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Abstract

Background: Recovering normal hindfoot alignment and correcting deformity of the ankle joint following total ankle
arthroplasty (TAA) in osteoarthritis (OA) is essential for improving clinical outcomes and increasing long-term survival.
We aim to evaluate hindfoot alignment following standard TAA compared to TAA with a total talar prosthesis (“combined
TAA”) in varus-type OA patients.

Methods: This retrospective study was conducted between 2010 and 2022. We included 27 patients (30 feet) who
underwent standard TAA and |9 patients (22 feet) who underwent combined TAA. Hindfoot alignment at the subtalar
joint was measured by weightbearing subtalar radiographic view before and after surgery.

Results: In the standard TAA, the angle between the tibial shaft axis and the articular surface of the talar dome joint
(TTS) changed from 75 to 87 degrees (P<<.0l), the angle between the tibial axis and the surface on the middle facet
(TMC) from 89 to 94 degrees (P<.0l), and the angle between the tibial axis and the surface on the posterior facet
(TPC) from 80 to 84 degrees (P<<.0l). The angle between the articular surface of the talar dome and the posterior
facet of the calcaneus (SIA) decreased from 4.7 to —2.5 degrees (P<.01l). In the combined TAA, TTS angle changed from
77 to 88 degrees (P<.01), TMC angle from 93 to 101 degrees (P<<.0l), TPC angle from 84 to 90 degrees (P <.05),
and SIA from 6.6 to 2.1 degrees (P<.0l). Varus deviation to the subtalar joint (TMC, TPC) significantly improved
postoperatively in both groups. However, TPC was smaller than TTS and SIA was negative in standard TAA, and TPC
was larger than TTS and SIA was positive in combined TAA.

Conclusion: The amount of correction of the subtalar joint differed depending on the ligament dissection of the subtalar
joint and shape of the talar component

Level of Evidence: Level lll, retrospective cohort study.

Keywords: varus ankle osteoarthritis, total ankle arthroplasty, hindfoot alignment, weightbearing subtalar radiographic
view

Introduction o :
unable to compensate, and it is impossible for both the talus

In the early stages of varus-type osteoarthritis (OA), the and calcaneus to incline to the valgus position from stage 3b
subtalar joint adopts a valgus configuration to compen- to stage 4. Recovering normal hindfoot alignment and cor-
sate.31830 However, as OA progresses, the subtalar joint is  recting the deformity of the ankle joint following total ankle
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arthroplasty (TAA) are essential for improving clinical out-
comes and increasing long-term survival.>'® Good postop-
erative outcomes depend on prosthesis design, patient
selection, and severity of preoperative deformity.”!” Correct
hindfoot alignment evaluation is essential, as uncorrected
coronal alignment after TAA may give rise to instability and
edge loading that wears the polyethylene insert, leading to
premature implant failure.3¢2%343% There is correlation
between postoperative changes in varus tibiotalar surface
angle and hindfoot alignment changes because of TAA and
the predicted angle of hindfoot alignment that would be cor-
rected by TAA.?° However, this formula is only applicable
to the normal subtalar joint, and there are limitations in the
correction of hindfoot alignment with TAA. Hobson et al’
reported the need for additional procedures, such as subtalar
joint fusion and calcaneal osteotomy, in cases in which
hindfoot alignment and internal rotation remained after cor-
rection of the ankle deformity with TAA.

Combined TAA is performed in cases of varus OA in
which the talus is flattened and collapsed or in cases of large
bone cysts that are at risk for implant sinking and subtalar
joint OA. In recent years, favorable results have been
reported following the use of a custom-made artificial talus,
without subsidence or mismatch.'® To produce an artificial
talus, computed tomography (CT) data from the contralat-
eral talus was obtained, and a 3-dimensional wire model
was constructed using the data.> In the past, the evaluation
of hindfoot alignment in TAA has recommended caution in
cases of severe preoperative varus; however, this has not
been reported in combined TAA.

The Cobey, long axial view, and hindfoot alignment
view were used to evaluate the varus and valgus hindfoot by
tilting the tibial and calcaneal axes.*!!1313:26.27 Weightbearing
subtalar joint radiography is also used to evaluate hindfoot
alignment.®3! Because this radiographic procedure depicts
the subtalar joint, it is possible to evaluate not only the rela-
tionship between the tibia and calcaneus but also the rela-
tionship between the talus and calcaneus.

By evaluating the changes in the subtalar joint in com-
bined TAA, in which the ligaments are dissected and the
talus is replaced, and comparing them to standard TAA, the
potential for alignment correction with combined TAA may
be anticipated to be potentially greater. This study aimed to
evaluate and compare the changes in hindfoot alignment
before and after standard TAA and combined TAA for
varus-type OA using a weightbearing subtalar joint view.

Materials and Methods

We conducted a retrospective study of 144 patients with
varus-type OA treated with TAA between 2010 and 2022.
We included patients whose weightbearing subtalar joint
view were obtained before surgery and at least 3 months
after surgery. Standard TAA was performed in 27 patients
(30 ankles), whereas combined TAA was performed in 19
patients (22 ankles). The cases were stage 3b (18 ankles)
and stage 4 (34 ankles).>%* Combined TAA was indicated
in patients with severe flat talus, talar collapse, a large cyst
in the talus, or subtalar joint OA. The combined TAA group
included patients with medial OA complicated by flatfoot
but not at stage 3a. Patients with rheumatoid arthritis, a his-
tory of periarticular ankle fractures, or any other concomi-
tant foot deformities or the additional surgery (subtalar joint
fusion and calcaneal osteotomy) at the same time were
excluded. The TNK ankle (Kyocera, Kyoto, Japan) was
used as the prosthesis in all cases. In standard TAA, a resur-
facing component was used on the distal end of the tibia and
dome of the talus, wheras in combined TAA, a resurfacing
component was used on the tibia side and an artificial talus
was inserted on the talus. The total talar prosthesis was cus-
tom-made based on the patients’ individual CT data
(Kyocera).!'® To produce the artificial talus, CT data from
the contralateral talus was obtained, and a 3-dimensional
wire model was constructed using the data. Subsequently, a
stereolithographic model was cast, and a total talar prosthe-
sis was produced.?

Surgical Technique

Patients were placed in the supine position, and the surgery
was performed from the anterior ankle joint view. For stan-
dard TAA, cutting of the distal end of the tibia and body of
the talus was performed to enable the insertion of the
implant. A tibial component coated with calcium phosphate
paste (Hoya, Tokyo, Japan) and bone marrow fluid was
placed in the tibia, and the talus component was fixed with
cement. In combined TAA, the distal end of the tibia is cut,
and the talus was completely removed while splitting the
bone with a bone saw. When the talus was cut, the connect-
ing ligaments (the attachements of the deltoid ligament, the
anterior and posterior talofibular ligaments, the cervical
ligament, the interosseous talocalcaneal ligament, and the
talonavicular) were dissected, and an artificial talus was
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Figure |. Weightbearing subtalar radiographic view. (A) The cassette is placed vertically on the floor in front of the patient and
angled at 30 degrees from | m behind the patient. (B) Radiographic parameters. TTS angle, angle between the tibial axis and surface of
the talar dome joint; TMC angle, the angle between the tibial axis and the surface on the middle facet; TPC angle, the angle between
the tibial axis and the surface on the posterior facet; SIA (TPC-TTS), inclination of the calcaneus to the talus.

inserted. On the tibial side, a component was placed, as in
Standard TAA. After surgery, both groups were immobi-
lized in a short-leg cast for 3 weeks. Partial weightbearing
was allowed 2 weeks after surgery.

Subtalar Radiographic View

In the weightbearing subtalar radiographic view,'®?’ an

X-ray film cassette was placed in front of the foot perpen-
dicular to the ground, and radiographs were obtained in the
standing position with a 30-degree tilt from 100 cm behind
the foot (Figure 1A). Radiographs depicting the articular
surface of the talus and subtalar joints were obtained.
Radiographic assessment included the angle between the
tibial axis and the surface of the talar dome joint (TTS), the
angle between the tibial axis and the surface of the middle
facet (TMC), and the angle between the tibial axis and the
surface of the posterior facet (TPC) from the weightbearing
subtalar view. In addition, as an index of the inclination of
the subtalar joint relative to the ankle (SIA), the angle
between the articular surface of the talar dome and the pos-
terior facet of the calcaneus was calculated using a numeric
formula (Figure 1B). TTS, TMC, and TPC angles less than
90 degrees to the tibial axis indicate varus, and angles
greater than 90 degrees to the tibial axis indicate valgus. A
positive SIA value indicates valgus of the posterior facet
relative to the talar dome joint, whereas a negative value
indicates varus.

The angles between the tibial shaft and the articular sur-
face of the distal tibia (TAS), the articular surface of the
talar dome (TTA), and the angle of inclination of the talus to
the tibial articular surface (TT) from the weightbearing
ankle anteroposterior (AP) view were measured.

In addition to radiographic assessment, a clinical assess-
ment was also performed. The Japanese Society for Surgery

of the Foot (JSSF) ankle-hindfoot scale was used for sub-
jective evaluation.?'*? This scale comprises 3 categories:
pain, function, and alignment. The Self-Administered Foot
Evaluation Questionnaire (SAFE-Q) was used for objective
assessment.>>** This includes 5 subscales: “pain and pain
related, physical functioning and daily living,” “social func-
tioning,” and “shoe-related, general health, and well-being.”
These clinical assessments were calculated based on those
recorded at the last follow-up among the imaging-assessed
cases.

Statistical Analysis

To evaluate the intraobserver agreement of the measure-
ment technique, measurements of 10 randomly selected
radiographs were repeated using the same reader (T.F.). For
interobserver agreement, a third reader (Y.U.) repeated the
measurements for the same 10 participants. Interobserver
and intraobserver reliabilities for the parameters were
assessed by estimating the intraclass correlation coefficients
(ICCs) and 95% CIs using an ICC (2,1) modeling scheme.
Preoperative and postoperative radiographic and clinical
assessments (JSSF and SAFE-Q) were compared between
the groups using corresponding ¢ tests. The Student ¢ test
was used to compare data between the groups. Statistical
significance was set at P <<.05. All statistical analyses was
performed using EZR software (version 1.60; Japan).'?

Results

The interobserver and intraobserver reliabilities of the
parameters of the 10 randomly selected participants for the
weightbearing subtalar radiographic views were 0.771
(95% CI 0.239-0.944) and 0.985 (95% CI 0.939-0.996) for
TTS, 0.851 (95% CI 0.494-0.964) and 0.966 (95% CI



Foot & Ankle Orthopaedics

Table |. Patient Demographics.

Standard TAA  Combined TAA

Patients (ankles), n 27 (30) 19 (22)
Gender, n

Male 3 2

Female 24 17
Age (y), median (min-max) 75 (64-86) 73 (63-84)
Takakura-Tanaka 12/18 4/18

classification (stage

3b/4), n/N
Follow-up period (mo), 39 (3-120) 23 (3-120)

median (min-max)

Abbreviation: TAA, total ankle arthroplasty.

Table 2. Comparison of Preoperative Radiographic Parameters
Between Standard TAA and Combined TAA.

Standard TAA, Combined TAA, P

Mean = SD Mean £ SD  Value

AP view

TAS angle (degrees) 8144 8163 .748

TTA angle (degrees) 75+6.8 79+9.2 143

TT angle (degrees) 55*7.0 2.7x6.1 .14
Subtalar view

TTS angle (degrees) 75*7.1 7711 268

TMC angle (degrees) 89+9.8 93=*13 218

TPC angle (degrees) 80+9.2 84+15 A7

SIA (TPC-TTS) 47+7.1 6.6+7.2 342

(degrees)

Abbreviations: AP, anteroposterior; SIA (TPC-TTS), inclination of the
calcaneus to the talus; TAA, total ankle arthroplasty; TMC angle, the
angle between the tibial axis and the surface on the middle facet; TPC
angle, the angle between the tibial axis and the surface on the posterior
facet; TT angle, the angle of inclination of the talus to the tibial articular
surface; TTA angle, the angle between the tibial axis and the articular
surface of the talar dome; TTS angle, angle between the tibial axis and
surface of the talar dome joint; TAS, the angle between the tibial shaft
and the articular surface of the distal tibia.

0.867-0.992) for TMC, and 0.933 (95% CI 0.751-0.984)
and 0.987 (95% CI 0.946-0.997) for TPC, respectively. The
interobserver and intraobserver reliabilities of the parame-
ters of the 10 randomly selected participants for the weight-
bearing ankle AP were 0.968 (95% CI 0.867-0.993) and
0.973 (95% CI 0.892-0.994) for TAS and 0.970 (95% CI
0.874-0.993) and 0.993 (95% CI 0.972-0.998) for TTS,
respectively. These values indicated substantial agreement
(ICc=>0.7).

The demographic details of patients in the 2 groups are
listed in Table 1. In both groups, the TAS and TTA angles in
the weightbearing ankle AP view changed significantly
before and after surgery, and the varus improved (Tables 2
and 3). In the subtalar radiographic view, the TTS, TMC,
and TPC angles changed significantly before and after sur-
gery, and varus improved. The SIA from 4.7 to —2.5 degrees

Table 3. Comparison of Postoperative Radiographic
Parameters Between Standard TAA and Combined TAA.

Standard TAA, Combined TAA, P

Mean = SD Mean = SD  Value
AP view
TAS angle (degrees) 86+4.1 88+4.0 .158
TTA angle (degrees) 86+4.3 87+43 236
TT angle (degrees) 0.3+0.8 0.5+0.9 .388
Subtalar view
TTS angle (degrees) 87=+5.1 8842 327
TMC angle (degrees) 94+8.6 100+6.6 .003
TPC angle (degrees) 8489 90+9.5 .025
SIA (TPC-TTS) —2.5*6.1 2.1x7.6 019

(degrees)

Abbreviations: AP, anteroposterior; SIA (TPC-TTS), inclination of the
calcaneus to the talus; TAA, total ankle arthroplasty; TMC angle, the
angle between the tibial axis and the surface on the middle facet; TPC
angle, the angle between the tibial axis and the surface on the posterior
facet; TT angle, the angle of inclination of the talus to the tibial articular
surface; TTA angle, the angle between the tibial axis and the articular
surface of the talar dome; TTS angle, angle between the tibial axis and
surface of the talar dome joint; TAS, the angle between the tibial shaft
and the articular surface of the distal tibia.

(P<.01) in the standard TAA group, whereas the SIA
changed from 6.6 to 2.1 degrees (P <.01) in the combined
TAA group, with significant differences found in both the
ankle and subtalar joints in both groups (Tables 2 and 3).
Comparison of the standard TAA and combined TAA
groups revealed no significant differences in ankle joint
weightbearing from the ankle AP and subtalar views pre-
operatively; however, the TMC angle, TPC angle, and SIA
were significantly larger in the combined group in the
postoperative subtalar view (Table 3). The postoperative
JSSF results were not significantly different overall, but
the subcategory “function” was significantly higher in the
Combined TAA group (P=.0478). Further, there were no
significant differences in the postoperative SAFE-Q scores
between the 2 groups. However, all the mean subscale
scores were higher in the combined TAA group (Table 4).
No complications requiring reoperation occurred in either

group.

Discussion

Varus deviation of the ankle joint (TAS, TTA, and TTS) and
the subtalar joint (TMC and TPC) in both groups signifi-
cantly improved after surgery. However, the TPC was
smaller than the TTS and the SIA was negative in the stan-
dard TAA group; in contrast, the TPC was larger than the
TTS and the SIA was positive in the combined TAA group.

Previous methods for evaluating hindfoot alignment of
TAA have reported the relationship between the tibial and
calcaneal axes using the weightbearing ankle AP view or
hindfoot alignment view.'"!72627 The weightbearing subtalar
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Table 4. Comparison of Clinical Parameters Between Standard
TAA and Combined TAA.

Standard TAA, Combined TAA, P

Mean = SD Mean * SD Value

JSSF score

Pain 34 =67 35 5.1 531

Function 41 =7 44 + 44 .048

Alignment 97 £ 13 98 £ 1.1 781

Total 84.1 £ 14 89 + 86 172
SAFE-Q

Pain 77 =23 8l + 16 521

Physical function 62 = 30 70 = 23 .596

Social functioning 6l =35 70 = 31 426

Shoe-related 67 = 26 77 = 26 26

General health 63 = 31 76 = 23 247

Abbreviations: JSSF, Japanese Society for Surgery of the Foot
ankle-hindfoot scale; SAFE-Q, Self-Administered Foot Evaluation
Questionnaire; TAA, total ankle arthroplasty.

view is an imaging technique that can evaluate the inclination
of the posterior facet of the calcaneus in relation to the articu-
lar surface of the talar dome; however, there have been no
reports of its use in the subtalar views for TAA. The normal
values for the subtalar view were 87 degrees for the TTS
angle, 88 degrees for the TPC angle, and 1.5 degrees for the
SIA, but the TTS angle (stage 3b: 70 degrees; stage 4: 82
degrees) and the TPC angle (stage 3b: 75 degrees; stage 4: 85
degrees) were smaller because of varus in stages 3b and 4.3

The standard TAA corrected the TTS angle to normal;
however, the TPC angle remained lower than normal,
resulting in a negative SIA, which indicates the amount of
correction at the subtalar joint. The amount of correction at
the subtalar joint was small, whereas an adequate varus cor-
rection was achieved at the ankle joint. Standard TAA
replaces only the articular surface of the talus; therefore, the
subtalar joint is not treated. Consequently, although the
hindfoot alignment to the tibia is improved, the degree of
varus correction at the subtalar joint may be smaller than
that at the ankle joint (Figure 2A).

Conversely, combined TAA also significantly improved
the TTS and TPC angles, whereas the SIA was positive; col-
lectively, the postoperative hindfoot alignment was close to
normal. In combined TAA, an artificial talus is inserted
after the interosseous talocalcaneal ligaments, and the liga-
ments surrounding the talus are transected. The interosse-
ous talocalcaneal ligament contributes more to subtalar
joint stability than the calcaneofibular ligament.!** We
suggest that dissection of this interosseous complex, espe-
cially the interosseous talocalcaneal ligament, which is
involved in eversion and pronation, will improve the varus
calcaneal alignment of the calcaneus relative to the talus.
Furthermore, the subtalar joint has an anterior compartment
(coxa pedis) consisting of the anterior and articular surfaces

Figure 2. Mechanism of correction of hindfoot alignment

in Standard TAA and Combined TAA. (A) The degree of
correction of the subtalar joint is smaller than that of the
ankle joint because of the correction of the hindfoot alignment
associated with the correction of the ankle joint. (B) Both the
ankle and subtalar joints can be corrected by removing the
interosseous talocalcaneal ligaments and the ligaments around
the talus and inserting an artificial talus. TAA, total ankle
arthroplasty.

of the talonavicular joint and the anterior and middle calca-
neal facets, and a posterior compartment comprising the
concave posterior-inferior talar facet and the large convex
posterior calcaneal facet. The geometry and joint congru-
ency of the subtalar joint determine the mobility and guid-
ance of this motion.!*? Because the artificial talus was
custom-made to fit the shape of the joint surface of the
affected ankle and subtalar joint,*® it was thought that the
artificial talus was not only a spacer but also conformed to
the joint surface, resulting in alignment correction in both
the ankle and subtalar joints (Figure 2B). The most com-
mon indication for TAA is end-stage ankle osteoarthritis
(stage 3b or 4). It is important to understand the amount of
subtalar joint change in TAA without subtalar joint proce-
dures for end-stage ankle osteoarthritis without subtalar
joint compensations to determine the need for subtalar joint
procedures.

Normal hindfoot alignment was defined as a calcaneus
of 0 to 5 degrees valgus, or 5 to 10 mm lateral to the tibial
axis.>!? Although our measurement method did not use the
calcaneal axis, a small TPC angle and a negative SIA value
also indicates that the hindfoot alignment is varus. In both
groups, the preoperative TTS and TPC were small, but the
SIA was positive. This indicates a strong internal rotation of
the ankle joint resulting in a relative external rotation of the
subtalar joint. Postoperatively, SIA increased as the ankle
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joint was corrected, and the degree of change in the subtalar
joint determined the SIA value. Our results suggest that the
hindfoot alignment was closer to normal in the compound
TAA group than in the standard TAA group.

Frigg et al® previously reported that hindfoot alignment
after TAA correlated with the physical function and role of
the SF-36 using the hindfoot alignment view, and that
hindfoot alignment correlated with the dynamic loading
pattern during heel strike using plantar pressure measured
by pedobarography. They further reported that normaliza-
tion of the hindfoot alignment may improve the clinical
outcomes and long-term survival of patients with TAA.
Kurokawa et al'® previously compared postoperative JSSF,
Ankle Osteoarthritis Scale, and SAFE-Q scores between
standard TAA and combined TAA, and reporting that post-
operative JSSF was significantly higher and that all sub-
scales of the postoperative SAFE-Q were higher, although
not significantly, in Combined TAA, whereas clinical out-
comes were also better. In the present study, we only found
a significant difference in postoperative JSSF in the sub-
scale; however, the improvement in function and SAFE-Q
scores were similar to those previously reported.>'®
Nevertheless, it will be necessary to increase the number of
cases to investigate this difference more thoroughly, as
we have not yet demonstrated a significant difference.
Normalization of the hindfoot alignment is important, and
consideration should be given to whether soft tissue treat-
ment (deltoid ligament release, lateral ligament reconstruc-
tion and posterior soft tissue releases) or subtalar joint
fusion and calcaneal osteotomy should be added to stan-
dard TAA, or whether Combined TAA should be indicated
for patients with end-stage OA with talar deformity or sub-
talar joint OA who require correction of internal rotation of
the subtalar and ankle joints .

This study has several limitations. This study included a
small number of cases, and the inclusion of cases at 3 months
postoperatively may not have been sufficient to observe the
loading capacity and final subtalar joint changes. Some
patients had medial OA complicated by flatfoot. Some
cases of varus ankle arthritis demonstrate valgus hindfoot
alignment that is too significant to be explained as compen-
sation for proximal deformities, implying the possibility of
preexisting hindfoot valgus alignment before the develop-
ment of varus ankle arthritis.'®?* This could explain why the
preoperative and postoperative TPC angles and SIA were
larger in the combined TAA group. Only 2-dimensional
evaluation using radiographs was performed; TTS may not
depict the complete articular surface of the talus because of
the imaging technique of subtalar radiography; we did not
consider whole-limb alignment or the influence of other
joints that may affect alignment, such as the knee joint; and
the results of this study do not prove that hindfoot align-
ment improved because it was not evaluated with traditional
hindfoot alignment. Additionally, simultaneous rotation in

the axial plane and translation in the sagittal plane may be
present; therefore, we need to evaluate parameter changes
in 3 dimensions.' It is estimated that ligament dissection of
the subtalar joint affects the alignment correction, but only
bony anatomical considerations were made. The clinical
scores were only postoperative comparisons, and differ-
ences in parameter improvement were not evaluated.

In conclusion, the amount of correction of the subtalar
joint differed depending on the ligament dissection of the
subtalar joint and shape of the talar component.
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