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Abstract: (1) Background: Preoperative templating is mainly conducted on an anteroposterior pelvic
overview X-ray. For short stem hip arthroplasty, the choice of the optimal size is especially crucial to
avoid complications. Thus, the study aimed to determine if there is an increased rate of correctly
planned sizes using two radiological planes. (2) Methods: 50 patients with a conventional stem and
100 with a short stem total hip arthroplasty were analyzed. Without knowing the implanted size, three
independent orthopedic surgeons performed digital templating: once using the anteroposterior pelvic
overview only and once using the lateral view in addition. (3) Results: The rate of correctly planned
sizes (+/−1 size compared to the inserted size) of templating with one plane was 86.3% ± 9.5% in
short stem hip arthroplasty and 88.4% ± 6.0% in conventional stem arthroplasty. By adding the lateral
view, the rate of correctly planned sizes was 89.9% ± 12.0% for the short stem hip arthroplasty group
and 89.4% ± 9.8% for the conventional group (p > 0.1). (4) A potential positive effect of preoperative
templating using an additional lateral X-ray view for short stem implants may be suggested based
on the results of this study, which did, however, not reach statistical significance.

Keywords: digital templating; short-stem; lateral view; femoral torsion

1. Introduction

The implantation of the optimal stem size is important for the implantation of a total hip
arthroplasty (THA) in order to reduce complications. Digital templating of a THA is a helpful
tool for preoperative planning of surgery regarding implant type, implant size, reconstruction
of the center of rotation, offset, and limb lengths [1]. This tool assists in order to receive a
good outcome after a THA and to avoid complications due to anatomic variations. It helps to
reduce the incidence of undersizing the femoral implant with the associated risk of increased
micromotions, subsidence, and early aseptic loosening [2–4] and the incidence of oversizing
associated with the risk of femoral fractures. Furthermore, it is helpful to avoid limb length
discrepancies, instability, or excessive tension of the periarticular soft tissues by inaccurate
reconstruction of the center of rotation of the hip [3,5–10].

Meanwhile, preoperative planning with plastic templates on radiographs or digital
templating as a valid method to determine the correct size of the femoral stem and acetab-
ular component belongs to the standard preoperative procedures prior to a THA [5,11,12].
Digital templating of a THA is usually performed on the anteroposterior (a.p.) pelvic
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overview X-ray [13]. Some software programs allow for digital templating also use the
lateral view of the proximal femur for templating the stem. Although efforts have been
made to further improve the accuracy of preoperative templating by using CT-based three-
dimensional computerized models [14], the simple method using only the pelvic overview
X-ray is still the standard procedure in clinical routine due to its high practicability on the
one hand and the high radiation exposure when using CT scans on the other. The fixation
of short stem THA (STHA) with predominantly metaphyseal anchorage is different from
conventional THA (CTHA). While the conventional stem has a metaphyseal-diaphyseal
anchorage with an intramedullary fixation within the proximal third of the femur [11],
STHA with predominantly metaphyseal anchorage adapts its orientation to the femoral
neck and thus to its ante torsion (Figure 1).

Figure 1. Lateral view of the METHA short stem total hip arthroplasty (STHA), showing the striven
positioning parallel to the femoral neck and thus reconstructing the physiological ante torsion of the
femoral neck.

This study aimed to determine whether there is a difference in accuracy when tem-
plating THA stems using not only the a.p. view of the pelvis but also the lateral view of
the proximal femur. Furthermore, we analyzed whether there is a difference in the rate of
correctly planned sizes when templating CTHA stems in comparison to STHA implants
with a predominantly metaphyseal anchorage.

2. Materials and Methods

One hundred fifty patients with a good radiological outcome after implantation of
a THA were selected: 50 after implantation of a THA using a conventional femoral stem
(CTHA group) and 100 after implantation of a THA using a short stem with primary
metaphyseal fixation (STHA group). A good radiological outcome was judged on the
postoperative X-rays by three senior surgeons according to the following criteria: under- or
oversizing, early subsidence, and intra- or postoperative fractures.

Undersizing was defined as either a too low fit of the implant that could have been
avoided by choosing a bigger size or by the presence of a visible distance between the



Appl. Sci. 2021, 11, 3965 3 of 11

cortical bone and the implant in a region of bone that is crucial for the anchorage of the
implant (calcar region and lateral cortex for CTHA and cortical ring of the resected femoral
neck basis as well as lateral cortex for STHA). Oversizing was defined as a too high fit
of the implant that could have been avoided by choosing a smaller size, indicated by the
shoulder of the implant exceeding the highest point of the greater trochanter for CTHA or
the shoulder of the implant exceeding the cortical ring of the femoral neck basis by more
than 10 mm for STHA. Early subsidence after full load-bearing, which was allowed for
all patients, was defined as an unambiguous (>2 mm) migration of the implant within
the surrounding bone in a follow-up X-ray examination 3 months after surgery. The
occurrence of intra- or postoperative fractures were retrieved from the surgery reports and
patients’ charts.

For these patients, who were included consecutively and underwent THA between
2010 and 2011, preoperative and postoperative digital X-rays in pairs were selected from the
database of the department of orthopedic surgery of a university hospital. All these patients
underwent standardized X-ray examinations, including an a.p. pelvic overview and an
lateral view (Lauenstein) of the proximal femur. These X-rays existed for the preoperative
and postoperative state and with a follow-up of at least 3 months. All X-rays were taken
with a standardized film-focus-distance of 100 cm. An external calibration marker of
25 mm diameter was positioned between the legs of each patient for the preoperative
pelvic overview.

Digital templating was performed by three senior surgeons experienced in THA.
When conducting digital templating, the examiners were only able to see the preoperative,
but not the postoperative X-rays.

The software used for digital templating was OrthoView (OrthoView Orthopaedic Digital
Planning Version 6.3, Meridian Technique Limited, Southampton, UK). For this software
tool, templates for the conventional BICONTACT stem (CTHA) and the METHA short stem
(STHA; both Aesculap B. Braun, Tuttlingen, Germany) were available (Figures 2 and 3).

Figure 2. Digital templating of the BICONTACT stem (CTHA) in an anteroposterior (a) and lateral (b) view with the
corresponding postoperative radiographs (c,d).
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Figure 3. Digital templating of the METHA stem (STHA) in an anteroposterior (a) and lateral (b) view with the correspond-
ing postoperative radiographs (c,d).

One hundred patients received a cementless METHA prosthesis with a caput-collum-
diaphysis (CCD) angle of 130◦, 135◦, or 140◦. All these stems are available in a size range
of 0 to 7. The median stem size of the implanted METHA short stems was 3.

Fifty patients received a cementless conventional BICONTACT stem. These stems
are monobloc-types with different offset variations: S for standard, H for High offset, and
SD for dysplastic femurs. In our study, we templated and implanted only S and H types.
BICONTACT stems are available in stem sizes 10–21. From the 50 truly implanted hip
implants, the median stem size was 14.

Statistics

First, the results of all three raters were described with the cumulative rate of consis-
tency between the templated and the implanted stem size. The difference was described
as size derivation from the actual stem size. In addition, the planned stem sizes were
presented in scatterplots. The intra-class correlation (ICC) 3,1 for consistency and 3,k for
conformity for all raters was measured and quantified using Fleiss Kappa and Kendall’s
coefficient of concordance. For the correlation between the templated stem size and the
actual implanted stem size, a Spearman’s rank correlation coefficient was determined.
Analysis was conducted in R (Version 4.0.3) [15], and figures were produced using the
package ggplot2 [16].

3. Results

The study population consisted of 66 males and 84 females. The average age was
60 +/−12.8 years, ranging from 21 to 86 years. The CTHA group included 25 males and
25 females, the STHA group 41 males and 59 females. The CTHA group was significantly
older than the STHA group (71 ± 14.3 years vs. 55 ± 11.5 years).

3.1. Conventional Stem Total Hip Arthroplasty (CTHA)—Conventional Templating in One Plane
on the a.p. Pelvic Overview

The rate of correctly planned size of preoperative templating in one plane (a.p. view)
predicted the exact CTHA stem size in 44.4% ± 6.8% cases. With a difference of +/−1 stem
size, the rate of correctly planned size 88.4% ± 6.0% was detected. In 93.8% ± 5.4% of cases,
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the stem size was predicted within two stem sizes. In the remaining 6.2% of measurements,
the templated stem size showed a deviation of +/−3 stem sizes (Table 1). The preoperative
templating showed an oversizing in 27.5% and an undersizing in 28.1% of the cases.

Table 1. Cumulative percentages of the three raters for the conventional (CTHA) and short stem total hip arthroplasty
(STHA) groups, using one and two planes, separated in accordance with the variation between the real stem size and the
measured size while templating.

Difference in Templated Size Compared to the
Truly Implanted Prosthesis 0 +/−1 +/−2 +/− > 2

CTHA
(Templating a.p.)

Rater 1 52.0% 82.0% 90.0% 100.0%
2 39.1 89.1 91.3 100.0
3 42.0 94.0 100.0 100.0

Mean ± Standard Deviation 44.4 ± 6.8 88.4 ± 6.0 93.8 ± 5.4 100.0 ± 0

CTHA (Templat-
ing 2 Planes)

Rater 1 64.0% 96.0% 100.0% 100.0%
2 26.1 78.2 97.8 100.0
3 30.0 94.0 100.0 100.0

Mean ± Standard Deviation 40.0 ± 20.8 89.4 ± 9.8 99.3 ± 1.3 100.0 ± 0

STHA
(Templating a.p.)

Rater 1 45.0% 83.0% 99.0% 100.0%
2 16.7 78.9 100.0 100.0
3 47.0 97.0 100.0 100.0

Mean ± Standard Deviation 36.2 ± 16.9 86.3 ± 9.5 99.7 ± 0.6 100.0 ± 0

STHA (Templat-
ing 2 Planes)

Rater 1 60.0% 93.0% 100.0% 100.0%
2 18.9 76.7 94.5 100.0
3 71.0 100.0 100.0 100.0

Mean ± Standard Deviation 50.0 ± 27.5 89.9 ± 12.0 98.2 ± 3.2 100.0 ± 0

3.2. CTHA—Templating in Two Planes—a.p. and Lateral View

Preoperative templating in two planes (a.p. view and lateral “Lauenstein” view) of
CTHA showed an exact match of the implanted stem size in 40.0% ± 20.8% of cases. In
89.4% ± 9.8% an implanted size within a deviation of +/−1 stem size was found. In
99.3% ± 1.3% of our cases, we could predict the implanted stem size within a range of
+/−2 sizes. The remaining 1.7% showed a deviation of +/−3 stem sizes (Table 1). In 25.5%
an oversizing of the templated size was observed. In 34.5%, the templated stem size was
smaller than the implanted stem size.

3.3. Short Stem Total Hip Arthroplasty (STHA)—Conventional Templating in One Plane on the
a.p. Pelvic Overview

By using templating based on one radiological plane only, the rate of measurements
matching the exact stem size was 36.2% ± 16.9%. By a tolerance of +/−1 stem size, the
predictability raised to 86.3% ± 9.5%. A deviation of the implanted and templated stem size
of up to +/−2 sizes was observed in 99.7% ± 0.6% of the cases (Table 1)—the remaining
0.3% ± 0.6% of the measurements showed a deviation of ± 3 stem sizes. An oversizing
of the templated implant size was found in 31.9%, and an undersizing also in 31.9% of
the cases.

3.4. STHA—Templating in Two Planes—a.p. and Lateral View

Adding a second plane (lateral view according to “Lauenstein”), the rate of planning
the exact size reached 50.0% ± 27.5%. The predictability was 89.9% ± 12.0% with a
tolerance of variation of +/−1 stem size. A variation of the implanted stem size lay within
a range of +/−2 sizes in 98.2% ± 3.2% of the cases (Table 1). A deviation of ± 3 stem
sizes was observed in the remaining measurement except for one outlier in one patient
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measured by one rater and showing a deviation of 4 stem sizes. In 31.8%, oversizing and
18.3%, undersizing of the templated size compared to the implanted size was measured.

Overall, the difference between the implanted stem size and the templated size showed
a lesser deviation for the STHA planned on two planes compared to one plane, whereas
the deviation was rather constant for the CTHA. However, this potential effect did not
reach statistical significance. In addition, there was a trend that bigger implant sizes were
planned too small, while small stem sizes were planned too big (Figure 4).

Figure 4. Scatterplots of the difference between actual and planned stem size over the actual stem size. CTHA with one
plane planning is displayed in red, two plane planning is displayed in green. STHA with one plane planning is displayed
in blue, two plane planning is displayed in purple. Linear regression lines are displayed for all implants and planning
methods. For comparability, the implant sizes of the CTHA were substracted by 10.

An additional plane for preoperative stem templating led to an increase in the ICC for
the stem size as well as for the difference between the implanted and templated stem size,
except for the STHA difference values, where a decrease was observed (Tables 2 and 3).

Table 2. The intra-class correlation ICC (3,1) with a consistency of the values between all three raters.

Stem Size CTHA STHA

a.p. planning 0.774 0.736
a.p. + lateral planning 0.838 0.757

Difference to Implanted Size CTHA STHA

a.p. planning 0.586 0.483
a.p. + lateral planning 0.623 0.422
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Table 3. The ICC (3,k) with conformity of the values between all three raters.

Stem Size CTHA STHA

a.p. planning 0.911 0.893
a.p. + lateral planning 0.94 0.903

Difference to Implanted Size CTHA STHA

a.p. planning 0.81 0.737
a.p. + lateral planning 0.832 0.687

The conformity of the three raters was slightly fair according to Landis classifica-
tion [17] and improved only for the STHA, not for the CTHA (Table 4).

Table 4. Fleiss Kappa as value for the conformity between all the three raters.

Stem Size CTHA STHA

a.p. planning 0.411 0.228
a.p. + lateral planning 0.27 0.3

Difference to Implanted Size CTHA STHA

a.p. planning 0.33 0.149
a.p. + lateral planning 0.178 0.16

The consistency of the raters showed a significant correlation for STHA templating in
two planes. However, the correlation was for both stem types, and planning conditions
were limited (Table 5).

Table 5. Kendall’s coefficient of concordance as a value for the consistency between the raters.

CTHA STHA

r p r p

a.p. planning 0.029 0.266 0.023 0.131
a.p. + lateral planning 0.035 0.196 0.054 0.008

The templated and the implanted stem size showed a significant correlation for both
stem types. The addition of an lateral planning plane led to a stronger correlation for
CTHA and STHA (Table 6).

Table 6. Spearman’s coefficient a value for the correlation between the templated and the implanted
stem size.

Stem Size
CTHA STHA

r p r p

a.p. planning 0.74 0.001 0.80 0.001
a.p. + lateral planning 0.79 0.001 0.84 0.001

4. Discussion

Total hip arthroplasty using short stem implants has grown up to a popular technique
beside the successful conventional procedure. Short stem devices, such as the METHA
stem, show promising short-term results [18,19]. Prior to implantation of the stem, digital
preoperative templating is a common and routinely used tool that has not yet been deter-
mined with regards to its benefit and exactitude [11,13]. So far, nothing is known about the
benefit in terms of the rate of correctly planned sizes when using additional X-rays in a
second radiological plane.
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This study confirms on the one hand that there is no significant difference between
templating STHA in comparison to CTHA, as former studies have shown [11,13,20,21]. On
the other hand, the current study indicates that the exactitude can possibly be increased
by using a second radiological plane for templating. Although this effect did not reach
statistical significance for neither the CTHA nor the STHA group, the tendency of the effect
could be observed especially for the short stem implant.

Matching exactly the same stem size as predicted by preoperative templating occurred
in 44.4% ± 6.8% with CTHA when using one plane radiographs. Other studies on con-
ventional implants have shown an exact rate of correctly planned sizes between 31% and
58% of cases [6,11,13,22,23]. By tolerating a variation of +/− one size between templating
and implantation, the data of this study showed a predictability of 88.4% ± 6.0%, again in
good conformity to other studies that have reported a predictability of 71.0%–94.0% under
these circumstances.

By the use of a second radiological plane, the lateral view, according to Lauenstein,
in addition to the a.p. pelvic overview, a comparable rate of exact matching between
templated and implanted size of 40.0% ± 20.8% was determined. With an allowed measur-
ing tolerance of +/− one stem size, a slightly increased accordance of 89.4% ± 9.8% was
reached, although the difference was not significant. A variation of more than +/−2 stem
sizes between templating and implanted size occurred in 0.7% of the cases when using
two radiological planes compared to 6.2% when using only one plane (p = 0.18). This
reduced range of dispersion indicates a higher accuracy when using two planes, although
the difference was not significant.

Results analyzing the rate of correctly planned size of preoperative templating of
short stem implants are less documented in the literature. There are only two studies
dealing with this question: on the one hand, for the METHA short stem by Schmidutz
et al. [11] and on the other hand, for the MAYO short stem (Zimmer, Warsaw, IN, USA) by
Wedemeyer et al. [24]. Both of these short stem designs aim at a metaphyseal anchorage.
Wedemeyer et al. reported an exact match without size tolerance in 38% of the cases.
Schmidutz et al. found for the METHA short stem an exactitude of 49% of preoperative
templating. In our study, we found similar results with up to 36.2% ± 16.9%. The MAYO
device showed predictability of 95%, Schmidutz et al. reported 89% for the METHA stem,
and our study reports a comparable matching rate of 86.3% ± 9.5% when tolerating a
difference of one size.

In analogy to the CTHA group, the second plane (lateral view) led to a smaller range
of dispersion, matching the exact size in 50% ± 27.5%, and in 89.9% ± 12% with a tolerance
of +/−1 stem size.

When comparing the STHA and CTHA groups, adding the second radiological plane
increased the probability of matching the exact size in the STHA group (50.0% vs. 36.2%),
but not in the CTHA group (40.0% vs. 44.4%). When tolerating a difference of +/− one
stem size, templating with two planes revealed comparable results between the groups
that were not statistically significant (89.9% for STHA vs. 89.4% for CTHA). Although none
of these results reached statistical significance, these data and the graphical illustration
(Figure 4) imply that using two planes for preoperative templating is more likely to have a
beneficial effect with regard to a short stem than to a conventional stem.

In general, preoperative templating is important with regard to the risk of an intraop-
erative fracture of the femur that is a common complication in a non-cemented THA [25].
On the other hand, the undersizing of the implant may lead to early implant migration [26]
that may, in turn, impair osseointegration and lead to early aseptic loosening [27].

Less experienced surgeons especially benefit from a profound preparation by means
of preoperative templating that helps them to improve their orientation and to feel safer
during bone preparation. The information derived from this study that the planned size
tends to be too big for small implant sizes and too small for big implant sizes might be
especially helpful for them.
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In this study, all templating was performed by digital techniques, but there are alter-
native analog techniques using plastic templates. Higher exactitude for digital templating
was described in studies of The et al. and Widdon et al. [12,28]. On the other hand, there
are also studies that come to the conclusion that analog templating might have a higher
rate of correctly planned size [23,29]. All studies showed that templating is a beneficial tool
to avoid intraoperative complications.

In particular, templating in two radiological planes may also be very helpful with
regard to the preoperative detection of possible contraindications for a certain implant, e.g.,
a retro torsion or an excessive ante torsion (Figure 5) of the femoral neck when planning
the implantation of a short stem device with primary metaphyseal anchorage along the
femoral neck.

Figure 5. Digital templating of a STHA (lateral view) in a patient with excessive ante torsion of
the femoral neck is an obvious contraindication for an implant with orientation parallel to the
femoral neck.

This study has some limitations. Although the external calibration marker had been
positioned in a standardized way for all patients, an imprecise positioning may influence
the correct scaling of the X-rays and the results of THA templating [30]. A high body mass
index (BMI) that was not recorded in this study may complicate the exact positioning of
the calibration marker. However, the correlation between BMI and magnification has been
shown to be weak so that a major bias can be ruled out [31].

Second, due to the retrospective design, the study was not able to analyze whether tem-
plating with two radiological planes would have led to a measurable effect on complication
rates within this particular study population.

Furthermore, the study had an asymmetrical distribution between the CTHA and
STHA groups (50 vs. 100 cases). This rather unconventional study design was chosen due
to the fact that the rate of correctly planned size of digital templating of conventional stems
has already been well analyzed by other studies, whereas there are very little data about
short stems that were put into the focus of this study.
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5. Conclusions

In conclusion, the current study indicates that preoperative templating using two
radiological planes might at least have a slight, yet not significant, beneficial effect on the
accuracy of the preoperative planning of short stem implants. Since contraindications for
the use of a short stem can be identified more reliably and since this templating technique
is easy to practice without additional expenses, its routine use can be recommended prior
to surgery.
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