antetorta
ANOVA  Analysis of Variance LT Lesser Trochanter
BMI Body Mass Index MRI Magnetic Resonance Imaging
CCD Centrum Collum Diaphysis THA Total Hip Arthroplasty
CT Computer Tomography
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therapy [2] and is performed million times a year throughout
the world [3]. Due to demographic changes, the frequency
of both primary and revision THA is expected to increase
in the coming decades, underscoring the importance of pre-
cise THA [4]. The correct positioning of implants is related
to better outcome, longevity, and complication rate [4, 5].
Preoperative templating, routinely performed on anteropos-
terior radiographs of the pelvis, has been shown to enhance
the accuracy of implant placement in THA. The goal is to
simulate the restoration of key biomechanical factors such
as the center of rotation, implant size, leg length, and off-
set [4, 6]. Consequently, digital templating has become a
routine procedure during preoperative preparation in THA
[7]. However, despite the use of digital templating soft-
ware, the current literature reports a certain discrepancy
regarding predicted and implanted component size [8, 9].
Recently identified causes leading to inaccurate prediction
include malpositioning of the measuring ball, obesity and
experience of surgeon [8, 10]. Another factor contributing to
incorrect size prediction could be excessive femoral antetor-
sion which is often accompanied by coxa valga in patients
undergoing THA. The assessment of femoral antetorsion is
challenging [11] and mostly performed using three-dimen-
sional imaging but previous studies have demonstrated that
femoral anteversion can also be assessed by the projected
size of the lesser trochanter (LT) on anterior-posterior pelvic
radiographs [12, 13]. Patients with a coxa valga and ante-
torta (CVA) configuration may constitute a group of interest
when performing digital templating using two-dimensional
imaging. To the best of the authors’ knowledge, this specific
group has not been investigated in the existing literature.

The aim of this study was to assess whether patients
with a coxa valga and antetorta configuration demonstrate a
higher degree of inaccuracy during digital templating of the
femoral component using pelvic radiographs in comparison
to a control group.

Methods
Patient selection

For the CVA group, we retrospectively examined a total of
620 patients with end-stage hip osteoarthritis who under-
went cementless THA at our institution between October
2022 and December 2023. For the control group, a total
of 224 patients with end-stage hip osteoarthritis between
January 2023 and July 2023 undergoing cementless THA
were examined. Demographic data, predicted as well as
implanted stem size, centrum collum diaphysis (CCD)
angle, and size of the LT were documented for all patients
included in this study. Exclusion criteria included poor bone
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quality (Dorr-C), acute or previous fractures, prior oste-
otomy/osteosynthesis of the proximal femur, malaligned
(valgus/varus>1°), and undersized implanted stems.
All surgical procedures were performed using the dorsal
approach. The study protocol received approval from the
local ethics committee (2024-300433-WF) and was con-
ducted in accordance with the principles of the Declaration
of Helsinki.

Radiographic analysis

All radiographs adhered to a standardized protocol, with
imaging conducted in a standing position and the legs inter-
nally rotated by 15°. Calibration was performed using a
25 mm measuring ball. Patients with a CCD angle of more
than 140° and an anteverted femur, characterized by a size of
the LT of at least 10 mm in men and 8 mm in women, were
selected for the CVA group. Former studies have investi-
gated the assessment of femoral anteversion by measuring
the size of the lesser trochanter [12, 13]. The control group
comprised patients with a CCD angle ranging from 125° to
135°, absence of rotation of the greater trochanter, and a size
of the LT with a range from 3 to 10 mm for men and 3 to
8 mm for women. Sex-dependent differences in the size of
the LT [12] and the methodology for LT size measurement
[13] used in this study have been reported elsewhere.

Preoperative templating on pelvis radiographs was car-
ried out using mediCAD (Hectec GmbH, Altdorf/Landshut,
Germany) by two trained orthopaedic surgeons (CS & MJ)
independently. Any disagreements regarding component
size were resolved by a senior orthopaedic surgeon (ON).
In all patients, the cementless Corail femoral stem (DePuy
Synthes, Warsaw, Indiana, USA) was used. Figure 1 illus-
trates an example for preoperative and postoperative pelvic
x-rays along with digital templating for both groups.

After applying inclusion and exclusion criteria, 38
patients were identified for the CVA group, and 60 patients
for the control group. To minimize magnification error and
differences in LT size dependent on body height, case-
control matching was performed for the variables BMI and
body height, allowing a tolerance of 3 BMI points and 5 cm,
respectively. Following casecontrol matching, 31 pairs of
patients were successfully matched, yielding a total of 62
patients for further analysis. Demographic characteristics
for both groups are presented in Table 1.

Statistical analysis

Differences between the two groups were assessed using an
independent #-test and Chisquare test, or Fisher’s exact test
when appropriate. A one-way analysis of variance (ANOVA)
was employed when comparing the means of more than
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Fig. 1 From left to right: stan-
dardized preoperative x-ray of the
pelvis; preoperative templat-

ing with predicted stem size;
postoperative x-ray of the pelvis
with actual implanted stem size.
CVA =Coxa valga and antetorta

CVA Configuration

Control Group

Table 1 Demographic characteristics after matching for BMI and body
height between the CVA group and control group

Demographic characteristics®

Parameter CVA (n=31) Control (n=31) p-value
Age 60.5+9.2 66.8+13.9 0.041*
Men 10 11 0.788
Women 21 20 0.788
Height (cm) 173.6+8.1 172.3+7.5 0.528
Weight (kg) 84.7+£15.7 84.8+16.8 0.994
BMI (kg/m2) 28.1+4.9 28.6+4.9 0.681

CVA =Coxa valga and antetorta; BMI=Body Mass Index

# For categorial data, values are given as frequency; for metric data,
values are given as mean +standard deviation

* Statistically significant

two groups. Post hoc analysis for Chi-squared test with the
Bonferroni-Holm correction was applied for adjustment of
multiple testing. P-values of less than 0.05 were considered
statistically significant. All statistics analyses were carried
out using IBM SPSS statistics® (version 29.0.1).

Results

In the CVA group, there were 19 right and 12 left hips,
whereas in the control group, there were 22 right and 9
left hips, respectively. Notably, there were no differences
in weight, BMI, or body height between the two groups.
A significant difference in age was observed, with the CVA
group displaying a lower age compared to the control group
(60.5+£9.2 vs. 66.8+13.9; p=0.041). The CVA and con-
trol group showed a mean CCD angle of 147.3° + 5.0 and

Preoperative X-ray

Templating Postoperative X-ray

Size 15

131.8° £ 2.5, and a mean size of the LT of 11.5 mm+ 1.8 vs.
6.4 mm =+ 1.3, respectively.

In the control group, the stem size was exactly predicted
in 77% (24/31), whereas 23% (7/31) were one size above
or below the actual stem size. When predicting stem size in
the CVA group, 26% (8/31) were exact, 42% (13/31) were
one size below, and 32% (10/31) were two sizes below com-
pared to the actual stem size. Overall, stem size was under-
estimated in 74% (23/31) of patients in the CVA and 13%
(4/31) of patients in the control group (p <0.001). Notably,
no stem size was predicted to be larger than the implanted
size in the CVA group.

In further analysis, subgroups were formed within both
groups based on the degree of difference between preop-
eratively predicted and implanted stem sizes (Fig. 2). Post
hoc analysis for the Chi-square test revealed a significantly
higher number of patients with exactly predicted stem sizes
in the control group compared to the CVA group (p <0.001).
Of note, patients with a CVA hip configuration showed a
significant underestimation by two sizes compared to con-
trols (p=0.004). Although there were more patients under-
estimated by one size in the CVA group, this difference was
not significant (p=0.075). Demographic and radiological
characteristics within the subgroups of the CVA group did
not show any significant differences, as presented in Table 2.

Discussion
Preoperative digital templating plays an essential role in the

success of THA. Apart from its valuable assistance to sur-
geons, templating has proven effective in reducing major
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Fig. 2 Control (green) versus CVA group (yellow) shown
in subgroups regarding difference in stem size between
the predicted and the implanted size (A-1 =overestima-
tion; AO=exact; Al, A2 =underestimation, when compar-
ing predicted to implanted stem size). The percentages 75
of patients for both groups are displayed within the
columns, with corresponding p-values indicated above.
CVA=Coxa valga and antetorta

* Statistically significant 50

100

%

25

Table 2 Demographic and radiological characteristics of the CVA
group are presented in subgroups based on the difference in stem size
between the predicted and implanted sizes

Demographic and radiological characteristics®

Parameter AQ Al A2 p-value
Age 61.0+6.9 59.2+73 61.9+12.9 0.776
Men 3 3 4 0.699
Women 5 10 16 0.699
Height (cm) 1753+10.8 172.2+8.8 174.0+4.6 0.697
Weight (kg) 853+22.6 869+124 81.5+14.1 0.723
BMI (kg/m2) 27.146.0  29.5+42 27.0+49 0393
CCD-Angle 148.9+6.6 147.2+5.1 146.0+3.3 0.492
Height of LT (mm) 12.1+1.6 11.2+22 113+15 0.508

AO=exact; Al, A2=underestimation, when comparing predicted to
implanted stem size. BMI=Body Mass Index; CCD =centrum col-
lum diaphysis; LT =lesser trochanter

# For categorial data, values are given as frequency; for metric data,
values are given as mean + standard deviation

complications, including leg length inequality [14], peri-
prosthetic fractures [15], and aseptic loosening [16]. The
primary aim of this study was to examine accuracy of the
predicted stem size in patients with CVA. The results indi-
cate a clear underestimation of the predicted stem size in
this anatomical variation compared to a control group. Pre-
sumably, increased femoral anteversion causes the femur to
rotate externally in standardized pelvic radiographs, lead-
ing to a narrower mediolateral width of the oval diameter
of the femoral shaft on two-dimensional images, thereby
resulting in an underestimation of the stem size during digi-
tal templating. Similarly, Hananouchi et al. [17] observed
an underestimation in stem size when virtually rotating the
femur externally using synthetic x-rays of the hip derived
from CT-scans. The results of this study revealed that within
the CVA group, 74% were predicted to have a smaller stem
size compared to the size implanted, with 32% being under-
estimated by two stem sizes. Undersizing the femoral com-
ponent increases the risk of severe complications, including

@ Springer

<0.001*
B Control group
CVAgroup
0.075
0.004*
0.575
32.3
A-1 A2

Difference in stem size

aseptic loosening [18, 19], periprosthetic fractures [16], and
early subsidence [20]. Considering the significant younger
age of the CVA group in comparison to the controls, pre-
venting these complications is of high importance. More-
over, the findings of this study provide valuable guidance
for surgeons during intraoperative decision-making and
underscore the need for further enhancement of preopera-
tive templating methods for patients with this anatomical
variation.

Although preoperative templating leads to an improved
outcome of THA, significant size deviations between pre-
operative planning and implanted component sizes are
described in the literature. With the prediction of the femo-
ral component within one size our study revealed a 100%
accuracy in the control group. In contrast, Holzer et al. [§]
reported an accuracy of 87% in predicting stem size within
one size in 632 patients who had primary uncemented THA.
There can be many reasons for this including increased
BMI, malpositioning of the ball and the experience of sur-
geon [10, 21]. No differences in BMI were observed within
the subgroups of the CVA group, suggesting that underesti-
mation of stem size in this group was unrelated to BMI. The
topic of three-dimensional templating has gained increas-
ing attention in recent years, with literature suggesting that
size prediction is more accurate compared to digital twodi-
mensional templating [22, 23]. However, higher radiation
exposures and higher costs for radiologic equipment and
templating software must be considered when implementing
three-dimensional templating. It is unclear whether certain
anatomic variations such as CVA could benefit from three-
dimensional templating before THA. This issue is compli-
cated by significant differences among three-dimensional
measurement results of femoral anteversion depending on
the method used [11]. The findings of this study may indi-
cate that three-dimensional templating could be advanta-
geous for patients with a CVA configuration. Nevertheless,
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additional research is warranted to thoroughly explore this
matter, with specific attention to determining the potential
benefits of three-dimensional templating for the patients’
outcome.

Femoral anteversion is a frequent anatomic variation in
THA and often associated with dysplasia of the hip as well
as coxa valga [24]. Three-dimensional imaging such as MRI
or CT are widely accepted as reliable procedures to measure
femoral anteversion [25, 26]. However, three-dimensional
imaging is not a standard procedure prior to primary THA.
Only a limited number of studies have investigated femoral
rotation based on the visible size of the LT on radiographs
while simultaneously measuring anteversion using three-
dimensional imaging [12, 13]. In this study, the observed
mean size of the LT in the control group was 6.4 mm, con-
sistent with the findings of Marchand et al. [12] for normally
rotated femora using CT scans. This consistency under-
scores the reliability of the control group in our study. How-
ever, current data suggests that the LT size cannot be used
alone as it only accounts for femoral rotation in about two
thirds of cases [12, 13]. In other words, in about one-third of
patients, the size of the LT may be misinterpreted regarding
femoral rotation, which could explain why underestimation
did not occur in about one-third (26%) of patients in the
CVA group. Future studies are needed to further address the
reliability of the lesser trochanters’ profile on pelvic radio-
graphs as an indicator for excessive femoral anteversion and
explore whether other morphological criteria can contribute
to additional assessment.

This study has several limitations. One is evident in its
retrospective design. Furthermore, this study did not use
three-dimensional methods for measuring femoral antever-
sion, which are considered the gold standard for assessing
femoral rotation. Additionally, preoperative templating was
not carried out by a senior orthopaedic surgeon, which may
have potentially influenced the accuracy of templating.
Moreover, the small number of cases, comprising only 31
included patients in each group, may affect the validity of
the results.

Conclusion

This study is the first to examine the accuracy of stem size
prediction using digital templating in patients with a CVA
configuration. Our findings revealed a significant under-
estimation of the predicted stem size in the CVA group
compared to controls. These results offer valuable insights
for surgeons to assist in intraoperative decision-making
and may help reduce the risk of complications associated
with an undersized femoral component in a significant
younger population with CVA undergoing cementless THA.

Furthermore, future research should explore the advantages
of three-dimensional over two-dimensional templating in
patients with CVA and evaluate its clinical relevance.
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