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Abstract

Determination of sex from the skeleton is possible only when all the bones were available. The
clavicle has been described as a useful bone for the metric determination of sex in Punjab zone.
In the present study 100 clavicles (78males and 22 females) were taken from Department of
Anatomy, Sri Guru Ram Das Institute of Medical Sciences and Research, Amritsar. The param-
eters like Maximum length, Weight and circumference at midshaft circumference of the clavicle
were taken and demarking points were evolved for identification of sex for the various measure-
ments of the clavicles of the Punjab zone.
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Introduction

The clavicle or collar bone extends almost horizontally with a double curve across the root of
the neck laterally towards the points of the shoulder.1 The human clavicle is described as a long
bone.2 Unlike most other long bones it does not possess a medullary cavity.3 The right sided
long bones of the limbs were usually longer than those of the left side. Sex determination from
the skeletal remains is difficult and attempt has been made from a number of bones.4,5,6,7,8,9
Genetic, nutritive and environmental factors may influence the form of the bones which is re-
sponsible for the various racial differences10.

Material and Method
The material for this study was taken from the Department of Anatomy, Sri Guru Ram Das In-

stitute of Medical Sciences and Research, Amritsar. It consists of 100 clavicles, 78 from males
and 22 from the females. The bones showing any pathology were not included in the study. The
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length of the bone which was the straight maximum distance between the two ends was mea-
sured with the help of a Vernier caliper. Table 1 shows the details 100 clavicles used in this
study.

Bones were boiled, cleaned and dried before measuring them. The following three measurements
were taken:

1. Maximum length of the clavicle in mm.

2. Weight of the bone in grams

3. The circumference of the clavicle in mm.

Table 1: Numerical analysis of clavicles used in the present study

Clavicle Male Female Total
Right Side 39 11 50
Left Side 39 11 50
Total 78 22 100

Observations
Length of clavicle

It was seen from the table 2 and 3 that the left clavicle was longer than the right clavicle as
mentioned by Olivier11 also observed by Jit and Singh.9 In paired male clavicles, left clavicle
was longer than the right 71.8%, right was longer in 18% of cases and in 10.2 % both were
equal. In the female paired clavicles the left clavicle was longer in 63.6% cases, right was longer
in 27.3% of cases and in 9.1% both were equal.

Sex Differences
Right clavicle

Length of the male right clavicle varied from 122.00 mm to 155.00mm with a mean of
138.87+8.41 mm whereas in females it ranged from 108.00 t0133.00 mm with a mean of
123.18mm+7.82 mm. The mean length of the right female clavicle was 88.7 % of that of the
right male clavicle. No female right clavicle was found to be longer than the 133.00 mm. While
in 76.92% of male right clavicle the length was longer than 133.00 mm. Similarly the smallest
right male clavicle in this series was 122.00mm and 54.54% of female right clavicle in this series
was smaller than this. So taking these points the76.92% of male and 54.54% of female clavicles
can be identified. However the right clavicles in the range of 122.00-133.00 mm can not be
assigned any sex. These upper and lower limits of the right clavicle may not identify sex in similar
percentage of cases when some other data was tested. Hence these limiting pointed has to be
overcome which should be applicable to any data of this zone. For this reason larger was the
sample greater will be the accuracy. In the normal distribution, the maximum and the minimum
limits can be safely calculated by the formula Mean+3 Standard Deviation whereas the Mean+3SD
gives the maximum value and Mean-3SD gives the minimum value. Such a range includes 99.80

Vol. 8, No. 1, January-March, 2010 2



Arvinder Pal Singh Batra, Anupama Mahajan, Seema, Baljit Singh Khurana

% of the samples varieties. In this way we can statistically fix a measurement above which no
female right clavicle can be found and similarly another measurement below which no male clavicle
can be seen in a particular zone. These limiting measurements were known as the Demarking
points (Table 2,3 and 4)

Table 2: Statistical measurements of length of clavicles

Detail of measurement RIGHT LEFT

Male Female Male Female

(n=39) (n=11) (n=39) (n=11)
Mean 138.87 mm 123.18 mm 141.95 mm 123.95 mm
Standard Deviation 8.41 7.82 8.42 8.72
Min-Maximum Value  122-155 108-133 124-160 106-135
Indentified point >133.00 mm <122.00 mm >135.00 mcm  <124.00 mm
Percentage above 76.92 27.27 79.48 36.36
Indentified point
Range Mean+3 SD 113.61-164.10 100.35-147.27 116.69-167.21 97.79-150.11
Demarking Point >147.27 mm <113.61 mm >150.11 mm <116.69 mm
Percentage beyond 17.94 18.18 12.82 18.18
demarking point

Table 3: Statistical measurements of weight of clavicles

Detail of measurement RIGHT LEFT

Male Female Male Female

(n=39) (n=11) (n=39) (n=11)
Mean 15.73 gm 12.65gm 15.58 gm 12.69 gm
Standard Deviation 1.95 2.18 1.85 2.16
Min-Maximum Value 11.00-19.20  10.20-16.80 12.20-19.00  10.20-16.50
Indentified point >16.80 gm <11.00 gm >16.50 gm <12.20 gm
Percentage above 30.76 27.27 28.20 45.45
Indentified point
Range Mean+3 SD 9.88-21.58 6.11-19.19 10.03-21.13  6.21-19.17
Demarking Point >19.19 <9.88 >19.17 <10.03
Percentage beyond 2.56 0 0 0
demarking point
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Table 4: Statistical measurements of the circumference of clavicles

Detail of measurement RIGHT LEFT
Male Female Male Female
(n=39) (n=11) (n=39) (n=11)
Mean 35.86 mm 28.73 mm 35.13mm 28.14 mm
Standard Deviation 3.90 4.14 3.63 4.07
Min-Maximum Value 28-43 22-36 31-43 21-34
Indentified point >36.00 mm <28.00 mm >34.00 mm <31.00 mm
Percentage above 38.46 45.45 61.53 63.63
Indentified point
Range Mean+3 SD 24.61-47.56  16.31-41.15 24.24-46.02 15.93-40.35
Demarking Point >41.15 <24.61 >40.35 <24.24
Percentage beyond 7.69 9.09 12.82 9.09

demarking point

Left Clavicle

The length of the male left clavicle varies from 124.00-160.00 mm with the average of 141.95
mm + 8.42 mm. The length of the female left clavicle ranges from 106.00 mm to 135.00 mm
with the average of 123.95mm + 8.72. The mean length of the left female clavicle was 87.3 %
of the mean length of the male left clavicle. Of the male left clavicles, 79.48 % were longer than
the longest female left clavicle i.e. 135.00 mm. Similarly 36.36 % of the female left clavicles
were shorter than the shortest male left clavicle. The longest female clavicle and the shortest male
clavicle were thus the limiting points for assigning sex on criterion of length. However the demar-
cating points were different but they were safe and can be applied to practically the population
of this zone.

The demarking point for the right male clavicle was 147.27 mm. No female right clavicle can be
longer than this and hence it was perfectly safe to call any right clavicle longer than 147.27 mm
as male but smaller than this does not necessarily a female clavicle. Female right clavicle has its
own demarking point i.e. 113.61 mm. Any right clavicle which was shorter than 113.61 mm
was positively a female though longer than this can also be a female clavicle. Any clavicle be-
tween 113.61 mm and 147.27 mm can not be assigned any sex on the basis of length alone.
Hence the demarking point of one measurement say length alone does not sort out all the clavicles.
The demarking point for the left clavicle was similarly applicable to bones of the left side.
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Weight of Clavicles

It was clear from the table-3 that the mean weight of the right clavicle was slightly more than that
of the left in males while they were nearly equal in cases of females. This can be due to the less
number of the female clavicles. But it was seen that in the paired male clavicles, right was heavier
than the left in 51.3 % and left in 43.5 % and equal in weight in 5.2 % of cases. In the female
paired clavicles, right clavicle was heavier in 54.54 % of the left, left was heavier in 27.27 % of
cases and in 18.19 % cases both were of equal weights.

Right Clavicle

The weight of the right male clavicle varies from11.00 gm to 19.20gm with the average of 15.73
gm + 1.95. The weight of the right female clavicle ranges from 10.20 gm t016.80 gm with the
average of 12.65 gm + 2.18. The weight of the right female clavicle was 84.2 % of right male
clavicle. A right clavicle weighing more than 16.80 gm may be called the male and that measur-
ing less than 11.00 gm may be called as female. By these limiting points 30.76 % of male and
27.27 % of female right clavicles can be sorted out. However, the statistical analysis of the data
provides different demarking point (Table 3) and the different percentages that can be applied in
a wider population of the zone.

Left Clavicle

The left male clavicles weigh from a minimum of 12.20 gm to 19.00 gm with an average of 15.58
gm. The range of weight for left female clavicle was 10.20 gm t016.50 gm with the average of
12.69 gm + 2.16. The mean weight of the left clavicle was 81.45 % of the mean weight of the
right male clavicles. By crossing the upper limit of the female clavicles, 28.20 % male left clavicles
can be identified and similarly 45.45 % female clavicles were found to be lower than the lowest
weight of the left male clavicle (12.20 gm). However these percentages were as usual lowered
after evaluation by demarking point which were safest and more widely applicable (table-3)
Midclavicular Circumference

Table-4 showed that the right clavicle has a greater girth than the left. In the paired male clavicles
the right clavicle was thicker in 35.9%, left was thicker in 20.5% while both have equal mea-
surements in 43.6%. Similarly in the paired female clavicles the right one was thicker in 54.54%,
the left in 27.27% and both were equal in girth in 18.19% of cases.

Right Clavicle

The midclavicular circumference of the right male clavicle varies from 28 mm to 43 mm with an
average of 35.86 mm + 3.90. The midclavicular circumference of the female right clavicle ranges
from 22 mm to 36 mm (average 28.73 mm + 3.63). The mean circumference of the right female
clavicle was 80.12 % of the mean circumference of the right male clavicle. Of the male right
clavicles, 38.46 % have this circumference greater than the highest figure for the female right mid
clavicular circumference and 45.45 % female clavicles have circumference smaller than the low-
est figure of the male right midclavicular circumference.
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Left clavicle

The mid clavicular circumference of the left male clavicle varies from 31.00 mm to 43.00 mm
(average 35.13 mm + 3.63). The mean mid clavicular circumference of the left female clavicle
female was 81.2 % of the same measurement of the left male clavicle. In case of female left
clavicle it ranges from 21.00 mm to 34.00 mm with the average of 28.14 mm + 4.07. Taking
the lowest male and the highest female measurements as the limiting ones, 61.53 % left male
clavicles can be definitely defined their sex as they were having the greater midclavicular circum-
ference as compared to that of the thickest left female clavicle. Similarly female left clavicles
having smaller mid-circumference than the lowest male left mid clavicular circumference can be
positively identified as female bones and these amount to 63.63 %. However these percentages
were as usual lowered after evaluation by demarking point which were safest and more widely
applicable (table-4)

Discussion

Measurements and sexual differences in clavicles of western countries have been studied by
Parson12 , Terry13, Olivier 11,14 and Singh 15 McCormick 16. In India, the subject has been
studied extensively by Jit and his associates.17,9,18,19 This study of the clavicle has provided
the information about the racial and sex differences. Length of the clavicles was not a good
indicator for the stature jodgement.17 Olivier11 had studied the various lengths of the clavicles.
But the different races may have the similar lengths9.According to the various anthropologists
one population of a country was not a homogeneous group but was heterogeneous group. Thus
the Indian crania were divided into various groups. 20,21 Jit and Singh 17 recorded the length
of the paired clavicles of 80 male and 40 female Punjabi’s, and found that left clavicle was longer
than the right The demarcating points evolved by Jit and Singh17 for Punjabis were applicable
by Singh and Gangrade 22 was also applicable to our study also. Jit and Sahni 19 found the left
clavicle to be longer than the right in 60% instances and both clavicles were of equal length in
30 % instances. Further according to them the length of the clavicles of Chandigarh zone was
greater as compared to that of Amritsar zone but was smaller than that of American Whites.

It was not essential that that a given clavicle must cross all the demarking points before it can be
positively asigned its sex. Any one demarking point can be positively assigned its sex. Any one
demarking points can decide the issue e:g If a given clavicle of punjabi zone was longer than
147.27 mm or heavier than 19.19 gm or has midcircumference more than 41.15 mm, it was
bound to be a male clavicle and if it was shorter than 113.61 mm or lighter than 9.88 gm, or
has a midcircumference less than 24.61mm it was bound to be a female clavicle. However a
right clavicle with a length 113.61 mm and 147.27mm or with a weight between 9.88gm and
19.19gm or with a midclavicular circumference between 24.16 mm and 41.15 mm can not be
assigned its sex by these demarking points. Similarly, demarking points of the left side will iden-
tify the sex from left clavicles.
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Conclusions

From the present study, it was conclude that length of the adult left clavicle was more than that
of the right side. The midclavicular circumference was the best measurement for the identifica-
tion of the sex of male clavicles in Amritsar zone. Length of the clavicle was the most important
measurement for female sex determination.

References

1.

10.
11.

Brathnack AS(ed). Frazor’s Anatomy of Human Skeleton.6th Edn London; J and A
Churchill, 1963:63.

Trotter M, Peterson RR. In: Morri’s Human Anatomy. Anson BJ(ed). 12th ed. McGraw
Hill, New York 1966: 244.

Basmajian JV. Grant’s Method of Anatomy. 10th Edn Baltimore: Williams and Wilkins 1980;
344-345.

Dwight T. The size of the articular surfaces of the long bones as characteristic of sex; an
anthropological study. Am J Anat, 1905; 4; 19-32.

Pearson K and Bell J. A study of the long bones of the English skeleton in The Femur
Pt | Draper’s Company Reseach Memoirs, Cambridge Univ Press. Cited by Glaister
and Retoul. 19109.

Fawcett E. The sexing of the human sacrum. J Anat, 1938; 72; 633.

Ashley GT. Human sternum: influence of sex and age on its measurements. J Forensic Med
1956; 3:27-43.

Javedekar BS. A study of the measurement of femur with special reference to sex-A pre-
liminary report. J Anat Soc Ind 1961; 10(2): 25-27.

Jit I and Singh S. The sexing of the adult clavicles. Ind J of Med Res 1966; 54: 551-571.
Krukierek S. Sexual differences of human pelvis. Gynaecologica, 132:92-110.

Olivier G. Anthropologie de la Clavicule. 111, La clavicule due Francis. Bulltins et. Memo-

ries de la Societe. D’ Anthropologie, 1951; 2: 121-157.

Indian Internet Journal of Forensic Medicine & Toxicology 7



12.

13.

Sex Determination from Clavicle Bone for Punjab Zone

Parsons FG. On the proportions and characteristics of the modern English clavicle. J Anat,
1916; 51: 71-93.
Terry RJ. The clavicle of the American Negro. Am J Phys Anthropol 1932; 16: 351-380.

14. Olivier G. Anthropologie de la Clavicule. XI1I. Conclusions generales. Bull Soc Anthropol,

15.
16.

17.
18.

19.

20.

21.

22.

1956; 7: 404-447.

Singh S. Sexing of American clavicles. J Anat Soc Ind, 1969; 18: 25.

William FM, Harlan SJ, Holly G. Sexing of Human Clavicles Using Length and Circumfer-
ence Measurements. Am J Forensic Med and Pathol 1991; 12(2)

Jit I and Singh S. Estimation of stature from clavicles. Ind J Med Res, 1956; 44: 137-155.
Jit I and Kulkarni M. Times of appearance of fusion of epiphyses at the medial end of
clavicles. Ind J Med Res 1976; 64: 773-782.

Jit I and Sahni D. Sexing the north Indian clavicles. J Anat Soc Ind 1983; 32(2): 61-72.
Singh KB. A metrical study of Indian Crania. J Anat Soc Ind, 1963; 12: 12-16.

Shukla AP. A study of cranial capacity and cranial index of Indian skulls. J Anat Soc Ind,
1966; 15: 31-33.

Singh S and Gangrade KC. The sexing of adult clavicles-verification and applicability of

demarking points. J Indian Aca Forensic Sci 1968a; 7: 20-30.

Vol. 8, No. 1, January-March, 2010 8



