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Abstract

Objectives

Motion preserving surgeries could be unsuccessful because of underestimation of deformi-
ties of the foot and knee in ankle osteoarthritis. This study aimed to investigate the concomi-
tant deformities in medial ankle osteoarthritis and the difference between the two types,
varus angulation and medial translation.

Methods

A retrospective study was conducted using medical records and radiographic data. Patients
with medial ankle osteoarthritis that underwent weight-bearing X ray imaging and radio-
graphic measurements including tibial plafond inclination (TPI), tibiotalar tilt angle (TT), lat-
eral talo-first metatarsal angle, naviculo-cuboid overlap, and mechanical tibiofemoral angle
(mTFA) were studied. The patients were categorized into two groups, the varus angulation
group (TT >4°) and medial translation group (TT <4°). The radiographic measurements
were compared between the two groups.

Results

A total of 102 patients (male = 44; female = 58) were included; the mean age was 64.9 years
(SD 8.3 years). The varus rotation group (N = 66) showed a significantly smaller lateral talo-
first metatarsal angle (p<0.001), naviculo-cuboid overlap (p<0.001), and mTFA (p =0.019)
compared to the medial displacement group (N = 36). The TT showed a significant correla-
tion with lateral talo-first metatarsal angle (r =-0.520, p<0.001), naviculo-cuboid overlap (r =
-0.501, p<0.001), and mTFA (r =-0.243, p = 0.014). Lateral talo-first metatarsal angle was
found to be the significant factor (p = 0.018) discriminating varus angulation and medial
translation types in the binary logistic analysis.

Conclusions

Varus angulation of the ankle was correlated with knee alignment and foot deformity. Radio-
graphic indices were different between the varus angulation and medial translation groups.
The role of concomitant deformities needs to be further investigated in terms of a causal
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relationship. Surgeons need to pay attention to concomitant deformities in the treatment of
medial ankle osteoarthritis.

Introduction

Ankle osteoarthritis is a degenerative disease causing pain and limitation of daily activities,
which eventually impedes a patient’s quality of life [1]. The prevalence of symptomatic ankle
osteoarthritis has been reported to be 3.4% [2], and it is expected to increase with an aging
population. With the recent developments in surgical techniques and an in-depth understand-
ing of ankle biomechanics, the surgical outcomes of ankle osteoarthritis have improved [3].
However, the surgical outcome of a total ankle replacement or a supramalleolar osteotomy is
occasionally unfavorable [4].

As a result of movement through ambulation or sports activity that impacts the ankles,
ground reaction force is transmitted to the ankle and other parts of the body through the foot.
Upper body weight is also transmitted to the ankle joint through the mechanical axis [5].
Therefore, foot shape, deformities and disturbances in the mechanical alignment of the lower
extremity can directly affect the pattern of force transmission to the ankle joint causing abnor-
mal stress on specific parts of the joint. This in turn can affect cartilage wear and tear patterns
or pose as a predisposing factor for ankle injuries [6]. It is well known that a deformity in the
heel varus or a cavus foot can cause ankle inversion injuries [7], however, the evidence show-
ing a causative relationship between foot deformities and specific patterns of ankle cartilage
wear and tear in ankle osteoarthritis is limited.

Concomitant deformities of the foot or knee joint in medial ankle osteoarthritis have not
been sufficiently documented. Furthermore, there is no clear indication to correct a foot defor-
mity when performing motion preserving surgeries such as a total ankle arthroplasty or a
supramalleolar osteotomy for ankle osteoarthritis. The authors consider that an insufficient
understanding of the deformities associated with ankle osteoarthritis could be the cause of an
unfavorable surgical outcome of a total ankle arthroplasty or a supramalleolar osteotomy. As
such, inappropriately or insufficiently addressed deforming forces from the adjacent parts of
the body could still increase contact pressure in the joint, leading to accelerated implant wear
or progression of osteoarthritis [8].

Therefore, the purpose of this study was to investigate concomitant foot deformities and
the mechanical axis of the lower extremity in patients with medial ankle osteoarthritis in a ret-
rospective cohort at a single institution.

Materials and methods

This study was approved by the institutional review board at Seoul National University Bun-
dang Hospital (IRB No. B-2004-606-107) and the requirement of informed consent from the
participants was waived due to the retrospective nature of the study.

Subjects

We reviewed and retrieved the information of consecutive patients with ankle osteoarthritis
who visited our foot and ankle clinic between January 2017 and December 2019. The patients
with ankle osteoarthritis underwent weight-bearing ankle anteroposterior (AP), lateral foot
and ankle and mortis view X rays as well as standing full-limb AP radiographs. Of these,
patients who were diagnosed with medial ankle osteoarthritis on radiographic examination
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were selected. Medial ankle osteoarthritis was defined as joint space narrowing on the medial
gutter or that between the medial talar dome and the medial tibial plafond. The exclusion crite-
ria were as follow: 1) congenital anomaly, 2) neuromuscular diseases, 3) tumor, 4) infection, 5)
avascular necrosis, 6) rheumatoid arthritis or inflammatory arthritis, 7) previous fracture, 8)
previous foot, ankle or knee surgeries, and 9) any other conditions that could change the nor-
mal anatomy of the lower extremity other than osteoarthritis. The demographic data of the
patients collected included age, sex, body mass index (BMI) etc.

Radiographic examination

The radiographs of the patients were captured using a UT 2000 X-ray machine (Philips
Research, Eindhoven, the Netherlands) according to our protocol which is as follows: The
weight-bearing AP view of the ankles was obtained with the horizontal beam centered between
the ankle joints at joint level. The patient was positioned on a 5-cm block, with the film cassette
behind the heels. The weight-bearing lateral view of the foot and ankle was captured separately
for each foot in the standing position with the beam focusing on the lateral malleolus. The
patient was placed in the erect position and the cassette was positioned between both feet. The
mortise view was obtained by internally rotating the foot 15 to 20 degrees to bring the talus
into its true AP position and the malleoli equidistant from the cassette. The primary beam was
centered on the joint space, and the foot was dorsiflexed to avoid the tip of the lateral malleolus
being overlapped by the calcaneus. The radiograph setting was 60 kVp and 10 mAs at a
source-to-image distance of 110 cm. The teleradiogram was obtained by vertically entering the
horizontal center beam to the patella height and vertical beam to the midline. Full-length
standing AP radiographs were obtained on a 14x51-inch grid cassette at a source to image dis-
tance of 240 cm with a setting of 90 kV and 50 mAs. All radiographic images were digitally
acquired using a picture archiving and communication system (PACS; Infinitt, Seoul, South
Korea), and radiographic measurements were performed using PACS software.

Radiographic measurements and interobserver reliability

Four radiographic measurements evaluating the extent of ankle arthritis and the foot defor-
mity were analyzed based on evidence highlighted after the literature review had been con-
ducted: tibial plafond inclination (TPI) [9], tibiotalar tilt (TT) [10-13], lateral talo-first
metatarsal angle [13-15], naviculo-cuboid overlap [14, 16, 17], and mechanical tibiofemoral
angle (mTFA) [18].

On the AP view, the TPI was the angle between the tibial plafond and the horizontal line.
The TT was the angle between the tibial plafond and the talar dome (Fig 1A). On the lateral
view, the lateral talo-first metatarsal angle was the angle between the longitudinal axes of the
talus and the first metatarsal. The naviculo-cuboid overlap was the overlapped portion of the
navicular and the cuboid divided by the vertical height of the cuboid (Fig 1B). The mechanical
tibiofemoral angle (mTFA) was the angle between the mechanical axis of the femur (a line con-
necting the center of the femoral head and the center of the intercondylar notch) and that of
the tibia (a line connecting the center of the tibial spines and the center of the tibial plafond)
(Fig 1C).

Two orthopedic surgeons, with 5 and 2 years’ worth of orthopedic experience, participated
in the interobserver reliability testing of the radiographic measurements after a consensus
building session. Each surgeon performed radiographic measurements for a predetermined
number of radiographic images that were presented in random order by a research assistant
who was not involved in this study. Following reliability testing, one of the two surgeons (with
5 years of experience) measured the radiographic parameters for all patients.
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Fig 1. Radiographic measurements. A: The ankle in AP view, TPI is the angle between the tibial plafond (a) and the floor (c).
The TT is measured between the tibial plafond (a) and the talar dome (b). B: The foot and ankle in lateral view, the lateral talo-
first metatarsal angle is the angle between the longitudinal axis of the talus (d) and the first metatarsal (e). The naviculo-cuboid
overlap is the overlapped portion between the navicular and cuboid (f) divided by the vertical height of the cuboid (g). C: The
mechanical tibiofemoral angle is the angle between the mechanical axis of the femur (h) and that of the tibia (i).

https://doi.org/10.1371/journal.pone.0247816.g001

Classification of ankle arthritis

Medial ankle osteoarthritis was divided into the varus angulation type and the medial transla-
tion type according to the primary area of joint space narrowing. The medial gutter was pri-
marily narrowed in the medial translation type and upper joint space between the medial talar
dome and the medial tibial plafond was primarily narrowed in the varus angulation type (Fig
2). In cases where the classification was ambiguous because the joint space was narrowed in
both, the medial gutter and the upper joint space, the patients with a TT > 4" were classified as
the varus angulation type and those with a TT < 4° as the medial translation type [3, 19].

Statistical analysis

A descriptive statistical analysis was performed including the average, standard deviation
(SD), and proportion. Data normality was determined by the Kolmogorov-Smirnov test. Com-
parison of means between the varus angulation type and the medial translation type was per-
formed using a Student t-test. Proportion analysis between the two groups was conducted by
the chi-square test. The correlation between the variables was analyzed using the Pearson’s
correlation coefficient. Binary logistic analysis was performed to identify the significant radio-
graphic factors (other than the TT angle) that determined the varus angulation type and the
medial translation type in patients with medial ankle osteoarthritis.

Interobserver reliability was tested using the intraclass correlation coefficient (ICC) with a
two-way random effect model, assuming a single measurement and absolute agreement. The
sample size for reliability test was calculated with an ICC target value of 0.8 and 95% confi-
dence interval (CI) width of 0.2. A minimum number of interobserver reliability for the two
raters was 52 as was determined by Bonnett’s approximation [20]. All statistical analyses were
performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA), and statistical signifi-
cance was accepted when the p-values were <0.05.

Results

A total of 102 patients with medial ankle osteoarthritis were included in the analysis. The
mean age of the patients was 64.9 years (SD 8.3 years), and there were 44 men and 58 women.
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A

Fig 2. Two types of medial ankle osteoarthritis. A: The varus angulation type is defined as a TT > 4°. B: The medial translation type as TT < 4°.
https://doi.org/10.1371/journal.pone.0247816.9002

The mean BMI was 26.4 kg/m” (SD 2.7 kg/m?) for men and 27.5 kg/m” (SD 3.0 kg/m?) for
women. There were 55 right and 47 left arthritic ankles.

Interobserver reliabilties of TPI, TT, lateral talo-first metatarsal angle, naviculo-cuboid
overlap and mTFA were 0.886 (95% CI, 0.800 to 0.935), 0.850 (95% CI, 0.750 to 0.912), 0.891
(95% CI, 0.794 to 0.941), 0.885 (95% CI, 0.804 to 0.933), and 0.958 (95% CI, 0.927 to 0.976),
respectively.

The TT angle (p<0.001), the lateral talo-first metatarsal angle (p<0.001), naviculo-cuboid
overlap (p<0.001), and mTFA (p = 0.019) were significantly different between the varus angu-
lation and the medial translation groups in medial ankle osteoarthritis (Table 1).

The TT angle showed a significant correlation with the lateral talo-first metatarsal angle (r
=-0.520, p<0.001), the naviculo-cuboid overlap (p = -0.501, p<0.001), and the mTFA (r =
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Table 1. Comparison of variables between the varus angulation and the medial translation groups.

Varus angulation Medial translation P value

No. of patients 66 36 -
Age (years) 65.3 (SD 8.6) 64.2 (SD 7.8) 0.528
Men : Women 33:33 11:25 0.864
Right : Left 36:30 19:17 0.058
BMI (kg/m?) 27.2 (SD 3.3) 26.5 (SD 1.9) 0.391
Radiographic measures

TPI(*) 6.6 (SD 3.8) 7.3 (SD2.9) 0.302

TT () 9.1 (SD 4.9) 1.5(SD 1.1) <0.001

Lateral talo-1MT (°) -8.5(SD 12.4) 4.2 (SD 8.0) <0.001

NC overlap 0.36 (SD 0.17) 0.53 (SD 0.14) <0.001

mTFA (°) 1.8 (SD 4.0) 3.8 (SD 3.7) 0.019

No., number; SD, standard deviation; BMI, body mass index; TP, tibial plafond inclination; TT, tibiotalar tilt angle; Lateral talo-1MT, lateral talo-first metatarsal angle;

NC overlap, naviculo-cuboid overlap; mTFA, mechanical tibiofemoral angle.

https://doi.org/10.1371/journal.pone.0247816.t001

-0.243, p = 0.014). The lateral talo-first metatarsal angle showed a significant correlation with
the naviculo-cuboid overlap (r = 0.752, p<0.001). The mTFA showed a significant correlation
with the TPI (r = 0.369, p<0.001), the lateral talo-first metatarsal angle (r = 0.424, p<0.001),
and naviculo-cuboid overlap (r = 0.328, p = 0.001) (Table 2).

The lateral talo-first metatarsal angle, the naviculo-cuboid overlap and mTFA were the can-
didate radiographic factors that determined whether the medial ankle osteoarthritis classified
as the varus angulation type or the medial translation type in the binary logistic regression
analysis, and lateral talo-first metatarsal angle was found to be the significant factor (p = 0.018)
when adjusted for other radiographic measurements (Table 3).

Discussion

This study investigated concomitant deformities of the foot and knee in patients with medial
ankle osteoarthritis and the differences between the varus angulation and medial translation
types. Deformity at the ankle joint (T'T) was found to be correlated with knee deformity
(mTFA) and foot deformity (lateral talo-first metatarsal angle and naviculo-cuboid overlap).
The alignment of the knee and foot were significantly different between the varus angulation
and medial translation types.

In the 102 patients included in this study with medial ankle osteoarthritis, mTFA showed a
significant correlation with TT angle, the lateral talo-first metatarsal angle, and naviculo-
cuboid overlap. This represented that a greater genu varum deformity correlated with a lesser

Table 2. Correlation coefficients between the radiographic measurements.

TPI TT Lateral talo-1MT NC overlap
T -0.194 (p = 0.051)
Lateral talo-1MT 0.172 (p = 0.083) -0.520 (p<0.001)
NC overlap 0.193 (p = 0.052) -0.501 (p<0.001) 0.752 (p<0.001)
mTFA 0.369 (p<0.001) -0.243 (p = 0.014) 0.424 (p<0.001) 0.328 (p = 0.001)

TP, tibial plafond inclination; TT, tibiotalar tilt angle; Lateral talo-1MT, lateral talo-first metatarsal angle; NC overlap, naviculo-cuboid overlap; mTFA, mechanical
tibiofemoral angle.

https://doi.org/10.1371/journal.pone.0247816.t002
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Table 3. Significant factors discriminating between the varus angulation and medial translation groups in medial ankle osteoarthritis.

B SE Wald Exp (B) P value
TPI 0.007 0.072 0.009 1.007 0.925
Lateral talo-1MT 0.081 0.034 5.619 1.085 0.018
NC overlap 2.960 2.061 2.063 19.301 0.151
mTFA 0.015 0.073 0.045 1.016 0.832
constant -1.871 1.109 2.848 0.154 0.091

SE, standard error; TPI, tibial plafond inclination; Lateral talo-1MT, lateral talo-first metatarsal angle; NC overlap, naviculo-cuboid overlap; mTFA, mechanical
tibiofemoral angle.

https://doi.org/10.1371/journal.pone.0247816.t003

varus incongruency of the ankle joint, a greater pes planovalgus deformity, and greater mid-
foot pronation. This implies that deformities above and below the ankle joint may compensate
for each other to maintain the plantigrade foot position during weight-bearing motion [13],
and this might exert abnormal biomechanical forces on the ankle joint between the foot and
knee.

Although the mTFA showed a mean difference of only 2° between the varus angulation and
medial translation types, the distribution of mTFA was quite different. In the varus angulation
group it tended to be distributed in the genu valgum compared to the medial translation group
(Fig 3). As of now, a causal relationship between the genu valgum and the varus ankle incon-
gruency is not clear, and the pathogenetic effect of the genu valgum deformity on the varus
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Fig 3. The mTFA of the varus angulation type tends to be distributed in the genu valgum to a greater extent compared to that of the medial translation
type.

https://doi.org/10.1371/journal.pone.0247816.9g003
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incongruency of the ankle joint should be further investigated in a cadaver or biomechanical
study.

A previous study have reported unfavorable surgical outcomes following a supramalleolar
osteotomy in patients with a larger TT angle [21]. The authors reckon that varus angulation
and medial translation types might exhibit a different pathophysiology in the development of
medial ankle osteoarthritis. Binary logistic regression analysis showed that lateral talo-first
metatarsal angle was the only significant factor discriminating the varus angulation and medial
translation groups. Therefore, when the weight-bearing lateral ankle X rays were performed,
the foot should be included and the lateral talo-first metatarsal angle measurement should be
evaluated preoperatively in patients with medial ankle osteoarthritis.

The varus angulation type showed a significantly smaller lateral talo-first metatarsal angle
and naviculo-cuboid overlap than the medial translation type, which represents a high medial
foot arch and midfoot supination. These deformities are usually concurrent with hindfoot
varus deformity. It is unknown as to whether these are reversible and compensatory deformi-
ties in response to talar varus or a true rigid deformity. Considering that an initial flexible
deformity can develop into a rigid deformity over time [22], the high medial foot arch and heel
varus deformity need to be further examined preoperatively and this would include the Cole-
man block test [23] in patients with medial ankle osteoarthritis, especially for the varus angula-
tion type.

Unlike the flexible varus deformity of the foot (heel varus, midfoot supination, and a high
medial foot arch), a rigid foot varus is unable to compensate for the change in mechanical
alignment at or above the ankle joint. Therefore, a supramalleolar valgus osteotomy can possi-
bly aggravate the ankle varus incongruency without correcting the rigid foot varus deformity
(Fig 4). Although a previous study have reported a clinically satisfactory surgical outcome fol-
lowing a supramalleolar osteotomy, most of them have failed to correct a large TT angle [21].
However, two studies reported a prominent correction of the TT angle, which was achieved by
performing additional procedures that corrected the foot deformity including a calcaneal lat-
eral displacement osteotomy, closing the 1* dorsal metatarsal or a medial cuneiform osteot-
omy, and other soft tissue procedures [12, 24]. This reflects the importance of correcting
deformities of the foot in order to achieve positive outcomes from a supramalleolar osteotomy
in patients with medial ankle osteoarthritis especially in the varus angulation type. Therefore,
the importance of evaluating and treating deformities of the foot should be highlighted in the
surgical treatment of medial ankle osteoarthritis.

There are some limitations to our study that should be addressed. First, this was a retrospec-
tive study in a single institution, and unknown bias might have affected the study results. Sec-
ond, although the deformity of the foot, ankle, and knee is three-dimensional, this study did
not include an evaluation of the deformity in the transverse plane. The AP view of the foot and
heel alignment should be included, and ideally, a weight-bearing three-dimensional evaluation
of the whole extremity would provide a more comprehensive insight into various deformities
of the foot, ankle, and knee. As such, these measurements should also be included in future
studies. However, a previous study showed that the lateral talo-first metatarsal angle and the
naviculo-cuboid overlap were reliable and valid parameters to evaluate hindfoot varus and val-
gus deformities [25]. Third, this study focused on radiographic data and did not include any
clinical information such as patients’ pain, medication usage and quality of life. Fourth,
although this study demonstrated the radiographic differences between the two types of medial
ankle osteoarthritis, the different pathogeneses could not be accurately explained. Further bio-
mechanical studies are required to support our study results.

In conclusion, medial ankle osteoarthritis was found to be concomitant with foot or knee
deformities. Further studies are required to elucidate whether the deformities are flexible and
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Fig 4. In patients with rigid foot varus deformities, corrective osteotomy of the distal tibia to a more valgus alignment can paradoxically aggravate
ankle varus incongruency or TT because the foot cannot compensate and adapt to changes in mechanical alignment.

https://doi.org/10.1371/journal.pone.0247816.9004

compensatory following the development of medial ankle osteoarthritis or if they are true rigid
deformities that cause medial ankle osteoarthritis. The varus angulation type and medial trans-
lation type might have a different pathophysiology and therefore may require different surgical
strategies.
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