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SUMMARY: Various papers in the fields of Radiology, orthopaedics and radiographic anatomy have employed the use of angles
measured on X-rays to make diagnoses, select treatment modalities in the management of foot disorders as well as predicting the
outcome of interventions to these disorders. Calcaneal pitch (CP) and lateral talocalcaneal angle (L TCA) are angles that can be drawn on
lateral standing radiographs of the foot and are used widely in the diagnosis, prognosis and choice of treatment modalities for various
disorders of the foot. Data on these important radiological tools are lacking in Nigeria. Hence, the study is an attempt to bridge this gap.
Using a hinge goniometer, the angles were measured from normal lateral standing radiographs of the foot. Mean CP was found to be
15.08 ± 2.87 (n=63) and the mean L TCA was found to be 38.85°±8.20° (n=130). Differences in the means of the angles seen between the
sexes were not statistically significant (CP, p=0.70; L TCA, p=0.60). No such significant difference was also observed in mean of the
angles with respect to the sides of the body (CP, p=0.58; L TCA, p=0.13) or between ethnic groups (CP, p=0.30; L TCA, p=0.40).
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INTRODUCCIÓN

Radiographs have been used as tools of diagnosis,
prognosis and in selection and evaluation of treatment
modalities of various types of deformities and fractures of
the foot (Katz et al., 1997; Igbibi & Mutesasira, 2003; Dooley
et al., 2004; Dobbs et al., 2006; Westberry et al., 2007;
Aminian & Sangeorzan, 2008; Radler et al., 2010). Lateral
talocalcaneal angle (L TCA) is an angle formed by a line
along the long axis of the talus and another line along the
long axis of the calcaneus on a standard weight bearing lateral radiograph of the foot. The angle is used widely in the
diagnosis and choice of treatment modalities for club foot.
It is also widely used in assessing hind foot valgus (Westberry
et al.; Anad & Sala, 2008), in assessment of treatment
outcomes for planovalgus deformities (Knupp et al., 2009);
assessment of treatment outcomes for sequelae of fractures
of the calcaneus (Savva & Saxby, 2007) and other forms of
calcaneus deformity and club foot (Wisbrun, 1932; Aronson
et al., 1983; Davids et al., 2007).
Calcaneal Pitch (calcaneal inclination angle) is an

angle subtended by a line drawn along the lower border of
the calcaneus and the plane of support of the foot in a standard weight bearing lateral radiograph of the foot (Gentili et
al., 1996). The average calcaneal pitch is 20.54°; a calcaneal
pitch greater than 30° is indicative of hind foot varus
(Prichasuk & Subhadrabandhu, 1994; Turner et al., 2005;
Westberry et al.). It is lowered by such factors as excessive
weight gain, aging and presence of a calcaneal spur. Its value
is lower in females than in males. The angle is a measure of
the alignment of hind foot and has widely been used by
several researchers to make diagnosis (Schwend & Drennan,
2003; Aminian & Sangeorzan; Clare et al., 2005; Park et
al., 2008; Knupp et al.; Mehrafshan et al., 2009).
The study was therefore aimed to determine the Normal Calcaneal pitch (CP) and Lateral Talocalcaneal angle
(L TCA) of Nigerians; if there are differences in the observed
means of the CP & L TCA between the sexes, sides of the
body and ethnic groups; the influence of age on the CP & L
TCA of Nigerians.
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MATERIAL AND METHOD

This is a retrospective study done on standing lateral
radiographs of the foot and ankle that were reported normal. The radiographs used in the study were those culled
from X-ray libraries of Ahmadu Bello University Teaching
Hospital (ABUTH), Zaria and National Orthopaedic Hospital (NOH) Dala, Kano. X-rays included in the study were
those in which Demographic data of patients have been
captured on the report or the X-ray film. The data of interest
were age, sex, side of the body and ethnic group of Hausa,
Igbo, Yoruba and Other Nigerian ethnic groups. X-rays with
improper filling of X-ray request form, previous or recent
fracture of any bone of the foot, previous surgery of the foot
or calcaneal fracture in the case of calcaneal pitch angle were
excluded from the study. The points defining the angles on
the X-rays were identified and marked with the X-ray pencil,
a ruler was used in drawing straight lines that joined the
points and the angles enclosed were then measured with a
goniometer and recorded.
Statistical Analysis. Statistical analysis was done using
Analyse-it for Microsoft Excel (version 2.22) software. All
data were expressed as mean ± standard deviation. Student
t-test was used in comparing means of the studied parameters

between the sexes ant the sides of the body while analysis
of variance (ANOVA) was used in determining the degree
of the difference in the mean of the angles between the ethnic
groups. Level of significance was put at p≤0.05

RESULTS

The results of the study are as shown in Tables I and
II. Table I shows the descriptive statistics of the calcaneal
pitch angle and the lateral talocalcaneal angle of the whole
sample and the description of the angles based on sex side
of the body and ethnicity. The mean CP was found to be
15.08°±2.87° while the mean L TCA was found to be
38.85°±8.20°. No statistically significant difference was
observed in the mean of the angles between the sides of the
body sexes or the ethnic groups studied. Table II shows the
influence of age on these angles based of the
aforementioned variables. Increasing age has a significantly
decreasing effect on calcaneal pitch in many of the variables considered but lateral talocalcaneal angle was not
significantly affected by age.

Table I. Descriptive Statistics of lateral talocalcaneal angle and calcaneal pitch.
Parameter

Variable
Whole Sample
Side
Sex

L TCA°

Mean ± SD

Minimum

Maximum

130

38.85 ± 8.20

18

56

R

56

41.09 ± 6.76

25

56

L

73

37.25 ± 8.93

15

53

M

96

39.07 ± 8.57

18

56

F

34

38.21 ± 7.14

24

52

Hausa

99

38.09 ± 8.37

17

56

Igbo

13

41.65 ± 7.46

28.5

53

Yoruba

4

36.75 ± 10.93

22

48

Others
Whole Sample

14

40.71 ± 8.60

25

52

63

15.08 ± 2.87

10

23

30

14.87 ± 2.87

10

21

Tribe

Side

CP°

n

Sex

Tribe

R
L

36

15.53 ± 3.87

6

25

M

45

14.99 ± 2.75

10

23

F

18

15.31 ± 3.22

12

22

Hausa

51

15.42 ± 2.94

12

25

Igbo

6

15.83 ± 6.31

6

24

Yoruba

3

11.00 ± 1.73

9

12

Others

6

12.75 ± 1.84

10

15

p

0.13
0.60

0.40

0.58

0.70

0.30
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Table II. Predictive equation of lateral talocalcaneal angle and calcaneal pitch.
Parameter

Side
Whole Sample
Side
Sex

L TCA°

Tribe

n

SEE

r

r2

t

p

L TCA = 40.02 - 0.039Age

130

L TCA = 42.64 - 0.09Age

59

8.21

0.1

0.01

0.93

0.35

7.93

0.17

0.03

1.42

0.16

L

L TCA = 37.8 + 0.002Age

71

8.35

0

0

0.03

0.98

M

L TCA = 41.19 - 0.069Age

96

8.54

0.14

0.02

1.29

0.20

F

L TCA = 37.75 + 0.017Age

34

7.24

0

0

0.25

0.80

Hausa

L TCA = 39.16 -0.03Age

99

8.16

0

0

0.65

0.52

Igbo

L TCA = 41.81 - 0.005Age

13

7.79

0

0

0.03

0.98

Yoruba

L TCA = 44.39 - 0.25Age

4

12.42

0.37

0.14

0.57

0.63

Others
Whole Sample

L TCA = 45.98 - 0.16Age

14

8.55

0.3

0.09

1.08

0.30

Side
CP°

R

Predictive Equation

Sex

Tribe

R

CP = 16.57 - 0.052Age

63

2.77

0.28

0.08

2.34

0.02

CP = 17.41 - 0.01Age

30

2.45

0.54

0.29

3.42

0.0019

L

CP = 15.92 -0.02Age

33

2.93

0.1

0.01

0.62

0.54

M

CP = 16.87 - 0.063Age

45

2.63

0.33

0.11

2.29

0.03

F

CP = 16.20 - 0.035Age

18

3.25

0.2

0.04

0.84

0.41

Hausa

CP = 16.9 - 0.06Age

50

2.48

0.36

0.13

2.66

0.01

Igbo

CP = 19.17 - 0.17Age

4

3.45

0.56

0.31

0.96

0.44

Others

CP = 9.84 + 0.11Age

7

4.2

0.41

0.17

1.03

0.35

DISCUSSION

The stringent inclusion and exclusion criteria have
limited the number of the X-rays available for this study to
the extent that only 63 were suitable for studying calcaneal
pitch and 130 for studying the lateral talocalcaneal angle.
The data in the result of this study is comparable to those of
Seyahi et al. (2010). In defining normal Böhler’s angle these
authors used 107 lateral radiographs.
The lateral talocalcaneal angle as observed from the
present study is shown to range from 18° to 56°. Beatson &
Pearson (1966) had reported that the normal range is 30 –
50° and this was later corroborated by Anand & Sala. The
upper and lower limits of the observed values from the study
are slightly away from the normal; the lower value tends
towards planus or valgus shape while the high value of the
upper limit is tending towards a cavus or varus shape of the
longitudinal arch (Westberry et al.; Anad & Sala). However,
this is not abnormal as Sangeorzan (2010) asserts that up to
24% of the population has cavus shape of the foot and that
if anything affects that much population is, by definition,
not abnormal. He further goes to mention that anything that
common is likely to have variations in its anatomy. In all,
the range can be said to be an addition to the varied levels of
the normal for this angle. The calcaneal pitch angle as found
in the study ranged from 10° to 23°. This range is within
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normal limits when compared with the mean calcaneal pitch
reported by Prichasuk & Subhadrabandhu. These authors
reported the mean calcaneal pitch to be 20.4°. The angle is a
measure of the alignment of the hind foot with respect to the
fore foot. The result is therefore indicative of normal
curvature of the medial longitudinal arch of the foot. Turner
et al. (2005), and Westberry et al., have reported that a
calcaneal pitch angle greater than 30° is indicative of pes
cavus. Conversely, calcaneal pitch angle less than 10° is
indicative of pes planus (Park et al.; Mehrafshan et al.).
When the mean of the angles were compared based
on sex and sides of the body, the differences in the means
were not statistically significant. An attempt was also made
to determine if there is a statistically significant difference
in the mean of the parameters studied between the four ethnic
groupings included in the study, but no such statistically
significant differences were observed.
A predictive equation for the L TCA was calculated
using a linear regression model and was found to be L TCA
= 40.02-0.039Age. However, this was not found to be
statistically significant at p value of 0.35. Results of the study
showed a statistically significant negative linear relationship
between age and calcaneal pitch with a slope of 0.052 and
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intercept of 16.57° at p value of 0.02. Thus calcaneal pitch
at any given age is derived from the formula CP = 16.57°0.052Age. This observation is in agreement with the
positions of Prichasuk & Subhadrabandhu, Gentili et al. and
Katz et al. These authors argued that as age increases, the
calcaneal pitch tends to be lowered. When the calcaneal pitch
was computed against age for the whole sample irrespective
of the side of the body, from calcaneal pitch of 16.57°, this
angle decreases by 0.052 factor of any given age. However,
when the side of the body was taken in to consideration, it
was found that the depreciation of the angle is only minimal;
by a factor of 0.01 and 0.02 0f the age for the right and left
feet respectively, from their intercepts. As small as the change
in value of the angle due to aging is, the change on the right
was found to significant, statistically at p value of 0.0019. In
males the calcaneal pitch drops by a factor of 0.063 of the
age from an intercept of 16.87°. The decrease has been found
to be statistically significant at p value of 0.03. This is not
significantly so in the females. This also is in consonance
with the report of Prichasuk & Subhranbandhu who reported
that the angle is lowered by increase in age. The authors further
maintained that males have higher calcaneal pitch than
females. They however did not put into consideration the
combined effect of sex and age on this angle.

CONCLUSION

The mean calcaneal angle of Nigerians was found to
be 15.08° while the mean lateral talocalcaneal angle was
38.85°. No statistically significant difference was observed
in the mean of the parameters between the sexes, sides of
the body and ethnic groups. Lateral talocalcaneal angle is
not affected by age but the calcaneal pitch shows a
statistically significant decrease with increasing age.
It is recommended that this study should
prospectively be replicated and that the influence of weight
and other parameters of assessing nutrition on these angles
be investigated.
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RESUMEN: Diversos trabajos en las áreas de la radiología, ortopedia y anatomía radiográfica han empleado los ángulos medidos en las radiografías para hacer diagnósticos, seleccionar las modalidades de tratamiento en el manejo de los trastornos del pie, así
como para predecir el resultado de las intervenciones para estos trastornos. La inclinación calcánea (PC) y el ángulo talocalcáneo lateral
(L TCA) son los ángulos que se pueden extraer desde las radiografías laterales de los pies y ser utilizados ampliamente en el diagnóstico,
pronóstico y elección de modalidades de tratamiento para diversos trastornos del pie. Los datos sobre estos importantes instrumentos
radiológicos no existen en Nigeria, y su estudio es un intento de obtener esta información. Usando un goniómetro bisagra, los ángulos se
midieron a partir de radiografías normales permanentes lateral del pie. La media de CP se fue 15,08±2,87 (n = 63) y la media de TCA L
fue 38,85°±8,20° (n = 130). Las diferencias en las medias de los ángulos observados entre los sexos no fueron estadísticamente significativas (CP, p = 0,70; L TCA, p = 0,60). No hubo diferencias significativas en la media de los ángulos con respecto al lado (CP, p = 0,58;
L TCA, p = 0,13) o entre grupos étnicos (CP, p = 0,30; L TCA, p = 0,40).
PALABRAS CLAVE: Inclinación calcánea; Ángulo talocalcáneo lateral; Nigerianos.
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