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The use of digital templating for Total Hip Arthroplasty (THA) is now
the standard approach for pre-operative planning. Digital templating holds
potential to reduce operative time and post-op complications however,
this often relies on imprecise assumptions. The relationship between the
X-ray source, subject and detector alters the perceived magnification. We
therefore determine if Body Mass Index (BMI) is positively correlated with
true magnification and if a predictive model based these parameters exists.
A single surgeon series (n=107) was included in this study. Two independent
observers assessed both pre- and post-operative AP pelvis radiographs using
TraumaCad™. Post-operative radiographs were assessed to calculate the
true magnification by calibrating from a known femoral head prosthesis size.
Finally, a scatter plot with regression was used to determine if a predictive
model of magnification existed using the Body Mass Index. The mean preoperative magnification using a scaling marker was 124.2 ± 8.90%. The mean
post-operative magnification using a known femoral head prosthesis size (true
magnification) was 123.7 ± 3.98%. Significant variability exists in pre-operative
marker data. Regression modelling showed no significant correlation between
BMI and true magnification (post-op magnification). This study’s suggests that
the precision and reliability of the radiographic marker in daily practice is poor.
Regression modelling showed no significant correlation between BMI and
the true magnification factor. Therefore, a pre-op predictive model cannot be
reliably used. The data from this study suggest that a fixed magnification factor
of 124% remains the most reliable and accurate method.
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Introduction
The use of digital templating for Total Hip Arthroplasty (THA)
is conventional practice and is actively recommended. Precise
templating of pre-operative radiographs holds potential to reduce
operative time and post-op complications such as instability, leg
length discrepancy, peri-prosthetic fracture and loosening1-4. Digital
templating allows the surgeon to adjust the magnification, however,
this often relies on imprecise assumptions and may result in an
implant that is either too large or small.
The surgeon may be aided by the use of a radiopaque marker of
known dimensions as a calibration tool to calculate the degree of
magnification. In order for the method to produce reliable results,
the marker must be in the same coronal plane as the hip joint and
is often placed over the greater trochanter or in the perineum.
Previous studies have shown that such markers give improved
accuracy when compared to historical calliper measurements of the
distance between anterior superior iliac spines5.
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Many orthopaedic surgeons continue to template with
an assumed magnification of 115-120% 6-9. However, one
study has reported an large inaccuracies when assuming
a standard 120% magnification10. Recent studies by
Archibeck and Franken et al. have also suggested that,
when taking a fixed factor of 120% or 121% respectively,
this remains more accurate than the use of a radiopaque
marker11,12.

A post-operative radiograph assessing the implanted
femoral head (of a known size) is the most precise
technique to determine the true magnification, however,
this is not available in the majority of cases when planning
THA.

Aim

This study primarily evaluates the reliability of a
standardised (25mm) pre-operative radiographic markers
when estimating the true magnification when templating
for THA.
The relationship between the X-ray source, subject
and detector alters the perceived magnification [Figure
1]. Patients with larger amounts of soft-tissue between
the hip joint and the detector may increase the distance
between them and ultimately increase the magnification.
We therefore hypothesise that Body Mass Index (BMI)
may be positively correlated with magnification and that
a predictive model based on BMI and true magnification
exists.
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surgeon at a single institution. Our team assessed the
pre- and post-operative radiographs of all individuals
undergoing primary arthroplasty of a single hip for
degenerative osteoarthritis. All radiographs were AP Pelvis
radiographs in a supine position centred over the pubic
symphysis. Radiographs were taken at a set standard
distance of 120 cm from the X-Ray to detector.
All images were assessed using TraumaCad (BrainLAB,
Munich, Germany) orthopaedic digital templating
software. In order assess validity of the templating method,
two independent and blinded observers analysed all
radiographs.

The pre-operative films that used standard scaling
marker (25 mm metallic sphere) were initially analysed
(n=41, 38.3%). This included a radiopaque marker that
should be placed at the coronal level of the acetabulum,
using the greater trochanter as a surrogate marker.

The post-operative radiographs were then assessed to
calculate the true magnification. The template software was
used to calibrate from a known femoral head prosthesis size
(28/32/36 mm) [Figure 2]. The femoral head component
size was established from the operation record.

Methods

We decided not to assess the accuracy of pre-operative
templating in predicting the actual size of component used;
we appreciate the operating surgeon will have performed
templating using the same radiographs and hence subject
to bias.

We conducted a retrospective review including
individuals who underwent primary hip arthroplasty
between November 2018 and March 2019 by a single

Results

Inter-observer variability was measured using paired-t
tests for both pre-operative (scaling marker) and postoperative (known femoral head). Finally, we used a Scatter
Plot with Regression to determine if a prediction model
existed.
This study identified a total of 107 (n=107) patients

Figure 1: Schematic diagram showing how the relationship between
X-ray source, subject and detector alters magnification.

Figure 2: Demonstration of how digital templating tools are used
to calibrate off a femoral head implant of a known size.
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undergoing Total Hip Arthroplasty for degenerative
osteoarthritis. Subjects underwent surgery between
November 2018 and March 2019 with a mean age of
67.4 ± 11.5. 49 Males (45.8%) and 58 Females (54.2%)
were included in the cohort. No patients were excluded.
All implants used were hybrid with cemented stems. The
mean pre-operative magnification assumption was 118%,
this was used as standard practice for the single surgeon in
this study.
There was an excellent agreement between both
observers on radiographic measurements where the
Pearson correlation coefficient was 0.894. Additionally,
paired T-Testing revealed no significant difference between
the first and the second observer (p = 0.8781).

The pre-operative magnification calculated using a
scaling marker was used in only 41 of the 107 subjects
(38.3%). The mean pre-operative magnification calculated
was 124.2 ± 8.90%. The post-operative magnification using
a known femoral head prosthesis size (true magnification)
was calculated in all subjects in the study (n=107). The mean
true magnification calculated was 123.7 ± 3.98%. A t-test was
performed looking at pre-op magnification using the scaling
marker and the corresponding pre-operative magnification.
The results, based on 95% confidence levels, demonstrate
no significant difference (p-value = 0.735) of the two
means. However, significant variability of the pre-operative
magnification (marker) data is noted (Var(X) = 79.2).
Regression modelling showed no significant
correlation between BMI and true magnification (post-op
magnification) and therefore excludes the use of a reliable
pre-op predictive model [Figure 3].

Conclusion

Theoretically, if accurately placed, the pre-operative
sizing marker should calibrate radiographs to a realistic
true magnification8,13. The mean magnification from the
sizing marker in this study was also 124%, however, this
had significantly more variability than the mean (post-op)
true magnification (SD ± 8.90%). This study also highlights
that the precision of the radiographic marker is poor in this
the observed population.

An assumed magnification factor of 118% will result
in oversizing of the implanted components. The data from
this study suggest that a fixed magnification factor of 124%
remains the most reliable and accurate method.

Discussion

A fundamental step when templating a Total Hip
Arthroplasty is to identify the true magnification of the
radiographs. Accurate templating holds potential to
reduce operative time and complications2-4. Many previous
small studies have assumed or suggested the use of a
magnification of 115-120% 6-9. If incorrect magnification is

Figure 3: Scatter plot with regression line (solid line) showing the
poor correlation between post-op true magnification and BMI. The
dotted line indicates the 95% prediction limits and the inner grey
area indicates 95% confidence limits.

used, the margin of error will depend on the increments
in prosthesis size; one study has suggested that each
magnification error of 2% corresponded to a different size
of implant (ABG-II cementless)12.

A number of studies have implied that calibration from
pre-operative sizing marker correlates to a much realistic
true magnification8,13. However, such precise placement
is not always possible in busy radiology departments.
Reliable and consistent placement of the markers requires
careful positioning by specifically trained radiographers.
We suspect that in busy units this may not be possible due
to the high turn-over of staff in the radiology department,
the use of trainee radiographers and the fact that correct
positioning of the marker high in the perineum may
be uncomfortable and seen as socially unacceptable.
Furthermore, where radiographs may show adequately
placed markers, this may differ significantly from the
correct coronal plane and remain too anterior or posterior.
This study’s results therefore suggest that the precision of
the radiographic marker in daily practice is poor and may
be representative of many other orthopaedic departments’
results.
We appreciate that more extensive training and
department guidelines could improve the positioning of
the marker, and hence improve precision in predicting true
magnification. However, this study has suggested the use of
a simple and constant magnification factor may provide a
more realistic and efficient solution. This technique allows
simple and relatively accurate assumption of the true
magnification without the requirement of radiographic
markers. We do recommend that each institution that
uses digital templating software carry out similar studies
to self-assess validate a mean magnification factor;
each department may use alternative image acquisition
protocols from this study.
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