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Abstract

Aims: Total hip arthroplasty (THA) is considered one of the most successful surgical procedures in modern medicine. The success
of THA is well documented, and includes high patient satisfaction rates, low morbidity rates and cost-effective surgery. Most
publications come from THA performed in high-volume arthroplasty units, done in high-income countries. Limited data is available
on THA performed in low-volume, low-income countries. The aim of this study was to evaluate the accuracy of digital templating in a
low-volume, resource-constrained orthopaedic unit from 2016 to 2017. We introduced a standardised hip radiography programme,
followed by a stepwise pre-operative templating method. We compared the implant sizes inserted during THA with the templated sizes
determined pre-operatively. This was to deduct whether digital templating in a low-volume arthroplasty unit is accurate and of the same
value as digital templating done in a high-volume unit.

Methods: A descriptive retrospective study was conducted on all patients who received elective primary uncemented THA in a
low-volume, resource-constrained orthopaedic unit. Pre-operative radiographs were done according to guidelines published by
Scheerlinck followed by pre-operative templating using the Impax Orthopaedic tools® software and a stepwise technique described
by Bono. Implanted prosthesis sizes, as recorded in operation notes, were retrospectively compared to pre-operative templating.

Results: A total of 56 participants were included (30 females, 26 males), with a mean age of 55.5 (32-78) years. On the acetabular
side, in 71% (n=40; p<0.001) there was a cumulative difference of one implant size between the templated cup size and the actual cup
size used. On the femoral side, in 79% (n=44; p<0.001) there was a cumulative difference of one implant size between the templated
stem size and the actual stem size used. Oversizing of the implants was more prevalent, with 20% (n=11) of the acetabular components
oversized by two or more sizes and 13% (n=7) of the femoral components oversized by two or more sizes.

Conclusion: With the introduction of a standardised radiology programme and a stepwise templating technique, the benefits and
accuracy of pre-operative templating done in a low-volume, resource-constrained orthopaedic unit is comparable to published data
done in high-volume arthroplasty units.
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Introduction

Total hip arthroplasty (THA) is considered one of the most
successful surgical procedures in modern medicine.! Treatment
goals include pain relief, restoration of normal hip biomechanics
and improvement in function." The success of THA is well
documented, with high patient satisfaction rates, low morbidity
rates and cost-effective surgery.?2 Most of these publications come
from THA performed in high-volume arthroplasty units, done in
high-income countries. Limited data is available on THA performed
in low-volume, low-income countries.

Pre-operative templating for THA is considered an essential
part of planning prior to performing hip arthroplasty. Pre-operative
templating is highly beneficial to both the surgeon and ultimately
the patient as it alerts the surgeon to the need for unusual sized
components or additional instruments and therefore allows for a
smooth and well-planned surgery.3* Pre-operative templating also
reduces the intra-operative stress experienced by the surgeon and
aids the surgeon to ensure correction of hip biomechanics. Failure
to obtain adequate femoroacetabular offset or the correction
of limb length discrepancy following THA results in altered hip
biomechanics, and thus influences the patient’s functional outcome
and the longevity of the implant.34 Both Charnley and Miiller
advocated for the use of pre-operative templating as it encourages
the surgeon to think three-dimensionally, improve the precision of
the surgery, reduce the length of the procedure and reduce the
incidence of post-operative complications.®

Digital radiography has replaced traditional radiography in most
healthcare facilities worldwide.? This led to the development and use
of computer-based templating programmes instead of standard on-
lay templating techniques. These templating programmes rely on a
calibration device in order to template accurately. For example, the
use of a 20 mm radiographic marker such as a metal ball bearing,
placed in a clear plastic tube, positioned at the same depth as the
greater trochanter has proven to be a cost-effective, accurate and
repeatable method of calibrating the size of digital radiographs.”#
The contralateral hip is often used for templating as it is often less
affected by a pathological process and offers a mirror image of the
planned surgical field.” It is thus essential to be able to see both
hips on the AP pelvis radiograph.

Due to high costs, digital templating software is not readily
available in units that perform THA in low-income countries.
Currently, we were unable to find any studies that analyse the
accuracy of pre-operative templating in a low-volume, low-income
country where THA is performed in a resource-constrained
orthopaedic unit.

The exact number to define the term ‘high- and/or low-volume
arthroplasty unit’ is not well defined in the literature. The most
accepted number for a high-volume arthroplasty unit, as described
by Katz et al. of >100 procedures per year was used in our study.®

The surgical technique and intra-operative considerations are
different for cemented and uncemented THA. In uncemented
THA, the accuracy of the exact implant size is very important,
either to prevent peri-operative fractures from oversized implants
or subsidence from undersized implants. In cemented THA, the
cement and cement mantle allow for a more forgiving implant size
selection.3* For this reason, we specifically studied the data for
uncemented implants.

The aim of this study was to evaluate the accuracy of digital
templating in a low-volume, resource-constrained orthopaedic unit
from 2016 to 2017. We introduced a standardised hip radiography
programme, followed by a stepwise pre-operative templating
method. We compared the actual implant sizes, cup and stem,
inserted during THA with the templated implant sizes determined
pre-operatively. This was to deduce whether digital templating in a
low-volume arthroplasty unit is accurate and of the same value as
digital templating done in a high-volume unit.
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Materials and methods

A descriptive retrospective review was performed from 1 January
2016 to 31 December 2017 on all patients who underwent elective
uncemented THA at a low-volume, secondary-level provincial
hospital in South Africa that has significant resource constraints.
Exclusion criteria included traumatic neck of femur fractures
requiring THA, cemented total hip arthroplasty and hybrid systems.

A total of 109 THA surgeries were performed during the two-year
review period, thus on average <100 surgeries per year. Of the 109
THA performed, 53 cases were excluded for neck of femur fracture
cases, including cemented or hybrid THA procedures.

A total of 56 elective primary uncemented total hip arthroplasties
were performed during this time period. Medical records, including
admission notes, operation reports and radiographs were
retrospectively reviewed.

Pre-operative radiographs were done according to guidelines
published by Scheerlinck.™ This included standard anteroposterior
(AP) view radiographs of the pelvis and proximal femurs as well as a
lateral view of the affected hip. On the radiographs, visualisation of
the proximal one-third of the femur on the AP pelvis view facilitated
templating of the femoral component.

Pre-operative templating was done by the primary surgeon, or
the assisting medical officer, using the Impax Orthopaedic Tools®
software. During the pre-operative planning ward round, the
templating was reviewed and the final decision was saved in the
patient records.

All THAs were performed by a senior orthopaedic surgeon
through a standard anterolateral approach. DuPuy Synthes®
uncemented implants, the Pinnacle cup and Summit stem (Le
Locle, Switzerland) were used for all cases.

During surgery the surgeon had access to both the electronic
recording of the pre-operative templating as well as the documented
implant sizes. The final implant sizes were chosen based on clinical
operative feedback by the surgeon. The final implant sizes were
then recorded in the operative notes. This data was analysed
retrospectively and compared to the pre-operative templated size.

Pre-operative radiographs were standardised according to the
technique described by Scheerlinck.' This included a standing AP
pelvis and lateral hip radiograph.

The AP pelvis radiograph is taken in the standing position with
both feet internally rotated 15 degrees. Both iliac spines are placed
at the same distance from the film to standardise the radiographs
and ensure adequate visualisation of the femoral neck length. The
radiograph beam is centred on the symphysis pubis rather than the
sacrum and this is to ensure inclusion of the proximal third of the
femur, which is required to perform templating of the femoral stem
component.

All of the pre-operative radiographs were obtained with a
standardised 100 cm distance from the radiograph tube to the
radiograph plate. This resulted in an average magnification of
20%+6%.5"%In the event that the radiograph was deemed to be of
poor quality, the patient was sent for repeat radiographs.

Although we utilise both AP and lateral radiographs as part of
our radiographic workup, for the purpose of this study, we only
templated from the AP radiograph.

The stepwise approach to digital pre-operative templating was
utilised as described by Bono."

Step 1 includes determining the magnification of the radiograph.
This is achieved with the use of a 20 mm ball bearing marker
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inside a plastic tube (Figure 7). The marker is placed between
the patient’s legs, at the same depth as the greater trochanters
for all pre-operative radiographs. The calibration software, Impax
Orthopaedic Tools Planning Module Hip, uses this marker to
calibrate the radiograph for templating (Figure 2).

Step 2 consists of determining the pelvic axis. This is achieved
with the AP pelvis radiograph and the templating software, which
utilises the acetabular teardrop as a landmark. A line connecting
the left and right acetabular teardrops serves as a reference for
pelvic orientation and from this reference point, left and right limb
length corrections are then accomplished. The pelvic axis also
determines the appropriate abduction or inclination angle of the
acetabular component ensuring that the prosthesis is placed in the
correct position relative to the pelvis.

Step 3 involves determining whether a limb length discrepancy is
present. This is accomplished by a measurement from the tip of the
lesser trochanter perpendicular to the pelvic axis as determined in
step 2.

Step 4 is to determine the centre of rotation of the hip joint. The
software achieves this by importing a digital acetabular template
within the osseous confines of the acetabulum. It is important to
ensure that the cup is imported centrally at a 45 degree angle to
the pelvic axis.

Step 5 is to determine the size of the femoral component. This
is done by measuring the width of the medullary canal within the
proximal femoral diaphysis as well as at the metaphyseal flare. With
the aid of the calibration software an appropriately sized femoral
stem is then selected.

During step 6 the appropriately sized digital femoral component
is placed within the femur in such a position as to reproduce the
existing limb length or to correct for any limb length discrepancy.
The combination of acetabular and femoral implants should
reproduce the appropriate femoral offset of the hip with the ability
to fine-tune this utilising different head length sizes.

Templating was routinely done during the pre-operative
arthroplasty ward round by the planning surgeon. This was
supervised and confirmed by the orthopaedic consultant after
which it was saved on Impax Orthopaedic Tools for later use during
surgery.

Intra-operative decision-making

Intra-operatively, the surgeon had access to the pre-operative
templating. The final decision on sizing was however made on
clinical grounds using standard operating techniques. At the time
of the surgery, the surgeons were not aware of this retrospective
study that followed later.

Statistical analysis

Basic descriptive statistics were reported including differences in
implants (cup and stems) between pre-operative templating and
intra-operative decision-making. Information such as age and sex
was also recorded for basic demographic data. A chi-square test
was used to detect differences between the number of participants
where less than or equal to one change in template size was
required compared to those who required a change of more than
one size. Data was analysed using Excel and Statistica v13.

Results

The mean age of all participants (n=56) was 55.5 (32-78) years. Of
these, 54% (n=36) of the participants were female and 46% (n=20)
were male.
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Figure 1. Ball bearing inside a clear plastic tube used as a marker for
calibration of the radiograph
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Figure 2. AP pelvis radiograph showing Impax Orthopaedic Tools Planning
Module Hip calibration and templating software

Acetabular components

The median difference between implant size templated and actual
implant size used was 1 (interquartile range 0-2, range 0-3). The
exact acetabular cup size was predicted in 30% of cases (n=17)
(Table I). Cumulatively, in 71% of cases (n=40), the implant inserted
was within one implant size (above, equal or below) of the templated
acetabular cup size. In 29% of cases (n=16), the implanted cup was
more than one size above the templated size (p<0.001).

Cumulatively in 98% (n=55) of the hips, acetabular components
were within two sizes (4 mm) smaller, equal or larger than the
templated size (Table /).

Femoral stem component differences

The median difference between implant size templated and actual
implant size used was 1 (interquartile range 0-1, range -4-3).
The exact femoral stem size was also predicted in 30% (n=17) of
cases (Table I). Cumulatively, in 79% of cases (n=44), the implant
inserted was within one implant size (above, equal or below) of the
templated stem size. In 21% (n=12) the implanted stem was more
than one size above or below the templated size (p<0.001).

Cumulatively, in 96% (n=54) of the hips, the femoral stem
components were within two implant sizes of the templated size
(smaller, equal to or larger) (Table /).
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In our study we found that we tend to oversize both the acetabular
and femoral components during pre-operative digital templating.
Twenty per cent (n=11) of the acetabular components were
oversized by two or more sizes, and 13% (n=7) of the femoral
components were oversized by two or more sizes. Nine per cent
(n=5) of the acetabular and femoral components were undersized
by two or more sizes, respectively.

Males were templated more accurately than females, with 17%
(n=9) of males compared to 32% (n=19) of females having an
acetabular cup and femoral stem size differentiation of two or more
between templated and implanted implant sizes.

Discussion

During the last decade, the indications for THA have broadened
with an increase in patients’ expectations in functional outcome
and implant longevity. Improvements in technology have addressed
both fixation and wear issues.'® The development of pre-operative
templating has allowed surgeons to focus more attention on the
optimisation of hip biomechanics and to anticipate the correct
implant sizing, positioning, as well as potential difficulties prior to
surgery.'®

The majority of studies on THA, including pre-operative
templating, are conducted in high-volume arthroplasty units. Katz
et al. defined a high-volume arthroplasty unit as one in which
>100 procedures are performed annually.® These studies showed
a significant reduction in complications following THA in higher
volume units. This was due to pre-operative planning and surgeons
being more comfortable and familiar with the procedure.?

We could find no publication on pre-operative templating and its
benefits in a low-volume arthroplasty unit. The opinion of the senior
authors was that the benefits of pre-operative templating would
be equal, if not better, to the surgeons who do not perform this
procedure as regularly as high-volume surgeons.

The use of a stepwise approach to digital templating, such as that
described by Bono, ensures a repeatable and reliable method."!
Pre-operative templating alerts the surgeon in difficult cases, where
restoration of normal hip anatomy is not possible with standard
implants, to request extended selections of implants to be available

Table I: Overview of templating size differences compared to in-situ
implant sizes used

Count(n) | Percont |

-4 1 1.8
-3 1 1.8
-2 2 3.6
-1 11 19.6
0 17 30.4

16 28.6
2 8 14.3
-3 1 1.8
-2 10 17.9
-1 14 25
0 17 30.4

9 16.1
2 5 8.9
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in theatre. This is important in low-volume units that do not carry
a large in-hospital consignment of the full range of implants and/or
revision implants.°

Anyaehie et al.’s study which focused on total knee arthroplasty
in a resource-constrained environment, similar to that of the
public health sector of South Africa, showed that the absence of
ideal infrastructure and equipment alongside deficient surgical
expertise are some of the reasons why many hospitals in resource-
constrained areas do not offer arthroplasty services.'® Patients in
these environments were also shown to present much later for joint
arthroplasty. Reasons for this included a preference for traditional
healers; patients have easier access to their services compared
to utilising hospital services with long waiting lists. Further
contributing to delayed presentation are cultural beliefs, together
with the health-seeking behaviour of patients who accept pain and
disability until they become immobile before seeking arthroplasty
services. These factors lead to complex pathology with severe joint
degeneration on presentation, resulting in conservative treatment
no longer being an option, with arthroplasty the only solution to
improve pain and function.'s

The recent increased use of collared implants may be a solution
to this problem, with collared uncemented stems showing improved
axial and rotational stability. This prevents subsidence and aids the
stem to remain in its intra-operative position.'

Several studies have been published that aim to evaluate the
accuracy and reliability of pre-operative templating, with results
being favourable towards templating as shown by Knight and
Atwater. Implants inserted during uncemented THA within one size
above or below what was templated were deemed to be adequate.'

The use of pre-operative templating encourages the surgeon to
think three-dimensionally and greatly improves the precision of the
surgery. This results in a potential reduction of surgical time, which
has significant cost implications for all parties involved.” The South
African public health sector faces multiple challenges. It has long
arthroplasty waiting lists as a result of surgical skill shortages and
severe financial resource constraints. The value of having a tool
like pre-operative templating available, which reduces surgical time
and increases theatre efficiency while saving on long-term costs, is
significant (Figure 3).

Our results were comparable to that of Gamble et al.® who, with
the use of digital pre-operative templating, showed an accurate

Figure 3. AP pelvis radiograph showing a recruited patient with the implant
inserted on the right without the use of pre-operative templating, and the
implant on the left with the use of pre-operative templating. The right hip
implant is undersized, which could have significant long-term implications.
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prediction in 38% of cases in terms of acetabular cup sizing (29% in
our study), and 35% of cases in terms of femoral stem component
sizing (30% in our study). Accuracy improved dramatically to 80%
(71% in our study) for acetabular cup sizing and 85% (79% in our
study) for femoral stem sizing, when cases within one implant size
above or below what was templated were included. Considering
that their study was conducted in a high-income, high-volume
arthroplasty unit, our study shows that pre-operative digital
templating in a low-volume, resource-constrained unit can be just
as accurate and valuable.

Reasons for templating implant outliers (implant size bigger
or smaller than two sizes from the templated size) in our dataset
may have been due to human error in the templating process
during the initiating stage of implementing pre-operative digital
templating. Surgeon experience in a low-volume unit that uses the
digital templating software may also have an effect on the accuracy
and reliability of templating. Even with the technique being
carefully applied, patient body habitus, anatomical variability, and
radiograph quality may become sources of error in pre-operative
templating.'>16

Body mass index (BMI) was not measured as part of this study.
In South Africa we have the second largest female population in
Africa.’” A high BMI may contribute to a bigger margin of error in
digital templating. This may have been the possible reason for the
female predominance in our outlier group.

Our study has a few limitations. Firstly, this study was conducted
in a low-volume arthroplasty unit with only one or two elective
THA cases being performed per week. These cases were not
necessarily done uncemented, thus the numbers were small over
the review period. Reasons for outliers could be due to templating
errors possibly as a result of implementation of digital templating,
combined with inexperience of junior orthopaedic staff. Intra-
and inter-observer reliability and professional experience were
not specifically analysed during the templating process, and leg
length discrepancy correction was not quantified pre- and post-
operatively.

Conclusion

The benefits of pre-operative templating have been shown in
numerous studies conducted in high-volume arthroplasty units in
high-income countries. The results of this study, conducted in a low-
volume, resource-constrained orthopaedic unit, are promising and
comparable in accuracy to other published literature. This study
confirms the multiple advantages of having digital pre-operative
templating available for any orthopaedic unit that preforms THA and
we strongly advocate the use of digital pre-operative templating,
done in a stepwise technique, for any surgeon that performs THA
currently.
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