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The Semi-automated Software (MyAnkle™)
for Preoperative Templating in Total
Ankle Replacement Surgery

ABSTRACT

Introduction: MyAnkle™ software is semi-automated digital
templating software for total ankle replacement surgery. This
software enables a surgeon to review multiple sizes of implant
over the radiograph for implant size determination. It has auto-
scaling properties which matches the magnification of the
radiograph and template. This software is evaluated by testing
the accuracy and inter-observer reliability of pre-operative
digital templating for total ankle replacement.

Aim: To evaluate the accuracy and inter-observer reliability of
pre-operative digital templating of tibia and talar component size
for total ankle replacement using MyAnkle™ digital templating
software.

Materials and Methods: This was retrospective study in which
digital radiographs of patients who had undergone primary
total ankle arthroplasty were evaluated. The operations were
done in between year 2014 until 2017 in Universiti Kebangsaan

INTRODUCTION

Computer-assisted surgery refers to a surgical method which utilises
the computer for surgical planning and guiding during the procedure.
The objective of this technology is to achieve better results by
combination of accuracy and precision of the computer with the
surgeon’s operating skills [1]. The application of computer-assisted
surgery in total ankle arthroplasty is still new, compared to hip and
knee surgery. Digital templating software is one of the computer-
assisted methods for pre-operative planning. The application of
scientific visualisation and digital images with integrated computer
system in medical field helps to facilitate in diagnosis, surgeries
and therapy. This technology can help clinicians and surgeons to
improve the quality of care for their patients but experience is still of
utmost importance.

MyAnkle™ software is a newly developed, semi-automated
computer-aided digital templating software for Total Ankle
Replacement (TAR). This software allows a surgeon to review
multiple sizes of implant over the radiograph for implant size
determination. Hintegra total ankle template was used to create
the template image library. It has distinctive special features for
manipulation of implant from front or side as well as allowing
rotation and flipping of the implant image in two axes. These
features permit a better manipulation of implant image to match
with the size of patient’s bone in radiograph.

In conventional templating, a surgeon has to deal with the radiographic
magnification and acetate template magnification. The template
provided by the implant manufacturer is an outline of the implant in
various sizes printed on acetate. The surgeon will then overlay this
acetate template onto the ankle radiograph to match the size with
the anatomy of the patient. To address this problem, the radiograph
is taken with a scale marker at the side of joint. The acetate template
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Malaysia Medical Centre (UKMMC). All cases were using non-
constrained anatomic shaped 3-component system prosthesis
(Hintegra). The digital templating software (MyAnkle™) was
used for templating, by two foot and ankle surgeons from
different centres. The predicted implant size was compared
with the actual components selected at the time of surgery and
its accuracy was measured. The inter-observer reliability was
analysed using the linear weighted kappa (k) analysis.

Results: The size of tibial and talar component was accurate in
83.3% and 91.7 % respectively. The accuracy of correct predicted
size for second surgeon was 66.7 % for talar component size and
58.3% for tibia component size. The inter-observer reliability
for tibial and talar component size was substantial, weighted
kappa (k)=0.802 (95% CI, 0.623 to 0.982), p<0.001.
Conclusion: MyAnkle™ software is an effective tool for pre-
operative planning in total ankle replacement surgery. It provides
rapid, reproducible accurate results and cost-effectiveness.

Keywords: Ankle joint, Arthroplasty, Osteoarthritis

has a scale marker determined by the manufacturer. The surgeon has
to adjust and match the two magnifications manually to determine the
size of implant. It involves multiple steps which are time consuming
and liable to magnification error. MyAnkle™ has been developed
with an auto-scaling program that matches the digital X-ray images
and the implant templates to same magnification. This auto-scaling
program is able to minimise the time consumption during digital
templating and eliminates radiographic magnification error. These
advantages facilitate a surgeon in pre-operative planning and provide
a better outcome of the surgery.

Pre-operative planning in joint replacement surgery is crucial to
assess the need for non-standard implant sizes, plan the levels of
bony resection and anticipate the appropriate instruments needed
intraoperatively [2]. In total ankle replacement, the aim of the surgery
is to restore the anatomy and biomechanics of the diseased ankles
as much as possible. To achieve this goal, proper sizing and correct
positioning of the implant are important in order to allow the ankle to
move about a centre of rotation. A proper sizing is also important to
prevent complications e.g., impingement, soft tissue problems and
late migration of component [3].

Prior to the development of digital templating software, pre-operative
planning was performed using acetate templating and radiograph.
This method can contribute to surgical error due to variation in
the radiographic magnification factor because acetate templates
assume approximately 110-120% magnification [4]. The elimination
of printed radiographic film with the advent of digital radiography
and Picture Archiving and Communication Systems (PACS) favours
the evolution of digital templating software for joint replacement
surgery. This technology also offers a rapid and reproducible pre-
operative planning in which a permanent record of the template can
be saved and is cost-efficient [2-5].
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TAR has developed tremendously for the past four decades. After
the first total ankle arthroplasty in 1970 by Lord and Marotte, more
than 20 different types of ankle arthroplasty were developed [3].
The encouraging short-term, mid-term and long-term results
have increased the demand of TAR for treatment of end-stage
osteoarthritis [6-9]. Therefore with the advancement of technology
and digital imaging, it will be beneficial to have a software for digital
templating of TAR for pre-operative planning. This technology can
facilitate a surgeon to have a more accurate implant selection and
pre-operative planning. A good pre-operative planning and surgical
technique will certainly provide a promising outcome [10].

A number of digital templating software for total hip and total knee
arthroplasty has been developed and studied for their accuracy and
comparison with the acetate template [2,5,11,12]. Levine B et al,,
studied the accuracy of digital templating software in a series of
269 patients. They concluded that digital templating is an effective
means for predicting the size of hip and knee implant [2]. Another
studies by Specht LM et al., and The B et al., suggested that digital
templating is accurate for predicting a knee implant sizing [5,11].

To the best authors’ knowledge, there was no other study
regarding accuracy of digital templating software for total ankle
arthroplasty. The aim of this study was to evaluate the accuracy
and inter-observer reliability of pre-operative digital templating of
tibia and talar component size for TAR using the newly developed
MyAnkle™ digital templating software.

MATERIALS AND METHODS

A retrospective study was conducted on 12 patients who underwent
primary total ankle arthroplasty in a period of three years (2014-
2017) in Universiti Kebangsaan Malaysia Medical Centre (UKMMC).
Selection criteria were patients with ankle osteoarthritis who
underwent primary total ankle replacement. Patients with charcot
arthropathy, severe ankle trauma complicated with avascular
necrosis of talus and revision surgery were excluded from the
study. The ankle radiograph was taken in anteroposterior and lateral
projection in weight bearing position. The diagnosis for patients in
this series is ankle osteoarthritis; primary and post-traumatic. All
patients were operated by an experienced foot and ankle surgeon
using non-constrained anatomic shaped 3-component system
prosthesis (Hintegra). Institutional Ethical Approval was obtained for
this study (UKM 1.5.3.5/244/FF-2014-374).

The digital templating software (MyAnkle™) was used for templating,
by two foot and ankle surgeons from different centres. This software
only includes templates from Hintegra total ankle implant. The tibia
and talar components size ranges from size O to size 6. The digital
template is created by using Computer-Aided Design (CAD) model.
The image format in CAD format must be converted to .gif file
format before it is applied to the system. The software development
is based on Software Development Life Cycle (SDLC). This method
is one of the simplest methods to develop software. SDLC allows for
identification and rectification of problems during the development
of the software.

The templating process involved selecting the size of prosthesis and
positioning of the implant to distal tibia and talus. The tibia and talar
component sizes were changed accordingly until an appropriate
size is achieved. The size of the implant image can be changed
by typing the appropriate size number in the ‘ankle size’ column.
The example of a case that has been templated using MyAnkle™
software is shown in [Table/Fig-1]. In patient with ankle deformity,
the implant can be rotated to accommodate the deformity [Table/
Fig-2]. The final sizes during templating were taken as predicted
size of implant.

STATISTICAL ANALYSIS
The predicted sizes were compared with actual sizes used in the
operation and analysed for accuracy and inter-observer reliability.
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[Table/Fig-2]: Example of templating for talar component using MyAnkle™ software.
The implant can be rotated to accomodate the ankle deformity.

The accuracy means degree of agreement between the predicted
size by digital templating and the actual size used intraoperatively.
The accuracy was measured for two situations; the predicted size
was similar to the actual size used or within one size variation. The
inter-observer reliability is assessed using the linear weighted kappa
(k) coefficient of Cohen. Kappa values were interpreted according
to guidelines by Landis and Koch [Table/Fig-3] [13]. All statistical
analyses were performed by SPSS version 22.0 software.

Kappa Strength of agreement

<0 Less than chance agreement
0.0t0 0.20 Slight agreement

0.21 10 0.40 Fair agreement

0.41 10 0.60 Moderate agreement

0.61t0 0.80 Substantial agreement
0.81100.99 Almost perfect agreement

RESULTS

The digital templating was accurate in predicting similar implant size
in 91.7% for talar component and 83.3% tibia component [Table/
Fig-4]. The accuracy of correct predicted size for second surgeon
was 66.7% for talar component and 58.3% for tibia component
size. The predicted size of implant was within one size variation in
16.7% for tibial component and 8.3% for talar component by the
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first surgeon. The second surgeon predicted the size of implant
was within one size variation in 41.7% and 33.3% for tibial and
talar respectively.
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[Table/Fig-4]: The accuracy in digital templating of tibia and talar component using

MyAnkle™ software.

The [Table/Fig-5] shows cross tabulation comparing the templated
tibial component size between the two observers. Both surgeons
agreed on the tibia component size for nine patients. The overall
agreement for tibial component size was substantial, weighted
k=0.802 (95% ClI, 0.623 to 0.982), p<0.001. Both surgeons
agreed on the talar component size for nine patients [Table/Fig-6].
The overall agreement for tibial component size was substantial,
weighted k=0.80 (95% ClI, 0.623 to 0.982), p<0.001.

Digital Templating-Tibia

Surgeon 2 Total

0 1 2 3 4 | N(%)
0 1 1 0 0 0 2(16.7)

1 0 3 0 0 0 3(25)

?Ufge"” 2 0 0 2 1 0 | 3@s
3 0 0 0 3 1 4 (33.3)

4 0 0 0 0 0 0(0)

TotalN (%) | 1(8.3) | 4(33.3) | 2(16.7) | 4(33.3) | 1(8.3) 12

Digital Templating-Talus

Surgeon 2 Total
0 1 2 3 4 N (%)
0 1 1 0 0 0 |2¢167)
1 0 3 0 0 0 | 3@
?“rgeo” 2 0 0 2 1 0 3(25)
3 0 0 0 3 1| 4339
4 0 0 0 0 0 0(0)
Total N (%) | 1(8.3) | 4(33.3) | 2(16.7) | 4(33.3) | 1(83) | 12

[Table/Fig-6]: Cross tabulation of talar component size between two surgeons.

DISCUSSION

Pre-operative planning in joint replacement surgery is crucial for
the surgeon to plan the levels of bony resection, anticipate size of
implant and the appropriate instruments needed intraoperatively
[2]. MyAnkle™ digital templating software provides surgeon with
fast, accurate and reproducible results. The availability of digital
radiograph and Picture Archiving and Communication Systems
(PACS) favours the application of MyAnkle™ software for digital
templating. The process of templating will be faster because
MyAnkle™ software has an auto-scaling properties and integrated
digital implant library. These features eliminate the need to prepare
acetate template and manual adjustment to match the radiographic
magnification and acetate template magnification. Thus, the risk of
surgical error that arises from radiographic magnification error is
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eliminated. The use of this software is cost-efficient, as there is no
need for printing of radiograph and storage.

MyAnkle™ software is user friendly and has distinctive special
features for manipulation of implant. It allows rotation and flipping
of the implant image in two axes. These features permit a better
manipulation of implant image to match with the size of patient’s
bone in radiograph. The size of the implant image can be changed
by typing the appropriate size number in the ‘ankle size’ column.
Hintegra TAR template was used to create the template image library.
The results of digital templating can be saved for future references.

Studies have shown varying results in accuracy and inter-observer
reliability of digital templating software of hip and knee replacement
surgery [56-12,14-16]. In comparison with conventional acetate
templating, Specht LM et al., reported that digital technique was
more accurate in predicting tibial component size in total knee
arthroplasty [5]. However, these two techniques did not differ much
in predicting size of femoral component [5]. A retrospective study of
173 hips and 65 total knees showed that digital templating for knee
arthroplasty was more accurate than manual templating [11]. The
inter-observer reliability was good for templating of knee implant
sizes (k-values 0.63-0.75), but was fair for the hip arthroplasties
(k-values 0.22-0.54) [11].

The B et al., conducted a randomised control trial of 210 total hip
arthroplasties to compare the technical and clinical results of digital
templating for primary hip replacement with manual templating [12].
The study concluded that digital pre-operative planning slightly
surpasses the analogue plans [12]. In the analyses of Pullen WM
and Whiddon DR et al., on comparing these two techniques of
templating, the acetabular component sizes were accurate in
93% of patients using digital templating and in 96% using acetate
templating [14]. Another study by Miller AG and Purtill JJ, on accuracy
of digital templating in total knee replacement mentioned that the
digital templating benefit the surgeons in two aspects: reliability
in prediction of implant size by the surgeon and determination of
reliable starting point for implant size and position [15].

This study evaluates the accuracy and inter-observer reliability of digital
templating using MyAnkle™ digital templating software. The accuracy
of the predicted size is preferably the exact size or within one size
variation. The increment within implant sizes is 2 mm; hence results
in differences of 4 mm to 6 mm if predicted implant is within two or
three size variation. Larger size implants will cause overstuffing and
complication such as fracture and limited range of motion.

In this series of 12 total ankle arthroplasties, digital templating was
accurate in predicting similar implant size in 83.3% and 91.7% for
tibia and talar component respectively. Second observer accurately
predicts the exact size in 7 cases (58.3%) for tibia component and
8 cases (66.7%) for talar component. Both surgeons predicted the
exact size of implant and within one size variation compared to actual
size used intraoperatively for all cases in this series. The differences
in accuracy between the two surgeons are possibly attributed to the
years of experience in doing total ankle arthroplasty. With regards to
inter-observer reliability, both surgeons had agreed on tibia and talar
implant size for nine patients. They had good agreement (k=0.802)
for both tibia and talar implant size.

These results were comparable with a study by Trickett RW et al.,
which demonstrated a good inter-observer agreement for both
femoral and tibial component size in total knee replacement [16].
The correct size implant was predicted in 55% of tibial and 48%
of femoral components by digital templating [16]. Levine B et al.,
reported that the correct implant size was predicted accurately in
58% of total hip arthroplasties and 66% of total knee replacement [2].
Digital templating software is a reliable tool for pre-operative planning
of joint replacement surgery and act as an adjunct to facilitate a
surgeon in reducing the burden of carrying printed radiograph and
acetate template.
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LIMITATION

The digital templating software is semi-automated and the predicted
size may depend on the skill and experience of the surgeon in dealing
with ankle osteoarthritis especially cases with ankle deformity.

CONCLUSION

MyAnkle™ digital templating software is a reliable tool for surgical
planning in TAR surgery. This software will become the first step of
technology advancement in foot and ankle surgery. The development
of this software will provide a launching pad for more innovation
in computer-assisted surgery such as infrared navigation camera,
wireless instrument and other intuitive software.

To the best of authors’” knowledge, this was the first study to develop
digital templating software for total ankle arthroplasty and evaluate
the accuracy and reliability of digital templating. Further evaluation
of the software with more number of total ankle arthroplasty cases
is recommended.
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