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ABSTRACT 

 

Assessing the sex of an adult human skeleton is fundamental in 

forensic anthropology. The identification of skeletal remains is important 

for both legal and humanitarian reasons. Five distinct landmarks are 

formed on the first rib, head, tubercle, sternal end and groove for 

subclavian vein and artery. In non-anatomical position, an angle is visible 

between the head and the tubercle at the inferior portion of the neck. In 

cases where the pelvis and skull are not available or too damaged for 

examination, the ribs may provide an alternative method for estimating 

sex of an individual. The present study included 35 right and 35 left first 

ribs. The following measurements were taken in non-anatomical position 

like length from head to tubercle, height from head to surface, external 

length and internal length. Angle of the rib was determined using an 

inverse sine function, with measured height over the length. The mean 

and standard deviation of height and length of right side were 5.51± 

3.65mm and 25.20± 4.52mm respectively and on left side 6.28± 

2.81mm and 23.70± 3.39mm respectively. Unpaired t-test was used to 

determine the significance of means between angles of right and left side 

which was not statistically significant (p=0.17). On right side Pearson's 

correlation test showed a positive correlation between the angle and the 

external length and also for the internal length (r=0.8, 0.7). On left side 

Pearson's correlation test did not show any significant positive correlation 

between them (r=0.3, 0.2).The present study was an initial step in 

estimation of the angle which can be used for estimating sexual 

dimorphism. Further researches on the first rib can add to the information 

and help the forensic anthropologists to identify the sex of an individual. 

 

 

INTRODUCTION 

 

Assessing the sex of an adult human skeleton is fundamental in forming the biological profile used in 

forensic anthropology [1]. The identification of skeletal remains, badly decomposed, or otherwise unidentified 

human remains is important for both legal and humanitarian reasons. Forensic anthropologists apply standard 

scientific techniques developed in physical anthropology in identifying human remains and assist in medico-legal 

process. Forensic anthropologists create a biological profile, consisting of sex, age, ancestry, stature and unique 

features, such as any antemortem pathology or postmortem trauma of decedent from the skeleton [2].  

 

First rib is most acutely curved and usually shortest, with internal and external borders. It slopes obliquely 

down and forwards to its sternal end. The head of the first rib is small and round. It bears an almost circular facet, 

and articulates with the body of the first thoracic vertebra. The neck is rounded and ascends posterolaterally. The 

tubercle is directed up and backwards; articulates with the transverse process of the first thoracic vertebra. The 

external border is convex, thick posteriorly and thin anteriorly. The internal border is concave and thin, and the 

scalene tubercle is near its midpoint. The inferior surface is smooth. The anterior end is larger than in any other rib 
[3]. Five distinct landmarks are formed on the first rib, head, tubercle, sternal end and groove for subclavian vein 

and artery. In proper anatomical position the head of first rib points downwards and superior surface presents a 

subclavian groove. In non-anatomical position, an angle is visible between the head and the tubercle at the inferior 
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portion of the neck [4]. Estimation of sex via examination of sexually dimorphic features as focused primarily on 

pelvic girdle, long bones and skull. Numerous areas of skull and pelvis are used in determining the sex. However, in 

cases where the pelvis and skull are not available for study or too damaged for examination, the ribs may provide 

an alternative method for estimating an individual sex [5,6]. 

  

The aims of the present study were   

 

 To calculate the angle of first rib and to determine the difference in means between right and left 

sides. 

 To correlate the angles on right and left side with the internal and external diameter of the first rib.  

 

MATERIALS AND METHODS 

 

The present analytical study included 35 right and 35 left first ribs of unknown age and sex. The ribs were 

collected from the department of Anatomy and museum, Kasturba Medical College, Manipal. The measurements 

were taken using a vernier caliper.  

 

The following points were marked on the rib as shown in figure 1. 

 

1. Lowest point on the head. 

2. Tubercle where it touches the surface. 

 

The following measurements were taken in non-anatomical position as shown in figure 1 and 2. 

 

1. Length from head to tubercle. 

2. Height from head to surface.  

3. Total external length of the rib measured from anterior sternal end to the lateral portion of the head. 

4. Inner length from posterior portion of sternal end to the medial portion of the head. 

 

Figure 1: Determination of angle (left rib) 

 

 
 

A- Lowest point on the head 

B- Tubercle where it touches the surface 

C- Length between head and tubercle 

D- Height from head to surface 

E- Angle of head relative to tubercle 

 

Figure 2: Estimation of external and internal length (left rib) 

 

 
 

A- Internal length from posterior sternal end to medial portion of head 

B- External length from anterior sternal end to lateral portion of head 
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Angle of the rib was determined using an inverse sine function. This sine function was calculated in 

Microsoft excel, Asin = Height /Length. This was converted into degrees using the same excel function. The ribs 

with any external damage and ossified costal cartilage were excluded from the study. SPSS version 16 was used for 

statistical analysis. Means and standard deviation for right and left side were calculated and compared using 

unpaired t-test. Pearson’s correlation test was used to determine the correlation between the angle and internal 

and external lengths. 

RESULTS 

 

In the present study 70 first ribs (35 right side, 35 left side) were taken. The heights, length, internal and 

external lengths of each were measured. Mean and standard deviation (SD) of height and length were done and are 

shown in table 1. The mean and SD of height and length of left were higher than that of right but not statistically 

significant. 

Table 1: Mean and standard deviation of height and length in mm. 
 

Descriptive statistics for height and length of first rib. 

 

 HEIGHT (mm)  LENGTH (mm) 

Side Mean and SD 95% confidence 

interval 

Side Mean and SD 95% confidence 

interval 

Right 

N=35 

5.51± 3.65 4.25- 6.76 Right 

N=35 

25.20± 4.52 23.64- 26.75 

Left 

N=35 

6.28± 2.81 5.23-7.33 Left 

N=35 

23.70± 3.39 22.43- 24.96 

 

Mean and standard deviations of external and internal length of first ribs were done and are shown in table 

2.  

The mean and SD of angle of first rib on right side was 12.18 ± 7.84. Maximum being 14.87 and minimum 

was 9.48. On left side it was 15.17 ± 6.38. Maximum being 17.55 and minimum was 12.78. Graph 1 shows the 

frequency distribution of the angle on right and left sides. 

 

Table 2: Mean and standard deviation of external and internal length in cm. 

 
Descriptive statistics for external and internal length of first rib. 

 

 External length (cm)  Internal length (cm) 

Side Mean and SD 95% confidence 

interval 

Side Mean and SD 95% confidence 

interval 

Right 

N=35 

12.13± 1.45 11.63- 12.63 Right 

N=35 

4.98± 0.70 4.74- 5.22 

Left 

N=35 

12.19± 1.20 11.73- 12.64 Left 

N=35 

5.27± 0.65 5.02- 5.51 

 

Graph 1: The frequency distribution of angle of first rib shows maximum number of ribs on both right and left side 

have angle of 11- 15º and minimum number of ribs have angle of 26-30 º 

 
Frequency distribution of angle of first rib 

 
Unpaired t-test was used to determine the significance of means between angles of first rib of right and left 

side which was not statistically significant (p=0.17). On right side Pearson’s correlation test showed a positive 

correlation between the angle and the external length (r=0.8) and also for the internal length (0.7).  On left side 
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Pearson’s correlation test did not show any significant positive correlation between the angle and the external 

length (r=0.3) and also for the internal length (0.2).  

 

DISCUSSION 

 

  Few studies have been conducted on the ribs, and none has focused on using the angle formed by the 

head and tubercles at the points where the rib attaches to the first thoracic vertebra. Many other skeletal elements 

have proven valuable in sexing individuals; yet, little focus has been placed on the ribs. The fourth rib is commonly 

used as an example of age determination, but the fourth rib easily can be confused with the surrounding ribs if not 

all ribs are present. For this reason, the first rib has the potential to be valuable as both an aging and sexing 

method [7]. A study was done to estimate sexual dimorphism using first rib by Elrod P showed a mean height of 8.8 

mm, length 23.3 mm and angle 22.5⁰ for females. In males mean height were 11.2 mm, length 25.4 mm and 

angle 26.4⁰. The data support that the angle of the first rib, head to tubercle, is indicative of sex of the individual. 

This study has shown with 60% probability that we can determine the sex of an individual using the angle of the 

first rib, head to tubercle. This 60% probability determination lies below 22.02⁰ for females and above 31.44⁰ for 

males. Adding the total length and exterior length, to the process of determining sex can increase the probability of 

correctly sexing individual unknown ribs to at least 70%. Using the data obtained from the logistic regression, 

several calculations for determination of sex were derived and can be used to identify the probability of an angle 

being male. If the entire rib is present, a greater accuracy can be obtained using the combined angle and total 

length of the first rib, a more statistically significant prediction of sex than angle alone. If the sternal end is 

damaged, then the calculation for angle alone can be used to predict the sex of the individual [8]. The present study 

was done to estimate the angle of first rib and to compare between right and left sides. On the right side mean 

height were 5.51 mm, mean length was 25.2 mm and angle was 13.5⁰. On the left side mean height were 6.28 

mm, mean length was 23.7 mm and angle was 15.1⁰. Compared to the study done by Elrod, the values were less 

and this could be attributed to racial difference. Wiredu et al. compared the means of various rib measurements in 

their study with mean measurements in Iscan’s study and found that rib sizes were much larger for both sexes in 

Iscan’s study population. This is an area for future research, taking into consideration such elements as ancestry, 

environment, nutrition, and the generation of the population being used [9,10]. It is found that males as a whole are 

larger in several chest dimensions than females [11,12]. Research could also be done to determine whether the 

same angle, formed in the articulation points of the vertebrae, produces similar results. The ability to use the 

vertebral articulation points to identify sex would be useful [8]. 

 

CONCLUSION 

 

There are no other studies in the literature for comparing the angle of the first rib between the right and 

left side for Indian population. The present study was an initial step in estimation of the angle which can be used 

for estimating sexual dimorphism. Further researches on the first rib can add to the information and help the 

forensic anthropologists to identify the sex of an individual. 
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