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Background: Outcomes after total ankle arthroplasty (TAA) combined with additive techniques (augmentation of bone
strength, control of soft-tissue balance, adjustment of the loading axis) for the treatment of rheumatoid arthritis were
evaluated after intermediate to long-term follow-up. The influences of biologic treatment on the outcomes after TAA were
also evaluated.

Methods: We performed a retrospective observational study involving 50 ankles (44 patients) that underwent TAA for the
treatment of rheumatoid arthritis. The mean duration of follow-up was 7.1 years. Clinical outcomes were evaluated with
use of the Japanese Society for Surgery of the Foot (JSSF) scale score and a postoperative self-administered foot-
evaluation questionnaire (SAFE-Q). Radiographic findings were evaluated as well. These parameters also were compared
between patients managed with and without biologic treatment.

Results: This procedure significantly improved the clinical scores of the JSSF rheumatoid arthritis foot and ankle scale
(p < 0.0001). Forty-eight of the 50 ankles had no revision TAA surgery. Subsidence of the talar component was seen in 8
ankles (6 in the biologic treatment group and 2 in the non-biologic treatment group); 2 of these ankles (both in the biologic
treatment group) underwent revision TAA. The social functioning score of the SAFE-Q scale at the time of the latest follow-
up was significantly higher in the biologic treatment group (p = 0.0079). The dosage of prednisolone (p = 0.0003), rate of
usage of prednisolone (p = 0.0001), and disease-activity score (p < 0.01) at the time of the latest follow-up were all
significantly lower in the biologic treatment group.

Conclusions: TAA is recommended for the treatment of rheumatoid arthritis if disease control, augmentation of bone
strength, control of soft-tissue balance, and adjustment of the loading axis are taken into account. The prevention of talar
component subsidence remains a challenge in patients with the combination of subtalar fusion, rheumatoid arthritis, and
higher social activity levels.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

I
n recent years, tight control of disease activity in patients
with rheumatoid arthritis has been possible with use of bi-
ologic treatment and/or methotrexate. However, we often

see patients who require surgical intervention for the treatment
of progressive ankle joint destruction. Since 2003, we have been
performing total ankle arthroplasty (TAA) rather than arthrod-
esis in order to maintain mobility of the ankle joint. Prosthesis
edge-loading after TAA has been described as a frequent com-
plication in ankles with a preoperative hindfoot deformity1-3.

Deformities of the ankle joint associated with destruction of the
hindfoot should be corrected prior to TAA. We also frequently
observe periarticular osteopenia induced by joint inflammation.
The technique of implantation of the prostheses and modifica-
tions for such issues is required in order to obtain sufficient
fixation of the prostheses in patients with rheumatoid arthritis.
We have been performing TAA with augmentation of bone
strength with use of hydroxyapatite4, soft-tissue balancing by
means of malleolar osteotomy5, and preoperative planning for
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adjustment of the loading axis of the ankle joint by checking the
alignment of the entire lower extremity6. In the present study, we
evaluated (1) the outcome of TAA combined with such tech-
niques for the treatment of rheumatoid arthritis and (2) the
influence of biologic treatment on the outcomes of TAA.

Materials and Methods

We performed a retrospective observational study of
55 consecutive ankles in patients with rheumatoid

arthritis who received a mobile-bearing ankle prosthesis
(FINE Total Ankle System; Teijin-Nakashima Medical) from
January 2003 to February 2014. The mean duration of
postoperative observation (and standard deviation) was 7.1
± 3.3 years (range, 3 to 14 years). Five ankles (including 4 in
patients who died and 1 in a patient who was lost to follow-
up) were excluded from the study. Clinical and radiographic
outcomes were evaluated for the remaining 50 ankles. All
patients had rheumatoid arthritis with severe pain and gait

TABLE I Demographic Characteristics*

Age† (yr) 63.9 ± 8.7 (47 to 79)

Duration of disease† (yr) 19.3 ± 9.9

Duration of follow-up† (yr) 7.1 ± 3.3 (3 to 14)

Female:male ratio (no. of patients) 36:8

Height† (cm) 152.2 ± 8.4 (134 to 179)

Weight† (kg) 50.3 ± 9.8 (32.5 to 78.4)

BMI† (kg/m2) 21.7 ± 3.4 (15 to 28.2)

Steinbrocker classification30

Stage (no. of ankles) III (12), IV (38)

Functional class (no. of ankles) I (3), II (23), III (22), IV (2)

DAS28-CRP score† (points)

Preop. 2.86 ± 0.76

Latest follow-up 2.52 ± 0.74‡

Prednisolone dosage† (mg/day)

Preop. 1.88 ± 2.6

Latest follow-up 1.67 ± 2.6

Prednisolone usage

Preop. 48% (24 of 50)

Latest follow-up 40% (20 of 50)

Methotrexate usage 70% (35 of 50)

Biologics usage

Preop. 46% (23 of 50)

Latest follow-up 52% (26 of 50)

Biologics used (no. of ankles) Tocilizumab (14), infliximab (2), etanercept (1),
adalimumab (2), golimumab (2), abatacept (5)

Previous surgery (no. of ankles) Total (42 of 50), HHR (2), THA (14), TEA (13),
TKA (33), TAA on contralateral side (6), cervical
spine (4), lumbar spine (1), hindfoot (13),
forefoot (8), wrist and hand (7)

Augmentation of tibia with hydroxyapatite 94% (47 of 50)

Concomitant malleolar osteotomy 40% (20 of 50)

Subtalar-talonavicular fusion (no. of ankles) Ankylosing (16 [2 of 16, calcaneal osteotomy]),
prior to TAA (13), simultaneous (9), none (12)

Lower limb surgery after TAA (no. of ankles) Total (30 of 50), THA (2), TKA (7), TAA on
contralateral side (8), hindfoot (2), forefoot (20)

*BMI = body mass index, HHR = humeral head replacement, THA = total hip arthroplasty, TEA = total elbow arthroplasty, TKA = total knee
arthroplasty, TAA: total ankle arthroplasty.†The values are given as the mean and the standard deviation, with or without the range in parentheses.
‡Significantly different from preoperative score (p = 0.03).
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disorder. The radiographic grade of ankle joint destruction
was assessed with use of the method described by Larsen
et al.7. All ankles were classified as grade 4 (complete loss of
joint space) or grade 5 (periarticular bone loss). The patient
characteristics are shown in Table I. At the time of surgery,
27 ankles were in patients who were not receiving biologic
treatment. Of these 27 ankles, 3 were in patients who had
been converted to biologic treatment within 1 year after TAA
and had been observed for at least 3 years. Thus, in the
present study, the non-biologic group included 24 ankles
and the biologic group included 26 ankles at the time of the
latest follow-up. This research was performed in compliance
with the Helsinki Declaration and was approved by the In-
stitutional Ethics Review Board of the Osaka University
Hospital (approval number 14219) and the National Hos-
pital Organization, Osaka Minami Medical Center (approval
number 28-12). Informed consent was obtained from all
patients.

Preoperative Planning
Preoperative planning was performed with use of the hip-to-
calcaneus radiograph6 (Fig. 1, panel A). First, the preoperative

calcaneal tip and loading axis were identified. Second, the ideal
loading axis was drawn (to make the axis pass the center of the
distal plafond of the tibia). Finally, the angle created by the ideal
loading axis and the line connecting the center of the plafond
and the calcaneal tip was defined as the angle that totally cor-
rected for the adjustment of the weight-bearing line in the
ankle joint (Fig. 1, panel B, angle A). Next, the correction angle
for tibial osteotomy was calculated. The angle between the
distal tibial plafond and the perpendicular line to the long axis
of the tibia was defined as the correction angle as the tibial
osteotomy should be perpendicular to the long axis of the tibia
(Fig. 1, panel C, angle B). Consequently, the angle that was
calculated by subtracting angle B from angle A was defined as
the angle that must be corrected by means of talar osteotomy.
The concept of correction by means of talar osteotomy is based
on the concept of the “talar sculpturing technique.”8

Surgical Technique and Postoperative Procedure
Subtalar and/or Talonavicular Joint Arthrodesis Prior to TAA
In the 13 feet with hindfoot valgus deformity (as indicated by a
tibiocalcaneal angle of >10�), correction and arthrodesis of the
subtalar and/or talonavicular joint was performed prior to

Fig. 1

PanelsA throughC: Preoperative radiographs used for TAA planning.Panel A:Hip-to-calcaneus radiograph. The solid line shows the preoperative calcaneal

tip and loading axis. The dashed line shows the ideal loading axis, which passes through the center of the distal plafond of the tibia. Panel B: Enlarged

radiographof the ankleareaasshown in Panel A. Angle A (createdby the lines connecting the center of theplafondand the calcaneal tip and the ideal loading

axis) is defined as the angle that must be totally corrected for the adjustment of the weight-bearing line in the ankle joint. Panel C: Anteroposterior weight-

bearing radiograph of the ankle in the standing position. Angle B (the angle between the distal tibial plafond and the perpendicular line to the long axis of the

tibia) is defined as the correction angle to be achieved through tibial osteotomy.

Total Ankle Arthroplasty for Rheumatoid Arthritis in Japanese Patients

JBJS Open Access d 2017:e0033. openaccess.jbjs.org 3



TAA. After the approach to the subtalar and/or talonavicular
joint was performed, decortication and drilling was done. After
correction of the valgus deformity, the osseous defect was filled
with autologous bone, allograft bone, and/or hydroxyapatite

and then the site was fixed with screws and staples. Postoper-
atively, the ankle was immobilized in a below-the-knee cast for
6 weeks and the patient remained non-weight-bearing for 8
weeks.

Fig. 2

Panels A and B: Intraoperative photographs showing devices used during the procedure. Panel A: The osteotomy guide for the tibia is similar to the tibial

cutting guide that is used during total kneearthroplasty. This rigid guide is set up along the long axis of the tibial bone and is fixedwith2-mmKirschnerwires.

The varus-valgus direction is adjustable in the coronal plane, and the inclination angle is adjustable in the sagittal plane. Alignment is checked with use of

fluoroscopy. Panel B: The balancer is used after tibial and talar osteotomy. The space is spread to 18 mm (scale shown on the right side) because the

minimumsizeof thespacer block in this prosthetic system is17mm. In this case, the gapof soft-tissuebalancebetween themedial and lateral sideswas3�
(scale shown on the left side) and a medial malleolar osteotomy was performed.

Fig. 3

Panels A through C: Postoperative radiographic parameters. Panels A and B: The postoperative angular position of the tibial component is defined as the

angle between the base plate of the tibial component and the long axis of the tibia on both anteroposterior (angle C) and lateral (angle D) radiographs. The

postoperative tilting angle between the tibial and talar components is defined as the angle between the base plates of the tibial and talar components

(angle E). Panel C: The tibiocalcaneal angle (TC angle) is measured on the subtalar view.
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TAA
TAAwas performed through an anterior approach. The tibial
bone cut was performed to make the surface perpendicular
to the long axis of the tibial bone. After the osteotomy guide
had been set up (Fig. 2, panel A), the plane of the bone cut
was checked with use of fluoroscopy. The talar cut was
performed with correction according to the preoperative
plan described above. The correction angle was produced by
the difference between the amounts of talar bone removed
medially and laterally. Subsequently, a malleolar lengthening
osteotomy5 was added with transplantation of autologous
bone chips when the balance between the medial and lateral
soft tissues was not acceptable. Briefly, soft-tissue balance

TABLE II JSSF Rheumatoid Arthritis (RA) Foot and Ankle Scale Scores*

JSSF RA Foot and Ankle Scale Score Preop. Latest Follow-up P Value

General pain (30 points) 7.45 ± 5.7 28.9 ± 3.1 <0.0001

Deformity (25 points) 11.5 ± 4.1 16.9 ± 4.1 <0.0001

Motion (15 points) 3.35 ± 2.2 7.3 ± 3.3 <0.0001

Walking ability (20 points) 5.44 ± 2.8 15.4 ± 5.0 <0.0001

Activities of daily living (10 points) 1.33 ± 1.0 3.3 ± 1.7 <0.0001

*The values are given as the mean and the standard deviation.

TABLE III Self-Administered Foot Evaluation Questionnaire
(SAFE-Q) at Time of Latest Follow-up*

SAFE-Q Score
Score at Latest

Follow-up

Pain and pain-related (100 points) 77.3 ± 15.9

Physical functioning and daily living (100 points) 51.3 ± 19.5

Social functioning (100 points) 51.7 ± 30.3

Shoe-related (100 points) 55.2 ± 25.7

General health and well-being (100 points) 65.9 ± 26.1

*The values are given as the mean and the standard deviation.

TABLE IV JSSF Rheumatoid Arthritis (RA) Foot and Ankle Scale and SAFE-Q Scale Scores for Non-Biologic and Biologic Treatment Groups

Clinical Outcomes Scales
Non-Biologic Treatment

Group (N = 24)
Biologic Treatment
Group (N = 26) P Value*

JSSF RA Foot and Ankle Scale score

Preop.

General pain (30 points) 7.14 ± 5.61 7.69 ± 5.87 NS

Deformity (25 points) 10.6 ± 3.61 12.2 ± 4.44 NS

Motion (15 points) 3.38 ± 2.77 3.32 ± 1.63 NS

Walking ability (20 points) 6.19 ± 3.12 4.80 ± 2.27 NS

Activities of daily living (10 points) 1.38 ± 1.20 1.28 ± 0.84 NS

Latest follow-up

General pain (30 points) 29.0 ± 3.01 28.5 ± 3.26 NS

Deformity (25 points) 16.4 ± 4.30 17.4 ± 4.04 NS

Motion (15 points) 6.95 ± 4.08 7.60 ± 2.47 NS

Walking ability (20 points) 14.3 ± 17.7 16.4 ± 4.90 NS

Activities of daily living (10 points) 3.14 ± 1.80 3.44 ± 1.56 NS

SAFE-Q Scale score at latest follow-up

Pain and pain-related (100 points) 75.9 ± 17.7 78.4 ± 14.6 NS

Physical functioning and daily living (100 points) 49.1 ± 19.5 53.0 ± 19.8 NS

Social functioning (100 points) 38.7 ± 29.6 62.7 ± 27.0 0.0079

Shoe-related (100 points) 55.9 ± 26.0 54.6 ± 26.0 NS

General health and well-being (100 points) 66.3 ± 25.1 65.6 ± 27.4 NS

*NS = not significant.
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was evaluated with use of the balancer with a 17 to 18-mm
spread space (Fig. 2, panel B) as the minimum size of the
spacer block of this prosthetic system was 17 mm. If the
balance gap measured >2�, a malleolar osteotomy was done.
Twenty of the 50 ankles were balanced with the osteotomy,

with preservation of the periosteum. No internal fixation at
the osteotomy site was added. When fracture at the malle-
olus occurred during surgery (7 ankles), no internal fixation
was used. In 47 ankles, hydroxyapatite augmentation for the
distal part of the tibia was performed as described in our

TABLE V Comparison of Non-Biologic and Biologic Treatment Groups

Non-Biologic Treatment Group (N = 24) Biologic Treatment Group (N = 26) P Value*

Age† (yr) 65.0 ± 7.2 63.0 ± 9.9 NS

Duration of disease† (yr) 18.4 ± 9.2 20.1 ± 10.6 NS

Duration of follow-up† (yr) 6.9 ± 2.9 (3 to 14) 7.2 ± 3.8 (3 to 14) NS

Female:male ratio (no. of ankles) 21:3 21:5 NS

Height† (cm) 151.2 ± 7.8 (134 to 165) 153.0 ± 8.8 (144 to 179) NS

Weight† (kg) 47.9 ± 8.8 (32.5 to 69.1) 52.5 ± 10.1 (36 to 78.4) NS

BMI† (kg/m2) 21.0 ± 3.9 (15 to 28.2) 22.3 ± 2.8 (17 to 27.1) NS

Steinbrocker classification30

Stage (no. of ankles) III (7), IV (17) III (5), IV (21) NS

Functional class (no. of ankles) I (1), II (12), III (10), IV (1) I (1), II (11), III (12), IV (2) NS

Prednisolone

Dosage† (mg/day) 3.0 ± 2.9 0.5 ± 1.4 0.0003

Rate of usage 71% (17 of 24) 12% (3 of 26) 0.0001

DAS28-CRP score†

Preop. 3.0 ± 0.9 2.72 ± 0.63 NS

Latest follow-up 2.83 ± 0.72 2.24 ± 0.66 <0.01

Methotrexate usage 83% (20 of 24) 58% (15 of 26) NS

Angle C at latest follow-up† (deg) 88.7 ± 2.1 89.6 ± 1.3 NS

Angle D at latest follow-up† (deg) 85.4 ± 2.3 85.9 ± 2.6 NS

Angle E at latest follow-up† (deg) 20.01 ± 0.5 0.1 ± 1.1 NS

Tibiocalcaneal angle† (deg)

Preop. 2.6 ± 8.7 5.6 ± 7.5 NS

Latest follow-up 3.2 ± 4.0 4.4 ± 3.1 NS

Talar component sinking 8% (2 of 24) 23% (6 of 26) NS†

Focal radiolucent area 13% (3 of 24) 19% (5 of 26) NS†

Surgery in lower limb in history (no. of ankles)

Forefoot 3 5 —

Hindfoot 6 7 —

Total hip arthroplasty 9 5 —

Total knee arthroplasty 19 14 —

Surgery in lower limb after TAA (no. of ankles)

Forefoot 8 12 —

Hindfoot 0 2 —

Total hip arthroplasty 1 1 —

Total knee arthroplasty 2 5 —

TAA on contralateral side 3 3 —

Revision TAA required 0% (0 of 24) 8% (2 of 26) NS†

Additional calcaneal osteotomy 0% (0 of 24) 8% (2 of 26) NS†

*NS = not significant. †Evaluation performed with use of chi-square analysis.
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previous report4. After preparation was completed, the
prostheses were implanted and fixed with cement. The
thickest possible polyethylene liner was then introduced
between these components with use of manual joint dis-
traction. Routine wound closure with careful suturing of the
extensor retinaculum completed the procedure. Achilles
tendon lengthening was not performed.

The ankle was immobilized postoperatively in a below-the-
knee cast for 2 weeks with non-weight-bearing. Immobilization
was prolonged to 6 weeks when subtalar and/or talonavicular
joint arthrodesis had been performed at the time of TAA (thereby
increasing the duration of non-weight-bearing to 8 weeks). The
duration of casting was not changed if malleolar lengthening
osteotomy was added. When full-weight-bearing was resumed,
the patient wore an ankle brace to avoid an ankle sprain9.

Evaluations of Clinical Outcomes
Preoperative and postoperative scores were evaluated accord-
ing to the Japanese Society for Surgery of the Foot (JSSF)
rheumatoid arthritis foot-ankle scale10,11. A postoperative self-
administered foot-evaluation questionnaire (SAFE-Q)12 also

was administered at the time of the latest follow-up. Control of
rheumatoid arthritis was assessed with use of the Disease Ac-
tivity Score 28-joint count C-reactive protein (DAS28-CRP)
score13.

Evaluation of Radiographic Parameters
Radiographic evaluation was performed with use of
standard anteroposterior and lateral radiographs of the leg,
including the ankle joint. Weight-bearing radiographs were
made preoperatively and at each follow-up evaluation. The
postoperative angular position of the tibial component was
defined as the angle between the base plate of the tibial
component and the long axis of the tibia on both antero-
posterior radiographs (Fig. 3, panel A, angle C) and lateral
radiographs (Fig. 3, panel B, angle D). The postoperative
tilting angle between the tibial and talar components
(the index of prosthesis edge-loading in the standing posi-
tion) was defined as the angle between the base plate of the
tibial and talar components (Fig. 3, panel A, angle E)9. The
tibiocalcaneal angle was measured with subtalar radio-
graphs (Fig. 3, panel C, TC angle) with use of the modified
Cobey method14 to evaluate hindfoot alignment before
and after surgery. The radiographs were assessed for pros-
thetic subsidence or migration (>2 mm) and radiolucent
areas.

Statistical Analysis
All data are expressed as the mean and the standard deviation
(SD). Differences between the groups were assessed by the
Wilcoxon rank-sum test and the chi-square test with use of
JMP 13 statistical analysis software (SAS Institute). A p value of
<0.05 was considered significant.

Results
Clinical Outcomes

On the JSSF rheumatoid arthritis foot and ankle scale
scores, all of the indices (general pain, deformity,

motion, walking ability, activities of daily living) were sig-
nificantly improved after TAA (Table II). The SAFE-Q as-
sessment at the time of the latest follow-up showed
relatively good results for pain and pain-related (77.3 ±
15.9) and general health and well-being (65.9 ± 25.1) scores.
The mean physical functioning and daily living, social
functioning, and shoe and shoe-related scores were lower
(51.3, 51.7, and 55.2, respectively) (Table III). The scores for
each index of the JSSF rheumatoid arthritis foot and ankle
scale and SAFE-Q score showed no significant difference
between the biologic treatment and non-biologic treatment
groups at the time of final follow-up, except for SAFE-Q
social functioning score (non-biologic group, 38.7 ± 29.6;
biologic group, 62.7 ± 27.0) (Table IV). Prednisolone dos-
age (non-biologic group, 3.0 ± 2.9 mg/day; biologic group,
0.5 ± 1.4 mg/day), usage (non-biologic group, 71%; biologic
group, 12%), and disease activity (DAS28-CRP score) (non-
biologic group, 2.83 ± 0.72; biologic group, 2.24 ± 0.66)
were significantly decreased in the biologic group at the

TABLE VI Postoperative Issues and Radiographic Findings
After TAA

Delayed wound-healing 10% (5 of 50)

Deep or periprosthetic infection 0% (0 of 50)

Cellulitis around ankle joint 2% (1 of 50)

Deep-vein thrombosis 0% (0 of 50)

Revision TAA required 4% (2 of 50)

Additional calcaneal osteotomy 4% (2 of 50)

Intraoperative malleolar fracture 14% (7 of 50)

Delayed union at site of malleolar
osteotomy

15% (3 of 20)

Nonunion at site of osteotomy 0% (0 of 20)

Migration of tibial component 0% (0 of 50)

Sinking of talar component 16% (8 of 50)

Focal radiolucent area 16% (8 of 50)

TABLE VII Radiographic Angles

Preop.* Latest Follow-up* P Value

Angle C (deg) — 89.2 ± 1.8 —

Angle D (deg) — 85.7 ± 2.4 —

Angle E (deg) — 20.07 ± 0.9 —

Tibiocalcaneal
angle (deg)

4.5 ± 8.5 3.6 ± 3.5 0.003†

*The values are given as the mean and the standard deviation.
†Significant difference (p = 0.003). Statistical analysis was per-
formed with use of the difference from 2�.
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time of the latest follow-up (Table V). No deep infection was
observed in either group. Delayed wound-healing was seen
in 5 ankles (10%). Of the 50 ankles, 48 (96%) did not re-
quire revision surgery (Table VI).

Radiographic Outcomes
Migration of the tibial component was not seen. Subsidence
of the talar component was seen in 8 ankles (Table VI).

Additional calcaneal osteotomy (medial offset) was per-
formed in 2 ankles because of the residual valgus tilt between
the tibial and talar components (Table VI). The mean angle C
was 89.2� ± 1.8�, the mean angle D was 85.7� ± 2.4�, and the
mean angle E was20.07� ± 0.9�. The tibiocalcaneal angle was
significantly improved after TAA (preoperative, 4.5� ± 8.5�;
latest follow-up, 3.6� ± 3.5�) (Table VII). There was no dif-
ference in these angles between the biologic and non-biologic

TABLE VIII Relationships Between Revision TAA and Talar Component Sinking and Between Subtalar Joint Fusion and Talar Component Sinking

Talar Component Sinking Subtalar Joint Fusion

Yes No P Value Yes No P Value

Revision TAA required 25% (2 of 8) 0% (0 of 42) <0.001* — — —

Talar component sinking — — — 21% (8 of 38) 0% (0 of 12) NS (0.08)*

*Chi-square analysis. NS = not significant.

Fig. 4

Panels A, B, and C: Anteroposterior (top) and subtalar (bottom) weight-bearing radiographs of a representative ankle that underwent subtalar-talonavicular

joint arthrodesis prior to TAA. Panel A (top and bottom): Preoperative radiographs showing hindfoot valgus deformity and ankle joint destruction. The

tibiocalcaneal angle was 24�. Panel B (top and bottom): Eight months after hindfoot-correction surgery, alignment was improved and the tibiocalcaneal

angle had decreased to 5�. Panel C (top and bottom): Radiographs made 1 month after TAA for the treatment of residual ankle pain. Hydroxyapatite was

also implanted into the distal part of the tibia.
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groups (Table V). Three ankles showed delayed osseous union
(>3 months) at the malleolar osteotomy site. No patient re-
ported pain during walking, and osseous union was complete
in all cases (Table VI). Intraoperative malleolar fracture oc-
curred in 7 feet (Table VI); however, osseous union was
complete in all cases and no pain was reported. Talar com-
ponent subsidence tended to be observed more frequently in
the biologic group than in the non-biologic group (23% [6 of
26] compared with 8% [2 of 24]), although the difference was
not significant (Table V). The rate of revision TAA surgery
was higher in the biologic group than in the non-biologic
group (8% [2 of 26] compared with 0% [0 of 24]), although
this difference also was not significant (Table V). The rate of

revision TAA surgery was higher in the group of ankles with
subsidence than in the group without subsidence (25% [2 of
8]) compared with 0% [0 of 42]) (Table VIII). Ankles with
subtalar fusion had a higher rate of talar component sinking
(21% [8 of 38]) than those that did not have subtalar fusion
(0% [0 of 12]) (Table VIII).

Discussion

Ankle arthrodesis and/or simultaneous arthrodesis sur-
gery of both the ankle and the subtalar joint with use

of an intramedullary nail, plate, and screws has been rec-
ommended for the treatment of severe ankle destruction
in patients with rheumatoid arthritis15,16. However, these

Fig. 5

Panels A through E: Radiographs of a representative ankle that underwent TAA with concomitant medial malleolar osteotomy. Hydroxyapatite was also

implanted into the distal part of the tibia. Panel A: Preoperative weight-bearing anteroposterior radiograph of the ankle in the standing position. Panel B:

Radiographmade immediately after TAA. Autologous bone chips were transplanted to the site of the opening-wedge osteotomy. Panel C:Radiographmade

1 year after TAA. Bone formation has progressed, and osseous fusion is almost completed at the osteotomy site. Panel D: Radiograph made 5 years after

TAA. Osseous fusion has accelerated, and bone sclerosis is also observed. No implant loosening is seen.Panel E: Lateral radiograph of the ankle, made 5

years after TAA. No implant loosening is observed.
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procedures restrict hindfoot mobility, causing inconvenience
when the patient climbs stairs and steps. In addition,
hindfoot immobility is known to cause excessive forefoot
loading17, so there is concern that forefoot deformity induced
by metatarsophalangeal (MTP) joint inflammation in asso-
ciation with rheumatoid arthritis could be accelerated.
Furthermore, ankle arthrodesis requires a long period
of immobilization and non-weight-bearing (normally >8
weeks). TAA has potential advantages compared with ar-
throdesis, notwithstanding concerns regarding the durability
of the prostheses. As the ankle joint has a relatively small
surface contact area of about 350 mm2,18 and the surface is
highly loaded during walking, by up to 5 times body weight19,
edge loading of the prosthesis is likely to occur if hindfoot
deformity remains1-3. As excessive edge loading can lead to
prosthesis breakage and loosening, adjusting the loading axis
to avoid edge loading is important. Therefore, correction of
hindfoot alignment was completed first, and then TAA was
performed (Fig. 4). The adjustment of hindfoot alignment

contributed to good compatibility (angle E) between the
tibial and talar components (Table VII).

Soft-tissue imbalance between the medial and lateral
ligaments also causes edge loading of the ankle prosthesis20.
Malleolar osteotomy was used to achieve soft-tissue balance5

(Fig. 5). We previously reported high rates of migration of the
tibial component (13 of 21 ankles) after TAA for the treatment
of rheumatoid arthritis21. Subsequently, a procedure for the
implantation of hydroxyapatite bone in the tibia was estab-
lished4. In the present study, no migration of the tibial com-
ponent was seen (Table VI). However, talar component
subsidence was seen in 8 of the 50 ankles. In all 8 cases, the
subtalar joint was fused. Of these 8 ankles, 2 (25%) required
revision surgery because of residual pain (Table VIII). Fur-
thermore, the rate of talar component sinking was higher in
ankles in which the subtalar joint was fused than those in
which it was preserved (21% [8 of 38] compared with 0% [0 of
12]) (Table VIII). It is possible that the blood supply to the
talar dome is decreased after subtalar joint fusion. The tarsal

Fig. 6

Panels A through D: Anteroposterior (top row) and lateral (bottom row) standing radiographs of a representative ankle that underwent revision TAA after

subsidence of the talar component. Ankylosis of the subtalar joint was seen. Panel A (top and bottom): One month after primary TAA, coverage of talar

componentwasnotcompletelyachieved,especially asseenonthe lateral radiograph.PanelB (topandbottom):Twoyearsafter primaryTAA, sinkingof the talar

component anda radiolucent areaaround tibial component wereseen.PanelC (top and bottom):Radiographsmade onemonth after revision TAAwith use of a

larger talar component with a long stem. Panel D (top and bottom): Radiographs made 8 years after revision TAA, showing no sinking of the talar component.
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canal artery from the medial posterior tibial artery, and the
deltoid branch of the posterior tibial artery22, provide the
blood supply to the talar dome. These 2 major arteries passing
in the sinus tarsi and subtalar space might be disrupted after
subtalar joint ankylosis or arthrodesis. Thus, there might be
relatively more intense fragility in the talar dome than in a
fused and sclerotic subtalar joint. In 1 patient, the size of the
talar component was too small. A sufficiently sized talar
component with a long stem was selected for revision TAA.
Eight years after revision surgery, no talar component sinking
had been seen (Fig. 6). Thus, although sufficient size selection
for implants is important, the use of a long-stem talar com-
ponent also might be useful for ankles with ankylosis of the
subtalar joint.

With such progress in the additive techniques for TAA,
disease control with use of biologics and/or methotrexate also
was considered to be important for outcomes after TAA in
patients with rheumatoid arthritis. Although there were no
preoperative data for the SAFE-Q assessment because the
SAFE-Q system was introduced in 2014, the score of the social
functioning index of SAFE-Q at the time of the latest follow-up
was significantly higher in the biologic treatment group than in
the non-biologic treatment group (Table IV). Talar component
subsidence was more frequently observed in the biologic
treatment group (Table V). Both the dosage and the usage of
prednisolone were significantly decreased in the biologic
treatment group (Table V). Withdrawal from steroids may
reduce osteoporosis and bone fragility23, and it also has been
reported that the reduction of steroid administration contrib-
utes to improving the serum level of bone-formationmarkers24.
On the other hand, the inhibition of cytokines also seems to
improve bone mineral metabolism. Some studies have shown
that anti-tumor necrosis factor (TNF)-a therapy prevented
bone loss in patients with rheumatoid arthritis25, that down-
regulation of bone formation by interleukin-6 (IL-6) was re-
stored with anti-IL-6 receptor therapy26, and that abatacept
directly suppressed osteoclast formation27. Taken together,
these findings suggest that biologic treatment theoretically
would have an advantage for prosthesis durability from the
perspective of the strength of bone mineral structure because it
is also known that bone mineral content and microstructure at
the knee joint have an influence on outcomes after total knee
arthroplasty28 and bone loss around prostheses after total knee
arthroplasty is also 1 of the factors inducing prosthesis loos-
ening29. In spite of these theoretically attractive advantages of

biologics for the bone supporting the prosthesis, subsidence of
the talar component and revision TAA surgery tended to be
observed more frequently in the biologic treatment group
(Table V). This phenomenon might be due to the higher social
activity in the biologic treatment group (Table IV). To tolerate
higher activity, some modifications for the fixation of talar
component are needed, especially in ankles treated with sub-
talar fusion.

In conclusion, TAA is recommended for the treatment of
rheumatoid arthritis if disease control, augmentation of bone
strength, control of soft-tissue balance, and adjustment of the
loading axis are taken into account. The prevention of talar
component subsidence remains a challenge in patients with
the combination of subtalar fusion, rheumatoid arthritis, and
higher social activity. n
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