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SUMMARY: Abipartite medial cuneiform is an anatomical variant consisting in a horizontal division of the bone. Previous descriptions
of the joint type, obtained from archaeological material or clinical reports, are unclear. This study was conductedfiozefdsfi-foot,
which allowed studying the morphology of the ligaments after anatomical dissection. In addition a Micro-CT analysis wasdptrform
elucidate the osseous structure supporting the articular surfaces. A complex ligamentous system was found between th®tweehalve
bipartite medial cuneiform. Two articular surfaces were observed between the two components. Hyaline cartilage was dabserved at
posterior surface, while fibrous tissue was found at the anterior surface. Micro-CT analysis revealed different osse@ssfstraath
articular surface, thus proving the existence of two joint types. The finding of a bipartite medial cuneiform in a fresspéonesen
allowed us to perform an analysis of the soft-tissues and articular surfaces that shows the presence of hyaline cattdatz Agaraents
in the diarthrodial joint as well as the fibrous component of the synfibrosis. Micro-CT analysis further reinforces oungiogbfintings.
Our results prove that two different joint types exist, which could help explaining the disparity of descriptions in tilneslitera
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INTRODUCTION

A Bipartite Medial Cuneiform (BMC) is a well-known et al, 1995; Azurza & Sakellariou, 2001; Chicelaal, 2002)
anatomical variant affecting the medial part of the foot. Thignd “some combination of both” (Burnett & Case).
condition was first described in 1757 as being characterized
by a horizontal bipartition of the medial cuneiform, which is Moreover, it is thought that this anatomical variation
divided in two parts, one dorsal and another plantar. A receran alter foot biomechanics (Chiodbal; Bismil et al,
meta-analysis has reported numerous cases, mostly fr@@05; Fulwadhva & Parker, 2007) causing clinical
anthropological material (Burnett & Case, 2011). symptoms like dorsomedial foot pain, swelling and

tenderness. When a midfoot pain is present, the most

However, most of the descriptions reported areommon radiological diagnosis is a fracture or a tarsal
controversial with respect to the type of articulation presenoalition, while a bipartite medial cuneiform is less frequent,
between the two halves of the bipartite bone. Reportdulit it has to be considered in the differential diagnosis of
articulations include synchondrosis, syndesmosis (O’Nealidfoot pain (Bismilet al).
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This paper reports a complete anatomical and micricro-CT study. The specimen under study was scanned
CT study of a non-archaeological sample; this allowed thesing a high-resolution X-ray Micro-CT device (Quantum
study of a previously undescribed ligamentous systeRX Caliper, Life Sciences, Perkin Elmer, Waltham, MA)
joining the two halves of the BMC. Furthermore, thdosted by the Micro-CT platform, EA2496 & Life Imaging
radiological and Micro-CT exploration of the sample waFacility of Paris Descartes University (PIV), Montrouge,
carried out in physiological position. Since the bipartitiofrrance. Samples were scanned with a field of view (FOV)
of the cuneiform was initially diagnosed by radiology, th@f 10 mm diameter and three-dimensional acquisitions were
Micro-CT study was carried out to elucidate the osseoperformed using an isotropic voxel size of 20x20x20 mm3
structure and the articular surfaces existent between the t(80 kV, 160 mA, 180s). Full 3D high-resolution raw data
halves of the bipartite. was obtained by rotating both the X-ray source and the flat
panel detector 36CGaround the sample, with a rotation step
of 0.1° (scanning time: 3 min). The corresponding 3,600
MATERIAL AND METHOD image projections were then automatically reconstructed
(RigakuSW software, Caliper) into a DICOM stack of 512
files using standard back-projection techniques
During realization of imaging tests on fresh-frozer{reconstruction time: 1 minute). For each sample, the micro-
cadaveric specimens for a study, a bipartite medial cuneifo@T volumetric acquisition provided a stack of 512 cross
was identified in a 77 year-old man left foot. The foot (aections. The multiplanar reconstruction tools allowed grey-
below-the-knee specimen) was excluded from the originkgvel images to be displayed with an axial orientation. The
study, and a specific study of this anatomical variant wéswest grey/dark pixels correspond to empty spaces and the
performed. The specimen studied did not present ahighest grey/bright pixels to the densest/mineralized tissues.
apparent deformity or signs of previous surgical interventioBone volume was measured using the open-source OsiriX
The specimen was under the custody of the Cadaver Donmnsiging software (v3.7.1, distributed under LGPL license,
Service and Dissection Room of the Faculty of Medicind)r A. Rosset, Geneva, Switzerland) from stack of 2D images.
University of Barcelona, Spain. Binary thresholds were applied to isolate the osseous tissue
from the surrounding tissue.
Anatomical study: When all imaging tests were checked
to assure proper identification of the bipartite medial The volume scanned by micro-CT comprised the
cuneiform by an experienced radiologist, a dissection of tleatire bipartite cuneiform bone. The 2D images were
foot was carried out in order to observe the morphology pfocessed and characterized with a computerized method
the bone and the joints, and to obtain high-resolution imagasveloped by our group. The workflow of image processing
to compare radiologic images with real anatomy (Cameeanalysis includes the following steps: (1) image acquisition,
Nikon D800, Objective Nikon Micro Nikkor 105mm, Nikon (2) filtering for image enhancement, (3) selection of a region
Corp., Tokyo, Japan). of interest (ROI), (4) filtering for noise reduction, (5)
morphometric analysis and (6) statistical analysis to
Dissection of the medial side of the foot was executetistinguish between groups.
until an osteo-articular view of the medial tarsometatarsal
joint and medial cuneo-navicular joint was exposed. Tibialis The parameters assessed were: trabecular thickness
anterior tendon and ligaments were preserved aifdb.th) and trabecular separation (Th.sp) in 2D. A 3D
photographs taken. After this, complete disarticulation afalculation of the trabecular bone volume fraction (BV/TV)
the foot was performed. was obtained in order to ascertain the structural strength
supporting each articular surface or bone surface density (%).
Bones were immersed in H202 30 % solutiorAll those values were calculated using bone area and bone
(Hydrogen Peroxide 30 % w/v stabilized PRS, Panreagerimeter values, based in the guidelines of the American
Barcelona, Spain) diluted at 15 % with hot water, in order t8ociety of Bone and Mineral Research (Dempsitat, 2013).
remove all soft tissues and thus permit the analysis of the
articular surfaces and bone relations. During this process,
careful preservation of hyaline cartilage was ensured aRESULTS
bones were constantly revised to avoid their damage. Once
all soft tissue was removed with periostotome, bones were
submerged in Embalming mixture (Panreac Embalmingnatomical study: When compared with a normal
Mixture QP, Panreac, Barcelona, Spain) diluted at 3 % widpecimen, the bipartite cuneiform showed only a slightly
water for final museum preservation of the specimen.  larger size, with no further anatomical differences besides
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the presence of the articulation between its two osseous  As for the dorsal piece, it was smaller when compared
components (Fig. 1). with the plantar piece. It had a triangular pyramid shape with
plantarmedial base and dorsolateral vertex, larger anteriorly
The plantar piece had a rectangular cuboid shape ahén posteriorly. As in the plantar piece, a ridge was present
a larger size than the dorsal piece of the bipartite bone. Taiethe anterolateral part of the dorsal piece, where the
following anatomical landmarks were present: two tuberclemmiterosseus ligament for the intermediate cuneiform was
one on the proximal and plantar side, for tibialis posterignserted. A roughened surface located at the anterior part of
tendon insertion, and one inferior anterolateral small tuberdte plantar side is where the fibrous tissue joining the two
for peroneus longus tendon insertion. Moreover, a smalleces was found.
impression was found at the medial side, where tibialis an-
terior tendon inserted; a small ridge for the insertion of the When analysing the articular surfaces between the
interosseous ligament for the intermediate cuneiform wadantar and dorsal pieces, we observed that the posterior half
present at its anterolateral corner. Finally, a roughen@ds formed by a smooth triangular surface of hyaline
surface was located at the anterior part of its dorsal sidmrtilage, continuous with the articular surfaces for the
where the fibrous tissue joining the two pieces is situatechavicular bone. On the other hand, the anterior half of the
bipartite articulation showed an irregular
shape, with a rough surface with fibrous tissue
uniting the two pieces (Fig. 2). From a lateral
view, on the proximal part of the lateral facets
of both pieces of the BMC, a small articular
surface was visible as a prolongation of the
posterior articular surface. These surfaces
were for articulating with the intermediate
cuneiform, which, in contrast, showed no ar-
ticular surface. The dorsal piece had an extra
articular surface at the mid part, also for the
intermediate cuneiform.

When the two fragments of the BMC
are put together, they form articular surfaces
for articulating with the navicular bone, first
and second metatarsals and intermediate
cuneiform, which do not greatly differ from
the normal morphology. The only difference

Fig. 1. Morphologic comparison of a bipartite medial cuneiform (top line) and
normal medial cuneiform (bottom line).

i& the horizontal division of the articular

surface because of the bipartition. The articu-
lar facets of the navicular, first and second metatarsals and
intermediate cuneiform carried also a horizontal division that
made them congruent with the BMC (Fig. 3).

As for the ligaments, at the medial side five ligaments
were noted, surrounded by a thin joint capsule nearly
indistinguishable of the surrounding subcutaneous fatty
tissue. Two ligaments originated from the navicular, one
directed to the dorsal and one to the plantar piece of the
BMC. The dorsal and the plantar pieces were united to the
first metatarsal by two ligaments, one for each piece. A
multifascicular ligament was found to be the responsible of
the union between the two pieces of the BMC. It was inserted
obliquely from proximal to distal and anterior to posterior
Fig. 2. View of the articular surfaces of the bipartite mediaqF'g' 4). In addition, the insertion of the tibialis anterior

cuneiform. 1. Hyaline cartilage articular surface (diarthrodial jointfendon at the distal part of the plantar piece and base of the
2. Fibrous tissue articular surface (synfibrosis) first metatarsal acted as a stabilizer between these two bones.
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margins and a continuous supporting trabecular structure. This
is coherent with the presence of the articular cartilage and
ligaments evident in Figures 2 and 4. On the other hand the
microstructure of the rough surface covered by fibrous tissue
situated in the distal part of the articular surfaces shows a
cortical of variable thickness and an irregular surface supported
by a less dense trabecular meshwork.

Fig. 3. Morphologic comparison of the bones that articulate with
normal medial cuneiform (above) and with a bipartite medi
cuneiform (bottom). 1. Navicular bone. 2. Normal medial
cuneiform. 3. First metatarsal. 4. Dorsal part of the bipartite medi
cuneiform. 5. Plantar part of the bipartite medial cuneiform.

Fig. 4. Osteoarticular dissection of the medial side of the foot
The dissection of the anatomical sample revealed d¢monstrating the ligamentous structures that join the two halves
ligaments in the dorsal view. One from the navicular to thef the bipartite medial cuneiform with first metatarsal, navicular
dorsal piece of the BMC, and three ligaments originated g@d between them. Tibialis anterior tendon is retracted plantarly.
the dorsal piece of the BMC and attached to the intermediate
cuneiform, the base of the second metatarsal bone and the  \yhen comparing the two articulations, observed both in

base of the first metatarsal bone. antero-posterior and medio-lateral view, the posterior has the
_ _ ~anatomical characteristics of a diarthrosis and presents
4 different ligaments were observed at the lateral sidggntinuous, regular, dense articular cortical surfaces in the two

being these interosseous ligaments: 2 originated at the dors@kes. These articular surfaces are supported by a robust mesh
piece of the BMC and inserted at the second metatarsal afidjensely interconnected trabeculae, continuous with the
intermediate cuneiform. 2 originated at the plantar piece of t@hecular structure of the two cuneiform components. The ante-
BMC and inserted at the base of the second and third metatars@- articular surface shows irregular cortical surfaces in both
_ _ _ ) pieces, with interdented pits and spikes, supported by thinner

The existence of hyaline cartilage and a ligamentoug,q |ess connected trabeculae, which is coherent with the previous

system joining the two pieces corroborates the existence OH%%criptions of this articulation as a synfibrosis (Fig. 5).
least a diarthrodial articulation.

However, when the articulation between the two halve
of the BMC was opened, fibrous tissue connected the t
pieces (Fig. 2); it was located at the rough distal part of t
articular surfaces. No other soft-tissue interosseous structu
were noted. This finding corroborates the existence of
synfibrosis between the two pieces.

Micro-CT study: 2D micro CT image in an axial plane
reveals the bipartition of the medial cuneiform bone. Twq G

articulz_ir surfaces, _Supporte(_zl by differe_nt tra_becular Str.uct.ur,gl\a' 5. Frontal (left) and side (right) view of the Micro-CT imaging
are evident, showing two different articulations constituting e pipartite medial cuneiform showing the osseous structure of
the union between the two pieces. The proximal one presefis two articular surfaces between the two halves of the bipartite
a smooth, well corticated osseous articular surface, with claaedial cuneiform.
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Table I. Morphometric image parameters for each articulation of BMC
Tb.sp Mean Tb.sp StdDev Tb.sp Max Tb.th Mean Tb.th StdDev Tb.th Max BV/TV (%)

BMC_ 1 0.881 0.512 2.246 0.459 0.180 0.973 0.102
BMC_2 0.654 0.252 1.219 0.379 0.141 0.933 0.056

BMC_1: Synfibrosis; BMC_2:Diarthrosis. Th.sp: Trabecular separation; Tb.th: Trabecular thickness; BV/TV: Bone surfacé&gensity (

The numeric value of the trabecular thicknessyisible in skull sutures (Kjellstrom; Burnett & Case), the
trabecular separation and the trabecular bone volume fractimorphological differences between the articular surfaces being
parameters obtained in these two articular surfaces is cleaalyributed to a partial ossification of the synchondrosis or
different and further reinforces the descriptive data of eadyndesmosis (Anderson; O’Nestlal).
type of joint (Table I).

In partial bipartitions, bones are usually united by a
central ossified bridge (Dastugue & Gervais, 1992). In some
DISCUSSION cases, the two pieces eventually coalesce through ossification
(synostosis), but maintaining two separate distal facets for
articulating with first metatarsal (Friedl, 1934). Medial

Bipartite Medial Cuneiform (BMC) represents one ottuneiforms with two distal articular facets and with a slight
the oldest and the most frequently observed example of sudbft or crease between the otherwise conjoined plantar and
condition amongst tarsal bones (Jashastetilal, 2010; dorsal parts are reported as examples of partial bipartitions
Burnett & Case). It affects the medial part of the foot and {8arclay; Barlow; Dastugue & Gervais).
characterized by a horizontal bipartition of the medial
cuneiform that, despite the fact of being a congenital condition, The type of articulation uniting the two osseous
has not a demonstrated heritability. elements is very controversial. The authors reviewed by

Burnett use the term “synchondrosis” to describe the presence

Although the majority of the reported bipartite mediabf cartilage in the articular space, unrelated to the type of
cuneiforms come from archaeological material (Kjellstromarticulation established between the two osseous elements.
2004, Jashashvit al), the use of magnetic resonance imaginglowever, a synchondrosis is a synarthrosis, arranged as a
and computed tomography in clinical diagnostics of midfoguncture without a cavity, connected by means of a cartilage.
trauma and pathology has recently resulted in reports of cliniCethus the term synchondrosis should be considered as
cases (Sener, 1999; Azurza & Sakellariou; Chidi; Bismil  inappropriate to describe an articulation with synovial cavity
et al; Fulwadhva & Parker; Eliast al, 2008; Evest al, (Kachlik et al, 2015), such as the case we are describing.
2014) with only a histological report (O’'Neat al). From
the largest series studied, an incidence between 0.27 and 0.31  Our results clearly show that two different articulations
% has been reported, being a variation most frequently bilataite the parts of the bipartite cuneiform: the presence of
ral (Burnett & Case). cartilage is due to its participation in the diarthrodial joint,

while the other articulation is a synfibrosis, a synarthrosis that

According to Barclay (1932), bipartition can be partialcould experience closure due to membranous ossification,
in which a transverse groove or two separated grooves diviplecess in which no cartilage is involved (Manzanates,
in two parts the articular surface, or complete in which th#988). Our finding of two joint types uniting the two halves
bone is divided transversely in two elements, dorsal and plasf-the BMC could explain the variety of descriptions of this
tar as in our results. Invariably this division is horizontajoint in the clinical reports (Sener; Azurza & Sakellariou;
(Barclay; Barlow, 1942; Anderson, 1987). Chiodoet al; Bismil et al.; Fulwadhva & Parker; Evex al).

In complete bipartitions, the articulation between the The case described by Eliesal in which the lateral
two osseous components is described as a synchondrosigpgion of the articulation, a diarthrosis, had developed
syndesmosis or a “combination of both” (O’'Netél; Azurza degenerative arthritis, reinforcesour view that the articulation
& Sakellariou; Chiodcet al; Burnett & Case). Recently, of the two halves of a bipartite medial cuneiform is
clinical reports of the bipartite cuneiform halves being unitedonstituted by two different articulations. Only a diarthrosis,
by an arthrodial joint (Eliagt al) confirmed previous with a synovial membrane situated within a complete capsule
descriptions by Barlow about the presence of a cartilaginossch as the one we have described, can be altered in the
articular surface such as the one visible in Figure 2. Othesported manner. However, both in our results, in their report
reports describe that the articulation of both parts reveals pittiagd in many others (Kjellstrom; Jashasheitlial), another
or irregularities of the articular surfaces, similar to the onesticulation with the morphological characteristics of a
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synfibrosis is described, this being the second articulation thatirza, K. & Sakellariou, A. ‘Ostoesynthesis' of a symptomatic bipartite medial

. . . : cuneiform.Foot Ankle Int., 22(6%99-501, 2001.
unites the two components of the blpartlte cuneiform. Barclay, M. A case of duplication of the internal cuneiform bone of the foot

(Cuneiforme bipartitun J. Anat., 67(Pt. 1175-7, 1932.
This study, performed on fresh anatomic material, hdsrlow, T. E. Os cuneiforme Hipartitum Am. J. Phys. Anthropol., 29¢@5-

i ; i ot inimt 111, 1942,
permltted to describe the anatomical characteristics of the 10 émil, Q.; Foster, P. A. L.; Venkateswaran, B. & Shanker, J. Symptomatic bipartite
present between the two halves of a BMC. On one hand, the megial cuneiform after injury: a case repinot Ankle Surg., 11(55-8,

presence of a ligamentous system and a joint capsule proves005.

the existence of a diarthrodial joint. On the other hand, tf%mek“i f-IE- ﬁ‘ Ct'flse' D-dT- Bipét‘”"e ”I‘Ed_ia' fCU”eiTO'mid:e"" "eﬁqzlg)qggs from
. . . . . skeletal collections and a meta-analysis Of previous caseso, -
presence of a fibrous tissue connecting two irregular articular 55 5011 ysisorp

surfaces is characteristic of a synfibrosis. Finally, the Micr@hiodo, C. P.; Parentis, M. A. & Myerson, M. S. Symptomatic bipartite medial
CT results have shown that the osseous structures Supportin uneiform in an adult athlete: a case repeobt Ankle Int., 23(4p48-51,

. L . 002.
e_aCh artlc_ular surfa_ce correspond_ to two joint types, W”igastugue, J. & Gervais, Paléopathologie du Squelette Humd®aris, Société
different biomechanical characteristics (Margetesl., 2018). Nouvelle Des Editions Boubée, 1992.

Dempster, D. W.; Compston, J. E.; Drezner, M. K.; Glorieux, F. H.; Kanis, J. A.;

ACKNOWLEDGEMENTS . The authors with to thank the Malluche, H.; Meunier, P. J.; Ott, S. M.; Recker, R. R. & Parfitt, A. M.
’ Standardized nomenclature, symbols, and units for bone histomorphometry:

donor, by his generous contribution to Science, and Dr. AnNa ; 2012 update of the report of the ASBMR Histomorphometry Nomenclature

Kjellstrom from Stockholm University for providing one of ~ CommitteeJ. Bone Miner. Res., 28(2}17, 2013.

the papers cited in this publication. Part of the anatomicBlas: | Dheer, S.; Zoga, A. C.; Raikin, S. M. & Morrison, W. B. Magnetic
L . , resonance imaging findings in bipartite medial cuneiform - a potential pitfall

Qescnpnons was carried out by our colleague Prof Pau Goland, diagnosis of midfoot injuries: a case seriesMed. Case Rep.; 272,

Alvarez (1964-2014), to whom this paper is dedicated. 2008.

Eves, T. B.; Ahmad, M. A. & Oddy, M. J. Sports injury to a bipartite medial

cuneiform in a childJ. Foot Ankle Surg., 53(232-4, 2014.
Friedl, E. Zweigeteiltes 1. Keilbein im Kindesalt@oentgenprax Diag. Roent.

DALMAU-PASTOR, M.; VEGA, J.; BALTASAR-SANCHEZ, A.; Rad. Lichttherap., 894-4, 1934

SLIMANI, L.; BELINHA, J.; GONZALEZ S. A. & MANZANARES, Fulwadhva, U. & Parker, R. J. Symptomatic bipartite medial cuneiform. Appl.
M. C. Caracterizacion de un Cuneiforme Medial Bipartito: Micro-CT 'y  Radiol., 3, 2007. Available from: https://appliedradiology.com/articles/
estudio anatémicdnt. J. Morphol., 36(4).372-1377, 2018. symptomatic-bipartite-medial-cuneiform

Jashashvili, T.; Ponce de Ledn, M. S.; Lordkipanidze, D. & Zollikofer, C. P. First
RESUMEN: El cuneiforme medial bipartito es una variacion ana- evidence of a bipartite medial cuneiform in the hominin fossil record: a case
témica que consiste en una division horizontal del hueso. Las descripcio- ;%pﬁ)rt from the Early Pleistocene site of DmarlisiAnat., 216(6y05-16,
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