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ORIGINAL STUDY

Precision of preoperative digital templating in total hip arthroplasty

Turgay ErE, Bilal Farouk EL Zayar, Thomas J. HEysg, Nina TIMMESFELD, Susanne FUuCHS-WINKELMANN, Jan SCHMITT

From the University Hospital Marburg, Germany

The purpose of the present study was to evaluate the
precision of digital templating in total hip arthroplas-
ty (THA) and the influence of the surgeons’ level of
experience on the accuracy of preoperative planning.
A retrospective review of digital computer planned
THA’s was performed on 169 hips. The preoperative-
ly planned component sizes were compared to the
sizes used in the operation. An exact agreement
between planned and actually used size was achieved
in 33.7% of the hips for the acetabular cups and 36 %
for the femoral stems. A prediction of +/- 1 size was
reached in 77.5% for acetabular components and
82.3% for the femoral stem. On average, the ace-
tabular components were planned approximately 0.9
sizes too large, the femoral stems 0.3 sizes too small.
The accuracy of preoperative planning showed no
differences according to the level of training of the
planning surgeon. We state that the digital templating
is useful to predict the implant size. However, 15 of
the 169 planned components showed a difference of
more than 2 sizes. Therefore, digital templating can-
not fully replace intraoperative X-ray use.

Keywords : total hip arthroplasty ; accuracy ; preopera-
tive planning.

INTRODUCTION

Total hip arthroplasty (THA) is a proven and
well-established method in the treatment of
advanced degenerative joint disease. According to
the German Federal Office for Quality Assurance
(BQS), in 2008, there were 156,887 primary hip
prosthesis implantations performed in Germany.
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For the successful use of THA exact placement of
the components is necessary. Already Charnley (4)
and Miiller (75) have supported preoperative tem-
plating. The fundamental goal of preoperative plan-
ning is to assess the implant size to be used and to
anticipate potential intraoperative problems (3,8).
Inadequate planning can lead to several complica-
tions, including fractures, dislocation, insufficient
offset, limb length discrepancy and failure of
ingrowth (10,12,26). In former times preoperative
planning had been performed with drawings on
transparencies of magnified components (13).
Currently, picture archiving and communication
system (PACS) and digital radiography are replac-
ing conventional X-ray films. As most radiographs
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are not available in hardcopy, conventional templat-
ing is only possible to a certain extent. Computer
templating of digitized radiographs is therefore,
used more frequently. However, the accuracy of
these tools is not fully evaluated. The aim of the
present study was two-fold. First, we assessed the
accuracy of computer templating in primary THA
by comparing the planned and actually implanted
component sizes. Second, we investigated whether
surgeon experience had an influence on the preop-
erative planning accuracy.

MATERIAL AND METHODS

In a retrospective approach, 169 cases of primary
THA performed between 2008 and 2010 at the authors’
institution were included in the present study. The indi-
cation for THA was primary osteoarthritis in 167 cases,
in one case avascular necrosis of the femoral head and in
one case revision surgery. There were 75 male and
94 female patients with an average age of 68.9 %
9.7 years. The left hip was involved in 76 cases and the
right in the remaining 93 cases. The operative data and
the hospital records were available for all patients.

To assess the accuracy of templating preoperative
radiographs, digital planning, operative reports and 3-
days postoperative radiographs were used. Preoperative
radiographs were taken to the standard protocol includ-
ing antero-posterior (ap) view of the pelvis and a lateral
view of the hip. The ap views of the pelvis were taken
with the patient lying flat on the table, the tube beam was
placed over the pubic symphysis. The hips were internal-
ly rotated 10° to 15° to compensate for the physiologic
anteversion. For the planning of THA a calibration
object, a 32 mm metallic femoral head, was placed
between the legs of the patients (5). Visualisation of the
proximal third of the femur was necessary for full
femoral stem templating. Lateral projections (Lauenstein
method) was performed with the hip in 45° flexion and
45° external rotation, whereas the X-ray beam was
placed on the centre of rotation of the hip. Postoperative
radiographs included ap view of the hip. In all cases a
standardised distance of 110 cm from the X-ray source to
the digital film cassette was chosen.

Templating was performed one day before surgery by
the residents of our university hospital. To evaluate
whether surgeon experience had an influence on the pre-
operative planning precision the planners were divided
into three groups with different levels of experience
in hip surgery. Group I included surgeons who had

Fig. 1. — Preoperative planning using the mediCAD software.
Anteroposterior view of the pelvis with a calibration marker,
demonstrating acetabular and femoral component templating.

implanted up to 10 THAs, group II between 10 to
30 THAs and group III > 30 THAs. Digital ap view of
the pelvis on a picture archiving and communication
system workstation were used. All of the radiographs
were processed using the MediCad version 2.06 (Hectec,
Altfrauenhofen, Germany). Exact acetabular position
was defined as implantation of the component less than
5 mm superior to the inferior tear drop, less than 5 mm
lateral to Koehler’s line and at an inclination of 40° to
50° (10). The femoral stem position was defined as exact
when the stem had full cortical contact in the metaphy-
seal-diaphyseal junction and the centre of rotation was
perpendicular to the tip of the greater trochanter (Fig. 1).
On the acetabular side, 162 uncemented EP-FIT-PLUS
(Smith&Nephew, Schenefeld, Germany) and 7 cemented
Wagner (Smith&Nephew, Schenefeld, Germany) acetab-
ular components were used. The femoral stems included
129 uncemented Polar stems, 33 cemented Polar stems
and 7 uncemented Proxy Plus stems (Smith&Nephew,
Schenefeld, Germany). For the acetabular cups there was
a 2 mm diameter difference between the sizes, for the
femoral prosthesis stems the size differences were not
uniform.

In 166 cases the transgluteal approach as described by
Bauer et al (1), in three cases an anterolateral approach as
described by Bertin and Réttinger (2) was used. The
femoral neck was exposed and the hip dislocated. As
planned in the preoperative template, the femoral neck
was osteotomised approximately 1.5 cm above the lesser
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trochanter. Generally, we used a 28 mm or 32 mm dia-
meter femoral head component depending on the aceta-
balur cup size. According to the manufacturer’s guide-
lines a 28 mm head was used when the acetabular cup
was between 44 and 48 mm, whereas a 32 mm femoral
head was used in cases in which the acetabular compo-
nent was 50 mm or greater. The liner was made of cross-
linked polyethylene in all cases. The femoral canal was
prepared using the rasps of the system until a stable situ-
ation was achieved. The cemented devices were implant-
ed using a modern vacuum cementing technique. After
implantation of the trial components, intraoperative C-
arm radiography was performed. Additionally, secondary
measurements (leg-to-leg control, stability tests) were
performed to control the tensioning of the surrounding
soft tissues. In case of a free range of motion and no
dislocation tendency the original components were
implanted.

STATISTICAL ANALYSIS

Descriptive analysis was performed by determina-
tion of values, mean and standard deviation. All
calculations were performed with the statistical soft-
ware R, version 2.12.1 (http://www.r-project.org).

RESULTS

There were no intraoperative fractures or post-
operative dislocations. The acetabular component
was implanted exactly as planned in 33.7% of
cases. A difference of +/- 1 size was achieved in
77.5% of the cases. In 10 cases the use of a compo-
nent with a size difference of more than 2 sizes was
recorded. On average acetabular cups were planned
0.9 size too large. The exact femoral stem size was
predicted in 36.0%. The femoral stems were within
+/-1 size in 82.3%. In 5 cases the use of a femur
component with more than + 2 sizes difference was
recorded. The femoral stems were underestimated

0.3 size on average. Templated versus actually
implanted components are shown in Table I.

The study of planning accuracy according to the
level of experience showed that group I surgeons
predicted exactly acetabular cup size in 34.4%,
group II surgeons in 31.8% and group III surgeons
in 34.3%. Group I templated acetabular component
1 size too large or too small in 80%, group II in
65.9% and group III in 85.7% respectively. In
group I, 5 components with more than + 2 sizes
difference were implanted, versus 3 in group II and
2 in group III. The acetabular components were
overestimated 0.7 size in group I, 1.5 size in
group II and 0.9 size in group III. For the femoral
stem size, group I matched the templated femoral
stem size exactly in 32.2%, group II in 36.4% and
group III in 45.5%. Expanding the tolerance to one
1 size difference, the agreement was correct in
group I in 87.4%, in group Il in 79.5% and in group
III in 72.7%. In group I, one component differed
from the planning by more than + 2 sizes, two in
group II and in group III each. The femoral stems
were on average underestimated 0.3 size in group I,
0.2 size in group II and 0.6 size in group III.
Differences in templating according to the level of
experience are shown in Table II.

DISCUSSION

Preoperative planning in THA is important for
correct implantation of the components. The weak-
ness of the conventional planning system lies in
magnification mismatches between the radiographs
and the templates (/12,74). One way to overcome this
problem is to use digital planning with adequate
calibration of the digitized radiographs (5,6,17).
Many hospitals have now adopted PACS for storing
and analysing radiographic images (18,19). Using
the PACS, templating can be performed digitally

Table I. — Differences between templated and actually implanted components

Components Same size 1 size 2 sizes 3 sizes 4 sizes 5 sizes
different different different different different

Acetabular 57 (33.7%) 74 (43.8%) 28 (16.5%) 8 (4.7%) 2 (1.2%) 0

Stem 59 (36.0)% 76 (46.3%) 24 (14.7%) 4 (24%) 0 (0%) 1 (0.6%)
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Table II. — Analysis of the level of experience in hip surgery for the acetabular cups and the femoral prosthesis stems templating
(0-10 operations = group I, 10-30 operations = group II, > 30 operations = group III). Differences between templated and actually

implanted components

Components | Level of Same size 1 size 2 sizes 3 sizes 4 sizes 5 sizes
experience different different different different different
Acetabular 0-10 op. 31 (34.4%) 41 (45.6%) 13 (14.4%) 4 (4.4%) 1 (1.1%) 0
10-30 op. 14 (31.8%) 15 (34.1%) 12 (8.2%) 3 (6.8%) 0 0
> 30 op. 12 (34.3%) 18 (51.4%) 3 (8.6%) 1 (2.9%) 1(2.9%) 0
Stem 0-10 op. 28 (32.2%) 48 (57.2%) 10 (10.5%) 1(1.1%) 0 0
10-30 op. 16 (36.4%) 19 (43.1%) 7 (15.9%) 2 (4.5%) 0 0
> 30 op. 15 (45.5%) 9 (27.2%) 7 (21.2%) 1 (3.0%) 0 1 (3.0%)

using special software packages. Digital templating
offers several advantages. First, the necessity of
printing large and bulky hardcopy films is eliminat-
ed. Second, digital radiographs can be stored more
easily with fast access. Finally, the contrast and
magnification possibilities of the images are usual-
ly excellent.

Although conventional templating was per-
formed for decades, there is still only a limited
number of studies available assessing the accuracy
of this method. Knight and Atwater (/2) reported
that accuracy in conventional implant sizing was
achieved in 62% for acetabular cups, 78% for
cemented femoral stems and 42% for uncemented
stems. They noted that the mismatches are related
to the magnification of the plain radiographs. Carter
et al(3) showed that conventional templating of
uncemented femoral stem size corresponded exact-
ly to the implanted component in 50% of the cases.
The prediction accuracy could be increased to 88%-
95% if femoral stems within 1 size were included.
Della Valle et al (7) reported that digital templating
predicted the exact size of uncemented acetabular
components in 25% and increased to 81% within
1 size. The cemented femoral stem size was pre-
dicted exactly in 58% and increased to 94% within
1 size. In four patients digital templating overesti-
mated the diameter of the acetabular component by
more than 1 size. These data on accuracy were
echoed by recent studies for both digital (acetabular
60-87%, stem 74%-95%) and conventional (acetab-
ular 67%-99%, stem 77%-99%) templating within
1 size (6, 9,11,13,21,23). Kosashvili et al (13) stated

that preoperative digital templating is as reliable as
analogue templating.

The results of the present study demonstrated
that using the MediCad system, implant sizing
within 1 size is in the range of the above mentioned
studies. Wedemeyer et al(25) who used the
MediCad templating system as well assessed the
accuracy with the Mayo stem in 40 patients and
their findings were in line with ours : 95% accura-
cy within 1 size for the femoral prosthesis stem and
77.5% accuracy within 1 size for the acetabular
cups. However, in the present study 10 acetabular
cups and 5 femoral stems were overestimated by
more than 2 sizes. We found no clear explanation
for these discrepancies. A possible explanation may
be not only the anatomy but the bone density. There
is a great variability in proximal femoral bone den-
sity, leading to different resistance to cementless
stems. Therefore in case with lower bone density
bigger stems may be used. The templating software
does not give information about the bone density.
Three-dimensional assessment based on CT
scanning with colour mode to visualize the bone
density could be helpful (16,20,24). However, these
methods expose the patients to high irradiation and
it is probably not necessary for a simple hip
osteoarthritis. Regardless of the templating tech-
nique, surgeons should not rely only on the plan-
ning system ; an intraoperative x ray control should
be the standard.

Carter et al(3) noted that the accuracy of
planning increased gradually with the level of
experience. The experienced surgeon was able to
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predict the component size in 95% of cases, in com-
parison to 88 and 82% for the less experienced
planner. Surprisingly, in the present study the level
experience in hip surgery had no influence on the
accuracy of the planning. This could be related to
the fact that the residents at our university hospital
were trained intensively before making use of the
templating program. Furthermore, the program
used appears to be user-friendly and has a steep
learning curve.

The present study has some limitations. First, as
there was no control group, results can only be
compared to those found in literature. At the
authors’ institution with the transposition from
hardcopy radiographs to digital images no hard-
copies are available. Therefore, a direct comparison
of digital templating with conventional templating
technique is possible only to a certain extent.
Secondly, the planning surgeon did not perform the
THA in all cases. Usually in the conventional
procedure templating is performed by the surgeon
who performs the arthroplasty. In case of digital
templating the person planning the operation and
the person performing the operation are usually not
identical (22). Finally, the program used is only two-
dimensional. A three-dimensional software package
would be more advantageous (20).
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