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Abstract
Objective: Determine Böhler and Gissane angles in the Brazilian population and compare them with the data available in the literature. 

Methods: A total of 800 weightbearing lateral radiographs of the calcaneus were evaluated in adult patients of both sexes. The angles 
were measured using the digital Picture Archiving and Communication System. 

Results: The sample consisted of 800 patients; 554 (69.2%) were women and 246 (30.8%), men. In the sample evaluated, the Gissane 
angle is 110.6±11.9, while the Böhler angle is 32.6±6.1. No differences were observed in the angles in terms of the comparison between 
sex and age. 

Conclusion: In the Brazilian population, the Gissane angle is 110.6±11.9, while the Böhler angle is 32.6±6.1. There is no statistically signi-
ficant difference in the comparison between sex and age. 
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Introduction
The calcaneus is the most frequent tarsal bone to be fractu-

red. The most common trauma mechanism is fall from height, 
which occurs frequently during professional activity and affects 
young men(1). About 70% of these fractures are intra-articu-
lar, representing greater difficulty in treatment and a worse 
prognosis for patients(2).

The Böhler angle was described by Dr. Lorenz Bohler (1885-
1973) in 1931(3) and is defined by a line drawn between the 
highest region of the anterior process and the highest part of 
the posterior articular surface, and a second line between the 
same point on the posterior articular surface and the highest 
point of the calcaneal tuberosity (Figure 1). The literature re-
ports a wide normal range for AB, from 20 to 40 degrees(4,5).

The Gissane angle was described in 1947 by Dr. William 
Gissane (1898-1981)(6). It is defined by two lines, the first of 
which extends from the lowest point of the posterior facet 
to the highest point, and a second from the lowest point of 
the posterior facet to the highest point of the anterior surface 
(Figure 2). Different normal ranges, such as 96°-152°, 100°-130°, 
120°-145°, and 95°-105° are reported in different studies(7).

The Böhler and Gissane angles are used to assess calcaneal 
fractures in the preoperative period to evaluate joint impair-
ment, and in the postoperative period to evaluate reduction 
quality(8).

The aim of this work is to determine the Böhler and Gissane 
angles in the Brazilian population and to compare them with 
the data available in the literature.
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Methods
This study was approved by the Institutional Review  

Board and registered on the Plataforma Brazil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
79836417.5.0000.0047.

Figure 1. Böhler Angle.

Figure 2. Gissane Angle.

A prospective study was carried out between June 2017 
and June 2019 in which 800 weightbearing lateral radiographs 
of the calcaneus were evaluated in adult patients of both 
sexes. Convenience sampling was performed by recruiting 
patients treated at the Foot and Ankle Medical and Surgi-
cal outpatient clinic during the study period. Patients with 
a history of hindfoot (calcaneal or talar) and ankle fracture 
or radiological signs of subtalar osteoarthritis, characterized 
by joint space narrowing, osteophyte formation reaction or 
subchondral sclerosis, were excluded. A total of 86 patients 
were excluded, 27 due to a history of fracture and 59 because 
they showed signs of osteoarthritis on the radiographs. An-
gles were measured using the digital Picture Archiving and 
Communication System. 

For statistical analysis, a definition of normality was made 
through graphical analysis and the Shapiro-Wilk test. For des-
criptive analysis, quantitative variables with normal distribu-
tion were represented by their mean and standard deviation. 
Intergroup comparisons were performed using Student’s 
t-test and ANOVA.

Categorical variables were represented through frequencies 
and percentages. The Chi2 test was applied to perform an in-
tergroup comparison.

Box plots were drawn up comparing the genders of the sub-
jects and the Böhler and Gissane variables.

Results
Table 1 shows that among the 800 patients, 554 (69.2%) 

were women and 246 (30.8%) men. The mean age of the pa-
tients was 50.2±16.0. Among the age groups, Table 1 shows 
the predominance of elderly patients. In the sample evalua-
ted, the Gissane angle is 110.6±11.9, while the Böhler angle is 
32.6±6.1.

Table 1. Sample Characterization

Total (n=800)
Age 50.2±16.0

Gissane 110.6±11.9

Böhler 32.6±6.1

Sex

Female 554 (69.2)

Male 246 (30.8)

Age Groups

18-20 26 (3.2)

21-30 74 (9.2)

31-60 126 (15.8)

41-50 160 (20.0)

51-60 199 (24.9)

61-92 215 (26.9)
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Table 2 shows that the age among women was 51.6±15.3, 
while the group of men assessed is younger (46.9±17.0), with 
a statistically significant difference having been observed. On 
the other hand, there was no statistically significant differen-
ce in the value of the Böhler (Figure 3) or Gissane (Figure 4) 
angles between males and females.

When the different age groups were compared, no statisti-
cally significant difference was observed for the Böhler and 
Gissane angles (Table 3).

Studies carried out in different parts of the world have evalua-
ted the Böhler angle of their populations, while others have 
evaluated both Böhler and Gissane angles. The results pre-
sented in Table 4 show that there is no statistically significant 

Table 2. Comparison between genders

Total (n=800) Female (n=554) Male (n=246) p value
Age 50.2±16.0 51.6±15.3 46.9±17.0 <0.001

Gissane 110.6±11.9 110.8±11.7 110.0±12.4 0.391

Bohler 32.6±6.1 32.4±6.1 33.1±6.1 0.165

15-20 26 (3.2) 12(2.2) 14(5.7)

21-30 74 (9.2) 39(7.0) 35(14.2)

31-60 126 (15.8) 84(15.2) 42(17.1)

41-50 160 (20.0) 113(20.4) 47(19.1)

51-60 199 (24.9) 149(26.9) 50(20.3)

61-92 215 (26.9) 157(28.3) 58(23.6)

Figure 3. Böhler compared between sexes.

Figure 4. Gissane compared between sexes.

Table 3. Comparison between age groups

Age groups Cases (%) Böhler angle Gissane angle
18-20 26 (3.2) 33.2±8.7 114.7±19.7

21-30 74 (9.2) 34.0±5.5 106.7±11.0

31-60 126 (15.8) 32.9±5.7 110.9±10.7

41-50 160 (20.0) 32.5±5.7 111.7±12.3

51-60 199 (24.9) 31.8±6.9 111.3±11.1

61-92 215 (26.9) 32.9±5.5 109.6±12.0

P 0.011 0.151

difference when we compare the Böhler angle found in Brazil 
with the Nigerian(9), Turkish(10), and Croatian(11) populations.  
There was a statistically significant difference in relation to 
the Gissane angle found in all the studies evaluated, and in 
the Böhler angle when compared with American(12), Ugan-
dan(13), Saudi(7), Egyptian(14), Serbian(15), Australian(16), British(17), 
and Indian subjects(18).

Discussion
The Böhler and Gissane angles were described in 1931 and 

1947 respectively, before the creation of computed tomogra-
phy in the 1960s. Therefore, for a long time they were the only 
radiographic parameters used to assess joint impairment in 
calcaneal fractures. Today, now that the use of tomography 
has become increasingly popular in many parts of the world, 
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they are still being used to assess these fractures, helping or-
thopedists make therapeutic decisions, and to assess the out-
come of surgical treatment. Studies have shown a relationship 
between normalization of the Böhler angle in the postopera-
tive period and better clinical and functional outcomes(19,20). In 
addition, a biomechanical study found a correlation between 
the Gissane angle after restoration and the “Second Peak of 
Force”, indicating that the better the reduction of this angle, 
the better the impulsion. A correlation was also found between 
the rating system proposed by the American Orthopaedic 
Foot & Ankle Society (AOFAS) and the First Peak of Force 
(ground reaction force upon initial contact of the foot in the 
support phase), showing that the better the clinical outcome, 
the better the hindfoot support(21).

Although they have been described and used for many de-
cades, including in Brazil, there were no studies determining 
normal values in this population. The sample evaluated here 
(800 patients) is the largest when compared to other studies 

available in the literature, and enabled us to determine that 
the value of the Gissane angle in the Brazilian population is 
110.6±11.9, while that of the Böhler angle is 32.6±6.1. No differen-
ce was observed between different age groups and bet ween 
males and females, showing that no variation in these values 
is expected after skeletal maturity. These findings are compa-
tible with other studies available in the literature(7, 9,10,14).

In the statistical comparison with the results of 11 published 
articles that assessed different populations, it is important to 
note that a statistically significant difference was observed 
between the Gissane angle in the Brazilian population and 
all others available in the literature. Regarding the Böhler an-
gle found in this particular study, no statistically significant 
difference was observed in the comparison only with the Ni-
gerian(9), Turkish(10) and Croatian populations(11). There was a 
statistically significant difference with the other eight studies 
evaluated.

Despite the importance of plain radiography and the pre- 
and postoperative evaluation of the Böhler and Gissane an-
gles, tomography plays an increasingly essential role in the 
management of this complex lesion. In the preoperative 
evaluation, tomography enables us to accurately locate the 
different fractured bone fragments, facilitating surgical plan-
ning. Consequently, there is better joint alignment in patients 
undergoing osteosynthesis with prior tomographic evalua-
tion when compared to those who have undergone radiographs 
alone(22).

These findings show the importance of studies assessing 
the particularities of the radiographic parameters of the mus-
culoskeletal system in different populations, since the data 
available in the literature may not be suitable for certain 
regions.

The main limitation of the study concerns the fact that it 
was carried out with a convenience sample of patients from 
a single Orthopedics and Traumatology clinic, and was not 
preceded by a pilot study.

Conclusion
In the Brazilian population, the Gissane angle is 110.6±11.9, 

while the Böhler angle is 32.6±6.1. There is no statistically sig-
nificant difference in the comparison between sex and age. 
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Table 4. Comparison with the literature

Population no Mean (º) p
Chen et al. (American) 120 BA: 30±6 0.001

Igbigbi and Mutesasira 
(Uganda)

114 BA: 35.1±7.5 (F)

BA: 37.6±5.6 (M)

0.001

<0.001

Didia and Dimkpa (Nigerian) 302 BA: 32.8±2.8 0.533

Khoshhal et al. (Saudi) 229 BA: 31.2±5.6

GA: 116.2±8.5

<0.001

<0.001

Seyahi et al. (Turkish) 308 BA: 33.8±4.8

GA: 115.0±6.5

0.026

<0.001

Shoulry et al. (Egypt) 220 BA: 30.15±4.18

GA: 122.92±6.9

<0.001

<0.001

Macuzic et al. (Serbian) 225 BA: 34.1±4.2 <0.001

Isaacs et al. (Australian) 212 BA: 29.4±4.1 <0.001

Willmott et al. (British) 127 BA: 36.4±4.2 <0.001

Sengodan et al. (Indian) 324 BA: 30.62±5.77

GA: 126.79±7.88

<0.001

<0.001

Simunovic et al. (Croatian) 130 BA: 33.73±5.17 0.030
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