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Abstract
Background: The impact of varus ankle osteoarthritis (OA) on the distal tibial fibular syndesmosis is poorly described. This
study aimed to investigate the possible relationship between the condition of the distal tibial fibular syndesmosis and the
degree of the varus deformity using weightbearing simulated computed tomography (CT), in patients with varus ankle OA.
Methods: This retrospective comparative study included 155 varus ankles, divided into 4 Takakura-Tanaka groups (stage 2,
3a, 3b, and 4). A control group comprised 35 ankles without prior ankle disorders. The angles between the tibial shaft and
the articular surface of the tibial plafond on the anteroposterior view (TAS), and articular surfaces of the tibial plafond and
talar dome (TTW) were measured from weightbearing ankle radiographs. The varus angle of the ankle (VA) was defined as
90 – TASþ TTW. On the CT axial view, 1 cm proximal to the tibial plafond, the area of the syndesmosis (“CT-area”) and the
distance between the fibula and the tibia (CT-FCS) were measured.
Results: The CT area in stages 2, 3a, 3b, 4, and control group were 99, 79, 77, 103, and 97 mm2, respectively. The CT-FCS
were 3.5, 3.1, 2.9, 4.3, and 3.9 mm, respectively. In all 155 OA ankles, CT area and CT-FCS were negatively correlated with
the VA (correlation coefficient r ¼ –0.38, P < .01; and r ¼ 0.38, P < .01, respectively). Both CT area and CT-FCS were
significantly smaller in stages 3a and 3b than in the control group (P < .01).
Conclusion: There may be a relationship between the narrowing of the syndesmosis and the varus deformity in patients
with varus ankle OA, especially in stages 3a and 3b.
Clinical Relevance: Clinicians should be aware of the impact of varus ankle arthritis on the distal tibial fibular syndesmosis
when operatively treating varus ankle OA. For some patients, the isolated treatment for the tibiotalar joint may be insuf-
ficient, and treatment for the syndesmosis as well as tibiotalar joint may be needed.
Level of Evidence: Level III, retrospective case control study.
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Introduction

Ankle osteoarthritis (OA) affects approximately 6% of the

population.7 Functional disability and the diminished quality

of life associated with end-stage ankle OA are reportedly

comparable to those associated with end-stage hip or

knee OA.2,12 The most common cause of ankle OA is

intra-articular fracture.4,14 Varus ankle OA with no history

of trauma or general disorder is rare. However, in Japan,

varus ankle OA is the most common type attributed to the

Japanese lifestyle, in which people sit cross-legged or with

their legs tucked underneath the body.15 Radiologic

examinations of varus ankle OA have shown a characteristic

varus deformity combined with anterior opening of the tibio-

talar joint and, often, hypoplasia of the medial malleolus.

A previous study on the etiology of varus ankle OA mainly
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reported on the instability of the lateral ankle ligaments such

as anterior talofibular ligament (ATFL) and calcaneofibular

ligament (CFL).6 Although some reports have reported the

relationship between syndesmotic injury and traumatic ankle

arthritis, the syndesmosis in patients with varus OA has not

been investigated in detail.

The syndesmosis was traditionally evaluated with 3

radiographic parameters: tibiofibular overlap, tibiofibular

clear space, and medial clear space (Figure 1).3,5,13,18 How-

ever, the radiographic parameters were affected by the ankle

position relative to the X-ray beam.3,5,13,18 Recently, a few

computed tomography (CT) parameters were found to be

able to evaluate the syndesmosis clearly.1 In this study, the

syndesmosis was evaluated by CT scan with axial loading

using a DynaWell L-spine compression device (DynaWell

Inc., Las Vegas, NV) to simulate the weightbearing condi-

tion.8,9,11 The purpose of this study was to evaluate the

syndesmosis in patients with varus ankle OA using CT.

The relationship between the syndesmosis and the varus

deformity was investigated.

Material and Methods

From January 2012 to December 2018, a consecutive 155

ankles from 126 patients diagnosed with varus ankle OA and

treated either conservatively or surgically were investigated

in this study. Angles between the tibial shaft and articular

surface of the tibial plafond on the anteroposterior and lat-

eral views (TAS and TLS), tibial shaft and medial malleolus

(TMM), and articular surfaces of the tibial plafond and talar

dome (TTW) were measured using weightbearing ankle

radiographs (Figure 2A and B). In this study, the varus angle

of the ankle (VA) was defined as 90 – TAS þ TTW

(Figure 2C), and varus ankle OA was defined as VA

of >0. The data were collected from patient records. Both

admitted patients and outpatient department patients were

included. Patients with traumatic ankle arthritis and with

general disorders, such as rheumatoid arthritis or Charcot

neuroarthropathy, were excluded from the study. Diagnosis

was made using conventional weightbearing ankle radiogra-

phy for all patients, who were then graded using the

Takakura-Tanaka classification.16 Stage 2 group included

narrowing of the ankle space, stage 3a group included oblit-

eration of the ankle space limited to the facet of medial

malleolus with subchondral bone contact, stage 3b group

included limited obliteration of the ankle space with sub-

chondral bone contact extended to the roof of the dome of

the talus, and stage 4 group included the obliteration of more

than 50% of the joint space with complete bone contact

(Figure 3). The control group included patients without prior

Figure 1. Three radiographic parameters have been used in the
diagnosis of syndesmosis: (A) tibiofibular overlap, (B) tibiofibular
clear space, and (C) medial clear space.

Figure 2. (A) The angles between the tibial shaft and the articular
surface of the tibial plafond (TAS), tibial shaft and the medial mal-
leolus (TMM), and the articular surfaces of the tibial plafond and
talar dome (TTW) were measured from weightbearing antero-
posterior ankle radiography. (B) The angle between the tibial shaft
and articular surface of the tibial plafond (TLS) was measured using
weightbearing lateral ankle radiography. (C) The varus angle of the
ankle (VA) was defined as (90 – TASþ TTW). 1: 90 – TAS; 2: TTW;
3: (90 – TAS þ TTW) (VA).
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ankle injuries or disorders, such as bone tumor. In most

patients with trauma and tumor, uninjured and unaffected

ankles were evaluated by CT to compare the injured and

affected sides. Patients in the control group were selected

either conservatively or surgically for bone tumor and

trauma in the same period. The contralateral side of the bone

tumor or trauma side was evaluated as the control ankle.

Weightbearing simulated CT with axial loading using a

DynaWell L-spine compression device was performed in our

institution starting in October 2011. Study subjects were

placed in a supine position on the cradle, and pressure was

applied from the plantar side using a dedicated plastic board

with an adjustment mechanism. The amount of pressure

was determined to be 300 N according to the instrument

manual.8,9,11 The patients in groups stage 2, stage 3a, stage

3b, stage 4, and controls included 11, 28, 65, 51, and 35

ankles, respectively. The average ages were 64 + 11,

68 + 8.0, 68 + 9.0, 69 + 7.3, and 47+18 years, respec-

tively (Table 1). On the axial CT view, at a level 1 cm

proximal to the lateral side of the tibial plafond, the space

between the lateral cortex of the tibial incisura and the med-

ial cortex of the lateral malleolus, and 2 lines tangential to

the anterior and posterior aspects of the tibia and fibula were

measured as the syndesmotic area (CT-area) (Figure 4A

and B).1 Abdelaziz et al1 evaluated the intra- and interob-

server reliability of syndesmotic reduction on weightbearing

CT scan, and concluded that the CT area demonstrated the

highest reliability. On the axial CT view, at a level 1 cm

proximal to the lateral side of the tibial plafond, the connect-

ing line between the medial tibial edge and the lateral fibular

edge was designated. The distance between the medial

fibular edge and lateral tibial edge on that line was measured

as the fibular clear space (CT-FCS) (Figure 4C). All mea-

surements in this study were performed by one of the authors

(an orthopedic foot surgeon trained for >20 years).

Statistical Analysis

First, the normal distribution of data was checked with the

F test. After the data were confirmed to be normally distrib-

uted, Tukey-Kramer tests were used to compare each group.

Pearson correlation was used for all ankles regardless of

each group. A P value <.05 was considered significant. All

statistical analyses were carried out using Statcel 3 (version

3; OMS, Tokyo, Japan). Based on the sample size calcula-

tion, Pearson correlation analysis requires 194 ankles to

reach an adequate power.

Results

The TAS measurements in the groups stage 2, stage 3a, stage

3b, stage 4, and the controls were 87 + 3.9, 83 + 2.5,

82 + 3.6, 80 + 5.9, and 87 + 2.2 degrees, respectively.

The TLS measurements were 78 + 2.8, 79 + 3.8, 77 + 8.4,

75 + 6.4, and 80 + 2.1 degrees, respectively. The TMM

measurements were 31 + 8.7, 44 + 9.5, 51 + 1.3,

45 + 1.3, and 29 + 5.6 degrees, respectively. The TTW

measurements were 1.2 + 2.0, 5.7 + 4.3, 12 + 5.2,

0.29 + 1.3, and 0.12 + 0.48 degrees, respectively. VA

measurements were 3.2 + 2.3, 4.4 + 4.7, 13 + 5.0,

20 + 6.4, and 9.9 + 6.1 degrees, respectively. The CT area

measurements were 99 + 20, 79 + 19, 77 + 20, 103 + 21,

and 97 + 18 mm2, respectively. The CT-FCS measurements

were 3.5 + 0.88, 3.1 + 1.0, 2.9 + 1.2, 4.3 + 1.7, and

3.9 + 1.1 mm, respectively (Table 2, Figure 5). In all the

ankle OA groups, CT area and CT-FCS correlated nega-

tively with TMM and VA (Figure 6). CT area and

CT-FCS in stage 3a and 3b were significantly smaller than

those in the control group. However, there were no signifi-

cant differences in CT area and CT-FCS between stage 3a

Table 1. Patient Background.

n Age

Control 35 47 + 18
Stage 2 11 64 + 11
Stage 3a 28 68 + 8.0
Stage 3b 65 68 + 9.0
Stage 4 51 69 + 7.3

Figure 3. Takakura-Tanaka classification stages (A) 2, (B) 3a, (C) 3b, and (D) 4.

Kurokawa et al 3



and 3b. The TMM and the TTW in stages 3a and 3b were

significantly larger than those in the control group, and the

TMM and TTW in stage 3b were also significantly larger

than those in stage 3a.

Discussion

Harrington6 reported that 10 years after the diagnosis of

lateral ligament insufficiency, 77% of the patients investi-

gated had ankle OA. Since his report, a few reports have

concluded that one of the major causes of ankle OA, partic-

ularly on the medial side, is chronic lateral instability of the

ankle.10

The syndesmosis is defined as a fibrous joint in which the

tibia and the fibula are linked by 4 ligaments; it contributes

to ankle stability.7 Ligamentous structures in the distal por-

tion of the syndesmosis have 3 major components. The ante-

rior aspect consists of the anterior inferior tibiofibular

ligament, the middle aspect consists of the interosseous liga-

ment, and the posterior aspect consists of the posterior infer-

ior tibiofibular and transverse ligaments.2 A cadaveric study

concluded that the anterior inferior tibiofibular, inteross-

eous, and posterior inferior tibiofibular ligaments contribute

to 35%, 22%, and 42% of syndesmotic stability, respec-

tively, and rupture of more than 1 component endangers

syndesmotic stability.12 Although the syndesmosis is a joint,

many previous studies tend to mention syndesmotic liga-

ments and have concluded that syndesmotic instability

owing to the dysfunction of the syndesmosis ligaments

causes cartilage damage in the tibiotalar joint in patients

with traumatic ankle arthritis.17 However, the relationship

between the syndesmosis and varus ankle OA has received

relatively little attention. In this study, the syndesmosis was

evaluated in patients with varus ankle OA, and the relation-

ship between the syndesmosis and the varus deformity was

reported.

The syndesmosis has been evaluated using conventional

radiographic images traditionally. However, the radio-

graphic parameters are affected by the ankle position relative

to the X-ray beam.3,5,13,18 Accordingly, Abdelaziz et al1

reported intra- and interobserver reliability for evaluating

the syndesmosis radiographically between the 2 observers.

In their report, the distance between the middle of the inci-

sura and the nearest point of the fibula (similar to the

CT-FCS in our study), and the syndesmotic area calculation,

which was referred to as CT area in this study, were con-

firmed as the most reliable evaluation methods. In this study,

the syndesmosis was measured using CT-FCS and CT area

at a defined ankle position. CT with axial loading using a

DynaWell compression device was suitable for simulating

Figure 4. (A) The axial CT view, at a level 1 cm proximal to the lateral side of the tibial plafond. (B) CT area: the space between the lateral
cortex of the tibial incisura, the medial cortex of the lateral malleolus, and 2 lines tangential to the anterior and posterior aspects of the
tibia and fibula. (C) CT-FCS: the distance between the medial fibular edge and lateral tibial edge was measured.

Table 2. Parameters in Each Group.

TAS TLS TMM TTW VA CT Area CT-FCS

Control 87 + 2.2 78 + 2.8 29 + 5.6 0.12 + 0.48 3.2 + 2.3 97 + 18 3.9 + 1.1
Stage 2 87 + 3.9 79 + 3.8 31 + 8.7 1.2 + 2.0 4.4 + 4.7 99 + 20 3.5 + 0.88
Stage 3a 83 + 2.5 77 + 8.4 44 + 9.5 5.7 + 4.3 13 + 5.0 79 + 19 3.1 + 1.0
Stage 3b 82 + 3.6 75 + 6.4 51 + 13 12 + 5.2 20 + 6.4 77 + 20 2.9 + 1.2
Stage 4 80 + 5.9 80 + 2.1 45 + 13 0.29 + 1.3 9.9 + 6.1 103 + 21 4.3 + 1.7

Abbreviations: CT area, the space between the lateral cortex of the tibial incisura, the medial cortex of the lateral malleolus, and 2 lines tangential to the
anterior and posterior aspects of the tibia and fibula; CT-FCS, the distance between the medial fibular edge and lateral tibial edge measured as the fibular
clear space; TAS, angle between the tibial shaft and articular surface of the tibial plafond on the anteroposterior view; TLS, angle between the tibial shaft and
articular surface of the tibial plafond on the lateral view; TMM, angle between the tibial shaft and medial malleolus; TTW, angle between articular surfaces of
the tibial plafond and talar dome; VA, varus angle of the ankle.
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Figure 5. Distribution in each group. (A) TAS, (B) TLS, (C) TMM, (D) TTW, (E) VA, (F) CT-Area, (G) CT-FCS.
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weightbearing to evaluate the syndesmotic condition.8,9,11

The results of these previous studies validate the methods

used in this study.

In all the 155 OA ankles, CT area and CT-FCS were

negatively correlated with the VA (correlation coefficient

r ¼ –0.38, P < .01, and r ¼ –0.38, P < .01, respectively).

They were also negatively correlated with the TMM

(r ¼ –0.29, P < .01, and r ¼ –0.25, P < .01, respectively).

The main reason for the small CT area and CT-FCS was

osteophyte formation at the syndesmosis. OA change at the

syndesmosis prevented anatomic motion. Because of wor-

sening lateral instability, the concentration of the weight

load occurred on the medial ankle side. The degree of the

varus deformity was represented by the VA and the TMM.

Thus, from these results, syndesmotic OA likely correlated

to varus deformity in patients with ankle OA.

Between groups, the CT area in the stage 3a and 3b

groups was significantly smaller than that in the control

group. Similarly, the CT-FCS in stage 3b group was signif-

icantly smaller than that in the control group. There were no

significant differences in the CT area and CT-FCS between

stage 3a and stage 3b groups. VA in stage 3b group was

larger than that in the stage 3a group. The osteophyte at the

syndesmosis caused small CT area and small CT-FCS. Syn-

desmotic OA especially occurred in stage 3a and 3b groups.

Lateral instability and syndesmotic OA made the load

concentrate medially at the ankle and may be related to varus

deformity. Thus, one of the most important etiologies in

stage 3a and 3b groups was concluded with syndesmotic

OA from this study.

There were no significant differences in the CT area and

CT-FCS between stage 4 group and controls. VA in stage 4

group was significantly larger than that in the control group;

however, it was significantly smaller than that in the stage 3b

group. The TLS in stage 4 group was significantly smaller

than that in the controls. In the stage 4 group, various

patients seem to be combined. This included patients with

varus deformity with syndesmotic OA and the patients

retaining the alignment without syndesmotic OA.

A limitation of this study was that consecutive 190 ankles

were investigated; thus, the number and the average ages of

patients in each group were not matched sufficiently. Based

on the sample size calculation, as mentioned in the Materials

and Methods section, Pearson correlation analysis requires

194 ankles to reach an adequate power. Measurements were

performed once by one surgeon alone. However, the relia-

bility of CT area and CT-FCS has already been reported.1

Second, some studies reported the availability of the Dyna-

Well8,9,11; however, the DynaWell does not completely

simulate the ankle in the standing position. Finally, as this

was a cross-sectional study, the relationship between syn-

desmotic OA and varus deformity in patients with varus

Figure 6. Correlation in each group. (A) CT Area and TMM, (B) CT-FSC and TMM, (C) CT-Area and VA, (D) CT-FCS and VA.
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ankle OA was demonstrated. However, the order of their

occurrence cannot be concluded in this study. Therefore,

further basic or longitudinal studies may be required to ver-

ify our findings.

To conclude, this study revealed that the syndesmotic

condition was related to the varus deformity in patients with

ankle OA. OA at the syndesmosis prevented the anatomical

motion, and may cause varus deformity, especially stage 3a

and 3b. The lateral ligament instability and varus inclination

of the tibial plafond were the triggers for ankle OA, and

syndesmotic OA may cause progression of the varus defor-

mity. However, to our knowledge, this is the first article to

reveal the relationship between the syndesmosis and varus

deformity in patients with ankle OA.
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