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Abstract: Introduction: The three important arti-

culating facets in the superior aspect of the calcaneum

are the anterior, middle and posterior articulating facet.

Descriptions of the posterior talar facet on the dorsum

of the calcaneus are similar. However, there are differ-

ences when facet for the head of the talus on the calca-

neus is considered. Four types (pattern I, II, III, IV) of

calcaneus having different talar facets are reported in

the literature.

Objective: This study aims to describe the calca-

neal bone by measuring its dimensions and determin-

ing the variations of talar articulating facet.

Materials and methods: Overall 142 calcanei

(68 right, 74 left) with unidentified gender, were asses-

sed. Vernier calipers and Goniometry were used.

Results: In this study Type I calcaneus (56.34 %)

was the most prevalent type with Type II calcaneus

(42.25 %) as the second most common type followed

by Type IV (1.41 %) as the third frequently found pat-

tern of calcaneus.

Conclusion: Type I calcaneus was the most frequ-

ent type in the Nepalese showing similarity to the re-

sults of the studies performed in Spanish, American,

African and various Indian population. Bohler’s angle

of the right and left calcanei was 34.92° ± 8.09° and

35.4° ± 7.30° respectively. Development of database of

calcaneal measurements in various populations is rec-

ommended.

Key words: Calcanei, Talar articular facets, Nepa-

lese.

INTRODUCTION

Calcaneus is the longest, largest and one of the

major weight bearing tarsal bones forming the talocal-

caneal joint with the talus. This joint is also termed as

subtalar joint where eversion and inversion of the foot

takes place (1). There are three facets for synovial jo-

ints between the talus and calcaneus, anterior, middle

and posterior talar facet with variations seen in the ar-

rangement of these facets as described in this study.

Calcaneal fractures are the most commonly encounte-

red tarsal fractures mostly involving the intra-articular

subtalar joint (2). The majority of bony coalition com-

monly involves the middle talar facet of the talocalca-

neal joint, also a common cause of painful flatfoot (3).

Morphometric values of calcanei are essential for the

science of anatomy, treatment and diagnosis procedu-

res on orthopedic surgery, kinesiology, physical treat-

ment and rehabilitation sessions (4). Structural dissim-

ilarity of the calcanei has an impact on the fixed and ki-

netic dynamics of the foot. The relationship of talus

and the calcaneus should be thoroughly considered du-

ring the treatment of talocalcaneal coalition, congeni-

tal club foot, subtalar instability, cases of severe prona-

tion, valgus deformities, designing subtalar implants

and others (5, 6, 7). Bohler’s angle is commonly evalu-

ated via radiography during calcaneal fractures for pro-

per diagnosis and treatment. There is a significant loss

or decrease of this angle in a severe case of heel fractu-

re (8, 9, 10).

With the means of facet variation and bone dimen-

sion, this study attempts to describe the calcaneus bone

of Nepalese race.

MATERIALS AND METHODS

A total of 142 dried calcanei (68 right, 74 left) wit-

hout major defects and unidentified gender were asses-

sed. All the bones were classified with Type I, II and IV

identified as the predominant finding of our study. Pat-

tern of articular facet on the superior aspect of the cal-

caneus was classified as follows:
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Type I: Anterior and middle fused and posterior

separate. (Figure 1)

Type II: Anterior, middle, and posterior facets se-

parate. (Figure 2)

Type III: Anterior facet absent and other two present.

Type IV: Anterior, middle and posterior facet fu-

sed. (Figure 3)

Following measurements on the calcaneus were

performed using Vernier Calipers:

a) Maximum anterior posterior length: optimum

anterior and optimum posterior extension of the calca-

neus (Figure 4a)

b) Maximum transverse diameter: optimum me-

dial and lateral extensions of the calcaneus (Figure 4b)

c) Maximum vertical length: optimum extension

of superior margin of posterior facet to the base of the

calcaneus (Figure 4c)

Boehler’s angle: Fixing the calcaneus in anterior po-

sterior axis, the angles were measured by setting up the

arms of the goniometry at following points: (Figure 5)

I. Superior edge of anterior process to superior ed-

ge of posterior facet.

II. Superior edge of tuberosity to superior edge of

posterior facet.

SPSS software for windows was used for statisti-

cal analysis. Results are expressed in mean ± SD (stan-

dard deviation).

Figure 2 — Type II articular facet on the superior

aspect of the calcaneus

Figure 1 — Type I articular facet on the superior

aspect of the calcaneus

Figure 3 — Type IV articular facet on the superior

aspect of the calcaneus

Figure 4(a) — Measuring maximum anterior

posterior length of the calcaneus

Figure 4 (b) — Measuring maximum transverse

diameter of the calcaneus



RESULTS

The talar articular facets in 142 dry calcanei were

classified into four different types with three types be-

ing identified in this study (Table 1) and the same com-

pared to that of other studies (Table 2). Type I (56.34%)

was recognized as the most prevalent type (Figure 1),

followed by Type II (42.25%), Figure 2 and Type IV

(1.41%) pattern (Figure 3). None of the observed cal-

canei showed Type III configuration.
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Figure 4 (c) — Measuring maximum vertical length

of the calcaneus

Figure 5 — Measuring

the Boehler’s angle

Study Year Country
n (sample

size)
I% II% III% IV%

Gupta et al.
(14)

1977 India 401 66.8 25.9 5.2 1.9

Campos and Pellico
(15)

1986 Spain 176 53.4 46.5 0 0

El-Eishi
(11)

1974 Egypt 200 49 40 11 0

Bunning and Barnett
(5,13)

1963, 1965 British 194 32.9 67 0 0

Bunning and Barnett
(5,13)

1963, 1965 Africans 492 63.4 37.7 0 1

Uygur et al.
(4)

2009 Turkey 221 58 39.3 0 0

Verhagen FD
(12)

1993 Americans 191 54.4 26.7 18.85 0

Nepalese (Present study) 2017 Nepal 142 56.34 42.25 0 1.41

Table 2. Comparison of pattern of talar articulating facet between Nepalese and that reported by other investigators

Pattern of articular facet
Side (n) Total

(n = 142)Right (68) Left (74)

Type I 46 (57.5%) 34 (42.5%) 80 (56.34%)

Type II 23 (38.33%) 37 (61.67%) 60 (42.25%)

Type III 0 (0%) 0 (0%) 0 (0%)

Type IV 0 (0%) 2 (100%) 2 (1.41%)

Table 1. Classification of talar articulating facet of calcanei and its percentage

Table 3. Morphometric measurements of the calcaneus

Measurements

Right calcaneus,

mean ± SD (mm),

n = 68

Left calcaneus,

mean ± SD (mm),

n = 74

p value
Total, mean ± SD

(mm), n = 142

Anterior posterior length 70.22 ± 7.1 70.47 ± 8.79 0.96 70.35 ± 7.64

Transverse length 38.36 ± 4.17 38.77 ± 3.87 0.87 38.58 ± 3.81

Vertical height 44.48 ± 5.32 43.83 ± 7.87 0.88 44.13 ± 6.51



Morphometric measurements and their findings

are shown in Table 3. Boehler’s angle in the right and

left calcanei are shown in Table 4.

DISCUSSION

The common pattern of the articular facets on the

superior surface of the calcaneus for the head of the talus

in our study is Type I (56.34%) and II (42.25%) as

shown in Table 1. From Table 2 it is clear that the outco-

me of our study is consistent with the studies done by

different authors previously. The prevalence of Type III

pattern of calcanei was observed to a greater degree in

Egyptians in an article by EI-Eishi (11) and Americans

in a study by Verhagen FD (12) implying that the facets

could be genetically determined as stated by Bunning

and Barnett (13). A relatively small sample of Type IV

patterned facet was common to the Africans (5), Indians

(14) and our study. This finding may possibly be used as

a racial characteristic. Additionally, Table 2 reveals, that

in the Americans (12), Africans (5, 13) and Indians (14)

the percentage of Type II is almost about half of Type I,

whereas Spanish (15) and Egyptian (11) population has

equal preponderance of Type I and Type II facet. Intere-

stingly in the British (5, 13), Type II facets are almost

twice as frequent as Type I, explaining another probable

racial attribute. Geographical region, human habits like

squatting, use of shoes and genetic factors may be the

predisposing cause to the variations observed in the fac-

ets, with Type I more common in females (13).

The configuration of talar articulating facet also

plays a key role in the stability of the subtalar joint is con-

sistent with Bruckner’s hypothesis that the joints with

two facet configuration are comparatively more stable

(16). This stability also depends on the height of the lon-

gitudinal arch, which is usually referred to as a cavus foot

(16, 17). Computerized tomography scans show that the

flat foot (planus foot) has no anterior sustentaculum tali

facet (18). These findings suggests that the population

with continuous facet and medial only facet pattern of the

sustentaculum tali may be at a greater risk for subtalar jo-

int instability than those with two facet type pattern (12).

Furthermore, study by Chavan et al. suggests that legged-

ness, right or left could also be the contributing factor to

the development of talar articulating patterns seen in hu-

man calcanei (19).

Calcaneal fracture accounts for 33% of foot fractu-

res with 100% association to the posterior talocalcaneal

facet in intra-articular fractures (20). The evaluation of

vertical length of calcaneus may be a supportive criterion

of calcaneus fractures (21). In our study the height, trans-

verse and anterior-posterior length of right and left calca-

neus was insignificant when compared to each other (Ta-

ble 3). The given dimensions may provide a landmark for

postoperative assessment of status of fractured calcanei.

Decompression fractures particularly alters Boe-

hler’s angle. Preserving normal Boehler’s angle posto-

peratively demonstrates surgical success. Study by

Khoshhal et al. in the Saudi population found the mean

Boehler’s angle to be 31.21° not related to age, gender,

or side of body (9). Similarly in the study by Uygur et

al. the Boehler’s angles of right and left calcanei were

found as mean 30.8° ± 4.9° and 30.09° ± 5°, respecti-

vely with left Boehler’s angle correlating with the left

vertical length of the calcaneus (4). The mean Bohler’s

angle of the right and left calcanei estimated in our

study was somewhat greater than these studies with the

similarity that Boehler’s angle did not relate to the si-

des of calcanei (Table 4). When Boehler’s angles of

congenital clubfoot were compared to the normal side

by Kalenderer et al. no differences were noted between

them (22). The mean Boehler’s angle in their study me-

asured 35.2° which was close to that of our study.

Bohler’s angle has a significant prognostic value

in terms of predicting morbidity of calcaneal fractures.

There was much poorer two year outcome regardless

of treatment of fractures with a markedly diminished

Bohler’s angle (8). Also, significant correlation betwe-

en preoperative Böhler’s angle and the injury severity

of displaced intra-articular calcaneal fractures was ob-

served with only the postoperative Böhler’s angle pa-

rameters found to have a significant correlation with

functional recovery (23). Due to the lack of studies in

Boehler’s angle involving different population group,

development of database for reference purpose, prog-

nosis and treatment especially during postoperative an-

gle measurements could be recommended.

CONCLUSION

Proper management (internal and external fixati-

on and surgical procedures) of various conditions of

the foot like deformities, fractures, arthritis etc de-

mands the understanding of the knowledge of size and

shape and relationship of the talus and calcaneus with

each other and other bones of the foot. The dimensions

of the calcaneus are evaluated. Type I calcaneus was

determined as the most frequent type in the Nepalese

showing similarity to the results of the studies perfor-

med in Spanish, American, African and various Indian
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Table 4. Boehler’s angle estimation

Boehler’s angle
Right (n = 68) Left (n = 74) p-value

34.92° ± 8.09° 35.4° ± 7.30° 0.92



population. Bohler’s angle of the right and left calcanei

was 34.92° ± 8.09° and 35.4° ± 7.30° respectively. De-

velopment of database of calcaneal measurements in

various populations is recommended.
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Uvod: Tri najbitnije zglobne povr{ine u gornjem

delu kalkaneusa su prednja, srednja i zadnja artikular-

na povr{ina. Izgled zadnje talarne povr{ine i zadnje

strane kalkaneusa je sli~na. Me|utim, postoje razlike

kada se posmatra zglobna povr{ina kalkaneusa koja je

predvi|ena da se zglobljava sa glavom talusa. Postoje

~etiri tipa kalkaneusa sa razli~itim talarnim povr{ina-

ma koja se navode u literaturi.

Cilj: Cilja ovog rada bio je da se opi{e kalkaneus

merenjem dimenzija i odre|ivanjem varijacija talusne

zglobne povr{ine.

Materijal i metode: Ukupno 142 kalkaneusa (68

desnih, 74 levih) pacijenata kojima nije odre|ivan pol

su bili uklju~eni u studiju. Vernierov caliper i goniome-

trija su bili kori{}eni.

Rezultati: Prva vrsta (Tip I) kalkaneusa (56,34%)

pokazala se kao naj~e{}a sa najvi{om stopom preva-

lence zajedno sa drugom vrstom (Tip II) petne kosti

(42,25%), koja je drugom mestu po u~estalosti. Tre}a

po u~estalosti vrsta kalkaneusa je tip IV(1,41%).

Zaklju~ak: Tip I kalkaneusa je naj~e{}i tip kod

Nepalaca koji pokazuje sli~nost sa rezultatima studi-

ja vr{enim u {pankoj, ameri~koj, afri~koj i razli~itim

indijskim populacijama. Bolerov ugao desne i leve

petne kosti bio je 34.92° ± 8.09° i 35.4° ± 7.30° re-

spektivno. Preporu~ili bismo razvoj baze podataka

za merenje parametara petne kosti u razli~itim popu-

lacijama.

Klju~ne re~i: kalkaneus, talarna zglobna povr{i-

na, Nepalci.
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