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Background: The age determination of an individual is indispensable in various civil and criminal cases.
The sternum is one of the key bones for age estimation beyond 25 years. Many studies were done in the past
on age determination from the sternum had variable and inconclusive results. Further, the region-specific
research on the sternum for age determination is lacking from the eastern Indian population.

Objective: The present study was done to examine the sternum for its fusion status along each segment,
mesosternum-xiphisternal (MXJ) junction, and manubrium-sternal (MSJ) joint by direct inspection.

iey worfls.' . Materials and Methods: This cross-sectional, observational study was conducted in the mortuary of a
ge estimation tertiary health care center in ABC. 102 sterna were collected from known corpses during autopsy which
Mesosternum . .
. included 73 males and 29 females aged between 6 years to 85 years.
Manubrium

Results: The earliest complete fusion of manubrium with the body was observed to be 17 years in females
and 24 years in males. Whereas the maximum number of cases of complete fusion was observed among
51-60 years of age irrespective of the sexes, indicative of a very limited role of the sternum in estimating
the age.

Conclusions: The fusion of each segment of mesosternum has utility in determining age beyond 20 years
and the xiphisternal joint remains reliable corroborative evidence for the age beyond 40 years.

Xiphisternum
Fusion of bones
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1. Introduction However, beyond this age, the task of age determination
relies mostly upon physical appearance, hair color, and
various other senile changes, which are quite unreliable.

Hence, to determine the age beyond 21 years, closure of

Age determination of an individual is indispensable in
both civil and criminal cases. Medico-Legal experts are

frequently entrusted to determine the exact age of the person
in various disputes related to age. For this, they usually rely
upon physical and dental examination of the individual '3
which is supplemented by radiographs of various joints for
confirmation. In individuals less than 21 years, there are
multiple features related to growth & development which
help in the estimation of age with a close approximation.*

* Corresponding author.
E-mail address: fmt_manas @aiimsbhubaneswar.edu.in (M. R.
Sahu).
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skull sutures and fusion of the sternum are taken into
account.

Beyond 25 years the radiological examination of the
sternum is considered the standard for age estimation by
medico-legal experts.”~’ The significance of the age above
25 years includes issues concerning job eligibility criteria,
contesting elections, etc. The sternum is also helpful in
the determination of age around 60 years which is also
important for assessing retirement age, old age pension,
government schemes for senior citizens, or any other
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legal implications and benefits. The experts take fusion of
xiphisternal joint as a criterion for 40 years and above while
manubrio-sternal joint for 60 years and above as mentioned
in different Indian standard books. =" The sternum has been
studied by many researchers regarding its utility for age
estimation. The studies in this regard have been conducted
on the Indian population by various authors®2° and by
Monum et al?! and Bacci N. et al.?? for the Thai and
South African populations, respectively. The above studies
show variation in the ages of fusion of different joints of
the sternum across the various regional levels which does
not necessarily applicable to the eastern Indian population.
Hence, the present study was carried out to determine the
age from the sterna of the deceased and to analyze the
reliability of the sternum in the estimation of the age of the
deceased belongs to the different parts of eastern India.

2. Material and Methods

This cross-sectional study was conducted in the mortuary of
the Department of Forensic Medicine and Toxicology, ABC
after due ethical clearance. The sterna from the corpses aged
between 6 and 85 years, without any deformity, that are
referred to the medicolegal autopsy were included. Sternum
from the fetus, unknown bodies, and deformed sterna was
excluded from the study. The actual age of the deceased was
obtained from the inquest report and verified with associated
documents provided by the respective legal heirs and the
police. The informed consent was taken from the legal heirs
before conducting the autopsy by explaining the purpose of
the study and the methodology adopted.

An I-shaped incision between the symphysis menti to
the symphysis pubis was given to open the chest cavity.
The skin, subcutaneous tissue, and muscles were separated.
Ribs were dissected along the costochondral junction, and
the intact sternum was removed after disarticulating the
sternoclavicular joints. The collected sternum was placed in
a solution of freshly prepared calcium hydroxide solution
for one week in a properly labeled open jar for chemical
maceration. It was then removed from the solution and the
attached macerated soft tissue was separated by a scalpel.
The sternum was again placed into a freshly prepared
solution of calcium hydroxide which was subjected to
heating on a moderate flame for 30 minutes to remove
the greasy substance and the soft tissue. The sternum
was then taken out and the remaining attached soft tissue
was removed and placed in hydrogen peroxide solution
(bleaching agent) for at least one hour. It was then dried
in the open air. The sterna were studied with a naked eye
examination and fusion of joints was observed & correlated
with the known age. The manubrio-mesosternal joint of
each sternum was observed for the following conditions.
When all three sides of the joint (posterior, anterior, lateral
sides) were found to be fused it was considered complete
fusion, whereas samples that showed fusion of one or

more surfaces but did not achieve complete fusion were
considered partial fusion. If none of the surfaces is found
to be fused it was considered non-fusion. Status of fusion of
mesosternum — Xiphisternal joint along with joints between
individual sternebrae of each sternum also was observed.

3. Results

In the present study, 102 sterna, from 6 to 85 years of age,
with a sex distribution of 73 males (8 to 85 years) and 29
females (6 to 80 years) were examined to observe the fusion
status. The fusion between S4-S3 and S3-S2 starts at 6 years
in females & 8 years in males and is completed at or above
11 years of age in both the sexes. For S2 and S1, the earliest
complete fusion observed was in a male of 8 years while
partial fusion was observed till 15 years of age in females
and 19 years in males; whereas the complete fusion was
observed at 20 years or above in both the sexes. (Table 1)

Manubrium was found to be as bony in all cases with
or without fusion with the body in varying degrees ranging
from non-fusion, and partial fusion to complete fusion. The
fusion process was observed to be from posterior to anterior
followed by lateral surface in sequence. The complete
fusion was observed earliest at 17 years in females and 24
years in males. Though the complete fusion was observed
from as early as 17 years of age a maximum number of cases
of complete fusion was observed around 51-60 years of age,
it continues in the all the age ranges irrespective of the sexes.
(Table 2) The earliest partial fusion was observed at 17 years
in females and 19 years in males. The partial fusion is seen
in varying frequencies in all age groups. Even beyond 60
years, the fusion process continues and partial fusion was
observed up to 80 years of age in females and 78 years in
males, with 42% (5/12) remain non - fused.

The xiphoid process was found to be cartilaginous or
bony with or without fusing with the body of the sternum.
The earliest formation of bone is seen by 25 years in females
and fuses with the body within 32 to 40 years of age,
whereas in males the formation of bone is seen by 23 years
and fuses with the body within 25 to 40 years of age in male.
(Table 2) The xiphisternum remains cartilaginous in 33%
(15/45) of cases between 20 to 40 years of age and 14%
(6/42) above 40 years of age and is observed till the age of
85 years.

4. Discussion

The mesenchymal mass known as presternal mass gives
rise to the cartilaginous primordia of manubrium at the 6'"
week of intrauterine life (IUL) which starts to ossify at
the 5" month of IUL, becomes recognizable appearance
by the 6" month postpartum. The lateral sternal plate, a
pair of mesenchymal masses appearing at the 6’ week of
IUL embedded in the anterior chest wall starts fusing and
chondrifying at the 9" week of IUL in the craniocaudal
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Table 1: Fusion of body of sternebrae in the various age group
Age  Number Body
(In of 1-2 2-3 34
Years) cases  Not Partially Complete Not Partially Complete Not Partially Complete
fused fused (%)  fusion (%) fused fused (%) fusion (%) fused fused (%)  fusion (%)
(%) (%) (%)
<10 4 3 0 1 2 0 2 2 0 2
11- 11 0 3 8 0 0 11 0 0 11
20
21- 20 0 0 20 0 0 20 0 0 20
30
31- 25 0 0 25 0 0 25 0 0 25
40
41- 14 0 0 14 0 0 14 0 0 14
50
51- 16 0 0 16 0 0 16 0 0 16
60
>61 12 0 0 12 0 0 12 0 0 12
Table 2: Fusion of manubrium and mesosternum in various age groups
Age Number Manubrium - Body Body - xiphoid
(In of Not fused Partial Fused Complete fused Absent Not fused Complete fused
Years)  cases (%) (%) (%) (%) (%) (%)
<10 4 4 0 0 4 0 0
11- 11 8 1 2(18%) 11 0 0
20
21- 20 15 2 3(15%) 11 7 2 (10%)
30
31- 25 9 5 11(44%) 4 5 16 (64%)
40
41- 14 5 3 6(43%) 2 0 12 (86%)
50
51- 16 4 1 11(69%) 2 0 14 (88%)
60
>61 12 5 2 5(42%) 2 0 10 (83%)

direction, thus giving rise to cartilaginous primordia of all
four sternebrae at varying numbers; mostly the upper two
from a single center and lower two from two or more
centers, shaping the sternum into Ashley’s Type-I, II and III
patterns.>® The ossification centers of sternebrae appear in
the sequence 5/to 6'*~month TUL for 157 sternebrae, 7*" to
8" Month TUL for 2" & 3" sternebrae, and at 1 year age
for 4'" sternebrae. The ossification for xiphoid starts at 3-
6 years of age, or remains cartilaginous even into advanced
age.24 However, the fusion between different components
of the sternum is highly variable.

Authors from anatomy and forensic medicine have given
different opinions on the fusion status of manubrium with
mesosternum and mesosternum with xiphisternum: Reddy,
Mukherjee, and Parikh!=3 have mentioned that the four
pieces of the body of the sternum fuse with one another
from below upwards between 14 to 25 years. Xiphisternum
unites with the body at about 40 years and manubrium fuses
with the body at about 60 years. Nandy?> has opined that
the xiphoid process unites with the body of the sternum

above 40 years and manubrium unites with the body of
the sternum above 50 years. Kannan, Mathiharan, and P.V.
Guharaj,*® opined that the four pieces of the sternum
constituting the body unite from below upwards between 14
to 25 years whereas the xiphoid process unites with the body
of the sternum at about the 40 years and the manubrium
rarely unites with the body, except in old age. Aggrawal’
mentioned that the union of 3"¢ and 4" sternebrae occurs
at 15 years, 2nd & 3rd at 20 years, 1st and 2nd at 25 years,
whereas xiphisternum unites at 40 years and manubrium
sterni unites with the body about 60 to 70 years and quite
often remains un-united. Chaurasia®® mentioned that the
four pieces of the sternebrae fuse from below upward during
puberty and this is completed by 25 years. The xiphoid
process fuses with the body by 40 years of age but the
manubrium with the body at old age was only about 10%
of subjects that otherwise remain unfused throughout life.

Krogman?® mentioned that segments three and four of

the body fuse at 4 to 8 years, segments one and two at 8
to 25 years, and by this time the body is one piece. The
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manubrium fuses with the body in old age. At the base of
the sternal body, there is a cartilage that may or may not
ossify. Iscan?’ describes the fusion for different sternebrae
with each other as 3”¢ & 4'" between 4 and 15 years, 2""? to
374 petween 11 and 20 years, 157 with rest of the sternebrae
between 15 and 25 years whereas for xiphisternum the
fusion occurs at an older age and for manubriosternal joint,
it is highly variable. Larsen, W.J.?8 - Human Embryology
mentions the fusion of different sternebrae from below
upwards as 3rd & 4th - 4 to 10 years, 2nd to 3¢ & 4"
- 11 to 16 years, 1%* with rest of fused sternebrae - 15 to
20 years. Louise Scheuer and Sue Black?® mentioned in the
book on developmental juvenile osteology that the fusion
of the sternum follows a caudocranial fashion. The fusion
of the 3"¢ to 4! sternebrae occurs within 3 years which
then fuses with the 2”"¢ around the time of puberty ranging
from age 11 to 16 years. The fusion of the first sternebrae
occurs at the end of puberty i.e. 15 to 20 years. They
also mentioned that the fusion of two adjacent sternebrae
starts from the posterior than the anterior followed by the
lateral surface. However, they mentioned that the complete
fusion of mesosternum does not occur until 30 years for
which they concluded that sternum is probably of limited
value in the accurate determination of age at death in the
juvenile. Several studies are available on the estimation of
age from the sternum based upon the fusion of manubrium
and xiphoid process with the body in different populations
in India as well as in other populations. The studies with
varied results on the fusion of manubrium- mesosternum
and mesosternum — xiphisternum joints are summarized in
Table 3.

Different studies reported only partial information about
the fusion status of all joints of sternum i.e. manubrium
sterni, xiphisterna & joints among sternebrae without
mentioning the earliest age of fusion, the age by which
all fuses, and the proportions that remain unfused. Most
articles both inside and outside India are not highlighted
the fusion age between different sternebrae. However, few
studies mention that fusion starts around puberty and is
completely fused between 19-30 years of age.!®16:17:19-21
It is worth mentioning here that in the current study, the
fusion between S4-S3 and S3-S2 starts as early as 6 years in
females & 8 years in males and was completed at or above
11 years of age in both the sexes. Also, the earliest age of
fusion between S2 and S1 has been observed at 8§ years of
age in males with partial fusion observed till 15 years of
age in females and 19 years in males; whereas the complete
fusion was observed at 20 years or above in both the
sexes. These findings are consistent with findings observed
by Krogman,26 Iscan,?’ and Larsen, W.J.28 Though the
literature on fusion age for xiphisternal joint shows as early
as 15 years of age with variable upper age ranges from above
50 years of age up to 70 years of age, our study shows the
earliest age being 23 in females and 25 years in males and

all fuses by 41 years of age, which is in agreement with
findings documented by several Indian authors.'~"->> The
xiphisternum was also found to be cartilaginous in 33% of
cases between 20 to 40 years of age and 14% above 40
years of age and is also observed till the age of 85 years
as reported by Krogmann?® and Cunningham et al. >

The findings on the manubrio-sternal joint fusion age
remain diverse. For example, many authors stated the age
of manubrio-sternal joint fusion is around 60 years or
older age, or fusion only in 10% cases,? at older age2®
and variable.?’ Tt is also observed that the fusion of the
manubriosternal joint may start at the earliest 15 years of
age with a variable upper age range extending from 50 to
81 years of age and may remain not fused up to 70 years
in males and 75 years in females.?® It is interesting to note
here that in the present study, though the complete fusion
of the manubriosternal joint was observed as early as 17
years of age in females and 24 years in the males, the fusion
percentage increases with different age groups irrespective
of sex and reaches the maximum at 51-60 years of age (69%
being fused). Even after 60 years age, the fusion process
continues and partial fusion observed up to 80 years of age
in females and 78 years in male, with 42% remain as non-
fused. It is important to note here that the findings of the
present study are limited because of its relatively smaller
sample size and its observational nature.

5. Conclusions

The present study revealed the earliest complete fusion of
manubrium with the body was observed to be 17 years in
females and 24 years in males with increasing frequency
afterward and reaching a maximum at 51 to 60 years (69%).
It was also observed that in 42% of cases, it remains
non-fused above 60 years of age. Because of this wide
variability in the fusion process of manubrium with the body
of the sternum, the applicability of its role in estimating
the age beyond 60 years is inconclusive. Fusion of each
segment of mesosternum was observed from below upward
and completed at or above 20 years of age in all cases
irrespective of sex. Xiphisternum remains as cartilaginous
in 17% of cases beyond 60 years of age with the maximum
age being 85 years. If it ossifies as bone then it is fused in
almost all cases above 40 years. Henceforth, we suggest that
the fusion of each segment of the body of the sternum and
mesosternal-xiphoid fusion is preferable to determine the
age above 20 years and age around 40 years, respectively.
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