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SREYA MOITRA

ABSTRACT

Introduction: Precise biometric data of cuboid and
calcaneocuboid joint are not discussed very distinctly in the text
books of Anatomy. A better knowledge of the joint surfaces of
cuboid and biometric data would generate a three dimensional
modeling of the calcaneocuboid joint and would help in the
management of Cuboid Syndrome.

Aim: To study about morphological and morphometric analysis
in adult dry cuboid bone.

Materials and Methods: This study was conducted in the
Department of Anatomy of a Medical College using 60 dry
cuboid bones from museum. Each bone was observed for its
morphometric analysis as well as its pattern of calcaneal and
metatarsal articular facets. Results were statistically analysed
using the Statistical Package for the Social Sciences (SPSS)
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software, version 19. Students t-test was applied to find the
difference between the mean values of the parameters.

Results: Mean medial length of cuboid was 33.41 mm, lateral
length was 19.73 mm, height was 26.17 mm, length index
was 169.33, vertical and transverse diameters of calcaneal
articular facet were 24.24 mm and 16.45 mm respectively,
vertical and transverse diameters of metatarsal articular facet
were 21.32 mm and 13.85 mm respectively, depth of peroneal
groove was 0.63mm. Concavo-convex facet with posteromedial
projection and oval or reniform in shape (Type 1A) was the most
common calcaneal articular facet and convex pattern was the
most common metatarsal articular facet of cuboid.

Conclusion: Morphological characterisation of articular facet
of cuboid and its morphometric analysis help to understand the
degree of movement at calcaneocuboid joint, its associated
pathologies and instabilities.

Keywords: Biometric values of cuboid, Calcaneal facet, Calcaneocuboid joint pathologies, Metatarsal facet, Tarsal bones

INTRODUCTION

The cuboid bone is present on lateral side in distal row of tarsal
bone which is cuboid shaped with smooth articular surfaces
where the other bones connect and are held together by ligaments
and tendons. In front, it articulates with the bases of fourth and
fifth metatarsal bones and behind with the calcaneus (heel bone)
which is called calcaneocuboid joint. This is an important joint
for stability, load transfer, and movement of foot and ankle [1-3].
The joints formed by cuboid bone and stabilised by the ligaments
are as follows: calcaneocuboid, cuboideo-navicular, cuboideo-
metatarsal, and long plantar ligaments along with tibialis posterior
tendon [4].

The transverse tarsal (Chopart) joints include talonavicular and the
calcaneocuboid joints. Isolated dislocations of transverse tarsal
joints are rare due to strong periarticular ligamentous structural
support. The inferior calcaneocuboid ligament, calcaneonavicular
(spring) ligament, and bifurcate ligament all confer stability to
the transverse tarsal joints and are important to support of the
foot arch. For this reason, dislocations in the dorsal direction
are infrequent, requiring disruption of these plantar ligaments.
Among tarsometatarsal joints (Lisfranc’s joint) cuboid articulating
with fourth and fifth metatarsals provide necessary gliding and
adjustment during walking on uneven surface. Morphological
variation in pattern of metatarsal articulating surface is important
in understanding joint stability and factors disrupting it. On the
plantar surface, the cuboid is divided by an oblique ridge further
into an anterior grooved part (peroneal groove) and a posterior
sloping part. From this anterior groove (osseo fibrous tunnel),
Peroneus Longus tendon will transmit [5,6]. A shift in the position of
the cuboid bone can cause loss of motion with the bone ‘locked’ in
place. The surfaces of the connecting bones no longer line up which
means the joint has lost its congruence. It causes pain along the
lateral (outside) edge of the foot. This effect with the accompanying
symptoms is a Cuboid Syndrome. Other names are Cuboid Fault
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Syndrome, Dropped Cuboid, Sublaxed Cuboid, Locked Cuboid,
Peroneal Cuboid Syndrome and Lateral Plantar Neuritis [7].

Cuboid Squeeze or Cuboid Whip is a treatment with the manipulation
of bones. The process is like, the physical therapist by applying the
force on the specific area shift the bone back to its normal position
in the affected foot. The patient may feel and/or hear a click or
pop. Immediate pain relief is often reported after manipulation but
sometimes it may take more than one manipulation to completely
resolve the problem [8]. The treatment and management of cuboid
syndrome is based on good knowledge of the articular surfaces
supported by analysis of different biometric data of the cuboid in a
systematic manner. Also, this is important for surgeries of midfoot
region and in isolated cuboid fractures. Various authors have studied
morphology of different tarsal bones especially talus and calcaneum
but there are very scanty studies reported on cuboid throughout
the world [9-13]. Hence, this study was undertaken to report the
morphometric data of cuboid and to evaluate its morphological
variation of calcaneal articular facet and metatarsal articular facet.

MATERIALS AND METHODS

This was an observational cross-sectional study for a period
of approximately six months from May 2020 to October 2020.
Sixty dry adult cuboid bones, 30 of right and 30 of left foot of
unknown sex from the museum of the Department of Anatomy
which were kept and preserved for academic purposes were
used for study. Any cuboid bone with pathological concern found
on general examination was excluded from the study. Approval
from the Institutional Technical Advisory Committee and Ethics
Committee was obtained (vide memo no. CMSDH/IEC/170/09-
2020 dated 12.10.2020). The side of the bones was determined.
Then each bone was numbered and measured using sliding
vernier calipers (with minimum calibration length 0.1 mm). Also,
the outline of the calcaneal articular facet and the metatarsal
articular facet were marked, grouped and classified. The present
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study was greatly indebted to the study conducted by Viveka S
and Kumar SS [9]. Since, there is no standardised classification
for pattern of calcaneal and metatarsal articular facets of cuboid,
the classification followed by them in their study was applied as
per convenience in this study. Then the following parameters
were studied:

1) Medial length: Straight distance between the most proximal
and the most distally placed point on the medial margin of
cuboid.

2) Lateral length: Straight distance between the most proximal
and the most distally placed point on the lateral margin of
cuboid.

3) Cuboid height: Maximum distance of the dorsal upper surface
from plantar margin of cuboid tuberosity.

4) Peroneal groove depth: Maximum distance between the
deepest point in the depression and a horizontal line drawn
from the lower edge of metatarsal articulating facet from the
lateral profile [Table/Fig-1].

5) Length index: A ratio obtained as Medial Length/Lateral
Length x100.

6) The greatest vertical and transverse diameters of both calcaneal
and metatarsal articular facet.
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[Table/Fig-2]: Pattern of calcaneal articular facet- Type 1a, 1b, 2a, 2b of left cuboid
(posterior view) from left to right.

[Table/Fig-3]: Pattern of calcaneal articular facet — Type 1a, 1b, 2a, 2b of right
cuboid (posterior view) from left to right.

able/Fig-1]
showing depth of peroneal groove.

Iboid (upper one) and right cuboid (lower one)

STATISTICAL ANALYSIS

The left and right side values of all the parameters considered were
tabulated separately and were compared for statistical difference.
Students t-test was applied to find the difference between the
mean values of the above parameters among the two groups
(right side and left side). The p-values <0.05 were considered as
significant. Results were statistically analysed using the SPSS
software, version 19.

RESULTS

Pattern of calcaneal articular facet has been depicted in [Table/Fig-2,3].

1a: Concavoconvex facet with posteromedial projection and oval or
reniform shaped.

1b: Concavoconvex facet without posteromedial projection and
rectangular shaped.

2a: Plane facet with posteromedial projection and oval or reniform
shaped.

2d: Plane facet without posteromedial projection and rectangular
shaped.

In this study, it was found that Type 1a was the most common
calcaneal articular facet of cuboid and the combined percentage of
both right and left sides were 38% [Table/Fig-4].

Pattern of metatarsal articular facet has been depicted in [Table/Fig-5].

Concave: Edges of metatarsal articulating facet projected
anteriorly making a depression for articulation with the bases of
fourth and fifth metatarsals.

Plane: Articular facet is flat.
Convex: Articular surface slopes posteriorly.

Frequency Total no. of
Types Right Left cuboid Percentage
1a 11 12 23 38
1b 6 7 13 22
2a 7 6 13 22
2b 6 5 11 18
Total 30 30 60 100

[Table/Fig-4]: Percentage and frequencies of different types of calcaneal facets.

[Table/Fig-5]: Pattern of metatarsal articular facet from left to right-convex, plane
and concave of left cuboid (upper row) and right cuboid (lower row).

In this study, it was found that convex pattern was the most common
metatarsal articular facet of cuboid and the combined percentage of
both right and left sides were 53% [Table/Fig-6].

Frequency Total no. of
Types Right Left cuboid Percentage
Concave 6 5 iRl 18
Plane 8 9 17 28
Convex 16 16 32 53
Total 30 30 60 100

[Table/Fig-6]: Percentage and frequencies of different types of metatarsal
articular facets.

In the present study, the mean (combined values of both right
and left side) medial length of cuboid was found to be 33.41 mm
and the lateral length was 19.73 mm, length index was 169.33,
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height was 26.17 mm, depth of peroneal groove was 0.636 mm,
vertical and transverse diameter of calcaneal facet were
24.24 mm and 16.45 mm, vertical and transverse diameter of
metatarsal facet were 21.32 mm and 13.85 mm, respectively.
Difference between left and right side of cuboid bone were not
clinically significant as the p-value of all the parameters were
>0.05 [Table/Fig-7].
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search. The morphometric data in the present study reflects the
biometric values reported by the study of Viveka S and Kumar SS
except metatarsal articular pattern [9]. Type 1 was most common
calcaneal articular facet and convex pattern was most common
metatarsal articular facet which was in contrast to this study [Table/
Fig-8] [9,11-16]. They also stated that these classifications provide
rational basis for understanding calcaneocuboid joint stability.
Type 1a with posteromedial projection provides deeper and

[Table/Fig-7]: Morphometric values on cuboid of both right and left sides with

their p-values.

*Students t-test was applied. Level of Significance <0.05

DISCUSSION

Data on morphologicaland morphometric variations of cuboid bone
on literature search was found to be limited on thorough literature

Minimum | Maximum Standard | p- congruent saddle surface for articulating with calcaneum where
Parameters diameter | diameter | Range | Mean | deviation | value* . R
as Type 2b makes the joint relatively unstable. However, Ehlers-
Medial length 29.2 2 1 41 | 2442 67 . o
edial length (mm) ° % 0o |38 0676 Danlos Syndrome and trauma can result in calcaneocuboid joint
Lateral length (mm) |  16.9 2475 | 785 | 1973 | 1803 | 0.145 instability, variations in articulating facets may also significantly
Length index 169.33 contribute to this condition [10].
Height (mm) 22.4 30.65 825 | 2617 | 2.061 | 0.420 Melinska AU et al., collected computed tomography data sets
zgr?r??:ql%oove 0.3 1025 | 0705 | 0636 | 04186 | 04161 from 30 male subjects'aged 17 t.o 63 years with no known fqot
d pathology for developing statistical shape models for cuboid,
Vertical diameter navicular and talus [17]. They did the following steps: Image
of calcaneal facet 19.65 28.45 8.8 24.24 2.190 0.231 . . .
(mm) preprocessing, Contour extraction, 3D point cloud to surface,
T . Land-marking, Averaging feature position and orientation,
ransverse diameter X i -
of calcaneal facet 20.35 7.35 | 16.45 | 1.640 | 0.965 Spherical harmonics (SPHARM) decomposition, Model and
(mm) model order selection. High sensitivity and specificity greater
Vertical diameter than 0.98 were found for all the considered bones based on
E’;r’:f‘atarsa' facet | 17.85 267 885 | 21.82 | 2189 | 0.083 parametric spherical harmonics representation. Sensitivity
- and specificity for calcaneus was 0.9600 and 0.9953, for cuboid
Transverse diameter .
of metatarsal facet 111 1715 6.05 | 1385 | 1422 | 0706 0.9960 and 0.9878, for navicular 1 and 0.9996, and for talus
(mm) 0.9793 and 0.9958, respectively.

Seldom any case reports were found on calcaneocuboid joint
dislocation and isolated cuboid injury. Analysing the reports which
were found, emphasis, on the relevant anatomy and morphological
variations of cuboid was made. However, no such strong conclusion
can be drawn from these reports on the biometric values of the said
bone [18-23].

Authors of the study
(year)

No. of bones studied

Findings

Present Study (2020)

This observational cross-
sectional study was performed
on 60 dry cuboid bones of both
sides and of unknown sex from

the museum.

Mean medial length was 33.41 mm, lateral length was 19.73 mm, height was 26.17 mm, length index was
169.33, vertical and transverse diameter of calcaneal facet were 24.24 mm and 16.45 mm, respectively,
vertical and transverse diameter of metatarsal facet were 21.32 mm and 13.85 mm, respectively, depth of
peroneal groove was 0.636 mm. Type 1a and convex pattern were the most common calcaneal and metatarsal
facets, respectively.

Viveka S and Kumar SS
(2017) [9]

This study was conducted on
24 dry cuboid bones.

Mean medial length was 33.9 (+3.3) mm, lateral length was 17.9 (+1.6) mm, height was 22 (+1.5) mm, length
index was 188.8, area of calcaneal and metatarsal articular facets were 124.9 (+10.9) mm? and 91.9 (+5.7)
mm?, depth of peroneal groove was 1.83 (+1.3) mm. Type1 and concave pattern were the most common
calcaneal and metatarsal articular facets respectively. They concluded that the degree of movement at
calcaneocuboid joint as well as the joint pathologies can be understood more by studying the patterns of the
articular surfaces of the cuboid.

Archana Rao K et al.,
(2016) [11]

The study was performed on
53 dry adult human calcanei.

The cuboidal articular facet on calcaneus was grouped into 4 types: type 1=wedge, type 2=transverse oval,
type 3=irregular, type 4=vertically oval as:
Type 1 was the commonest with 54.7%, least was type 4 with 5.4%.

Kori D et al., (2016) [12]

The study was conducted on
600 dry calcanei of unknown
sex and age.

The calcanei were classified into 5 types. Type 1=fusion of middle and anterior facets was predominant-73.9%,
followed by type 2=anterior and middle facets were separate-21.5%. Total incidence of calcaneal spur was
17.7% of which 35% were dorsal spurs, 60.4% were plantar spurs while 4 bear both dorsal and plantar spurs.
These spurs were found predominantly in Type1 calcanei, Type 3 and 4 did not exhibit dorsal and plantar spurs.

Prakash KG and Viveka
S (2016) [13]

34 dry human calcaneum
bones were studied.

Type 1 was the most common talar articular facet (25 out of 34). Medial tubercular enthesophytes were most
common type of abnormal bony outgrowths found in 21 bones (61.7%). Mean surface area of cuboidal articular
facet was 386(x46)sq mm. The knowledge about these variations is important for surgeries of subtalar region.

Nagar SK et al., (2012)
[14]

529 calcanei of unknown sex in
Gujarat state were studied.

It was found that in 3.67% of calcanei, the anterior and middle talar facets were continuous with each other and
in 23.3% calcanei these two facets were separate from each other. In 1.13% calcanei the anterior facet was
absent. It also showed racial similarities and differences which served as a prelude for biomechanics of foot.

Mini MP et al., (2012)
[15]

50 adult human calcanei were
obtained irrespective of age
and sex and were evaluated

one by one.

Out of 50 calcanei, regarding the patterns of the talar facets, 13 were of TypeA (26%), 37 were of TypeB (74%)
and none were of Type C. The mean intersecting angle of TypeA calcaneum was 121.50 and that of TypeB
calcaneum was 151.60. The study revealed that the talar facet configuration of calcanei and the angle between
anterior and middle facet influenced the stability of the subtalar joint.

Bonnel F et al., (2011)
(6]

40 taluses and 35 naviculars

(dry, adult bones) of unknown

sex were examined from the
anatomy laboratory.

The inclination angle showed two main types of talus, one is more frequent with a mean angle of 115 degrees
and the other is less frequent with a mean angle of 95 degrees. Also, three types of talus were demonstrated
with the declination angle and for torsion. For talus, the surface pattern and radius of curvature along main
axis were 40+(33-48)mm and 16+(15-18)mm, respectively. For navicular, the surface pattern and the radius
of curvature along main axis were 28+4(24-32)mm and 23+4(19-25)mm, respectively. Out of 70 anatomic
specimens mean length of talus was 6.12+0.27 cm and width was 4.26+0.31 cm. For calcaneus the mean
length was 8.8+0.10 cm and width was 3.2+0.10 cm. These biometric values can be used as a comparative

research with the values of other tarsal bones and thus provide logical classification of different foot pathologies.

[Table/Fig-8]: Morphometric values on cuboid of both right and left sides with their p-values [9,11-16].

*Students t-test was applied. Level of Significance <0.05
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Limitation(s)

In the present study, medial length of cuboid was taken as the
straight distance between the most proximal and the most distally
placed point on its medial margin. But this measurement does not
correspond to the long axis of the cuboid bone anatomically. Again,
the height of the cuboid was considered as the maximum distance
of the dorsal upper surface from the plantar margin of the cuboid
tuberosity which in maximum cases is the peroneal tubercle. The
morphometric study of cuboid would have been more complete,
if some more parameters like variations in number, position, shape
and area of navicular and cuneiform articular facets, peroneal
tubercle etc., were considered.

CONCLUSION(S)

Evidence based guidelines for the diagnosis and management
of Cuboid Syndrome do not exist clearly. So, further research
is needed in this area. It is a well-known fact that the cuboid
syndrome is common among the dancers and the athletes. As
such, it would be beneficial for all of us to be aware of the potential
risk factors for the success or failure of the manipulation technique
of the bone before application of the same. Further studies are
recommended on corresponding cuboidal facets of calcaneum
and fourth and fifth metatarsals in articulated foot, age and sex
related changes on cuboid morphometry and midtarsal joint
mechanics and movements. Also, variations of calcaneocuboid
and other corresponding ligaments can be studied by cadaveric
dissections to get a complete picture of cuboid evaluation. Along
with these, radiological study will be more effective especially in
cuboid syndrome subjects.
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