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ABSTRACT

Background: The human hyoid bone is a part of viscerocranium and is
susceptible to fracture during manual strangulation. A hyoid bone’s shape
may influence its susceptibility to fracture. The present study aims to create
a metric gender based profile for the hyoid in North Indians. It is envisaged
that the silhouette created will provide inputs vital in comprehending bone
morphology patterns for males and females. Methods: Paucity of
comprehensive gender based hyoid morphometric studies in local
population prompted the authors to format the present study. The
measurements were taken on 500 hyoid bones of North Indian subjects
with a special emphasis on sexual dimorphism (Male Female ratio 1:1).
Results: Most hyoid dimensions are significantly larger in men with some
measurements more sexually dimorphic than others, there exists 100%
dimorphism for hyoid lengths and selective dimorphism as far as hyoid

University, Chandigarh, India. widths are concerned in North Indian population. When the greater cornua

dimensions as measured for right and left side in same sex were
compared they came out to be statistically insignificant (p>0.05). This
reported insignificance for the same sex is an indirect pointer towards the
dimorphic predisposition of hyoid bone. Conclusion: The study
establishes the dimorphic silhouette for hyoid bone in North Indians. It also
quantify the percentage sexual dimorphism for various morphometric
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placed between tongue root and thyroid cartilagis. |

a part of both digestive and respiratory tractse Th
bone is ‘U’ shaped bone and is suspended from the
The hyoid bone is a key bone in the neck because it tips of the stylohyoid ligament8.The hyoid bone is
connects the floor of the oral cavity in front wite of considerable interest owing to its susceptipitid
pharynx behind and the larynx below. It is suppbrte fracture during manual strangulation. A hyoid bene’
by the muscles of the neck and in turn supports the shape may influence its susceptibility to fractared

root of the tongue. It is neither free-floating nor these are frequently confused with normal variation
contiguous to any bone. The hyoid has no bony clinical and forensic settings.

connection with the rest of the skeleton. It iselied In spite of the importance, few systemic studies of
to the mandible, to the styloid processes of the hyoid bone morphology have been conducted.
temporal bone and to the tongue by muscles and During the process of developing a biological peofi
ligaments. Its anatomical position is below the for unidentified skeletal material, the importanck
mandible, in an anterior position, at the leveltioé this small horseshoe-shaped bone positioned in the
fourth cervical vertebrd! anterior, upper neck is often forgott&although the
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differences between sexes have used a variety of the larynx and surrounding connective tissues. Care
statistical methods, primarily discriminant functio  was taken to retain enough connective tissue sb tha
analysis, to attempt to produce standards thatream the bone’s overall shape was preserved. The sex in
be used to estimate sex of a recovered hyoid. each case was confirmed as known. All bones
included were of adult males and females in the age
group of 40-70 years.
MATERIALS AND METHODS After the bone was dissected out:-

1. The hyoid bone was kept in a jar containing water
The measurements were taken on 500 hyoid bones of ~ for 2 days
North Indian subjects with a special emphasis on 2. Defatting was done by keeping in acetone for 3-4
sexual dimorphism (Male Female ratio 1:1). The gtud days.
was conducted in the department of Anatomy at 3. The bones were dried and numbered
Government Medical Colleges of Punjab, India. The A total of 17 parameters for the hyoid bone were
hyoid bones were obtained from the Anatomy and measured to establish the morphometric profilenef t
Forensic departments at Government Medical College, hyoid bone in both sexes of the North Indian
Amritsar and Patiala, Punjab, India and also froe t ~ population. The parameters measured have previously
Anatomy department at Dr Harvansh Singh Judge been identified as quantifiable in the hyoid b&hehe
Institute of Dental Sciences and Hospital, Punjab parameters measured in male and female hyoids were
University, Chandigarh, India. [Figure 1]:
In each case, the hyoid was carefully dissectenh fro

1 Distance from midpoint of distal end of left great®rnu to middle of the joint between left
greater cornua and left side of the body.

2 Distance between middle of junction between body gmeater cornu on both sides.

3 Distance from midpoint of distal end of right greratornu to middle of the joint between left
greater cornua and left side of the body.

4 Distance between distal ends of the right andgefater cornua.

5 Perpendicular distance from midpoint of paramettr shidpoint of posterior aspect.

6 Distance between points defined by change in curgabf the anterior surface of the body
(corresponds to the lateral borders of area fartimn of geniohyoid muscle).

7 Maximum length of left greater cornua.

8 Maximum diameter of distal end of left greater a@merpendicular to internal surface.

9 Minimum diameter of distal end of left greater assrperpendicular to internal surface.

10 Width of left greater cornua perpendicular to int#rsurface at midpoint of maximum length of
greater cornua.

11 Maximum width of proximal end of left greater coenperpendicular to internal surface.

12 Width of body at midpoint perpendicular to surface.

13 Maximum length of right greater cornua.

14 Maximum width of proximal end of right greater caenperpendicular to internal surface.

15 Width of right greater cornua perpendicular to linté surface at midpoint of maximum length
of greater cornua.

16 Minimum diameter of the distal end of right greaternua measured perpendicular to internal
surfaces.

17 Maximum diameter of distal end of right greatermua perpendicular to internal surface.

The parameters measured are depicted in [Figure 1] The percentage sexual dimorphism was calculated for
and [Figure 2]. All measurements were taken with th each parameter using the formula:

help of vernier calipers with least count of 0.0he

collected data was subjected to extensive statlstic Percentage Sexual Dimorphism=Mean value in m4l&60

analysis. Unpaired ‘t' test was utilized to comptre Mean value in females

parameters as measured for males and females and th

‘t’ distribution table was consulted. The parameters were ranked according to percentage
—
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sexual dimorphism to establish the chronological
dimorphic order for hyoid bone in the North Indian
population.

The parameters were ranked according to percentage
sexual dimorphism to establish the chronological
dimorphic order for hyoid bone in the North Indian
population.

Figure 2: Hyoid bone dimensions 7-17.

RESULTS

When the hyoid lengths as measured for males and
females were compared they came out to be
statistically significant (p<0.01).So as far asd#rs

are concerned, there exists absolute (100%) diohoto
for gender in the North Indian hyoid bones [Talle 1

Variable Mean + Standard deviation in Males Mean + Standard deviation in Females| Significance
1 33.6+4.5 30.2+3.4 p<0.01
2 25.4+3.2 23.2+4.4 p<0.01
3 33.4+0.8 30+2.4 p<0.01
5 32.2+3.8 28+4.1 p<0.01
6 22.8+2.3 20.4+3.4 p<0.01
7 33.1+4.5 29.8+4.4 p<0.01
13 33+4.8 29.6+4.6 p<0.01

Table 2: Hyoid widths and their statistical significance @xes

Variable Mean * StanMdj(raci deviation in Mean + Standard deviation in Females Significance
49.6+2.2 45.4+3.6 p<0.01

8 4.3+1.0 4.3+1.4 p>0.05
9 3+0.5 3.02+0.4 p>0.05
10 4+0.8 3.8+0.6 p>0.05
11 6+1.4 5.7+0.7 p>0.05
12 9+1.6 8.5+1.7 p<0.01
14 5.8+1.5 5.7+0.9 p>0.05
15 3.8+0.7 3.7+0.7 P>0.05
16 2.9+0.6 2.92+0.7 p>0.05
17 4.4+0.8 4.42+0.8 p>0.05

When the hyoid widths as measured for males and parameters 4 and 8 were statistically significant
females were compared they came out to be (p<0.01) for the sexes. This is in contrast tormilts

statistically insignificant (p>0.05). Only two wlik, obtained for lengths where all male, female
—
Ucademia (natomica Jnternational Vel. 1, Issue 1, July-December 2015 Page 22



comparisons were statistically significant. So.¢her
exists 100% dimorphism for hyoid
selective dimorphism as far as hyoid widths are dimorphic among North Indian hyoids [Table 5].
concerned in North Indian population [Table 2].

The maximum sexual dimorphism was recorded for

lengths and parameter 5. Parameters 9 and 16 came out to &te lea

Table 3: Statistical significance of Greater cornua parameq DISCUSSION
males.
Parameters Left Side Ig%r:et Significance The importance of modern forensic anthropology

13 336145 | 33.4+08 0p>0.05 cannot be overemphasized. The hyoid bone is
713 331445 33+4.8 p>0.05 important due to its susceptibility to fracture idgr
11,14 6+1.4 5.8+1.5 p>0.05 manual strangulation. Being a bone it is compoded o
10,15 4+0.8 3.8+0.7 p>0.05 tissues more resistant than any others to theteftsc
9,1¢ 3+0. 2.9+0.¢ p>0.0¢ degradation, and therefore assumes significance in
8,17 4.3+1.0 4.4+0.8 p>0.05 forensic identificatio®®® Though a lot of work is

being done nowadays utilizing soft tissues for gend

When the Greater cornua dimensions as measured forigentification, forensic anthropology often implitee

right and left sides were compared in males theyeca
out to be statistically insignificant (p>0.05). $hi
reported insignificance for the same sex is anr@udi

identification and study of the human skeletal mate
a sub branch referred to as forensic osteology. So,
special attention in forensic anthropology has been

hyoid bone [Table 3].

Table 4: Statistical significance of Greater cornua parameq

Females.

analysis and osteometric standards.

The dictionary definition of dimorphism is “diffanee

of form between members of the same species.” $exua
dimorphism, in general, refers to differences betwe

Parameters Left Side Right Significance males and females of the species in terms of size,
3 05534 ?(?fz. 2 5005 appearance, and beha\ifé}. Sex estimation from
717 208+4. | 296+4 p>0.0¢ skeletal remains is crucial in the identificatidrhaman
11,14 57+0.7 57409 p>0.05 remains, as it halves the number of possible matche
10,15 3.8+0.6 | 3.7+0.7 0p>0.05 (4] Furthermore,  other  biological  reconstruction
9,1¢ 3.02+0.¢ 2.92+0.° p>0.0¢ variables, such as age at death, rely on the kupelef
8,17 4.3+1.4 4.42+0.8 p>0.05 the sex of the individual. Sex estimation basedhen

morphological characteristics of skeletal elemedasts

As for males when the Greater cornua dimensions as population specific and thus the establishment of
measured for the right and left sides were compared  regional criteria is one of the imperatives for raod
females, they came out to be statistically insigaiit forensic anthropology® The present morphometric
(p>0.05) [Table 4]. study on hyoid provides baseline regional datactvhi
is vital for anthropometric estimations and
comparisons.

Overall, seven hyoid lengths were quantified foe th

Table 5: Percentage Sexual Dimorphism based ranking
hyoid parameters.

Parameter Percentage Sexual Rank male and female hyoids. When the mean values as
1 D'mflrgh,_'sm 7 determined for males and females were compared they
> 1095 7 came out to be statistically significant (p<0.01).

3 1113 4 contrast, when the mean values for the ten hyoid
4 109.3 8 widths as measured for males and females were
5 115 1 compared only two out of ten were statistically
6 111.8 2 significant. This indicates that there exists aatiphic
7 1111 6 predisposition in the morphometric profile for hyan
8 10¢ 14 North Indians. However, this predisposition is
9 99.3 16 absolute for lengths and widths are comparativessg |
10 105.3 10 . . e . .
11 1052 10 dimorphic. A similar result was obtained for Egwypti
12 105.9 9 population® It is evident that some measurements are
13 1115 3 much more gender dimorphic than othé&fs.This
14 101.8 13 dimorphism is further cemented obtaining the
15 102.7 12 statistical significance of the parameters meastoed
16 99.3 16 right and left side of greater cornua in either
17 99.5 15

—
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sex.(p>0.05). Similar results which demonstrate the

existence of a statistically significant sexual

Chandigarh, India.

dimorphism for hyoid bone morphometry have been
reported by Harjit and Inderjit for North West
Indiand'®, Santhi Priya and Ranzeefftain Andhra
Pradesh and Lekson et’ain their work on Croatian
hyoids. !
The maximum sexual dimorphism was recorded for
parameter 5. Parameters 9 and 16 came out to &te lea
dimorphic among North Indian hyoids. This is .
contrast to the study in Americans by Miller eflal
wherein parameter 2 came out to be most dimorphjc
and parameter 17 least dimorphic. This indicates$ th™
percentage sexual dimorphism for hyoid parameterss,
race specific. The length of the greater cornu was
found to be the only variable not significantlyfdient

in the sexes in Bengali Indian populatitth (p=0.116) 6
but in the present study, the length of the greetenu
was significantly different on both right and lsitle
in sexes. Our results are in consonance with aystud
done in Bhopd" wherein the length of the greater
cornu was significantly different for sexes. 8.
Hyoid morphometry varies with sex and this variatio
is not uniform in all populations. Research shokat t
both traditional morphometric and molecular methods
of sex estimation or determination are us&flilThese

methods also have numerous applications anié.

furthermore, they complement each other. Ideally,
when it is viable, in an attempt to reconstructrasch
of the biological profile as possible, all of theadable
methods for sex determination should be used.

The study establishes the dimorphic silhouette fap.

hyoid bone in North Indians. It also provides a niget

gender based profile for the hyoid in North Indiafts 13-

is envisaged that the silhouette created will gtevi
inputs vital in comprehending bone morphology 4
patterns for males and females.

CONCLUSION

The study establishes the dimorphic silhouettéjmid
bone in North Indians. It also quantify the pereget

sexual dimorphism for various morphometric
parameters.

18.
ACKNOWLEDGEMENTS

19

The authors would like to thank the staff and

technicians from Anatomy and Forensic departmentg.

of Government Medical Colleges of Punjab, India. We
also thank staff and technicians from the Anatomy
Department at Dr. Harvansh Singh Judge Institute of
Dental Sciences and Hospital, Panjab University,

Ucademia Unatomica International

11.

15.

16.

C
Vel. 1, Issue 1, July-December 2015

REFERENCES

Rouviere H. Anatomie humain eettopo graphique: téteoa.
10th ed. Paris: Masson; 1970.

Susan Standring et al. Gray's Anatomy-The AnatomBadis

of Clinical Practice. 40th ed. 2008. p. 436.

Papadopoulos N, Lykaki-Anastopoulou G, Alvanidou Hhe
shape and size of the human hyoid bone and a priofoosan
alternative classification. J Anat. 1989;163:249-60

Ubelaker DH. Hyoid Fracture and Strangulation. J FoceSsi.
1992;37(5): 1216-22.

Miller KWP, Walker PL, O’Halloran RL. Age and sex-a&td
variation in hyoid bone morphology. J Forensic Sci.
1998;43(6):1138-43.

Reesink EM, Van Immerseel AAH, Brand R, Bruintjes TJD
Sexual Dimorphism of the Hyoid Bone. Int J Osteoagcha
1999; 9: 357-60.

Leksan |, Marcikic M, Nikolic V, Radic R, SelthofeR.
Morphological classification and sexual dimorphism hyboid
bone.Coll. Antropol. 2005;29(1):237 — 42.

Kim D-l, Lee U-Y, Park D-K, Kim Y-S, Han K-H, Kim K-Het
al. Morphometrics of the Hyoid Bone for Human Sex
Determination from Digital Photographs. J Forensic. Sci
2006;51(5): 979-84.

Boskey AL, Coleman R. Aging and Bone.J Dent Res.
2010;89(12):1333-48.

Kautilya DV, Bodkha P, Rajamohan N. Efficacy of idbscopy

in determination of sex among South Indians.J [@agn
Res. 2013;7:2193-6.

G Agnihotri, M Gulati. Maxillary molar and premolardices in
North Indians: A Dimorphic Studyinternet J Bio Anthro.
2007;2(1):69-74.

Lundy JK. Forensic anthropology: What bones canuglliLab
Med. 1998;29(7):423-7.

Samal A, Subramani V, Marx D. An analysis of sexual
dimorphism in the human face. Journal of Visual
Communication and Image Representation. 2007; 1B:6l%

. Loth SR,iscan MY. Sex determination. In: Siegel J, Saukko PJ,

Knupfer GC, editors. Encyclopedia of forensic sce&mncvol 1.
San Diego: Academic Press; 2000. p. 252-60

Steyn M, Meiring JH, Nienaber WC. Forensic anthroggli
South Africa: A profile of cases from 1993 to 1995 the
Department of Anatomy, University of Pretoria. S Afr J
Ethnology. 1997;20:23-6.

Gad El. Hak SA, El Dakroory SA, El Hawary AA, Alghdlya
AM. Sexual dimorphism of hyoid bone-A Preliminaryu8y. J
Forensic Sci. 2007; 15(1):17-23.

17. Kumar P, TambeSV, RahuleAS, Kamdi NY. Morphologytof

hyoid bone and its forensic implication. J Cont M&dDent.
2014 ; 2 (2):3-8.

Harjeet, Jit I. Shape, Size and Sexual dimorphi$the hyoid
bone in Northwest Indians. J Anat Soc Ind. 1996;454-P2.

. Santhi Priya KDV, Ranzeetha D. Determination of $em

morphometry of hyoid bone.
2015;2(3):157-61
Mukhopadhyay PP. Morphometric features and sexual
dimorphism of adult hyoid bone: A population speci§itudy
with  forensic implications. J Forensic Leg Med.
2010;17(6):321-4.

Ind J Clin Anat Physio.




21.

22.

Chandekar KS, Kudopa A, Satpathy DK, Nair S, Ahngd
Morphometry of Human Hyoid Bones and Its Clinical
Significance. Int J Adv Hea Sci. 2015;2(5):559-564.

Bidmos MA, Gibbon VE, Strkalj G. Recent advancesséx
identification of human skeletal remains in Southi@. South
Afr J Sci 2010; 106(11):1-6.

Copyright: © the author(s), publisher. Academia Anatom
International is an Official Publication of “Sogyefior Health

Care & Research Development”. It is an open-acagfde

distributed under the terms of the Creative Comm
Attribution Non-Commercial License, which permi
unrestricted non-commercial use, distribution, 3
reproduction in any medium, provided the originarkvis

properly cited.

How to cite this article: Agnihotri G, Mahajan D, Shet
AB. The Gender Based Hyoid Silhouette—A Metric Stird
North Indians. Acad. Anat. Int. 2015;1(1):20-5.

ons
ts
ind

Source of Support:Nil, Conflict of Interest: None declared.

Ucademia Unatemica International Vel. 1, Tssue 1, July-Decembier 2015




