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Abstract

Severe damage and bone loss of the talus
are problematic issues because of its unique
shape, function, and characteristics. This
present study’s objective is to propose the
process of customized total talar prosthesis
manufacturing, using three-dimensional
(3D) Computer-Aided Design (CAD) with
Computer Numerical Control (CNC)
production along with evaluation of the
results of total talar prosthesis replacement
with  or  without ankle ligament
reconstruction in patients with severe
conditions of talus. The case series included
five patients (mean age: 27.6 years) with
severe talar loss or damage. The mean
follow-up time was 17.848.4 months.
Related complications were: 1) mild
subsidence in 1 patient (20%) and ii) peri-
prosthetic fracture in another patient (20%).
The mean clinical scores including VAS-FA
and SF-36 were improved following
surgeries. Customized total talar prosthesis
appears to provide satisfactory outcomes for
the treatment of severe talar loss or damage
at a short-term follow-up.

Introduction

The talus is a spectacular bone in
humans. Its shape is unique, with majority
of its surface area being articulated to the
tibiotalar, subtalar, and talonavicular joints.
Therefore, the talar functions not only in
load distribution from the leg to the foot but
also perform the necessary synchronized
motions between the aforementioned joints.
While the talus works very well in its native
features, its stability in the mortise and other
articulations are derived from its intrinsic
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anatomy and the surrounding structures
including the ligaments and bones.
Therefore, severe conditions of the talus
(severe talar loss, avascular necrosis, and
large tumors) are problematic issues due to
its  unique shape, function, and
characteristics. These pathologies present
unique challenges to reproduce the native
concerns, ' to date a total talar prosthesis has
been developed to mimic the talar anatomy
in an aim to increase the possibility of
recovering normal talar function and
character.

The present study proposes the process
of customizing total talar prosthesis
manufacturing using the three-dimensional
(3D) Computer-Aided Design (CAD) with
Computer Numerical Control (CNC)
production that includes evaluation of the
results of total talar prosthesis replacement
with  or  without ankle ligament
reconstruction in patients with severe
conditions of talus.

Case Report

A total of five patients (mean age:
27.6£12.7 years) with severe talar loss or
damage were recruited for this study (Figure
1). All patients underwent a customized total
talar prosthesis replacement. Each implant
was manufactured via three-dimensional
computed tomography imaging of the
contralateral talus with CAD, by processing
the mirror image of the injured or damaged
side, and development with medical grade
material (Figure 2), via the CNC technique
(stainless steel 4 cases and titanium 1 case;
Table 1).

Baseline clinical and radiographic data,
including Visual Analog Scale Foot and
Ankle (VAS-FA) (0O=worst; 100=best)* and
Health-related Quality of Life via Short-
Form 36 (SF-36) scores (O=worst; 100 =
best)’ were collected for all patients. All
patients involved provided informed consent
for this report.

The stepwise approach was performed in
all the patients in the present series. The
patients with post-traumatic conditions
underwent staging procedures. First, initial
operations consisted of debridement with
antibiotic cement spacers and soft-tissue
coverage in cases with open injury. All post-
traumatic  patients  underwent  the
joint-spanning external fixation to maintain
the tibio-calcaneal space using non-circular
(Figure 1) or circular external fixators. The
second stage was a total talar prosthesis
replacement, with or without, ankle ligament
reconstruction. For the patients with
secondary conditions, such as talar tumors,
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they underwent a single stage procedure that
included tumor removal with total talar
prosthesis replacement, with or without
ankle ligament reconstruction.

The procedure of total talar prosthesis
replacement surgery is as such - a pneumatic
tourniquet was applied to the thigh. An
anterior approach to the ankle was done in
all patients. In cases numbered 4-5, the
senior author (CA) developed the bilateral
holes based on the previously anatomic
study for the medial and lateral ligament
reconstruction (Figure 3) using
BioComposite, SwiveLock (Arthrex, Inc.
Naples, FL, USA).¢

Lateral ankle ligament reconstruction
was done in these patients. In a case of
deltoid ligaments insufficiency, the
superficial deltoid ligament was repaired
using a suture anchor and augmentation was
done with tibialis anterior tendon plication.
Following the operation, a short leg slab was
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applied. The suture removal was done at two
weeks post operatively after wound healing.
Next, the patient was prescribed a Controlled
Ankle Motion (CAM) walker. They were
allowed ambulation with partial weight-
bearing at the distal area of the forefoot. The
patients were to perform range of motion
exercises for dorsiflexion and plantar-flexion
of the ankle while they were able to remove
the CAM walker in the morning and evening
at 3-6 weeks post operatively. The patients
were permitted to walk with increasing
weight-bearing as tolerated until full weight-
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bearing was allowed at 7-12 weeks
following the operation.

Results

The mean follow-up time was 17.8+8.4
months. Related complications were a mild
subsidence (1 patient, 20%, patient number
3), and periprosthetic fracture (1 patient,
20%, a mild displaced calcaneal fracture
from a new traffic injury, patient number 2).

Figure 1. The lateral radiograph of right ankle demonstrating talar body loss (A), fol-
lowed by staging with the joint spanning external fixator (B).

Figure 2. The image of expected talus
processed by three-fimensional CT, CAD
which is produced by measuring mirror
image from the contralateral talus.
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From the available data, the mean clinical
scores including VAS-FA and SF-36 were
improved following surgeries as shown in
Table 2.

However, these improvements were not
significantly different (P-values>0.05) due
to the limited number of patients in the
current series. Regarding the postoperative
clinical outcomes, the ankle range of motion
was substantially satisfactory in patients 3, 4
and 5 (Figure 4).

The patients with pre-existing talar
tumor or avascular necrosis of talus showed
better postoperative ankle motions than the
patients with post-traumatic talar body or
total talar loss. The ankle stability was
satisfactorily spared in the patients
numbered 4 and 5 who both had ankle
ligament reconstruction. Most patients
returned to ambulating without significant
disturbances of weight-bearing, pain or ankle
instability. Despite these results, a patient
number 1 had the stiffness in the subtalar
joint but this did not disturb weight-bearing.
In addition, patient number 3 had pain at her
ankle area that inhibited full weight bearing
and limited ambulation to short distances.

Regarding the postoperative
radiographs, the total talar prosthesis

implants were well seated in the ankle
mortise, talocalcaneal, and talonavicular
articulations (Figure 5). There were some
complications  as

related previously

Figure 3. The total talar prosthesis with
bilateral holes for the medial and lateral
ligament reconstruction, (A) medial view
and (B) lateral view.

Figure 4. The ankle range of motion was
substantially satisfactory in patient num-
ber 5 at around 20 months, A) ankle dor-
siflexion, and B) ankle plantar flexion.
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mentioned. A patient number 2 recovered
following the periprosthetic fracture of the
calcaneus with mild displacement. A patient
number 3 required further follow-up.

Discussion

The present study highlights the process
of customizing and manufacturing total talar
prosthesis using three-dimensional (3D)
CAD with CNC production and includes the
results of total talar prosthesis replacement
in patients with severe conditions of the
talus. This new treatment modality changes
the perspective in challenging conditions of
talus. Traditionally, the treatments relied
upon the ankle arthrodesis with Blair’s
technique’ or the tibiocalcaneal arthrodesis.?
10 These kinds of treatment inevitably limits
the ranges of motion of the ankle and/or the
subtalar joint. The limited motion potentially
leads to limited function of the ankle and/or
subtalar joint and compromises the quality
of life. Some authors have proposed re-
implantation of native talus in those cases of
traumatic talar body loss.!""!> However, this
treatment option might attenuate the ankle
area and may lead to infection. It may
complicate the issue, such as recurrent
infections and peri-articular bone loss that
will require further invasive intervention.
Based on the results of the present series, the
total talar prosthesis replacement with or
without ankle ligament reconstruction
demonstrates superior outcome when
compared with other kinds of conventional
treatments in terms of sparing motion of  Figure 5. The postoperative radiographs showed the total talar prosthesis implant which
ankle and/or subtalar joints and quicker Was well sea?ed in the a{lkle mortise, talocalc?neal, and talonavicular articulations, A)
recovery without the risk of nonunion at the anteroposterior, B) mortise, and C) lateral radiographs.

—

Table 1. Patient demographics in the Study

1 25 Male Total talar loss Injury iTalar-M1.0
2 18 Male Talar body loss Injury iTalar-M1.0
3 28 Female Recurrent giant cell tumor Tumor iTalar-M1.0
4 49 Female Avascular necrosis of talus Injury iTalar-M1.1
5 18** Male Large giant cell tumor Tumor iTalar-T1.1

*iTalar with number: implant generation; 1.0: no ligament reconstruction design; 1.1: with ligament reconstruction design; M: stainless steel; T: titanium; **Age at a patient’s permission for the study.

Table 2. Summary of demographic data and clinical scores in the study.

Age 5 18.00 49.00 27.60 12.73
Follow-up time 5 6.70 29.99 17.83 8.42
Preoperative VAS-FA 3 6.00 67.50 42.83 32.50
Postoperative VAS-FA 4 71.00 95.50 82.37 10.08
Preoperative SF-36 3 19.30 95.83 69.95 43.86
Postoperative SF-36 4 77.78 93.80 83.38 7.23

*Preoperative VAS-FA and SF-36 scores were available from three patients. Postoperative VAS-FA and SF-36 scores were available from four patients. Abbreviations: N, number; S.D., standard deviation.
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arthrodesis site. In addition, there was no
ankle instability in the patients who had
ankle ligament reconstruction. These results
supported that the total talar replacement
with ankle ligament reconstruction may be
the new standard option for the treatment in
the severe conditions of talus. Regarding the
issue of total talar prosthesis replacement!-
versus talar body prosthesis replacement,®!*
there was no definite consensus on the
superiority of either prosthesis type.
However, Taniguchi et al.? proposed that the
total talar prosthesis replacement showed
higher satisfaction results than the talar body
prosthesis replacement in their studies.
Harnroongroj et al.? also found a substantial
rate of talar body prosthesis subsidence in
their series. At this point, larger numbers of
subjects and long-term follow-up periods
may be necessary to clarify the benefits and
limitations of each implant via comparative
studies between these different procedures.
Finally, this present study may be the
first report to demonstrate the process of
customized  total  talar  prosthesis
manufacturing using the three-dimensional
(3D) CAD with CNC production with or
without the ankle ligament reconstruction
that had a lower cost of prosthesis
production than a 3D printing process. There
was no consensus on which method is better.
The author’s hypothesis is that the total talar
prosthesis via the CNC technique may have
more strength than the implant via 3D
printing technique as, in the CNC technique,
there was no need for bonding among the
raw product particles which was needed in
the 3D printing technique.!” However, this
issue needs further studies to validate this
hypothesis. In addition, there was no
previous report of the clinical outcome
following the total talar prosthesis
replacement with the ankle ligament
reconstruction that was reported in the
present study. This updated procedure may
strengthen the novel reconstruction and
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enhances ankle stability that has been
emphasized and depicted in the present
study.

Conclusions

The present series may be the first report
of the customized metallic total talar
prostheses via the CNC technique with or
without the ankle ligament reconstruction
that appears to provide satisfactory outcomes
for the treatment of severe talar loss or
damage at a short-term follow-up.
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