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In each case, the hyoid was carefully dissected from the larynx
and surrounding connective tissues. Care was taken to retain

ABSTRACT: Although the relationship between hyoid bone shape
enough connective tissue so that the bone’s overall shape was pre-and fracture pattern figures prominently in forensic investigations
served. Each specimen was radiographed with its inferior surfaceof strangulation, few quantitative data exist on age and sex differ-

ences in hyoid morphology. An image analysis system was used resting directly on the cassette, 50 in. (127 cm) from the X-ray
to take a series of 30 measurements on digitized radiographs of 315 source with an exposure of 50 kVp and 1.25 mAs. A radiopaque
hyoid bones from people of known age and sex. The degree of scale was included in all radiographs, but tests showed that magni-fusion of the greater cornua to the hyoid body was also recorded.

fication effects were negligible.Statistical analysis of these data shows that there is a continuous
distribution of hyoid bone shapes and that most bones are highly The radiographs were converted into digital images using a high
symmetrical. Based on smaller samples, previous researchers have resolution (600 dpi) scanner and measured using the Sigma Scan
suggested that non-fusion is more common in women than in men. image analysis program. After size calibration, multiple measure-
In contrast, our data suggest that men and women have similar non-

ments were made on each bone (Fig. 1, Table 2). In addition tofusion rates. Analysis of sexual dimorphism shows that the greatest
making these measurements, the degree of fusion of the greaterlength differences are in the greater cornua. There are also signifi-

cant sex differences in hyoid shape. For example, the distal ends cornua to the hyoid body was recorded.
of the greater cornua of women are significantly longer than those
of men.

Results

KEYWORDS: hyoid bone, strangulation, asphyxiation, sexual Shape
dimorphism, age determination, skeletal biology, osteology, foren-
sic anthropology, homicide Although the hyoid bone can generally be described as being

‘‘U-shaped’’ (10), ‘‘hyperbolic’’ (dimensions of breadth and
length are similar) and ‘‘parabolic’’ (dimensions of breadth are

The hyoid bone is of considerable forensic interest owing to its greater than length) variants have been described (11). These shape
susceptibility to fracture during manual strangulation. For example, differences have been related to fracture patterns in the forensic
the presence of a fractured hyoid bone is often of great importance literature (4,6). Our data show that hyoid width/length ratios are
in cases involving badly decomposed bodies and skeletal remains continuously distributed and do not fall into discrete categories.
lacking soft tissue evidence of neck injury. A hyoid bone’s shape Tests of skewness and kurtosis (12) indicate that the distribution
may influence its susceptibility to fracture (1–6) and hyoid frac- of hyoid width/length ratios does not deviate significantly from a
tures are frequently confused with normal variation in both clinical normal distribution (skewness: p 4 0.62, kurtosis: p 4 0.19).
(7) and forensic settings (8,9). In spite of the importance of under- These data suggest that dividing hyoid bones into ‘‘hyperbolic’’
standing normal age and sex variation in these contexts, few sys- and ‘‘parabolic’’ types is to some extent arbitrary (Fig. 2).
tematic studies of hyoid bone morphology have been conducted. Age and sex differences in hyoid asymmetry were investigated
To remedy this situation, we have analyzed age and sex variation in through analysis of covariance. An analysis of absolute differences
the morphology of a large sample of hyoid bones taken at autopsy. between bilateral length measurements, controlling for age, does

not reveal significant sex differences in asymmetry. Asymmetry
Materials and Methods in bone length is greater than asymmetry in bone width, and this

increases significantly with advancing age. However, the degreeHyoid bones were examined from 188 males and 127 females
of fusion also increased with advancing age making the line deline-during autopsies conducted between 1986 and 1997 at the Ventura
ating the cornua from the body less well defined. MeasurementCounty (California) Medical Examiner’s Office. Although age at
error may, therefore, have contributed to the age-related increasedeath ranged from two months to 93 years (Table 1), only 7 individ-
we found in length asymmetry.uals were younger than 15 years old. As is typical of autopsy

samples, the average age of the males (41.7 years) is significantly
Fusion of the Body and Greater Cornua(t 4 3.9; p , t 4 0.0001) younger than that of the females (50.3

Our data show that there is considerable age variation in fusion
1 Department of Anthropology, University of California at Santa Bar- of the greater cornua to the hyoid body (Fig. 3). Although the

bara, Santa Barbara, CA. proportion of people with bilateral fusion steadily increases with2 Ventura County Medical Examiner, Ventura, CA.
increasing age, many elderly individuals have either unilateral orReceived 26 Jan. 1998; and in revised form 18 March 1998; accepted

20 March 1998. bilateral non-fusion (Table 3).

1138



MILLER ET AL. • HYOID BONE MORPHOLOGY 1139

In contrast to previous studies based on smaller samples, we of the length measurements. Such differences were present in only
40% (n 4 10) of the width measurements.found little evidence for a sex difference in the age at which bilat-

eral fusion occurs. No significant differences were found between
men and women in the proportion of individuals with bilateral Discussion
fusion when the sample was divided at ten-year intervals by age
at death. The .40–50 age group (Fig. 3) is the only one that Shape
approached statistical significance in this regard (x2 4 4.0, p 4

Although hyoid bones can be classified into ‘‘hyperbolic’’ and0.046). A much larger proportion of females in this age group
‘‘parabolic’’ types (6,11), our data suggest that the pattern of hyoidshowed bilateral non-fusion than did the females who died in the
shape variation is continuous rather than bimodal. Thus, in additionpreceding decade of life (50% vs. 37%). Since there is no reason
to being inherently subjective, using such a dichotomous systemto believe that age-specific mortality related to non-fusion would
results in loss of morphological information.differentially affect women in their forties, it seems likely that the

The hyoid bone shows a complicated pattern of sexual dimor-apparent increase in non-fusion among women in this age group
phism. Consistent with earlier reports (1), the most striking differ-is the result of sampling error.
ences we found between men and women were in total bone lengthIn contrast to previous studies with smaller sample sizes, our
and total bone width. The lengths of the greater cornua aredata show that bilateral non-fusion persists in a significant propor-
obviously the primary contributors to total bone length. Interest-tion of the elderly population. Bilateral non-fusion was present in
ingly, however, only a few segmental measurements of width andnearly 30% of the people in our sample who were 70 years of age
length of the greater cornua account for the sex differencesor older (Table 3). It is worth noting that in people with unfused
observed in this bone as a whole.greater cornua, there is a gradual decrease in the size of the articular

There is an apparent contradiction in the fact that althoughspace until the age of 40 (r 4 0.67, p 4 0.00001). In contrast,
greater cornu length seems to increase susceptibility to fracturethere is no clear relationship between joint space width and increas-
(5), the relatively small hyoids of women fracture more frequentlying age in people older than 40 (r 4 10.21, p 4 0.13). Although
during strangulation than do those of men (5,13,14). This sex dif-interpreting this is difficult owing to the cross-sectional nature of
ference might possibly be explained by behavioral differences inour data, it suggests that fusion is not a continuous process. People
the assailants of men and women. Alternatively, peculiarities inmay instead have a genetic predisposition to fusion or non-fusion.
the shape of the female hyoid may increase its susceptibility to
fracture. Our observation that female hyoids have relatively long,Sexual Dimorphism
thin distal segments (see measurements 19 and 29) may possibly

Although most hyoid bone dimensions are significantly larger in be significant in this regard. This is consistent with the observation
men than in women, some measurements are much more sexually that hyoid fractures frequently occur in the posterior and middle
dimorphic than others (Table 4). In general, lengths are more sex- thirds and rarely in the anterior portions of the greater cornua (11).
ually dimorphic than widths (Table 5). When we used analysis of However, additional observations of hyoid fractures are needed to
covariance to control for the effects of age at death and fusion, confirm the hypothesis that the shape of the female hyoid increases
we found statistically significant sex differences in 79% (n 4 19) its fracture susceptibility.

We were not as successful as some previous investigators (3)
in developing a discriminant function that uses hyoid measure-

TABLE 1—Age and sex distribution of sample used in study. ments for sex determination. With an equation derived using the
stepwise technique we were able to correctly classify 69.2% ofAge in Years Males Females Total
the males and 75.2% of the females in our sample. This equation

0–10 2 2 4 incorporated the following measurements: 2, 4, 17, 20, and 29.
11–20 29 6 35 This list provides the maximum discrimination between males and
21–30 31 17 48 females and confirms our conclusion, based on the analysis of31–40 36 17 53

individual measurements, that the distal ends of the greater cornua41–50 29 22 51
51–60 25 20 45 are more highly sexually dimorphic than other parts of the bone.
61–70 21 20 41 Specifically, the distal ends of the greater cornua (lengths 18 and

71 and above 15 23 38 19 on the left side and 29 and 30 on the right) are larger in females
Total 188 127 315

than in males. The portion of the bone proximal to this (length 20

FIG. 1—Illustration showing measurements defined in text.
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TABLE 2—Osteometric measurements taken of each hyoid bone (diagrammed in Fig. 1).

Measurement Description

1 Distance from the midpoint of the distal end of the left greater cornu to the middle of the joint between the left greater cornu
and the left side of the body of the hyoid.

2 Distance from the middle of the left joint space to the middle of the right joint space measured across the body of the hyoid
(in bones exhibiting fusion of one or both cornua to the hyoid body, the points of measurement are taken to be the midpoints
of the lines of fusion evident on X-ray).

3 Distance from the midpoint of the distal end of the right greater cornu to the middle of the joint between the right greater cornu
and the right side of the body of the hyoid.

4 Distance between the distal ends of the right and left greater cornua, measured from the center of each bone.
5 Perpendicular distance from the midpoint of a line drawn between the distal ends of the right and left greater cornua (measurement

4) to the midpoint of the posterior aspect of the hyoid body.
6 Distance between the points defined by the change in curvature of the anterior surface of the hyoid body associated with the

lateral borders of the area for the insertion of the geniohyoid muscle.
7 Maximum length of the left greater cornu.
8 Maximum diameter of the distal end of the left greater cornu, measured perpendicular to the internal surface of the bone.
9 Minimum diameter of the distal end of the left greater cornu, measured perpendicular to the internal surface of the bone.

10 Width of the left greater cornu measured perpendicular to the internal surface of the bone at the midpoint of the maximum
length of the greater cornu.

11 Maximum width of the proximal end of the left greater cornu, measured perpendicular to the internal surface of the bone.
12 Width of the hyoid body at its midpoint, measured perpendicular to the surface of the bone.
13 Maximum length of the right greater cornu.
14 Maximum width of the proximal end of the right greater cornu, measured perpendicular to the internal surface of the bone.
15 Width of the right greater cornu measured perpendicular to the internal surface of the bone at the midpoint of the maximum

length of the greater cornu.
16 Minimum diameter of the distal end of the right greater cornu, measured perpendicular to the internal surface of the bone.
17 Maximum diameter of the distal end of the right greater cornu, measured perpendicular to the internal surface of the bone.
18 Length of the distance from the distal end of the left greater cornu to the midpoint of the widest segment of the distal end of

the left greater cornu (measurement 11), measured through the central axis of the greater cornu.
19 Length of the distance from the midpoint of the widest segment of the distal end of the left greater cornu (measurement 11) to

the midpoint of the narrowest segment of the left greater cornu (measurement 10), measured through the central axis of the
greater cornu.

20 Length of the distance from the narrowest segment of the left greater cornu (measurement 10) to a point equidistant between
the distal and proximal ends of the left greater cornu (measurement 7), measured through the central axis of the greater cornu.

21 Length of the distance from the point equidistant between the distal and proximal ends of the left greater cornu to the widest
portion of the proximal end of the left greater cornu measured through the central axis of the greater cornu.

22 Length of the distance from the widest portion of the proximal segment of the left greater cornu (measurement 8) to the midpoint
of the proximal end of the left greater cornu, measured through the central axis of the greater cornu.

23 Length of the distance from the midpoint of the proximal end of the left greater cornu to the midpoint of the left side of the
hyoid body (not measured in bones where the left greater cornu is fused to the hyoid body).

24 Length of the distance from the midpoint of the left side of the hyoid body to the midpoint of the right side of the hyoid body
measured through the central axis of the hyoid body.

25 Length of the distance from the midpoint of the right proximal end of the greater cornu to the midpoint of the right side of the
hyoid body (not measured in bones where the right greater cornu is fused to the hyoid body).

26 Length of the distance from the widest portion of the proximal segment of the right greater cornu (measurement 14) to the
midpoint of the proximal end of the right greater cornu, measured through the central axis of the greater cornu.

27 Length of the distance from the point equidistant between the distal and proximal ends of the right greater cornu to the widest
portion of the proximal end of the right greater cornu measured through the central axis of the greater cornu.

28 Length of the distance from the narrowest segment of the right greater cornu (measurement 16) to a point equidistant between
the distal and proximal ends of the left greater cornu (measurement 13), measured through the central axis of the bone.

29 Length of the distance from the midpoint of the widest segment of the distal end of the right greater cornu (measurement 17)
to the midpoint of the narrowest segment of the right greater cornua (measurement 16), measured through the central axis of
the greater cornu.

30 Length of the distance from the distal end of the right greater cornua to the midpoint of the widest segment of the distal end
of the right greater cornu (measurement 17), measured through the central axis of the greater cornu.

31 The total length of the hyoid bone as defined by the sum of measurement 5 and measurement 12.
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on the left and 28 on the right), in contrast, is much larger in males
than in females.

Although the functional significance of the sex differences in
the distal end of the greater cornua is unclear, it is possible that
the age differences between the males and females in our sample
have somehow contributed to the sexual dimorphism we observed
in this area. In early childhood, the distal ends of the greater cornua
have a ‘‘truncated’’ appearance. With increasing age, these gradu-
ally become more rounded and take on a more ‘‘clubbed’’ appear-
ance. In elderly individuals, the distal ends of the greater cornua
again appear to be flattened. This same phenomenon was described
by Jelisiejew et al. nearly 30 years ago (1). While the distal ends
of the greater cornua cannot be used to predict age accurately,
mature adults with truncated distal ends tend to be older individ-
uals.

FIG. 2—Frequency distribution of ratio of total width to total length
of the hyoid bone (measurement 4/measurement 31). Fusion

Other researchers have suggested, based on smaller samples,
that complete fusion of the greater cornua to the body of the hyoid
is rare until the third (15) and even fourth (16) decades of life.
Our data contradict this. They show that hyoid fusion is quite
common during the third decade with 13% of individuals in this
age group having unilateral fusion and 17% having bilateral fusion
(Table 3).

Although there is an overall increase in the frequency of fused
hyoids with increasing age (15), our data show that the proportion
of people with bilateral non-fusion remains relatively constant at
about 30% after the fourth decade of life. Our data also do not
reveal any marked sex differences in fusion. The proportion of
men and women with bilateral non-fusion is roughly equal and
remains more or less constant after the fifth decade of life.

Conclusions

Our analysis of age and sex variation in hyoid bone morphology
suggests that some of the assumptions of previous investigators
need to be reassessed. For example, we find little evidence for sex
differences in the age at which the greater cornua fuse to the hyoidFIG. 3—Age distribution of males and females with bilateral, unilateral,

and non-fusion of the greater cornua to the hyoid body. body. Our data also suggest that dividing hyoids in to parabolic
and hyperbolic types is unwarranted since the underlying shape

TABLE 3—Age and sex differences in the frequency of unilateral and bilateral fusion of the left and right greater cornu to the body of the hyoid.

Fusion in Males Fusion in Females Fusion in Both Sexes

Age Group None 1 Side 2 Sides None 1 Side 2 Sides None 1 Side 2 Sides

0–10 N 2 0 0 2 0 0 4 0 0
% 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0

11–20 N 29 0 0 6 0 0 35 0 0
% 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0

21–30 N 22 4 5 12 2 3 34 6 8
% 71.0 12.9 16.1 70.6 11.8 17.6 70.8 12.5 16.7

31–40 N 14 11 11 6 5 5 20 16 16
% 38.9 30.6 30.6 37.5 31.3 31.3 38.5 30.8 30.8

41–50 N 6 10 13 11 7 4 17 17 17
% 20.7 34.5 44.8 50.0 31.8 18.2 33.3 33.3 33.3

51–60 N 8 6 11 7 3 10 15 9 21
% 32.0 24.0 44.0 35.0 15.0 50.0 33.3 20.0 46.7

61–70 N 5 5 11 5 5 10 10 10 21
% 23.8 23.8 52.4 25.0 25.0 50.0 24.4 24.4 51.2

71–80 N 5 1 9 6 5 12 11 6 21
% 33.3 6.7 60.0 26.1 21.7 52.2 28.9 15.8 55.3

Total N 91 37 60 55 27 44 146 64 104
% 48.4 19.7 31.9 43.7 21.4 34.9 46.5 20.4 33.1
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TABLE 4—Mean measurements in millimeters (5 S.D.) for males (n 4 182) and females (n 4 125) greater than 15 years old.

Minimum Distance Maximum Distance Mean Dist. (5 S.D.)

Variable Male Female Male Female Male Female M/F 2 100

1 18.2 17.1 40.7 37.6 28.6 5 5.1 27.7 5 4.3 103.1
2 13.8 12.9 28.9 26.0 21.4 5 3.4 19.8 5 3.0 108.1
3 16.9 18.1 40.3 37.3 28.5 5 5.2 27.3 5 4.4 104.4
4 18.5 18.8 67.1 59.9 39.8 5 9.3 40.1 5 8.1 99.3
5 16.3 15.4 38.1 34.8 27.3 5 5.1 25.3 5 4.2 108.0
6 9.6 8.7 27.9 27.9 17.6 5 4.5 17.0 5 4.1 103.6
7 17.5 17.3 41.0 37.2 28.3 5 5.2 27.5 5 4.2 103.0
8 1.6 1.9 6.1 6.2 3.3 5 1.0 3.5 5 0.8 94.9
9 1.0 0.9 3.6 3.8 2.1 5 0.6 2.1 5 0.6 100.2

10 1.4 1.2 5.8 5.4 3.0 5 0.9 3.0 5 0.8 102.6
11 2.9 2.5 8.8 6.9 5.0 5 1.2 4.7 5 0.9 107.0
12 4.3 2.6 12.6 12.1 7.9 5 1.8 7.4 5 1.6 106.6
13 18.0 17.4 40.1 37.9 28.3 5 5.2 27.3 5 4.5 103.6
14 2.3 1.7 8.5 7.6 5.1 5 1.1 4.7 5 1.0 107.5
15 1.1 1.3 5.2 5.1 2.9 5 0.8 2.8 5 0.8 102.0
16 0.7 1.0 3.4 4.1 2.0 5 0.5 2.1 5 0.6 96.5
17 1.5 1.9 5.6 6.1 3.3 5 0.9 3.5 5 0.8 92.8
18 0.0 0.1 5.0 6.6 1.8 5 0.7 1.9 5 0.9 98.2
19 0.7 1.4 10.2 11.7 3.8 5 2.0 4.5 5 2.2 83.9
20 4.6 1.4 14.0 13.6 8.7 5 1.9 7.6 5 2.2 114.8
21 4.9 5.8 18.5 17.3 11.3 5 2.9 11.2 5 2.3 100.6
22 4.9 5.8 18.5 17.3 11.3 5 2.9 11.2 5 2.3 100.6
23 0.9 0.0 8.3 5.8 3.3 5 1.1 2.8 5 1.0 116.9
24 0.0 0.0 4.3 3.1 0.7 5 0.9 0.6 5 0.7 119.1
25 12.7 11.3 29.2 25.6 20.9 5 3.5 19.4 5 3.0 107.7
26 0.0 0.0 4.3 3.4 0.8 5 0.8 0.6 5 0.7 128.8
27 0.8 0.9 8.0 5.9 3.1 5 1.1 2.7 5 1.0 115.8
28 5.3 5.9 19.0 16.9 11.4 5 2.8 11.2 5 2.5 102.1
29 0.9 2.4 15.7 13.9 8.3 5 2.1 7.2 5 2.0 115.8
30 1.1 1.3 13.5 11.9 4.2 5 2.5 4.9 5 2.3 84.8
31 23.6 21.3 48.3 44.2 35.2 5 5.8 32.7 5 4.7 107.7

distribution is continuous. Our analysis of sexual dimorphism in
hyoid shape revealed subtle sex differences in the distal ends ofTABLE 5—Analysis of covariance of hyoid dimensions controlling for
the greater cornua that may be correlated with fracture patterns.sex, age at death, and fusion of the hyoid body to the greater cornua.

Much has been learned about hyoid bone variability in recent
Sex Age Fusion years, but more information is still needed. For example, additional

Measurement F P F P F P data on the individuals under-represented in this study—namely
women 31 to 40 years old and individuals of both sexes under 15

Lengths 1 4.48 0.04* 10.05 ,0.01* 0.34 0.71 years of age—would be particularly helpful. Also, very little is
2 24.56 0.00* 13.16 ,0.01* 1.85 0.16

known about the age and sex variation of the lesser cornua.3 7.03 0.01* 11.48 ,0.01* 0.47 0.63
Although these small, highly variable structures are difficult to see5 15.80 0.00* 7.05 0.01* 0.15 0.86

6 2.48 0.12 5.41 0.02* 0.70 0.50 in radiographs, they are a potential source of additional information
7 4.62 0.03* 13.25 ,0.01* 0.92 0.40 for use in forensic investigations.

13 5.58 0.02* 14.13 ,0.01* 0.45 0.64
18 1.05 0.31 36.04 ,0.01* 1.43 0.24
19 6.63 0.01* 2.87 0.09 0.36 0.70 Acknowledgments
20 20.24 0.00* 0.49 0.49 1.35 0.26
21 0.56 0.45 5.92 0.02* 0.43 0.65 The authors would like to thank the members of the Ventura22 14.93 0.00* 3.87 0.05* 0.78 0.46
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26 13.65 0.00* 5.56 0.02* 1.59 0.21 lection, members of the radiology staff at the Ventura County Med-
27 1.56 0.21 6.37 0.01* 0.81 0.45 ical Center for radiograph development, and S. Breitweser for
28 19.44 0.00* 1.33 0.25 0.04 0.96 assistance with Sigma Plot measurements.29 5.57 0.02* 0.80 0.37 0.14 0.87
30 3.73 0.05* 29.60 ,0.01* 2.77 0.06
31 18.57 0.00* 8.60 ,0.01* 0.31 0.74 ReferencesWidths 4 0.71 0.40 20.03 0.00* 4.05 0.02*
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