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Abstract

Objectives: Tarsal coalition describes a complete or partial union of two or more tarsal bones. We aimed to determine the
anatomical features of tarsal coalition in patients undergoing ankle magnetic resonance imaging (MRI) and to report tarsal coali-
tion prevalence in the Turkish population.

Methods: A total of 1075 ankle MRI were evaluated and patients with tarsal coalition were included to the study. Statistical analy-
ses were performed to check whether there is a correlation between the presence of the tarsal coalition and age, gender and side
(right/left) and to identify the talar beak sign accompanying the coalition and the presence of edema or cyst in the bones.

Results: We detected tarsal coalition in 18 patients (a total of 21 ankles) (1.68%). Out of these, seven were females (1.32%)
and eleven were males (2.04%). The mean age was 37.22+14.23 years. Three (0.28%) patients had bilateral coalition. Eight
patients (0.56%) had tarsal coalition on the right ankle and 13 patients (1.12%) had on the left. We detected osseous talocal-
caneal coalition in 3 patients, non-osseous talocalcaneal coalition in 6 patients, non-osseous calcaneonavicular coalition in 10
patients and non-osseous cuboid navicular coalition in 2 patients. Talar beak was found in 11 (52.38%) patients, edema or cysts
in the bones forming the coalition were found in 11 (52.38%) patients.

Conclusion: The prevalence of the tarsal coalition was determined to be 1.68 % in a Turkish population and was more com-

mon among men. Calcaneonavicular coalition followed by talocalcaneal coalition are the most common types.
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Introduction

Tarsal coalition (T'C) is defined as an abnormal union of
two or more bones of the hindfoot or midfoot and is
thought to be the result of the failure of segmentation of
primitive mesenchyme. These unions can be osseous (syn-
ostosis), cartilaginous (synchondrosis), or fibrous (syn-

desmosis).'¥

Although it is difficult to determine the prevalence of
TC due to asymptomatic cases, previous studies have
reported a prevalence of 1-13%.°7) The most common
TCs are talocalcaneal and calcaneonavicular and the
prevalence of bilateral occurrence of TC is 50-60%.*%

TC can restrict normal subtalar motion (eversion,
inversion, and anterior gliding) and cause pain, tender-
ness, peroneal tendon spasm, tarsal tunnel syndrome and
flat foot deformity. TC can be asymptomatic and detect-
ed incidentally in these cases.*”

Radiographs are used as the first-line imaging exam-
ination in diagnosis of TC. Computed tomography (CT)
and magnetic resonance imaging (MRI) provide impor-
tant information in understanding the anatomical fea-
tures of the TC. MRI makes it possible to identify bone
marrow edema which is common in the coalition
region."”

We aim to determine the anatomical features of TC in
patients undergoing ankle MRI and to report its prevalence
in the Turkish population by examining a large series.

Materials and Methods

We retrospectively evaluated 1075 ankle MRIs, per-
formed between January and December 2021. The MRI
examinations were performed for various reasons such as
tendinopaty, pain, osteochondral lesion, ligament or ten-
don rupture). Patients younger than 18 years, or with a
history of trauma and surgery, or with mass lesions, or
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Table 1
Sequences of MRI examination of the ankle joint.

Pulse sequence TR/TE (ms) Matrix Field of view (cm) Slice thickness (mm)
Sagittal T1-weighted FSE 720/10.69 320x256 17x17 3
Sagittal FS proton-density weighted FSE 2467/32.06 320%x256 17x17 3
Coronal FS T2-weighted FSE 4479/89.73 320x256 18x18 3
Axial T1-weighted FSE 506/11.2 320x224 17x17 3
Axial FS proton-density weighted FSE 3131/42.85 320x256 17x17 3

cm: centimeter; FS: fat-suppressed; FSE: fast spin echo; mm: millimeter; ms: millisecond; TE: echo time, TR: repetition time.

with images that could not be evaluated due to operational
artifacts or poor imaging quality were excluded from the
study. Thus, a total of 1068 patients who met the criteria
were included in the study. In the study group, 21 ankle
MRI scans of 18 patients showed osseous/non-osseous

TC.

The MRI images of patients were obtained with a 1.5
T MR scanner (Signa Explorer, GE Medical System,
Milwaukee, WI, USA) equipped with an extremity coil.
A standardized ankle MRI examination protocol was
applied for each patient. The presence and characteris-
tics of the T'C were evaluated using all sequences in all
three planes. The sequences included in the examination
and their parameters are given in Table 1. The images

were analyzed on the hospital picture archiving and
communications system.

The diagnostic criteria for TC in this study were as
follows: the presence of a bone bridge, narrowing of the
joint surface, irregular cortical bone surface and the pres-
ence of subchondral bone edema or cyst formation adja-
cent to the affected joint.

Anatomical types of TC were classified according to
the united tarsal bone as talocalcaneal (Figure 1), calca-
neonavicular (Figure 2), and cuboideonavicular (Figure
3). The superior projection of the distal part of the talus
was defined as the talar beak (Figure 2). The presence of
cyst or edema was noted in both bones in the coalition
(Figures 2 and 3).

Figure 1. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images through the talocalcaneal joint show bone marrow signal (black arrow)
continue across the fused articulation (osseous coalition) in the ankle MR images.
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Figure 2. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images demonstrate the narrowing of the joint and irregularity of the bone mar-
gins in the calcaneonavicular joint. The sagittal T1-weighted image also shows the talar beak (white arrow) and accompanying medullary edema or
cyst (curved white arrow).

Data was analyzed using IBM SPSS Statistics distribution and homogeneity analyses of the data. In
Standard Concurrent User v. 26 IBM Corp., Armonk, addition to obtaining descriptive statistics, independent
NY, USA). Kolmogorov-Smirnov test was used for the  t-test analysis was applied to evaluate the mean differ-

Figure 3. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images demonstrate the narrowing of the joint and irregularity of the bone mar-
gins in the cuboideonavicular joint (black arrow), and accompanying medullary edema/cyst (white arrow) on the bony surfaces.
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ences between groups. Mann-Whitney U test was also
conducted to differentiate inhomogeneous groups and
Kruskall-Wallis test was used to compare three or more
groups. A p-value of <0.05 was considered as statistically
significant.

Results

A total of 1075 patients were included to this study. Of
the 1068 patients without TC, 529 were females and 539
were males; 511 of the patients were evaluated for right
ankle and 557 for left ankle. Osseous, non-osseous TC
was detected in 18 patients (21 ankles) (1.68%). The
mean age of the patients with the T'C was 37.22£14.23
years. There was no significant difference between the
male and female patients in terms of the mean age
(p>0.05). Table 2 presents the data on the mean age
according to gender.

TC was detected in 7 of female patients (1.32%) and
11 of male patients (2.04%). There was a bilateral TC in
three cases (0.28%); 2 males and 1 female. The TC was
found in the right ankle in 8 patients (0.56%) and the left
ankle in 13 (1.12%). Table 3 shows the distribution of
the osseous, non-osseous T'C prevalence according to
gender and side.

Osseous talocalcaneal coalition was detected in 3
ankles (14.2%), non-osseous talocalcaneal coalition in 6
ankles (28.5%), non-osseous calcaneonavicular coalition
in 10 ankles (47.6%) of 8 patients, and non-osseous
cuboidonavicular coalition in 2 ankles (9.5%). The dis-
tribution of these coalitions did not show correlation
with age (p>0.05). The distribution of coalition types by
gender is given in Figure 4.

In patients with bilateral ankle MRI, talocalcaneal

and calcaneonavicular coalition was detected in both
ankles. Among the patients with bilateral ankle MRI,

Table 2
Mean age according to gender.

Sex n Min-max Mean+SD p-value
Female 7 23-51 38.57+11.68 0.13
Male 11 18-58 36.36+16.44

SD: standard deviation.

only one female patient had different coalition types in
their right and left ankles (non-osseous talocalcaneal
coalition on the left, osseous talocalcaneal coalition on
the right), and two male patients had the same type of
coalition (non-osseous calcaneonavicular) in each of the
ankle MRIs. When the pathologies accompanying the
TC were analyzed; talar beak was found in 11 (52.38%)
patients, edema or cysts in the both bones forming the
coalition were found in 11 (52.38%) patients. Patients
who had edema or cysts in the coalition were over 40
years of age. In 3 patients, talar beak and cysts or edema
on the bone faces adjacent to the talar coalition were
found together.

There was no correlation between pathologies
accompanying the TC and gender (p>0.05). The his-
togram of the pathologies accompanying the T'C accord-
ing to age is given in Figure 5.

Discussion

TCis defined as the absence of segmentation between two
or more bones of the foot during embryological develop-
ment due to failure of the joint cleft to develop.!'™
Although the coalition may affect any tarsal joint, the cal-
caneonavicular joint is most commonly affected followed
by the talocalcaneal joint; together these two coalitions
account for 90% of all TC cases."

Table 3
Distribution of osseous/non-osseous tarsal coalition prevalence according to gender and side.

Patients without osseous/non-osseous tarsal coalition 1068
Patients with osseous/non-osseous tarsal coalition 18 1.68%
Bilateral/female 1 0.18%
Bilateral/male 2 0.37%
Right/male 4 0.74%
Right: 8 0.56%
Right/female 2 0.37%
Left/male 7 1.29%
Left: 13 1.12%
Left/female 5 0.94%
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Figure 4. Distribution of coalition types by gender.

CT and MR imaging allow differentiation of osseous
from non-osseous coalitions and reveal the extent of
joint involvement as well as secondary degenerative
changes. On MR images, bone marrow edema, abnormal
articular orientation and joint space narrowing were fre-
quently identified adjacent to the abnormal joint.!""!

Kim et al." reported the prevalence of TC as 1% in
their study including 733 patients, while Nalaboff and
Schweitzer'® reported the prevalence of TC as 11.5% in
their MRI-based study including 574 patients. In our
study, the prevalence was 1.68%.

Cilengir et al™ reported non-osseous TC in 57
(87.6%) of 65 patients with TC. Cheng et al."*! reported
the rate of non-osseous TC as 89 % in their MRI-based
study including 57 patients. In our study, the rate of non-
osseous T'C, which was 85.8%), was greater than the rate
of osseous TC. Our findings were consistent with previ-
ous studies. This shows that the frequency of the osseous
TC was lower than that of non-osseous TC.

Varner et al." evaluated 32 ankles of the 27 patients
with TC and reported 18 subtalar coalition, 14 calca-
neonavicular coalition and 1 naviculocuneiform coali-
tion. Nalaboff and Schweitzer'® reported subtalar coali-
tion in 18 (25.7%) patients and calcaneonavicular coali-

Female

Gender

W Non-osseous calcaneonavicular coalition
W Non-osseous cuboidonavicular coalition

tion in 50 (71.4%) patients of 70 patients with TC. In
our study, the most common TC was calcaneonavicular,
followed by talocalcaneal coalition. Naviculocuboid
coalition was the least common T'C.

Some clinical studies have shown that TC is more
common in males.""*!% In our study, we found the inci-
dence rate of TC as 2.4 % in males, which is similar to
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Figure 5. Histogram of pathologies detected with coalition by age.
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the other studies. We also found that T'C was more com-
mon in the left ankle in both genders.

Riihli et al.'”! found a bilateral TC in 2 of 7 calca-
neonavicular TCs. Mendeszoon et al." reported a bilat-
eral incidence of 10% for talocalcaneal coalition and
21% for calcaneonavicular coalition. We found three
patients (2 males, 1 female) with bilateral T'C (0.28%).
This low rate can be explained by the low number of
bilateral examinations in our retrospective study. We
found talocalcaneal and calcaneonavicular coalition in
our all bilateral patients. In our only female patient, this
talocalcaneal coalition was osseous in one ankle and non-
osseous in the other.

The term “talar beak” refers to a flaring of the supe-
rior aspect of the talar head. This is an indirect sign of
TC and is thought to occur as a result of impaired sub-
talar joint motion, causing the navicular bone to override
the talus."” The talar beak sign may be seen in either cal-
caneonavicular or talocalcaneal coalition and is more
common in talocalcaneal coalition.”! The sensitivity and
specificity of the talar beak sign for detecting talocal-
caneal coalition are 48% and 91%, respectively.®

Nalaboff and Schweitzer'® found the talar beak sign
in 25 (50%) patients with calcaneonavicular coalition
and 5 (27%) patients with subtalar coalition in their
study of 70 patients with TC. Consistent with the afore-
mentioned study, we found talar beak sign in 11 patients
with TC, 5 with calcaneonavicular coalition and 6 with
talocalcaneal coalition.

Lim et al."¥ found bone marrow edema in both bones
in 37 (86%) of 43 ankles with MR imaging. We found
medullary edema or cyst in both bones in 11 of 18
patients with T'C. These patients were over 40 years of
age. The non-osseous TC creates abnormal mechanical
stress across the affected joint, causing bone marrow
edema on the bony surfaces adjacent to the joint.'"”!

Our study has some limitations. Our study was retro-
spective and consisted of symptomatic patients. The
number of study population is small. Most of our
patients’ examinations were unilateral, which made it
difficult to determine the bilateral prevalence. We did
not access the clinical examination findings of the
patients. Therefore, we could not evaluate the clinical
impact of subchondral bone edema or cyst formation
adjacent to the TC.

Conclusion

The prevalence of the TC was found to be 1.68 % in a
Turkish population and it was more common among
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men. Calcaneonavicular coalition followed by talocal-
caneal coalition are the most common types of TC.
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