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Abstract: One of the main parameters in the analysis of skeletal remains in forensic anthropological cases is the estimation
of age. This study aimed to investigate the correlation between age and the fusion status of the sternal junction. This cross-
sectional study was carried out on 184 sterna from 94 females and 90 males obtained from known-age cadavers in the Thai
population. By direct observation, the fusion stage of the manubrio-sternal and sterno-xiphoidal junctions was studied and
divided into unfused and fused joints. The results showed that a large proportion of the sterna remain unfused throughout
adulthood, with fusion observed in both young and old cadavers. Insignificant differences in the rate of fusion, the sexes and
ages were observed. None of the sterna under 30 years of age in females and 32 years of age in males showed fusion of the
manubrio-sternal and sterno-xiphoidal junctions. Based on the variability of the sternal fusions observed in this study, we
highlighted a very limited role of the sternum alone in the estimation of age in the Thai population.
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Introduction sternum has been used for estimating stature [9]. However,

this bone may be a reliable source of information and can of-
Age is one of the biological profiles that is particularly  fer useful information for age estimation in some cases with
useful in narrowing the number of missing persons com-  this bone.
pared to the profile of the deceased [1]. In adults, age estima- The sternum has been considered a potential application

tion focuses not only on bone degeneration but also the ap-  in forensic age estimation in young adult and adult skeletons.

pearance and fusion of the ossification centers of the bones
[2]. Several regions of the body have been studied to make
the most accurate age estimation, such as pubic symphysis,
auricular surface, cranial suture, sternal end of the rib, and
medial end of the clavicle [3-8]. In the Thai population, the
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Most of the authors studied direct observation of the fusion
of manubrio-sternal and sterno-xiphoidal junctions in dif-
ferent population groups [10-22]. All of these studies found
that the manubrio-sternal and sterno-xiphoidal junctions
fused at different times. Studies in this regard have been
carried out in the Chinese [11], Indian population [12-16],
South African [17], Turkish [18, 19], Egyptian [20], Spanish
[21], Japanese [22] and mixed population (mainly British)
[10]. For the Thai population, Monum et al. [23] developed
a model for age estimation in the Thai male population us-
ing radiological analysis of chest plate ossification. However,
the question arises of whether the results obtained from the
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radiological examination can be compared with those from
direct observation. To the best of our knowledge, there was
no study of age estimation using direct observation of the
sternum in a Thai population. The results from the non-Thai
population may be unreliable with the Thai population due
to variations in genetics and environment.

Therefore, the aim of this study was to examine the sterna
of a Thai population for the fusion of manubrio-sternal
and sterno-xiphoidal junctions using the direct observation
method, and to determine the applicability of this method
for age-at-death estimation.

Materials and Methods

This study has been approved by the Research Ethics
Committee of the Faculty of Medicine Siriraj Hospital, Ma-
hidol University, Bangkok, Thailand (Protocol No. 950/2564
(IRB2) on December 1st, 2021). Informed consent was
obtained from the legal heirs before collecting the sterna.
Between December 5th, 2021 and November 10th, 2022, the
intact sterna were removed from the deceased who under-
went autopsy in the Forensic Pathology Unit, Department of
Forensic Medicine, Faculty of Medicine Siriraj Hospital, Ma-
hidol University. All of the deceased were Thai nationals, 20
years of age or older. Because it is generally recognized that
the sternal body segments develop fully and unite at the age
of 20-25, the age of 20 was chosen [24-26]. The age and na-
tionality were approved by identification documents issued
by the Thai government. The deceased with pathological

sterna or injuries at any location in the examined area was

Fig. 1. Photograph showing the sterna with (A) no fusion at both

junctions, (B) fusion at manubrio-sternal junction but no fusion at
sterno-xiphoidal junction, (C) no fusion at manubrio-sternal junction
but fusion at sterno-xiphoidal junction, and (D) fusion at both

junctions.
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excluded from this study.

A total of 184 sterna were included, consisting of 94 fe-
males (20 to 83 years) and 90 males (20 to 84 years). The
mean age of females and males in this study population
was 44.62 (standard deviation [SD]=17.20) years and 49.07
(SD=16.59) years, respectively. After manual maceration of
the surrounding muscles and soft tissues, the sterna were
allowed to macerate in warm water for 4 weeks. All residual
soft tissue was removed from the bones using a gentle brush
and running water to prevent any damage to the bone sur-
face. The bones were allowed to dry at room temperature.
The sterna were studied with a naked eye examination and
the fusion status of their junctions was observed. The manu-
brio-sternal and sterno-xiphoidal junctions were classified
as unfused or fused (Fig. 1). Fusion was considered when
it was discovered that a part of the joint space was fused. It
was deemed nonfusion if none of the surfaces was found to
be fused. The observers did not know the age and sex of the
sample during their examination. Additionally, a blind test
was carried out with a sample of known age.

All statistical analyses were performed with SPSS sta-
tistical software, version 20.0 (SPSS Inc.). A P-value of less
than 0.05 was considered statistically significant. Descrip-
tive statistics was used to illustrate the occurrence of fusion
throughout the sample and binary logistic regression tests
were used to find variations between the sexes, ages and the
tusion rates. To clarify the correlations between the fusion
rates and the true age, point-biserial correlation coefficient
was carried out. The association between age above and be-
low 45 and the state of fusion of the manubrio-sternal and
sterno-xiphoidal junctions was also evaluated using an odd
ratio. The age of 45 was chosen as the halfway point between
data entries in the sample of this study and the midpoint be-
tween the various reports of fusion in the literature [17].

Results

Tables 1 and 2 demonstrate the fusion of the manubrio-
sternal and sterno-xiphoidal junctions in various age
groups among females and males. Direct observation of the
manubrio-sternal junction revealed that 46.74% (n=86) of
the sterna had a fusion of the joint. The earliest fusion of
manubrio-sternal junction was reported at 30 years of age in
females and 36 years in males, while nonfusion was observed
until the age of 83 years in females and 84 years in males. In
female, the manubrio-sternal junction fused at a mean age
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Table 1. The fusion of the female sterna in the various age groups
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Number

Manubrio-sternal junction

Sterno-xiphoidal junction

Age (yr)

Nonfusion Fusion Nonfusion Fusion
20-29 13 13 (100.0) 0(0.0) 13 (100.0) 0(0.0)
30-39 15 8(53.3) 7 (46.7) 11 (73.3) 4(26.7)
40-49 21 9(42.9) 12 (57.1) 15(71.4) 6(28.6)
50-59 19 5(26.3) 14 (73.7) 10 (52.6) 9 (47.4)
60-69 14 2(14.3) 12 (85.7) 6(42.9) 8 (57.1)
>70 12 5(41.7) 7 (58.3) 6 (50.0) 6 (50.0)
Total 94 42 (44.7) 52 (55.3) 61 (64.9) 33 (35.1)

Values are presented as number (%).

Table 2. The fusion of the male sterna in the various age groups

Manubrio-sternal junction

Sterno-xiphoidal junction

Age (y1) AT Nonfusion Fusion Nonfusion Fusion
20-29 23 23 (100.0) 0(0.0) 23(100.0) 0(0.0)
30-39 20 13 (65.0) 7 (35.0) 12 (60.0) 8 (40.0)
40-49 13 7 (53.8) 6(46.2) 7(53.8) 6 (46.2)
50-59 13 4(30.8) 9(69.2) 8 (61.5) 5(38.5)
60-69 14 7 (50.0) 7 (50.0) 5(35.7) 9 (64.3)
>70 7 2(28.6) 5(71.4) 1(14.3) 6(85.7)
Total 90 56 (62.2) 34(37.8) 56 (62.2) 34(37.8)

Values are presented as number (%).

[ Total number of sternum
[ Fusion of manubrio-sternal junction
Il Fusion of sterno-xiphoidal junction

Number of sternum

20-29

30-39  40-49  50-59

Age (yr)

60-69 >70

Fig. 2. Age distribution of the study population and the proportion
of sterna with the fusion of manubrio-sternal and sterno-xiphoidal
junctions.

of 54.94 years (SD=13.91), while males showed a mean age of
fusion of 55.33 years (SD=13.02).

A total of 67 (36.4%) sterna demonstrated a fused sterno-
xiphoidal junction, consisting of 33 (35.1%) female sterna
and 34 (37.8%) male sterna. The oldest sterna with unfused
sterno-xiphoidal junction were 76 years old in females and
78 years old in males, whereas the youngest sterna with
complete fusion were 30 years old in females and 32 years

old in males. In female, the sterno-xiphoidal junction fused
at a mean age of 57.09 years (SD=12.92), while males showed
a mean age of fusion of 55.59 years (SD=15.47). It was noted
that, with advancing age, more males and females had sterna
with fused manubrio-sternal and sterno-xiphoidal junction.
Number of sterna with fusion of the manubrio-sternal and
sterno-xiphoidal junctions in each age group are illustrated
in Fig. 2.

Binary logistic regression was used to analyze the rela-
tionship between age, sex and the rate of sternal joint fusion.
It was found that statistical insignificance was observed both
from the manubrio-sternal (OR, 1.811; 95% CI, 0.937-3.499;
P=0.077) and sterno-xiphoidal junctions (OR, 0.656; 95% CI,
0.333-1.294; P=0.224). A moderate correlation was observed
for the correlation between age and fusion stages of sternal
elements (R,,=0.547, P<0.001). An odd ratio was calculated
to assess the association between either above and below the
age of 45 years and the fusion state of the manubrio-sternal
and sterno-xiphoidal junctions. Statistically significant dif-
ferences were observed between the age of fusion above and
below 45 years for the manubrio-sternal and sterno-xiphoi-
dal junctions (P<0.001). Females and males with age over 45
years were 4.14 and 4.44 times more likely to have the fusion
of manubrio-sternal junction than those with age below 45
years, respectively. In addition, females and males over the
age of 45 had fusions of the sterno-xiphoidal junctions at
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rates of 5 and 4.14 times higher than those under 45 years of
age.

Discussion

Age estimation is one of the four essential components
needed to aid in personal identification, and therefore, a
number of skeletal regions are analyzed to enhance the age
estimation methods and accuracy rates. This study sought
to determine whether there was a correlation between age
and the fusion of manubrio-sternal and sterno-xiphoidal
junctions in a Thai population. The present study showed
that the fusion of the manubrio-sternal and sterno-xiphoidal
junctions increased with advancing age. Significant varia-
tions were observed from person to person and the fusion of
the manubrio-sternal and sterno-xiphoidal junctions might
not occur at all. Throughout adulthood, most sterna remain
unfused, and fusion is seen in both young and old people.
Therefore, the fusion rate of both the manubrio-sternal and
sterno-xiphoidal junctions was not a reliable age indicator
in Thai population. Previous studies have reported similar
results on the high variability in the fusion rate of the manu-
brio-sternal and sterno-xiphoidal junctions [12-23]. Table 3
summarizes the studies about the fusion of manubrio-ster-
nal and sterno-xiphoidal junctions. The studies focusing on
age estimation from the sternum have yielded contradictory
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results. The possible reason for such differences may be the
genetic difference of the population included in the study.
Furthermore, it is crucial to note that there is confusion re-
garding the definition of fusion in the literature. The assess-
ment of fusion may be affected by the differences between
the methodological approach used (radiological or direct
observations).

In this study, an insignificantly statistical difference be-
tween sexes and ages was observed in the fusion rate of the
manubrio-sternal and sterno-xiphoidal junctions. Fusion
of the manubrio-sternal junction occurred proportionately
more frequently in females (55.3%) than in males (37.8%).
A greater proportion of sterna in different age groups of
females revealed a fusion of the manubrio-sternal junction
than the sterno-xiphoidal junctions. These findings were
inconsistent with previous studies by Singh and Pathak [13]
and Bacci et al. [17], who found a higher number of fused
sterna in males than in females. This could be a result of
unrecognized alterations in bone metabolic turnover and
related biochemical changes in the joint [17]. In addition,
males showed an earlier and, much higher number of fused
sterno-xiphoidal junctions in all age ranges compared to fe-
males. This may be due to differences in breathing patterns
between sexes, with males showing a more active movement
of the abdomen and possibly more mechanical stress on the
xiphoid process because several breathing muscles attach to

Table 3. Summary of studies of the fusion of the manubrio-sternal and sterno-xiphoidal junctions

Study Nationality Assessment Sa::zlzle Manubrio-sternal fusion ages (yr) Sterno-xiphoidal fusion ages (yr)
Chandrakanth et al. [12] South Indian Gross 118 Starts at 31 (F), 35 (M) Starts at 30 (F, M)
Unfused even up to 75 (F), 70 (M) Unfused even up to 46 (F), 48 (M)
Singh and Pathak [13] North-west Indian ~ Gross 343  Startsat 17 (F), 19 (M) Almost fused at 46 (F), 50 (M)
Almost fused at 38 (F), 42 (M)
Chopra et al. [14] North Indian Gross 200  Startsat 35 (F), 29 (M) Starts at 26 (F, M)
Manoharan et al. [15] South Indian Gross 100  Highly variable Starts at 40 (F), 32 (M)
All fused at 60 (F, M)
Sahu etal. [16] Eastern Indian Gross 102 Startsat 17 (F), 19 (M) Starts at 25 (F), 23 (M)
Unfused up to 80 (F), 78 (M), highly variable ~ Unfused up to 85
Baccietal. [17] South African Gross 461  Highly variable Highly variable
Oktay and Aytag [18] Turkish CT 200  Highly variable -
Bolatli etal. [19] Turkish CT 700  Startsat 10-19 (F, M) Starts at 10-19 (F, M)
Alietal. [20] Egyptian CT 165 Starts at 25-35 (F, M) Starts at 25-35 (F, M)
Unfused up to 55-65 (F, M) Unfused up to 55-65 (F, M)
Macaluso and Lucena [21] ~ Spanish Radiograph 122 Startsat 23 (F), 29 (M) Starts at 22 (F), 29 (M)
Unfused up to 91 (F), 88 (M) Unfused even up to 91 (F), 67 (M)
Monum et al. [22] Japanese CT 320  Highly variable Highly variable
Monum et al. [23] Thai (male only) Radiograph 136 15-81 15-70
The present study Thai Gross 184  Startsat 30 (F), 36 (M) Starts at 30 (F), 32 (M)

Unfused even up to 83 (F), 84 (M)

Unfused even up to 76 (F), 78 (M)

M, male; F, female; CT, computed tomography.
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this structure [27, 28]. This finding also indicates that the age
estimation from the fusion rate of sterno-xiphoidal junctions
is less reliable in males than in females.

In this study, the fusion of the manubrio-sternal junction
occurs in all age groups after the age of 30 years in females
and 36 years in males. Fusion at the manubrio-sternal junc-
tion can occur through primary or matrical fusion (not age-
related) and secondary or sclerotic fusion (probably age-relat-
ed) [10, 12, 17, 18]. The primary cartilaginous joint between
the manubrium and mesosternum can be obliterated during
early life and this process is thought to be the cause of the
matrical fusion. On the other hand, sclerotic fusion is as-
sumed to be the outcome of pathological processes because
it occurs in late adulthood and involves the obliteration of a
secondary cartilaginous joint between the manubrium and
mesosternum [10]. Thus, the matrical fusion is taken into ac-
count as a potential cause of the high variance in the fusion
time of the manubrio-sternal junction. Previous literature
recommended using radiographic investigation for the anal-
ysis of manubrio-sternal junction because this technique is
more effective to distinguish between matrical and sclerotic
fusion [12, 17, 26]. Direct observation of the fusion of the
manubrio-sternal junction should be interpreted cautiously
and should not be directly compared to the results of the
radiographic examination. In this study, the fusion status of
the sternum was evaluated using the direct observation ap-
proach, which is most often used in forensic anthropological
examination in developing countries because it is more cost-
effective and suits field work. Due to funding limitations and
inadequate facilities, a radiographic examination could not
be performed on the sternum in the present study. This may
be considered a limitation of this study. Examinations of the
unfused state should be considered more reliable than those
of the fusion state when using direct observation to estimate
the age of the sternum.

The results of this study showed decreases in fusion rates
among females aged over 70 and males aged 60-69. There-
fore, these findings indicate that there is limited correlation
between the incidence of the fusion of manubrio-sternal
and sterno-xiphoidal junctions and chronological age of
elderly Thai people. The factor which may contribute to the
discrepancy in these results is the generation difference. The
impact of secular change cannot be overlooked as there is an
obvious difference in socio-economic and nutritional status
between the two generation [29]. As a result, the fusion of
manubrio-sternal and sterno-xiphoidal junctions is not use-
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ful for forensic age estimation in elderly Thai population.

Most earlier investigations discovered that the age at
which different sternal elements fused was variable, making
age estimation based on sternal elements unreliable. Howev-
er, the fusion of the manubrio-sternal and sterno-xiphoidal
junctions in this study may have some potential to differ-
entiate between young people and older adults. This study
attempted to express a proportion of the likelihood of age
between fusion and nonfusion of the manubrio-sternal and
sterno-xiphoidal junctions. The results showed that females
or males with fused sternal elements are approximately 4
times more likely to be older than those without fused ster-
nal elements. Furthermore, the fusion of the sterno-xiphoidal
junctions starts as early as 30 years in females and 32 years
in males, whereas the earliest fusion of the manubrio-sternal
junction was reported at 30 years in females and 36 years in
males. This is useful for estimating the age of the Thai popu-
lation. For example, if an unknown sternum is discovered in
a forensic anthropological setting, it can be assumed that an
unidentified female or male was no younger than 30 years
if she or he has fused sternum. All techniques have validity,
but the best strategy for estimating age is one that recognizes
and considers all available evidence [30, 31]. We believe that
these values, rather than serving as age range indicators, may
be employed in forensic anthropological analysis to support
conventionally recognized age estimation techniques.

There is a need for additional studies using large sternum
samples or using a combination of direct and radiological
examinations among the Thai population. Studies on Thai
sub-adult sterna are also required as non-metric traits offer
more precise and reliable results for sex and age determina-
tion than adult traits.

In conclusion, this study found that the age at which the
manubrio-sternal and sterno-xiphoidal junctions fused was
highly variable, resulting in a low effectiveness of using this
method as a forensic age-at-death estimation in the Thai
population. Based on the results of this study, we recom-
mend using the fusion of sternal joints to indicate ages older
than 30 years of age in females and 32 years of age in males.
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