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Abstract 
    Background: Thyroid cartilage ossifies through time. In addition to different methods for age estimation, ossified volume can be a 
valuable index for age estimation. In this study, anthropometric characteristics and ossified volume were measured using CT scan 
imaging to find potential correlations between measures and age.  
   Methods: In this study, 100 thyroid cartilage of Iranian corpses (60 men and 40 women) were studied. Corpses from Kahrizak hall of 
Tehran Legal Medicine Organization were included in this study. After obtaining required consent from their family, their thyroid 
cartilage was separated by an expert, and anthropometric properties of the cartilage were recorded. A 64-slice Siemens CT scan machine 
was used to measure specimen ossified volume and Hounsfield score by 3D reconstruction of images.  Pearson’s correlation test was 
used to measure the correlation between thyroid calcified volume and chronological age. Repeated measurement ANOVA test was also 
used to measure the correlation of the ossified volume and Hounsfield score with different age groups. SPSS version 22 was used for 
statistical analysis, and significance level was set at than 0.05. 
   Results: All thyroid cartilage measures were higher in men than in women, except for thyroid angle, and the differences were 
statistically significant. Height of the laminae (R=0.23, p=0.023) and depth of the thyroid notch (R=0.198, p=0.049) were correlated 
with age. Mean ossified volume (6.1±1.7 cc) and Hounsfield score (308.8±53.5 HU) were directly correlated with age (R=0.205; p=0.040 
and R=0.219; p=0.029, respectively), but none of these two radiologic parameters were correlated with age groups (p=0.331 and 0.063, 
respectively). No specific ossification pattern was obtained from CT images in different age groups. 
   Conclusion: A combination of anthropometric measures such as the height of the laminae and depth of the thyroid notch with CT scan 
imaging measures such as ossified volume and the Hounsfield score are useful to estimate age with low precision. In addition, thyroid 
cartilage measures are useful for sex determination. 
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Introduction 
Identification is one of the important topics in forensic medicine, which depends on multiple factors such as age, 
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↑What is “already known” in this topic: 
Unlike other cartilages, thyroid cartilage ossification starts after 
puberty. CT imaging can demonstrate the amount and pattern of 
ossification. Cartilage ossified volume and Hounsfield score 
measured by CT imaging can be a valuable index for age 
estimation.   
 
→What this article adds: 

Although all thyroid cartilage measures are useful for sex 
determination, the height of the laminae and depth of the thyroid 
notch are the only measurements that help age estimation. 
CTscan measures such as ossified volume and the Hounsfield 
score are useful in estimating age with low precision.  
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gender, and descent; however, age estimation is the most 
challenging factor in this field (1). In the past few years, 
multiple methods have been developed due to increasing 
number of cadavers and people with unknown birthday in-
formation (2). Bone evolution of wrist, teeth evolution, pal-
atal sutures, and the stages of erosion on the pubic symphy-
ses are the most considerable approaches in this field (3, 4). 
Due to confounders such as interpersonal differences, using 
a single method may be inappropriate and it is necessary to 
use a combination of different methods to estimate age (5). 

Morphometric characteristics of laryngeal cartilages 
have been surveyed in different studies (6, 7). Although us-
ing anthropometric features of thyroid cartilage in identifi-
cation is not routine, the role of thyroid cartilage features in 
sex determination has been shown in other studies (8, 9). 
However, its unique features lead researchers to use this 
cartilage in the field of age estimation. Most of the carti-
lages in growth plates close after puberty, but in some of 
them, especially thyroid cartilage, ossification starts after 
puberty and stops after a special age (10). These changes 
probably begin from the second decade of life from the in-
ferior horn of the thyroid cartilage and spread to other car-
tilage plates through the life time (11). Studies of the ossi-
fication in laryngeal cartilages, especially in thyroid carti-
lage, and their association with age have been surveyed in 
various communities. In 1983, a method was introduced to 
estimate the age based on thyroid cartilage ossification, but 
it was not supported by other studies which mostly used ra-
diographic methods (12, 13). Histological studies in the 
process of the mineralization of the thyroid cartilage pro-
vide little information for researchers. Given the results that 
Keen and Wainwright gained, endochondral ossification 
forms bone within the laryngeal cartilage, which is called 
chondroid bone (11-13). However, radiological studies, de-
spite their considerable number, could not provide accurate 
and determinant information for researchers. More accurate 
imaging methods such as CT scanning can demonstrate the 
pattern of thyroid cartilage ossification, which has gained 
attention in recent studies. 

Due to the lack of enough investigations on thyroid car-

tilage ossification through accurate methods and its effi-
cacy, this study was designed to investigate the relationship 
between age and detectable changes of the thyroid cartilage 
ossification using CT scan in addition to anthropometric 
features of this cartilage.  

 
Methods 
Cases were selected from those dissected in Kahrizak 

Hall of Tehran since January 2018 until December 2018 
who were meeting study criteria. Kahrizak is the main dis-
section Hall of Tehran Legal Medicine Organization, which 
is related to judicial system of Iran. All Iranian bodies over 
20 years who were not dead due to any neck trauma such 
as fracture, hanging, penetrating trauma, or structural and 
congenital deformity were included. The study and its 
methodology were approved ethically by the AJA Univer-
sity of Medical Sciences, with approval ID of 
IR.AJAUMS.REC.1397.029.  

After gaining required consent from the families, thyroid 
cartilage of the cases was separated using a Y-shaped inci-
sion to avoid any tissue damage by an expert working in the 
dissection hall. The rest of the attached tissues were re-
moved and after measuring demographic and anthropomet-
ric properties, were stored in 10% formalin solution (which 
does not resolve the calcified tissue). To avoid tissue alter-
ation and obtaining optimum radiographic results, the time 
between removing the tissue and performing CT imaging 
did not exceed 10 days. Gender, age, weight, height, and 
the reason of death were recorded as demographic infor-
mation. Anthropometric measurements of thyroid cartilage 
was recorded based on Eckel study immediately after re-
moval of the cartilage (14). Cartilage right and left laminae 
height (a), right and left laminae breadth (b), anterior border 
height (c), right and left total height (d), upper width (e), 
lower width (f), right and left superior horn (g), right and 
left inferior horn (h), thyroid notch depth (i), and thyroid 
angle (j) were measured using a 15-cm digital caliper and 
goniometer (Fig. 1). To avoid too much numbers, only the 
average of right and left cartilage measurements was pre-
sented. 

 
Fig. 1. Schematic image of anterior and lateral thyroid cartilage views explaining how measurements are done based on Eckel study (14). 
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A 64-slice Siemens CT scan machine was used to meas-
ure specimen ossification. CT settings for this exam in-
cluded tube voltage: 80kVp, tube current: 42mA, rotation 
time: 1 s, section thickness: 0.8 mm, field of view: 296 mm, 
image matrix: 512 pixels, filter: standard, window wide: 
250, window level: 50, range: from the thyroid. Three-di-
mensional reconstruction and volume calculation were 
done by Siemens workstation. Volume was calculated us-
ing calcification Hounsfield, which was considered to 
be130 HU to 1000 HU. Because formalin density was 
lower than ossification Hounsfield and extra tissue was re-
moved, no more picture process was needed and mean car-
tilage volume and Hounsfield score were directly provided 
through tables. All specimen were disposed through hospi-
tal pathological waste disposal protocol. 

All data presented as mean ± SD. Pearson’s correlation 
test were used to measure the correlation of thyroid calci-
fied volume and chronological age. Repeated measurement 
ANOVA test was also used to measure the correlation of 
the ossified volume and Hounsfield score with different age 
groups. SPSS version 22 was used for data analysis. Signif-
icance level was set at less than 0.05. 

 
Results 
A total of 100 thyroid cartilage of Iranian corpses (60 

men and 40 women) were assessed. Although the differ-
ence between men and women’s weight (76±11 kg vs 68 ± 
8 kg; p<0.001) and height (174±5 cm vs 166±4 cm; 
p<0.001) was significant, their mean BMI (25±2 vs 24±2; 
p=0.396) was the same. 

Mean measures of the thyroid cartilage in both genders 
and mean differences and their correlation with age are 

demonstrated in Table 1. All measures were higher in men 
than in women except for thyroid angle, and these differ-
ences were statistically significant. Of the thyroid cartilage 
measures, the height of the right laminae and depth of thy-
roid notch was correlated with both age and gender. Addi-
tional analysis based on age groups showed that in the 
fourth to seventh decades of life, all thyroid cartilage pa-
rameters can be used as a sex determiner, except thyroid 
angle. 

Hounsfield score and total ossified volume were also 
measured in the samples using CT scan imaging. Mean os-
sified volume was 6.1±1.7 cc, which was the same for men 
and women (6.1±1.7 vs 6±1.8, respectively, p=0.793). The 
ossified volume was directly correlated with age (R=0.205 
and p=0.040) (Table 2). Although this correlation was sig-
nificant in women (R=0.548, p<0.001) (Fig. 2), there was 
no such association in men (R=0.058 and p=0.652) (Fig. 3). 
When grouping the ages to decades, there was an ascending 
pattern through the ossified volume and age group, except 
for the 70-79-year-old samples (Fig. 4). Nevertheless, the 
results of the repeated measurement analysis showed that 
this pattern was not statistically significant (p=0.331).  

Mean Hounsfield score was 308.8±53.5, which was the 
same for men and women (310.2±53.5 vs 306.7±54.2, re-
spectively, p=0.752). Mean Hounsfield score was directly 
correlated with age (R=0.219 and p=0.029) (Table 2). Sim-
ilar to ossified volume, this correlation was significant in 
women (R=0.380, p=0.042), but it was not significant in 
men (R=0.151, p=0.257). The ascending pattern of age was 
seen in 20-59- year-old cases (Fig. 4), but this pattern was 

Table 1. Anthropometric characteristics of thyroid cartilage, its sex differences, and correlation with age 
Thyroid measurements a Total Male Female Sex differences b Correlation with age c 

Mean differ-
ence 

p Correlation Coeffi-
cient 

p 

Laminae height (mm) 25.3±4.2 28.2±1.8 20.9±2.2 7.3±0.4 <0.001** 0.226 0.023* 
Laminae breadth (mm) 36.6±4.9 39.2±3.6 32.7±4.0 6.5±0.8 <0.001** 0.169 0.094 
Superior horn (mm) 17.5±1.9 18.5±1.7 16.1±1.7 2.3±0.3 <0.001** 0.153 0.129 
Inferior horn (mm) 10.6±1.4 11.4±1.1 9.6±1.3 1.7±0.2 <0.001** 0. 058 0.567 
Total height (mm) 37.1±4.1 38.5±3.6 35.0±4.0 3.5±0.8 <0.001** 0.085 0.400 
Upper width (mm) 47.1±4.4 48.8±3.7 44.4±3.9 4.4±0.8 <0.001** 0.156 0.120 
Lower width (mm) 40.3±3.9 41.6±2.7 38.3±4.6 3.3±0.7 <0.001** 0.147 0.143 
Anterior border height 
(mm) 

16.5±2.7 17.6±1.3 14.8±3.4 2.8±0.5 <0.001** 0.071 0.482 

Thyroid notch depth (mm) 12.3±2.6 13.2±2.9 11.0±1.1 2.1±0.5 <0.001** 0.198 0.049* 
Thyroid angle (degree) 85.0±4.6 83.8±4.8 87.0±3.7 3.2±0.9 <0.001** 0.094 0.350 

a. Measurements are shown as mean ± SD. 
b. Measurements are compared between males and females using independent sample t test. 
c. Correlation of measurements with age was calculated using Pearson’s correlation test regardless of gender. 
*p value less than 0.05. 
**p value less than 0.01. 
 
Table 2. Radiographic features of the thyroid cartilage ossification in different age groups presented as mean ± SD 

Age group Ossified volume (mm3) Hounsfield score (HU) 
20-29 5.1 ± 1.5 281.3 ±39.8 
30-39 5.4 ±2.1 289.9 ±62.5 
40-49 5.7 ±1.4 296.7 ±49.7 
50-59 6.1 ±1.6 302.1 ±52.1 
60-69 6.5 ±1.2 329.6 ±49.9 
70-79 6.6 ±1.6 332.7 ±42.9 
80-89 5.8 ±2.7 287.6 ±63.5 
Total 6.1 ±1.7 308.8 ±53.5 
p value (with age groups) a 0.331 0.063 
p value (with age) b 0.040* 0.029* 

a. The comparison between radiographic features and age groups was calculated using 1-way ANOVA test. 
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not statistically different (p=0.063). However, by excluding 
cases in 20-29 age group (n=3) and 80-89 age group (n=8), 
the p values were 0.174 and 0.042 for the volume and 

Hounsfield score, respectively. There was no significant 
correlation between body mass index (BMI) and the ossi-
fied volume (R=0.04, p=0.656) or the Hounsfield score 

 
Fig. 2. Scattered plot of the thyroid cartilage ossified volume measured by CT imaging and age in men 
 

 
Fig. 3. Scattered plot of the thyroid cartilage ossified volume measured by CT imaging and age in women 
 

 
Fig. 4. Mean ossified volume and Hounsfield score of thyroid cartilage measured by CT imaging in different age groups 
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(R=0.158, p=0.115).  
Moreover, the pattern of ossification was assessed with 

3D processing of all images. Foci of ossification was ob-
served in the superior and inferior horn in the majority of 
the younger cases in their 20s and then appeared in lateral 
borders of cartilage in older cases in their 40s. Ossification 
mostly involved inferior border to the mid part of cartilage 
spreading highly through laminae in those who were in 
their 60s. Surprisingly, less foci of ossification was ob-
served in some cases who were at their 80s. Although the 
ossification foci were seen through the cartilage and these 
ossifications increase with age, there was no specific pat-
tern in different age groups and several cases did not obey 
these patterns. In addition, 3D images showed that most of 
these ossification foci are at the surface of the cartilage, not 
involving the depth of the cartilage, and 2-dimensional pat-
terning could not conclude all cases. 

 
Discussion 
Identification is an important aspect in forensic medicine, 

and age and sex estimation are 2 considerable fields. As 
cartilage ossification progresses by aging, it can be an indi-
cator for age estimation. In 1993, laryngeal cartilages were 
suggested as useful tissues for estimating age, according to 
its microscopic and radiologic features (15, 16). In 1995, 
radiographic processing of the thyroid cartilage yielded to 
80% accuracy in estimating age with confidence interval of 
8 years (17). After this study, which had concentrated on 
Japanese cases, a study on French cases revealed that CT 
scan imaging of the thyroid cartilage has considerable cor-
relation with age, but their findings were insufficient to pre-
sent a method for estimating age (1, 11). Although most 
studies used plain radiography (5, 15, 18) and worked on 
laryngeal cartilages (12, 15, 19), CT imaging of thyroid car-
tilage can improve the results and calculations. To avoid 
any calculation error related to other calcified tissues such 
as calcified lymph nodes, atherosclerotic plaques or foreign 
bodies (20, 21), neck images were not used. 

This study suggests that combining macroscopic anthro-
pometric parameters of the thyroid cartilage with Houns-
field score, obtained from CT scan processing, can be use-
ful to determine gender and age. In this study, all the meas-
ured anthropometric parameters were significantly differ-
ent in men and women, which is consistent with other stud-
ies. Poletaeva in similar investigation on thyroid cartilage 
showed that all characteristics of thyroid cartilage in men 
are higher than in women, except for thyroid angle (22). 
Similar studies on Indian and Brazilian population showed 
similar results (6, 7). This information guides us to use an-
thropometric characteristics of thyroid cartilage to deter-
mine sex as a tool in identification. 

In this study, it was found that although the laminae 
height and the depth of thyroid notch were significantly dif-
ferent at different ages, these correlations were not signifi-
cant for estimating age. On the other hand, ossified volume 
and Hounsfield score were 2 considerable CT scan findings 
in estimations of this study. Although the so-called 
measures were not significantly different in genders, both 
the Hounsfield score and the ossified volume had correla-

tions with age. Dang-Tran et al showed that Pearson’s cor-
relation coefficients were 0.73 and 0.75 for men and 
women, respectively (1). Although our results are con-
sistent with Dang-Tran et al, this correlation was much 
weaker in the present study and there was no such correla-
tion in men. In contrast with other studies, the present study 
did not find any difference between the volume of ossifica-
tion in women and men (1, 18, 23), which is a new finding. 

The Hounsfield score had an ascending pattern in age 
groups, except for the 80-89 age group. On the other hand, 
after removing 2 extreme age groups (20-29 age group with 
3 cases and 80-89 age group with 8 cases), a p value of 
0.042 was obtained. The results of other studies show that 
ossification changes stop or regress over middle ages (10, 
24). Although it was observed that the increasing pattern 
continued till 70s, Aramaki et al (11) did not find such a 
pattern in those over 50 years. 

In this study, some common patterns were observed in 
ossification of thyroid cartilage within age groups, but these 
patterns could not conclude all cases. Vlcek (25) and Turk 
(15) designed a classification that would estimate age based 
on ossification pattern, but this classification was examined 
in subsequent studies and found to be inadequate (1). The 
difference between 2D and 3D views are responsible for 
this discrepancy. In the 3D images, there were various su-
perficial ossification in the absence of deep ossifications 
which could confuse such modeling. Aramaki (11) reported 
such ossification in the superior horn of thyroid cartilage, 
but our results showed several foci of superficial ossifica-
tion through cartilage. Further histological and 3D model-
ing are needed to reach better conclusions. 

However, this study showed that some anthropometric 
features of the thyroid cartilage and its Hounsfield score 
through CT scan imaging can help estimate age, but the ac-
curacy of such methods is not sufficient. Thus, future stud-
ies should concentrate on different races, larger populations 
with lower diversities, and accurate computer 3D modeling, 
and probably other demographic information to estimate 
age. 

 
Conclusion 
No single measure from thyroid cartilage is acceptable 

for age estimation. Although thyroid cartilage parameters 
are precise enough for sex determination, a combination of 
anthropometric measures such as the height of the laminae 
and depth of the thyroid notch with CT scan imaging 
measures such as ossified volume and the Hounsfield score 
are need to estimate age. Nevertheless, the accuracy of such 
methods is not enough. 
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