
A tarsal coalition is an abnormal fusion of fibrous (syn-
desmosis), cartilaginous (synchondrosis), or osseous

(synostosis) tissues between the tarsal bones in the hind
and midfoot. This union can be either congenital or ac-
quired (1-4). The most commonly reported tarsal coali-
tions are the calcaneonavicular and talocalcaneal. Other
coalitions including the talonavicular, calcaneocuboid,
and cubonavicular have also been reported, but with
much lower frequency (1-3). In addition, there have
been few cases of a naviculocuneiform coalition be-
tween the navicular and one or more of the cuneiform
bones (5-12). Miki et al first reported an isolated nav-
iculo-medial cuneiform coalition in 1979, which was
then believed to be an extremely rare condition (7).
However, in 1996, Kumai et al reported an isolated nav-
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Purpose: To define the radiological features of the naviculo-medial cuneiform coalition. 
Materials and Methods: This study examined 35 feet from 25 patients (mean age 26
years) with a naviculo-medial cuneiform coalition. The images were analyzed retro-
spectively with regard to irregular articular surface, subchondral sclerosis, subchon-
dral cyst, beak-like spur, the change in joint space, bony fusion seen on plain radi-
ographs (n=35) and CT (n=14), and the histological type of coalition on MRI (n=3).
The extent of joint involvement was also evaluated.
Results: Of the 35 feet, plain radiographs and/or CT showed an irregular articular sur-
face in 34 (97.1%), subchondral sclerosis in 30 (85.7%), a subchondral cyst in 29
(82.9%), a beak-like spur in 23 (65.7%), a narrowing of the joint space in 24 (68.6%)
and no bony fusions (0%). The T1-weighted images revealed low signal intensity, and
the T2-weighted fast spin-echo and gradient images revealed high signal intensity in
the three feet with a cartilaginous coalition. The coalition involved the plantar part of
the joint in all 35 feet.
Conclusion: The characteristic radiological features of a naviculo-medial cuneiform
coalition include an irregular articular surface with possible secondary degenerative
changes in the plantar margin of the joint, non-osseous type. 
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iculo-medial cuneiform coalition in 60 feet from 40 pa-
tients, which showed that its incidence was much
greater than previously reported (13). Nevertheless, to
our knowledge, the radiological findings of a naviculo-
medial cuneiform coalition have not been reported in ra-
diology literature. A lack of knowledge and understand-
ing of the radiological findings of this condition may re-
sult in it being overlooked in many patients.

The aim of this study was to define the plain radi-
ographic, computed tomography (CT) and magnetic res-
onance (MR) imaging findings of a naviculo-medial
cuneiform coalition.

Materials and Methods

Clinical data

Thirty-five feet from 25 patients (10 bilateral, 10 male,
15 female; mean age 26 years; range 10-43 years) with a
naviculo-cuneiform coalition, which was clinically and
radiographically confirmed between March 1997 and
September 2003, were included. The cases were collect-
ed from three centers and were identified by reviewing
various orthopedic databases. In all cases, experienced
orthopedic foot surgeons performed the physical exami-
nations. There was no history of inflammatory arthritis
nor was there any swelling at the medial midfoot area in
any of the cases examined. Twenty-two of the 35 feet
(62.9%) were symptomatic (mean age 24 years; range
10-43 years) and 13 (37.1%) reported no pain (mean
age 28 years; range 14-42 years). The most common
symptom was pain on the plantar side of the midfoot.
The pain was aggravated by standing or walking for
lengthy periods of time and by physical activity such as
soccer or judo in 11 out of 22 feet. The 22 symptomatic
feet received non-steroid anti-inflammatory medication
for 6 months and four of them were given additional
arch supports. The symptoms were relieved by conserv-

ative treatment in 19 out of 22 feet, while the other three
had persistent pain and received a fusion of the navicu-
lo-medial cuneiform joint after resecting the coalition.
The 13 asymptomatic feet were found incidentally on
plain radiographs performed during an evaluation of a
calcaneal or navicular fracture (n=5), osteoarthritis of
the first metatarsophalangeal joint (n=4), hallux valgus
(n=3) and an instability of the intertarsal joints (n=1). 

Radiological assessment

The radiological methods used in this study were plain
radiographs (n=35), CT (n=14), and MR imaging (n=3).
The plain radiographs of the foot were anteroposterior,
lateral and oblique. CT was performed using either spi-
ral CT or a 16 channel multi-detector CT machine. The
CT images were as follows: an axial or reconstructed ax-
ial parallel to the naviculo-cuneiform joint, a recon-
structed sagittal and a coronal perpendicular to the nav-
iculo-cuneiform joint with a slice thickness ranging from
1.25 to 1.5 mm. MR imaging was performed using vari-
ous 1.5-T systems. T1-weighted spin-echo (TR/TE, 500-
550/12-20 msec), T2-weighted fast spin-echo (TR/TE,
3000-4000/96 msec) and gradient echo (608/18 msec,
flip angle; 20 degree) images were obtained. The field of
view ranged from 12 to 18 cm, slice thickness ranged
from 3 to 4 mm with a 0-0.8 mm inter-slice gap, and
the matrix was 256 by 256. All of the imaging methods
were reviewed retrospectively by a reviewer with no
knowledge of the patients’ clinical information. In all
cases the findings were obtained by consensus of two
musculoskeletal radiologists. The images were analyzed
with regard to irregular articular surface, subchondral
sclerosis, subchondral cyst, beak-like spur, change of
the joint space (narrow or wide), bony fusion and the ex-
tent of joint involvement on plain radiographs and/ or
CT. The extent of joint involvement was evaluated on
the lateral plain radiograph and/ or the reconstructed
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Table 1. Plain Radiographic and/ or CT Findings of the Naviculo-Medial Cuneiform Coalition

Symptomatic feet (n=22) Asymptomatic feet (n=13) Total (n=35)

Cortical irregularity 22 (100%) 12 (92.3%) 34 (97.1%) 
Subchondral sclerosis 18 (81.8%) 12 (92.3%) 30 (85.7%)
Subchondral cyst 19 (86.4%) 10 (76.9%) 29 (82.9%)
Beak-like spur 15 (68.2%) 08 (66.7%) 23 (65.7%)
Change of joint space 16 (72.7%) 09 (69.2%) 25 (71.4%)

Narrowing 15 (68.2%) 09 (69.2%) 24 (68.6%)
Widening 01 (4.5%) 1 (2.9%)  

Intraarticular loose body    02 (9.1%) 01 (7.7%) 3 (8.6%) 
Dorsal spur at navicular     00 (0%) 01 (7.7%) 1 (2.9%)
Bony fusion 00 (0%) 00 (0%) 0 (0%)0.



sagittal CT images. Irregular articular surfaces were de-
fined as irregular deformities of the opposing surfaces of
the abnormal articulation; subchondral sclerosis was de-
fined as an increased density of the subchondral bone;
subchondral cysts were defined as subchondral lu-
cences with a cavity; and beak-like spurs were defined
as bony excrescences at the articular margin. MR imag-
ing was also used to analyze the signal intensity on the
articular side of the lesion which suggests the histologic
type of coalition. 

Associated abnormalities such as a peroneal spastic
foot or a flat foot, a talar neck deformity, osteonecrosis
of the navicular bone were also evaluated by reviewing
the clinical data and examining the radiological results.

Results

Plain radiographs (n=35) and/ or CT (n=14) showed
an irregular articular surface in 34 out of 35 feet (97.1%),
subchondral sclerosis in 30 feet (85.7%), a subchondral
cyst in 29 feet (82.9%), a change in the joint space in 25
feet (narrowing; n=24, widening; n=1) (71.4%), and a

beak-like spur at the medial articular margin of the me-
dial cuneiform and navicular bone in 23 feet (65.7%)
(Fig. 1-3). No bony fusions were found in any of the 35
feet. Plain radiographs and/or CT also showed an in-
traarticular loose body in three feet. Two of them had a
navicular fracture and one foot had a dorsal spur on the
navicular bone. Table 1 shows the radiological findings
in the symptomatic and asymptomatic feet. The plantar
part of the naviculo-medial cuneiform joint was in-
volved in all 35 feet (100%), and the dorsal half of the
joint was involved in one. MR showed a low signal in-
tensity on T1-weighted, a high signal intensity on T2-
weighted fast spin-echo and a high signal intensity le-
sion on gradient (T2*) image with an irregular articular
surface in the plantar margin of the joint, suggesting a
partial cartilaginous coalition in all three symptomatic
feet that had been examined by MRI. One of those was
confirmed during surgery as being a cartilaginous union
(Fig. 3). 

There were no associated abnormalities such as a per-
oneal spastic foot or a flat foot, a talar neck deformity, or
osteonecrosis of the navicular bone in the tarsal bones
and joints. 

Discussion

The tarsal coalition has been reported in Western
countries as being predominantly calcaneonavicular and
talocalcaneal coalitions. There were only 10 cases of iso-
lated naviculo-medial cuneiform coalitions reported be-
fore Kumai et al reported 60 cases. The reported cases
were Japanese, Hispanics and people from African de-
cent (7-13). Kumai et al classified the morphology of
this coalition into three patterns, an irregular type, a cys-
tic type and a combined type using CT with clinical
analysis (13). Sato et al described this coalition as being
an irregular osteolytic and peripheral sclerotic change in
the joint surface and an osseous fusion of the joint (11).
Green et al reported an irregularity between the navicu-
lar bone and the medial cuneiform bone, as well as an
erosive change and a bony coalition (synostosis) (12). 

In this study, plain radiographic and CT findings of
most cases revealed an irregular articular surface, sub-
chondral sclerosis and a subchondral cyst. Narrowing of
the naviculo-medial cuneiform joint space and a beak-
like spur at the medial margin of the naviculo-medial
cuneiform joint was also seen in several cases.
Histopathological analysis was performed in three cases
and these findings indicated fibrocartilaginous coali-
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Fig. 1. 17-year-old female judo player with a painful naviculo-
medial cuneiform coalition in her right foot.
Anteroposterior radiograph shows an irregular articular sur-
face of the naviculocuneiform joint (arrows). The joint space
appears to be maintained. 



tions. None of the cases showed an osseous coalition.
Miki et al reported that most naviculo-cuneiform coali-
tions consist histologically of fibrous connective tissue
containing islands of scattered chondroid tissue (8).
Subchondral sclerosis, subchondral cysts, beak-like
spurs and a marked narrowing of the joint space, were
believed to be a reactive bone change in fibrocartilagi-
nous naviculo-medial cuneiform coalition. Intra-articu-
lar loose bodies were seen in three cases, and were con-
sidered to be osteocartilaginous fragments. It is believed
that in the isolated naviculo-medial cuneiform coalition,
a fibrocartilaginous coalition may cause microfractures
and remodeling on the borders between the underlying
bone and the coalition, which can then lead to sec-
ondary degenerative changes. These changes may re-
semble osteoarthritis.

In all cases, the plantar site of the naviculo-medial
cuneiform joint had continuous fibrocartilaginous tis-
sue, and the dorsal site was a normal joint surface with
the exception of one case. These changes are believed to
be characteristic of this condition because they are

rarely observed in other types of coalitions. Many cases
of naviculo-medial cuneiform coalition have either been
overlooked or diagnosed as osteoarthritis, bony cysts or
inflammatory synovitis (6, 13). In osteoarthritis, the dor-
sal portion of the joint is obliterated with large dorsal
spurs and the articular surface is not irregular, which is
different from those observed in a naviculo-medial
cuneiform coalition. Subchondral sclerosis and beak-
like spurs are usually not detected in inflammatory syn-
ovitis such as in a rheumatological process.  

An association between a naviculocuneiform coalition
and Kohler’s disease of the tarsal navicular bone has
been suggested, but this association was not seen in this
study (6). There was no evidence of a peroneal spastic
foot, which has been observed in other tarsal coalitions. 

In this study, 22 out of 35 feet (62.9%) were sympto-
matic. Sato et al reported that the pain was the result of a
weakness in the cartilagenous bridges relative to the
weight-bearing force over the naviculo-medial cuneiform
joint (11). Naviculo-medial cuneiform coalitions may also
be discovered incidentally in asymptomatic feet (12, 13).
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Fig. 2. 35-year-old woman with a painful naviculo-medial
cuneiform coalition in both feet. 
A, Both anteroposterior radiographs (R: right, L: left) show an ir-
regular articular surface, subchondral cysts (small white arrows)
and subchondral sclerosis (large black arrows) with a narrowing
of the joint space. There are beak-like spurs at the medial mar-
gin of the naviculo-medial cuneiform joints of both feet. 
B. The lateral view and the reconstructed sagittal CT scan of the
left foot with a slice thickness of 1.5 mm (right upper corner),
the plantar portion of the joint space is narrow and incompletely
fused (arrows). 
C. The axial CT scan (R: right, L: left) with a slice thickness of
1.5 mm confirms the presence of a bilateral coalition with sec-
ondary degenerative changes (arrows). 
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Fig. 3. 11-year-old boy with a surgically confirmed naviculo-medial cuneiform coalition in his right foot. 
A, B. Anteroposterior (A) and lateral (B) radiographs show a cortical irregularity (large arrows) and a subchondral cyst (small arrow)
with reactive sclerosis on the medioplantar side of the naviculo-medial cuneiform joint. 
C. Sagittal T1-weighted spin echo image (TR/TE, 500/12) shows a low signal-intensity fusion on the plantar side of the naviculo-me-
dial cuneiform joint (arrows). 
D, E. Sagittal T2-weighted (D) fast spin-echo (TR/TE, 3000/96) and axial T2* (E) (TR/TE, 608/18, flip angle 20 degree) images show
high signal intensity of this lesion with an irregular articular surface (arrows). This was confirmed at surgery as being a cartilagi-
nous coalition.



In this study, 13 of the 35 feet (37.1%) were discovered
incidentally on plain radiographs. In Kumai’s report, 15
of 60 cases (25%) were asymptomatic (13), which raises
the question as to the overall incidence of this type of
coalition. It is possible that more cases exist, but they
have gone undetected because of their asymptomatic na-
ture. Symptoms may not appear in the early stages be-
cause the naviculo-medial cuneiform coalition occurs in
a joint with a small range of motion (14).

A radiological diagnosis of this entity can be made us-
ing plain radiographs. CT confirmed the presence of a
coalition along with its precise extent, and MR imaging
helped determine the histological type of the naviculo-
medial cuneiform coalition.

In conclusion, the characteristic radiological features
of the naviculo-medial cuneiform coalition include an ir-
regular articular surface with possible secondary degen-
erative changes in the plantar margin of the joint, non-
osseous type.

References

1. Varner KE, Michelson JD. Tarsal coalition in adults. Foot Ankle Int
2000;21:669-672 

2. Newman JS, Newberg AH. Congenital tarsal coalition: multi-
modality evaluation with emphasis on CT and MR imaging.
Radiographics 2000;20:321-332

3. Stormont DM, Peterson HA. The relative incidence of tarsal coali-
tion. Clin Orthop Relat Res 1983;181:28-36 

4. Leonard MA. The inheritance of tarsal coalition and its relation-
ship to spastic flatfoot. J Bone Joint Surg Br 1974;56-B:520-526. 

5. Lusby HL. Naviculo-cuneiform synostosis. J Bone Joint Surg Br
1959;41-B:150

6. Gregersen HN. Naviculocuneiform coalition J Bone Joint Surg Am
1977;59-A:128-130

7. Miki T, Oka M, Shima M and Tanaka S. Naviculocuneiform coali-
tion: a case report. J Foot Surg 1979;18:81-82

8. Miki T, Yamamuro T, Iida H, Ohta S and Oka M. Naviculocunei-
form coalition. A report of two cases. Clin Orthop Relat Res
1985;196:256-259 

9. Hynes RA, Romash MM. Bilateral symmetrical synchondrosis of
navicular first cuneiform joint presenting as a lytic lesion. Foot
Ankle 1987;8:164-168

10. Wiles S, Palladino SJ and Stavosky JW. Naviculocuneiform coali-
tion J Am Podiatr Assoc 1988;78:355-360

11. Sato K, Sugiura S. Naviculo-cuneiform coalition-report of three cas-
es. Nippon Seikeigeka Gakkai Zasshi 1990;64:1-6

12. Green MR, Yanklowitz B. Asymptomatic naviculocuneiform syn-
ostosis with a ganglion cyst. J Foot Surg 1992;31:272-275

13. Kumai T, Tanaka Y, Takakura Y and Tamai S. Isolated first nav-
iculocuneiform joint coalition. Foot Ankle Int 1996;17:635-640  

14. Jack EA. Naviculo-cuneiform fusion in the treatment of flat foot. J
Bone Joint Surg Br 1953 ;35-B:75-82

Yun Sun Choi, et al : Naviculo-Medial Cuneiform Coalition

─ 386─

대한영상의학회지2005;53:381-386

주상-내측설상융합: 방사선학적소견1

1을지의대을지병원영상의학과
2울산의대아산병원영상의학과
3을지의대을지병원정형외과
4성균관의대삼성병원영상의학과

최윤선·김성문2·이경태3·양기원3·배상진2·안중모4·신명진2

목적: 주상-내측설상융합의방사선학적소견에대해알아보고자한다.

대상과방법: 본연구는주상-내측설상융합을가진 25명(평균연령 26세), 35예를대상으로하였다. 단순족촬영 (35

예)과 전산화단층촬영(14예) 사진에서 주상-내측설상 관절 면의 불규칙, 연골하경화와 연골하낭, 부리모양의 돌기,

관절강의변화와골결합유무를후향적으로분석하였고, 자기공명영상(3예) 사진에서융합의조직학적유형을분석하

였다. 또한주상-내측설상융합의병발범위를분석하였다. 

결과: 단순촬영및전산화단층촬영사진상관절면의불규칙은총35예중34예(97.1%)에서보였고, 연골화경화30예

(85.7%), 연골하낭29예(82.9%), 부리모양의돌기23예(65.7%), 관절강의협착은24예(68.6%)에서보였으며골결

합은한예도없었다(0%). 자기공명영상사진에서3예모두융합부위는T1스핀에코영상에서저신호강도, T2고속스

핀에코영상및경사에코영상(T2*)에서 고신호강도의연골융합의소견을보였다. 또한 35예 모두에서융합은주상-

내측설상관절의족저부에병발하였다. 

결론: 주상-내측설상융합의특징적인방사선학적소견은관절의족저변에병발하는관절면의불규칙과관절의속발

성퇴행성변화, 비골성융합의소견이었다.


