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Morphologic and Morphometric
Variations of Calcaneus and Their
Importance in Surgical Procedures

Kalkaneusun Morfolojik ve
Morfometrik Ozelliklerinin
Kalkaneus Cerrahisindeki Onemi

ABSTRACT Objective: Calcaneus is the largest tarsal bone that supports talus and is frequently involved
in fractures. The relation between talus and calcaneus is distorted in some disorders such as pes-equino
varus or pes-plano valgus. A thorough knowledge of the anatomical variations of anterior and middle fa-
cets, sustentaculum tali and the sulcus in between them is essential in order to keep the osteotomy extra-
articularly. Therefore, in this study, we aimed to describe detailed morphometry of calcaneus.
Material and Methods: In this study, 80 calcanei (40 right, 40 left) from the collection of Dokuz Eylul
University Department of Anatomy were used. The lengths of the bones were measured using vernier ca-
liper which is sensitive to 0.01 mm, and thickness of the bones was measured using digital caliper with a
sensitivity of 0.01 mm. In addition, medial angle of sustentaculum tali was measured by Image Tool on the
digital photographs taken from the upper surface of the calcaneus. Results: In 38.7% of the cases, a sulcus
(anterior calcaneal groove) was identified between middle and anterior facets. In 61.3%, there was no sul-
cus between the facets. In cases with a sulcus, a transverse line beginning from the middle of sulcus to-
wards the lateral side (osteotomy line) was found to be average 13.3 mm posterior to the calcaneocuboid
joint on a-verage. Between middle and posterior facets, four different morphologic types of posterior cal-
caneal groove were identified. The average depth of this groove was 2.3 mm. It was observed that the gro-
ove was funnel shaped in 40%, reverse funnel shaped in 3.9%, sandglass shaped in 35% and cylindric in
21.3%. We detected 2.8 foramens on average in the posterior calcaneal grooves and 47.5% of these were
localized at the 1/3 anterior region. Medial angulation of sustentaculum tali was 115 degrees on average.
Conclusion: We believe that the results of this study are important for orthopedic surgeons who perform
extraarticular osteotomy at distal calcaneus or deal with calcaneal fractures.
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OZET Amag: Kalkaneus talusu destekleyen ve kiriklarina siklikla rastlanan en biiyiik tarsal kemiktir. Ta-
lus ve kalkaneus arasindaki iliski pes-equino varus ve pes-equino valgus gibi baz1 patolojilerde bozulabi-
lir. Kalcaneusun 6n ve orta eklem yiizleri arasinda anterior kalkaneal olugun bulunmas: ekstraartikiiler
osteotomiyi gerceklestirmede esastir. Bu 6zellikleri nedeniyle, calismamiz da kalkaneusun detaylandiril-
mis morfometrisini ortaya koymay1 amagladik. Gereg ve Yontemler: Bu galismada Dokuz Eyliil Universi-
tesi Anatomi Anabilim Dali koleksiyonunda bulunan 80 kalkaneus (40 sag, 40 sol) kemigi kullanilmistir.
Kemiklerin uzunlugu 0,01mm hassasiyetindeki kumpas ile, kalinlig: da dijital kumpas ile l¢tilmistiir.
Sustentaculum tali’'nin i¢ kosesi de kalkaneusun iist yiizeyinden alinan dijital fotograflarla, goriintii arag-
lar1 programi kullanilarak 6l¢tilmiistiir. Bulgular: Kemiklerin %38.7’sinde, orta ve 6n yiizleri arasinda bir
sulkus (6n kalkaneal oluk) tespit edilmistir. Bu sulkus kemiklerin %61.3’iinde tespit edilmemistir. Sulkus
bulunan kemiklerde, kalkaneokuboid eklemin arkasinda ortalama 13.3 mm olan, sulkusun ortasindan
baglay1p dis yiizii (osteotomi ¢izgisi) boyunca devam eden capraz bir hat bulunmustur. Orta ve arka yiiz-
ler arasinda dért farkl tipte posterior kalkaneal oluk tespit edilmistir. Bu olugun derinligi ortalama 2.3 mm
idi. Bu oluklarin %40'inin huni, %3.8’inin ters huni, %35’inin kum saati, %21.3'iniin de silindir seklin-
de oldugu gozlenmistir. Kalkaneuslarin posterior kalkaneal oluklarinda ortalama 2.8 foramen oldugu sap-
tand1. Bu deliklerin de %47.5’i olugun 1/3 anterior pargasinda yerlesim gostermekteydi. Sustentaculum
tali'nin medial agilanmasi ortalama 115° olarak 6l¢iildii. Sonug: Calisma sonuglarinin distal kalkaneusda
ekstraartikiiler osteotomi yapan ya da kalkaneus kiriklan ile ugrasan ortopedi ve travmatoloji uzmanlari
i¢in 6nemli olacagini diistinmekteyiz.

Anahtar Kelimeler: Kalkaneus; kiriklar, kemik; kemik uzatma; anatomi
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he calcaneus or the heel bone is placed at

the back of the foot. The calcaneus is the lar-

gest tarsal bone and functions as a lever for
the gastrosoleus complex and provides vertical sup-
port for the body weight and for the lateral arc of
the foot. Calcaneal fractures may deteriorate these
functions to some extent causing walking impair-
ments.'>

Calcaneus is one of the strongest bones of the
foot and is used for sex determination in forensic
medicine and in archaeology.®

The calcaneus transmits most of the body we-
ight from talus to the ground. The sustentaculum
tali is the part of the calcaneus supporting the
head of talus.” Sustentaculum tali is kept stable by
interosseous and deltoid ligaments. Primary longi-
tudinal fractures of the posterior facet may cause
damage on this supporting structure by cleaving
the sustentaculum tali. Such fractures may also ca-
use plantar vascular, neural damages and flexor
tendon ruptures.®®

Superior surface of the calcaneus, which arti-
culates with talus, has three facets. Posterior facet
is the largest one with a convex shape. Middle fa-
cet is concave and rests on the sustentaculum tali.
Third one, anterior facet, is concave and generally
exists confluent with the mid facet. Anterior surfa-
ce also articulates with os cuboideum.”'*!! Betwe-
en the middle and the posterior facets lies the
calcaneal groove. In this study, the groove betwe-
en the middle and posterior facets of calcaneus is
referred as posterior calcaneal groove. The posteri-
or calcaneal groove displays a number of nitritional
foramina belonging to vascular structures. Calca-
neal fractures involving the posterior calcaneal gro-
ove may cause massive hemorrhage due to rich
vascular supply of this region, however avascular
necrosis, that is frequently seen in scaphoid and fe-
moral head fractures is not encountered in this re-
gion. Therefore, morphology and morphometry of
the posterior calcaneal groove are of great impor-
tance in calcaneal fractures that account for appro-
ximately 2% of all fractures.

There are various surgical approaches described
for the correction of incorrect articulation between
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facets of calcaneus and talus, like pes-equino varus,
pes-plano valgus or flat-foot. Calcaneal-lengthening
is the most popular one of these methods and was
first implemented by Dillwyn Evans on patients
with pes-plano valgus foot deformity resulting from
poliomyelitis. Evans noticed his patients’ shorter
medial arc compared to longer lateral arc and per-
formed calcaneal lengthening to get normal hindfo-
ot, midfoot and forefoot alignment. In the original
procedure of calcaneal lengthening, osteotomy is
performed 1.5 cm proximal of and in parallel to the
calcaneocuboid joint.'>'* Evans’ calcaneal lengthe-
ning osteotomy technique is modified and populari-
zed by Mosca.”® In the symptomatic pes-plano valgus
patients, Mosca performed transverse calcaneal leng-
thening osteotomy from lateral towards medial of
the groove between the anterior and the middle fa-
cets of the subtalar joint.!213

The groove between anterior and middle fa-
cets that is observed in some bones was named as
anterior calcaneal groove. Anatomical properties of
the anterior facets, middle facets, sustentaculum
tali and interarticular groove (anterior calcaneal
groove) are important to perform calcaneal length-
ening extra-articularly.

Although our study is anthropological, we as-
sessed anterior-posterior length and medial-lateral
width of each calcaneus in our collection to evalu-
ate whether our results were in accordance with
other studies.

Therefore, in the present study, we aimed to
accomplish detailed morphologic and morpho-
metric measurements of the anterior, posterior
and middle facets of the superior surface of calca-
neus, sustentaculum tali and posterior calcaneal
groove.

I MATERIAL AND METHODS

We used 40 right and 40 left dry calcanei from the
collection of Department of Anatomy, Dokuz Eyliil
University, [zmir, Turkey. The age and gender we-
re not assessed in this study. The part in front and
behind sustentaculum tali and the medial-lateral
distance in both anterior and posterior areas were
measured by a vernier caliper (sensitive to 0.01
mm). Medial-lateral distance of the part in front of
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FIGURE 1: Anteroposterior length and anterior and posterior largest transver-
se length for calcaneus.

APL: Anteroposterior length, ATL: anterior transverse length, PTL: posterior transverse
length.

sustentaculum tali was named as anterior width,
and the distance of the part behind the sustentacu-
lum tali was called as posterior width. (Figure 1).
From lateral to medial, 1/3 anterior, 1/3 middle and
1/3 posterior widths of posterior calcaneal groove
(Figure 2) and posterior calcaneal groove depth (Fi-
gure 3) were measured using Mitutoyo digital cali-
per, with a sensitivity of 0.01 mm.

The angle between medial calcaneal border
and posterior margin of the sustentaculum tali was
measured. After the photographs of all the calca-
neal bones had been taken from the top, the angle
formed at the intersection point of the sagittal line
along the medial edge of the calcaneus and the pos-
terior edge of the sustentaculum tali was measured

Turkiye Klinikleri ] Med Sci 2011;31(1)

one by one using UTHSCSA Image Tool Windows
version 3.00 (Figure 4)

The length and the thickness of the sustenta-
culum tali of each calcaneus were measured sepa-
rately. In anatomical position, medial-lateral
distance between the most medial part of sustenta-
culum tali and posterior calcaneal groove was me-
asured. In additon, at the middle of this distance
the thickness between upper and lower surface of
sustentaculum tali was measured (Figure 4).

Anterior calcaneal groove was investigated be-
tween facies articularis talaris anterior (FTA) and
facies articularis talaris media (FTM). Distance be-
tween two facets was measured in subjects with
groove. Distance between transverse line crossing
this sulcus and calcaneocuboid joint was also mea-
sured (Figure 3).

In our study, number of the foramens in the
posterior calcaneal groove and in the sinus tarsi re-

FIGURE 2: Length of posterior calcaneal groove and width of anterior, mid-
dle and posterior 1/3.
PCGL: Posterior calcaneal groove length, PCGW: Posterior calcaneal groove width.
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FIGURE 3: Width of anterior calcaneal groove between anterior and middle
facets and depth of posterior calcaneal groove.
ACGW: Anterior calcaneal groove width, PCGD: Posterior calcaneal groove depth.

gion was also evaluated. SPSS 11.0 program was
used for frequency analysis of the data.

Posterior calcaneal groove was named accor-
ding to its shape: funnel-shaped (Figure 5A), rever-
se funnel-shaped (Figure 5B), sandglass shaped
(Figure 5C) and cylindial (Figure 5D).

I RESULTS

The mean anteroposterior length of calcaneus was
74.7 mm, anterior and posterior transverse lengths
were 32.8 and 32.6 mm respectively (Table 1).

The mean widths of the 1/3 anterior, 1/3 mid-
dle and 1/3 posterior parts of posterior calcaneal
groove were 10.8, 6.7 and 8.5 mm, respectively
(Table 2). The mean calcaneal groove depth was
2.3 mm (min: 0.5 mm, max: 4.6 mm).
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The angle formed by sustentaculum tali and
the sagittal line along the medial edge of the calca-
neus was on average 115° (min: 94¢, max: 1359).

The mean medial-lateral length and thickness
of sustentaculum tali were found as 12.6 and 10.2
mm, respectively (Table 3).

In 38.7% of the calcaneus bones, we found an
anterior calcaneal groove between FTA and FTM.
The mean width of this groove was 1.8 mm (min:
1.2 mm- max: 2.8 mm). In the subjects having the
groove between FTA and FTM, the mean distance
between transverse line crossing the groove and
calcaneocuboid joint was 13.3 mm (min: 8.9 mm-
max: 17.5 mm).

FIGURE 4: The angle between medial calcaneal border and posterior mar-
gin of the sustentaculum tali; The distance between transverse axis through
anterior calcaneal groove and calcaneocuboid joint.

CCJ: calcaneocuboid joint, ACG: anterior calcaneal groove, STA: Sustentaculum tali
angle.
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FIGURE 5: A: Funnel-shaped calcaneal groove; B: Reverse funnel shaped calcaneal groove; C: Sandglass-shaped calcaneal groove; D: Cylinder-shaped cal-
caneal groove.

We detected 2.8 foramina on average in poste- When the shape of the posterior calcaneal gro-
rior calcaneal groove and 47.5% of these were loca-  ove taken into consideration, 40% were determined
ted at the 1/3 anterior region (Table 4). There were as a funnel, 3.8% were like a reverse funnel, 35%
3.5 foramina on average in the sinus tarsi. were sandglass-shaped and 21.3% were cylindirical.

Turkiye Klinikleri ] Med Sci 2011;31(1) 19
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TABLE 1: Anterior-posterior length, anterior and posterior lengths of calcaneus.

Calcaneus Min

Anterior posterior length 62.2mm
Anterior transvers length 24.2 mm
Posterior transvers length 24.6 mm

85.7 mm
42.9mm
447 mm

Max Mean Standart deviation
74.7 mm 5.8
32.8 mm 3.8
32.6 mm 4.0

TABLE 2: Width of posterior calcaneal groove.

Min Max Mean Standart deviation
Posterior calcaneal groove anterior 1/3 width 5.7 mm 15.6 mm 10.8 mm 2.5
Posterior calcaneal groove middle 1/3 width 4.0 mm 11.5mm 6.7 mm 1.8
Posterior calcaneal groove posterior 1/3 width 3.7mm 16.4 mm 8.5 mm 23

TABLE 3: Thickness and length sustentaculum tali.

Min Max Mean Standart deviation
Sustentaculum tali thickness 8.1 mm 13.7mm 10.2 mm 22
Sustentaculum tali length 9.8 mm 15.6 mm 12.6 mm 3.7

TABLE 4: Number of foramina in posterior calcaneal groove.

Number of foramina in posterior calcaneal groove Min Max Mean Standart deviation
1/3 anterior 2 6 38 2.1
1/3 middle 1 5 24 1.8
1/3 posterior 0 2 1.8 1.0

neal groove were measured as 10.8 mm, 6.7 mm
I DISCUSSION

Koshy et al.? evaluated bony markers of calcane-
us. They calculated average measurements of an-
teroposterior length as 73.6 mm, transverse width
as 40.8 mm, length and width of the sustentacu-
lum tali as 20.7 mm and 10.8 mm, respectively,
and length, width and depth of the posterior cal-
caneal groove as 31.9 mm, 21.1 mm and 3.4 mm,
respectively. These fragmentary measurements
were used to estimate the total anteroposterior
length of the calcaneus.® In our study, anteropos-
terior length of the calcaneal bones was measured
74.7 mm on average, anterior transverse width as
32.8 on average mm, posterior witdh as 32.6 mm.
The medial-lateral length of sustentaculum tali
was 12.6 mm on average. The supero-inferior
thickness of calcaneus at sustentaculum tali was
10.2 mm. The mean widths at 1/3 anterior, 1/3
middle and 1/3 posterior parts of posterior calca-
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and 8.5 mm, respectively. The mean posterior cal-
caneal groove depth was 2.3 mm.

There are various correction methods for pes-
planovalgus, pes-equinovarus or flat foot patholo-
gies which occur due to subtalar disjoining
problems. In most of the subtalar joints, the sulcus
between the anterior and middle calcaneal facets is
the site for the extra-articular calcaneal lengthe-
ning osteotomy. In a study performed by Ragab et
al.,'® 37% of calcanei were noted as Type A, in
which the sulcus lied between the anterior and
middle calcaneal facets, 12% were called as transi-
tional type, where the anterior and middle facets
were united as they were bridged over, and in 6%
anterior facets were not found at all. It is emphasi-
zed that in the transitional types, osteotomy may
cause minimal articular degeneration and in cases
without anterior facets, extra-articular calcaneal

Turkiye Klinikleri ] Med Sci 2011;31(1)
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lengthening may be performed only if the mid fa-
cet is located towards distal part of the calcane-
us.”®

Gupta et al.'* examined talar articular facets of
the calcanei and described four different types. In
67% of the cases, there was no facet on the susten-
taculum tali which extended onto the antero-medi-
al corner of the distal part of the calcaneus (Type 1).
In 26% of the cases, two articular facets were des-
cribed; one placed on the distal part of the calcane-
us and the other placed on the sustentaculum tali
(Type 2). In 5% of the cases one single facet was very
well defined on the sustentaculum tali (Type 3). In
2% of cases, one single facet was defined extending
onto the antero-medial corner of the distal portion
of the calcaneus and this facet designated continuity
with the posterior talar facet of the calcaneus (Type
4).* In our study, we found a sulcus between FTA
and FTM in 38.7% of our calcanei. The mean width
of this sulcus was 1.8 mm and was placed 13.3 mm a
way from the calcaneocuboid joint.

In this study, by evaluating the number and
the intensity of the vascular foramina of the poste-
rior calcaneal groove, we tried to clarify the regions

of the groove which might cause heavy bleeding in
calcaneal fractures. We detected 2.8 foramina on
average in the posterior calcaneal groove and
47.5% of these were at the 1/3 anterior region. Av-
erage 3.5 foramina on average in the sinus tarsi.

I CONCLUSION

Anterior calcaneal groove was identified in 38.7%
of all cases. This may be an important finding as
calcaneal lengthening osteotomy is described ide-
ally to be through this sulcus.

Another important finding of this study is that
the distance between the sulcus and calcaneocubo-
id joint was 13.3 mm and the width of the sulcus
was 1.8 mm.

Having the knowledge of these measurements
is of utmost importance from a surgical point of vi-
ew for a precise and correct osteotomy.

Forty seven point five percent of the vascular
foramens are located at the 1/3 of anterior part of
the posterior calcaneal groove. It should be kept in
mind that fractures of this region may cause exces-
sive hemorrhage.

Barei DP, Bellabarba C, Sangeorzan BJ,
Benirschke SK. Fractures of the calcaneus.
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