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ABSTRACT
Calcaneus is the largest tarsal bone designed to withstand the daily stresses of weight bearing. Bohler’s and Gissane’s angles 
are subtended by the Calcaneus, these angles are used in the assessment of Calcaneal fractures. 
Objective: Measuring the Bohler’s and Gissane’s angles from computed ankle radiographs and comparing the results with 
previous studies. 
Materials and Methods: This study was done in M.S. Ramaiah teaching hospital and M.S. Ramaiah memorial hospitals, Ban-
galore, India. Study was conducted on 92 patients older than 17 years. The angles were measured and the variation in range 
was compared with that of the previous studies. 
Observation and Results: From this study it was observed that the Bohler’s angle ranges between 18.7 – 46.2 degrees. Gis-
sane’s angle ranges between 87.5 – 137.8 degrees. The normal international reference values are; Bohler’s angle 280 to 400 
and Gissane’s angle 1200 to 1400.  The lower limit of Bohler’s angle in our study group, like few other studies is found to be 
much less than the reference values which is used to diagnose Calcaneal fractures. 
Conclusion: The range of Bohler’s and Gissane’s angles in the Indian population is much less when compared to the standard 
reference values, indicating that range of the angles is variable in different population groups. Hence knowledge of the exact 
range of the angles in a specific population group aids in accurate diagnosis and meticulous treatment of Calcaneal fractures.
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INTRODUCTION

Foot has evolved over many million years to attain the hu-
man type. Foot has 28 bones and 31 articulations to support 
daily biomechanical loads of up to three to seven times the 
body weight. One of the key bones supporting the body 
weight is the calcaneus.  Fracture of the calcaneus is com-
mon in fall from height and slipping from stairways. Imaging 
plays major role in the diagnosis, treatment and prognosis of 
Calcaneal fractures. Radiological measurement of Bohler’s 
angle and Gissane’s angles of the calcaneum are important 
parameters in Calcaneal fracture diagnosis, management and 
assessment of prognosis. 

Bohler’s and Gissane’s angles are subtended by the Calca-
neal bone. Bohler’s angle is also known as Calcaneal angle, 

Tuber joint angle or Salient angle. It is used for assessing 
the loss of Calcaneal inclination (or ankle dorsiflexion im-
pingement). It is measured at the intersection of a line drawn 
between the posterior superior aspect of calcaneal tuberosity 
and the highest point in the posterior talar facet, to another 
line drawn to the anterior process of the calcaneus. It normal-
ly ranges from 280 to 400  1,2 . Fracture through the calcaneus 
with displacement causes reduction of angle to less than 280  

1.  Measurement of Bohler’s angle plays a key role in diag-
nosis of Calcaneal fractures and its intra operative reduction 
and fixation. 

Gissane’s  angle or  Critical angle of Gissane is the angle 
subtended  between the anterior and posterior talar facets of 
the calcaneus. The angle normally ranges between 1200 and 
1400  2 .
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Since the calcaneum is a weight bearing bone the Calcaneal 
angles can possibly be variable in different races due to vari-
ation in built and load bearing.

The objective of the study is to measure the Bohler’s and 
Gissane’s angles of the calcaneum from computed  radio-
graphs of lateral view of ankle joint in a group of South 
Indian population and look for deviations from the present 
international reference values. The study also includes com-
parison of results with previous studies conducted in differ-
ent racial groups. The study was done on radiographs as they 
are the most common tools used for the measurement of the 
Calcaneal angles pre-operatively and intra-operatively. 

MATERIALS AND METHODS:

This is a hospital based cross sectional study done in M.S. 
Ramaiah Medical college hospital, Bangalore from Septem-
ber 2011 to May 2013. By analysing the previous studies the 
minimum sample size was calculated as 84.  In this study 
computed radiographs of 184 normal ankles of 92 patients, 
older than 17 years were obtained and analysed . The study 
population included 61 males and 31 females. Ethical clear-
ance was obtained.  

Patients referred to the radiology department were randomly 
included for the study. Patients with ankle deformities, Cal-
caneal fractures, congenital anomalies and arthritis were ex-
cluded.

Radiograph of the lateral view of both right and left the an-
kles were taken in a single exposure. A medio-lateral view 
was taken. The digital radiograph was obtained and the 
Bohler’s and Gissane’s angles were measured using the an-
gle tool in software called Dicom Viewer 

(Fig;1,2). Each angle was measured thrice and the mean was 
calculated and tabulated. 

RESULTS

In the present study done in the Indian population, 184 ankle 
radiographs were taken (118male and 66 female ankles). The 
mean Bohler’s angle was found to be 31.3±5SD. Minimum 
and maximum values were 18.7° and 46.2° (Table:1). The 
lower limit which is diagnostically significant, is lower than 
that observed in Nigerians (28 to 38 degrees) 3, Ugandans 
(20 to 50 degrees) 4  and Egyptians (22 to 40 degrees) 5 and 
higher than that observed in  Americans (14 to 50 degrees)6 
and Saudi Arabians (16 to 47 degree)7 (Table:2).

The mean Gissane’s angle in the present study was 108.5 
degrees. The maximum and minimum values for Gissane 
angle were 86.3° and 137.8° (Table:1). The minimum angle 

was found to be lower than that observed in all the previous 
studies (Table 3).

Table 1: Bohler’s and Gissane’s angles in the study population

Number 
of ankles 
measured

Mean SD 
(standard 
deviation)

Max (in 
degrees)

Min  (in 
de-
grees)

Bohler’s 
angle

184 31.32 4.79 44.8 19.6

Gissane’s 
angle

184 108.7 11.33 136.1 86.9

Table 2: Comparison of Bohler’s angle of the previous studies 
with that of the present study

Authors Population Sample 
size

Age group Bholer’s 
angle 
(degrees)

Chen MY et 
al(1991)6

American 120 Not mentioned 14 – 50

Didia BC et al 
(1999)3

Nigerians 302 Not mentioned 28 – 38

Igbigbi PS et 
al(2003)4

Ugandans 206 20 – 40 20 – 50

Koshal KI et 
al (2004)7

Saudi 
Arabia

299 15 – 72 16 – 47

Seyahil 
(2009)8

Turkey 308 18 – 79 20-46

Mathew JB et 
al (2011)9

New Zea-
land 

763 0 – 14 14.3 – 
58.1

Shoukry FA et 
al (2011)5

Egyptian 220 20 – 40 22 – 40

Present study 
(2011-2013)

Indian 184 17 – 75 18.7 – 
46.2

Table 3: Comparison of Gissane’s angles from the previous 
studies with that of the present study

Authors Population Sample 
size

Age group Gissane’s an-
gle(120-140 
degrees)

Koshal KI et al 
(2004)7

Saudi 
Arabia

299 15 – 72 96 – 152

Seyahil 
(2009)8

Turkey 308 18 – 79 100-133

Mathew JB et 
al (2011)9

New Zea-
land 

763 0 – 14 90.1 – 132

Shoukry FA et 
al (2011)5

Egyptian 220 20 – 40 108 – 138

Present study 
(2011-2013)

Indian 184 17 – 75 87.5 – 137.8
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DISCUSSION

Calcaneum  is the most vulnerable bone of the ankle region. 
It is the tarsal bone most commonly prone for fractures and 
accounts for about 2% of the total fractures1.  Various studies 
have been conducted on Bohler’s and Gissane’s angles on 
different races. There is no literature suggestive of such a 
study done in South India. 

The tuber angle of Bohler ranges from 28 – 40 degrees.  A 
decrease in angle indicates that the posterior facet i.e. the 
weight bearing surface of the calcaneus has collapsed, this 
leads to shifting of the weight of the body anteriorly.  The 
reduction of Bohler’s angle indicates mainly the degree of 
proximal displacement of the Calcaneal tuberosity. Hence 
the angle is reduced in both intra-articular and extra-articular 
fractures of the calcaneus 11. 

The  study conducted in 1991 in the American population 
concluded that if 28 degree is taken as the lower limit of nor-
mal for Bohler’s angle, 37 cases (31%) would be false-pos-
itive abnormal. The use of 20 degree as the lower limit may 
decrease the number of false-positive to three cases (2.5%); 
using 18 degree (mean − 2 SD) reduces the false-positive 
rate to less than 1% (one case) 6. in studies conducted in most 
of the above mentioned races (Table:2,3), the lower limit of 
Bohler’s angle is less than 28 degrees.

The Bohler’s and Gissane’s angles are the most frequently 
assessed angles in the interpretation of Calcaneal fractures 12. 
Radiographic evaluation for a suspected Calcaneal fracture 
should include the 4 views : (i)Antero posterior view / dorso-
plantar view, (ii) Oblique view / medial oblique axial projec-
tion, (iii) Broden’s view and the lateral  view 13,14. Among 
these the lateral view includes assessment of height loss (us-
ing Bohler’s angle) and assessment of rotation of posterior 
facet (using Gissane’s angle). Bohler’s angle and Gissane’s 
angle are used also in classification of Calcaneal fractures.

Bohler’s angle also plays a role in the surgical management 
of Calcaneal fractures15.  Bohler’s angle of 15 degrees or less 
is an indication for surgical reduction of the fracture15. Dur-
ing the surgical procedure the displaced fragment is reduced 
in such a way that the Bohler’s angle is restored16. 

The initial value of Bohler’s angle at the time of trauma 
guides the treatment 17. Literature affirms that Bohler’s angle 
serves as a guide in assessing outcome following surgical or 
non surgical treatment of Calcaneal fractures 18. The angle 
escalates towards near normal values with appropriate man-
agement.

CONCLUSION

Calcaneus, the weight bearing bone of the lower limb han-
dles the stresses of the upright human posture. Fracture of 
this bone leads to hindrance in his or her day to day activi-
ties. The evaluation of Bohler’s and Gissane’s angles plays 
an important role in the diagnosis, treatment and prognosis 
of Calcaneal fractures. The range of Bohler’s and Gissane’s 
angles in the present study group of  south Indian population 
is much less when compared to the standard reference val-
ues, indicating that range of the angles is variable in different 
population groups. The study of Bohler’s and Gissane’s an-
gles in many such groups in a particular race helps in stand-
ardisation of range to that population. Hence this study helps 
the radiologist and orthopaedic surgeons to achieve accurate 
diagnosis, deliver apt treatment and in better assessment of 
prognosis. 
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Figure 1: Measurement of Bohler’s angle of the calcaneum in a lateral radiograph of the ankle

Figure 2: Measurement of Gissane’s angle of the calcaneum in a lateral radiograph of the ankle.


