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Abstract 
Carrying angle studies have been of significance use in designing upper limb prosthesis and orthosis 
and in elbow reconstruction surgery. This research was conducted to determine carrying angle among 
Hausa ethnic population of Zamfara State, Nigeria. Data was collected from 299 male and 301 female 
participants of age range 18 to 28 years. Manual Goniometer was used in taking the measurement of 
carrying angle using three land marks procedure. Data were expressed using Mean± Standard 
Deviation (SD). P≤0.05 was considered statistically significant. Variations of means of carrying 
angle of two sexes were observed using Two Sample t –test. The Mean± SD of carrying angle of the 
population studied was found to be 12.37°±4.62 SD.  The male and female mean ± SD of carrying 
angle was also determined to be 10.24° ± 4.26 and 14.54°±3.90 respectively. While the range of 
carrying angle was found to be greater in male having ( 0°-28°) than their female counterpart and( 
2°-22°)  for females. 
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Introduction 
Carrying angle is the acute angle made by the median axis of the arm and that of fully 
extended and supinated forearm and thus measures the lateral obliquity of the forearm 
(Ruparelia et. al., 2010).The elbow joint is a complex structure that performs an important 
function as the   mechanical link in the upper extremity between the hand, wrist, and 
shoulder. When the forearm is completely extended and supinated, as in carrying an object, 
it is not in line with the arm but is deflected laterally. This lateral deflection is referred to as 
the carrying, or cubital, angle. This angle is most apparent and best seen when the shoulder 
is externally rotated, the elbow is completely extended, and the forearm is supinated   
(Zampagni et al., 2008).   
  
In order to perform a study involving the carrying angle of the elbow, it is necessary to 
examine the variability that exists. Potter was the first person to conduct a quantitative 
investigation on a human carrying angle of the forearm from the arm when the forearm is 
supinated and extended in 1895 (Winniecia et al., 2014). There are minor differences in 
carrying angles in several reports that could be due to morphological differences in age, sex, 
as well as the tools and methods of measurement employed on the study population   
(Daneshmandi et al., 2014).  
 
Anthropometry is now recognized as the single most potable, universally applicable, 
inexpensive and noninvasive technique for assessing the size, proportions and composition 
of the human body (Taura 2011; Modibbo et al., 2012). Variation in carrying angle among age 
groups, gender and race has been reported in literature. It is speculated that this conflicting 
data produced is due to the variations in the populations studied (Khare et al., 1999). 
Paraskevas et al.,2004  found that, the value of carrying angle varies with respect to sex and 
races. It also varies with ethnicity among Nigerians as Igbos have  larger carrying angle than 
their Yoruba counterparts (Chisom et. al., 2012). Moreover, environmental factors play a key 
role in human body composition and believed to affect body anthropometry. Indeed climate 
condition has been identified as one of the common environmental factor that affect body 
dimensions as indicated by Bergmann’s rule, which states that individuals in cold climates 
will tend to have larger limbs than those in warm climates; and Allen’s rule, which states 
that individuals in cold climates will tend to have shorter and stubbier limbs than those in 
warm climate.  
 
Carrying angle is a sex specific anthropometric variable with average value of 12.5 degrees 
in males and 15.26 degrees in females. Studies also found that females had higher values 
than males except in 3-5years age group in whom the carrying angle is greater in males 
(Koh, 2010 and Dey et al., 2013). However, Paraskevas et al., (2004) reported that carrying 
angle is between 0 to 25 degrees in Indian population.  In a study by   Purkait and Chandra 
(2004), carrying angle was reported to be 7 degrees in men and 13 degrees in women. Chang 
et al., (2008) stated that carrying angle is 13 degrees in men and 10 degrees in women. In 
Nigeria, studies on carrying angle are scanty. However there is paucity of literature on 
determination of carrying angle among Hausa ethnic population of Zamfara state. 
Determination of carrying angle plays significant role in upper limbs prosthetic and orthotic 
designs, examination of elbow joint deformities and  in making plans for management 
protocol. Lack of reference value of carrying angle among Hausa ethnic population is a 
critical gap in literature that make use of prosthetics and orthotics devices difficult in clinical 
setting and lead the way to our current study.  
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Materials and Methods 
 
Location and Participants of study 
The study was conducted among Hausa ethnic population of Zamfara state, North western 
Nigeria, The subjects consisted of 600 stratified randomly selected males and females with 
age range of 18-28 years in order to minimize changes due to aging. Participants were those 
with Hausa (both paternal and maternal) grandparental background, with no limbs 
deformity and no history of limbs fractures/injuries. Subjects with physical deformity/ 
signs and symptoms of a disease are excluded in the study. Pregnant Women are also 
excluded. 
 
Carrying angle measurement: The angle can be measured through radiographs, digital 
electrogoniometer, and most simply a single hinge manual goniometer with 35 mm arms 
(Zampagni et al., 2007). The manual goniometer requires measurement of 3 points or 
landmarks across the forearm, elbow, and arm (Erhan et al., 2005). In our study, Participant 
stand in Anatomical position, shoulder fully adducted with forearm in supination. A 
horizontal line was drawn from the lateral margin of the anterio axillary fold and maximum 
width over the deltoid. Midpoint of this line was marked as point (A). Midpoint (B) is the 
point at the middle of the interepicondylar line.  A line joining point (A) and (B) was drawn 
and extends to point (C). Point (D) was determine at the mid of interstyloid line. Another 
line was drawn from point (B) to point (D). So after joining point (A) and point (B) and 
extending it to (C), point (B) and point (D) were also joined with straight line using an 
improvised skin pencil. While the subject was standing in anatomical position (i.e standing 
up straight, with his/her shoulder rolled back and the elbow was fully extended and the 
forearm fully supinated, as in Figure 1). The arms of the goniometer were kept into a 
straight line(line AC) and the goniometer's measurement plate placed at the fulcrum of the 
elbow, the center of the goniometer's measurement plate placed on point (B) (the static arm 
of the goniometer was aligned along the line (AB) of the subject's upper arm. The 
goniometer's movable arm was swung/moved along until it lined up along with line (BD) in 
the middle of the subject’s forearm. The angle was recorded from the readout on the 
measurement plate. Angle CBD was measured as the carrying angle (Ruparelia et al., 2010; 
Rajesh et al., 2013). Methylated spirit and cotton wool were used to clean the pencil mark 
from the participant's skin. Similar procedure was repeated and average values were 
considered as carrying angle in order to reduced measurement error. 

 
Figure 1: Illustration of three land marks procedure for measuring carrying angle 
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Figure 2: Carrying angle 

 
 
Statistical Analysis 
Data analysis was carried out using Minitab 16.0 statistical software. The data was expressed 
as Mean ± Standard Deviation (S.D.). P≤0.05 was considered statistically significant. 
Comparisons of means of carrying angles of the two sexes were made using Two Sample t-
test. 
 
Table 1: Descriptive statistics of carrying angle of the participants 
 
S/No Variables Mean ±SD Minimum Maximum 

  Carrying angle (°) 12.37±4.62 0 28 

 
 
Table 2: Two sample t test of carrying angle of the participants 
 
Gender   Mean ± SD Minimum Maximum T 

Male(n=299) 10.29±4.38 0° 28° -12.30 
Female(n=301) 14.44±3.86 2° 20°  

P≤0.05     
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Results and Discussion 
The principal findings of this study of determination of carrying angle among Hausa ethnic 
population of Zamfara state, the descriptive statistics of the carrying angle shows mean ± SD 
carrying angle for the study population as (12.37° ± 4.62SD). The result goes in accordance 
with research conducted in United State by Paraskevas et al., (2004) that shows mean value 
of carrying angle is 12.88° ± 5.92SD. 
 
Assessment of carrying angle in Hausa Ethnic population of Zamfara State was limited to 
mere clinical assessment of patient for the purpose of diagnosis, assessment of prognosis as 
well as for fitting orthotic and prosthetic devices. Moreover, the value of carrying angle had 
not been tested especially in the north western part of Nigeria to determine its reference 
value. This study was carried out because there is need for evidenced based data regarding 
carrying angle in the northern part of Nigeria. In our study the descriptive statistics of the 
carrying angle shows mean ± SD carrying angle for the study population as (12.37° ± 
4.62SD). The result goes in accordance with research conducted in United State by 
Paraskevas et al., (2004) that shows mean value of carrying angle is 12.88° ± 5.92SD. 
 
Certainly, in the present study, the minimum range of carrying angle is 0° and the maximum 
is 28°.This is one of the rare findings, having degree of carrying angle as 0°. This finding 
goes in concur with result of paraskevas et al., (2004), in the research conducted among 
student in United State and found the minimum range of carrying angle as 0° and the 
maximum as 25°. Variation in carrying angle among age groups, gender and race has been 
reported in literature. Carrying angle exhibits considerable individual variation (Beal et al., 
1976). This research yielded similar findings with Khare et al., (1999) that shows the angle is 
14° approximately in males with minimum range of 2° and maximum range of 26° and 
approximately 16° in female with minimum range of 2° and maximum of 22°. In this study 
the minimum range of carrying angle for male participant is 0° and the maximum is 28°, for 
the female participants the minimum range of carrying angle is 2° and the maximum is 20°. 
Carrying angle differs according to the sex and age (Smith, 1960; Amis and Miller, 1982; 
Tachdijan, 1990. Paraskevas et al., (2004) found the value of carrying angle varies with sex 
and in different races. 
 
However, this study showed that the degree of carrying angle among female participants is 
greater than that of male participants; this revealed that there is sexual dimorphism of 
carrying angle among the study population. The values of carrying angle for male and 
female participants are (10.29 ± 4.38SD) and (14.44 ± 3.86SD) respectively. The result of this 
study is in accordance with finding of Chinweife et al., (2014), that shows carrying angle is 
(10.99±1.87ᵒ) and (12.55±1.76°) for male and  female of Nnewwi (south eastern Nigeria), 
respectively. It shows the female participants has greater carrying angle than male 
participants. 
 
It also agrees with study of Uduaka and Oghenemavwe (2009) in Niger Delta region of 
south eastern Nigeria, that shows female have higher carrying angle than male. The mean ± 
SD for males was 11.3° ± 1.37SD while that of females was 15.2° ± 0.97SD, this difference was 
statistically significant (P<0.05). The study also is in accede with the result of the research of 
(Soumedhik, et al.,2013) that shows mean carrying angle is 12.50° in men and 15.26° in 
female southern Indian  population. Paraskevas et al., (2004) also found the mean value of 
carrying angle as 10.97° ± 4.27SD in men and 15.07 ± 4.95SD in women among students in 
United State. In this research, the reason for female having greater carrying angle than male 
may be due to and hormonal influence at puberty and most of have the same trade. 
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However, many researchers reported that female have significantly greater carrying angle 
than male. Purkait and Chandra (2004) reported that carrying angle shows high sexual 
dimorphism. Some researchers considered the difference, as secondary sex characteristic 
(Potter, 1895; Atkinson and Elftman, 1945; Keats et al., 1966 and Baugman et al., 1974). The 
findings of this research are in agreement with other authors indicating that carrying angle 
in any given population or race is always greater in the females and that it indeed shows 
gender difference. However, some researchers reported no significant difference in carrying 
angle of males and females of any age group (Steel and Tomlinson, 1958; Smith, 1960). 
Carrying angle is not a secondary sex character since it has no relationship with the width of 
the pelvis (Khare et al., 1999).    
 
Conclusion 
This study determined the value of carrying angle among Hausa ethnic population of 
Zamfara State, Nigeria. It also shows there is statistically significant difference in value of 
carrying angle among male and female participants. The findings of this study can be 
applied in designing and construction of elbow prosthesis, orthosis or elbow reconstruction 
surgery. 
 
Recommendation 
Similar study on different ethnic groups should be done in order to determine a reference 
value of carrying angle in Nigeria. 
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