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Abstract

Background: The human body grows and matures with age, especially in children and adolescents. Skeletal age is
determined from the development stage of bones.

Objectives: To determine the age of epiphyseal fusion of the lower end of radius and ulna in the Nepalese population
which is important from a medicolegal point of view.

Methods: An analytical cross-sectional study was conducted on patients undergoing X-rays of hand and wrist attending
Manipal Teaching Hospital, Pokhara in a one-year period from January 1, 2019 to December 31,2019. Total sample was 90
cases. The X-rays were assessed as appearance and not-appearance of epiphysis and different phases of skeletal maturity
were graded according to McKern and Stewart classification.

Results: Mean age was relatively higher in males in fusion of radius. Whereas in ulna, no difference was recorded in mean
age in the fifth stage. In male the correlation coefficient for stage of fusion for radius and ulna with age (years) was 0.90
and 0.65 (p <0.001), while for the females the correlation coefficient for stage of fusion of radius and ulna with age was
0.94 and 0.82 (p <0.001), both indicating a strong correlation.

Conclusion: Estimation of age is not only important for identification of the deceased victim but also in medicolegal issues
where there are many cases in courts which are undergoing age assessment by experts in absence of birth certificate or
counterfeit documents.
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reference standard results are obtained which are used
in age estimation, and all are based on radiographic
assessment. However, different methods are associated
with varying degrees of uncertainty and precision, and
this is not always well understood.® The authors could
not find a similar study done in Nepal.

This study was meant to determine epiphyseal fusion age
of lower end of radius and ulna in Nepalese population.
The results of this study will be important from a
medicolegal point of view to ascertain individual age.

METHODOLOGY

An analytical cross-sectional study was conducted on
patients undergoing X-rays of hand and wrist attending
Manipal Teaching Hospital, Pokhara in a one-year
period from January 1, 2019 to December 31, 2019. The
convenience sampling was utilised to record the cases
from the outpatient and the emergency department of
the hospital. Total of 95 cases were recorded over the
one-year period. All X-rays of hand and wrist joints of
age group six to 20 years were included which showed a
clear stage of fusion. Individuals with known endocrine,
nutritional, or developmental disorders, and of age
above 20 years were excluded from study. Out of the 95
cases, five cases were not taken into consideration due
to the exclusion criteria. With this the total sample of
90 cases were taken for this study during the one-year
period.

Ethical approval was obtained from the Institutional
Review Committee, Manipal College of Medical Sciences
(Ref. MEMG/IRC/172/GA). Written consent was taken
from parents and participants as required. Right side was
taken for study.

Age was determined based on history and through
documents available confirming age of an individual
whenever possible. The X-rays were assessed as
appearance and not-appearance of epiphysis and
different phases of skeletal maturity were graded
according to McKern and Stewart (1957).% Classification
on epiphyseal union (stage of fusion) which subdivides
the continuum of epiphyseal union into five stages is
shown.
Stage Description
Nonunion - when the epiphyseal cartilage
did not begin to decrease in thickness
Commence of union — when the thickness of
epiphysial cartilage was found to be reduced
appreciably (1/4th united)

Stage 1(1)

Stage 2(2)
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Incomplete union - when the epiphysis has
begun to fuse with shaft and complete union
was well underway (1/2 united)

Complete union — when the epiphyseal
cartilage was bony in architecture and its
density indistinguishable from the epiphysis
and diaphysis in its neighborhood but an
epiphysial line called epiphysial scar could
still be distinguished. (3/4 united)

Complete union — with absence of epiphyseal
scar

Stage 4(4)

Stage 5(5)

Zero (0) is designated for the appearance of bone and
not appearing means the epiphyseal end has not
appeared at all. The data was entered, cleaned, and
coded in Microsoft Excel and transferred and analysed
through Statistical Package for the Social Sciences (SPSS)
Statistics for Windows, version 16.0 (SPSS Inc., Chicago,
I, USA).

RESULTS

A total of 90 subjects were included in the study. It was
seen that there was an increase in the stage of fusion with
increasing age. Of the 90 subjects 54 (60%) were females
and 36 (40) were males. The mean age of the participants
was 16.14 + 3.81 years.

The distribution of subjects with age and stage of fusion
are presented in Tables 1 and 2.

The progression of fusion with increasing chronological
age is evident from Table 3. The mean age showed a
gradual increase with stages of union and variation
between male and female subjects. Mean age was
relatively higher in males in fusion of radius. Whereas, in
ulna, no difference was recorded in mean age in the fifth
stage.

Almost complete fusion (F5) of both radius and ulna
was found in age more than 17 years whereas in males
it was found a year later. Distal end of ulna did not show
appearance till 10 years of age in females and nine years
in male. However, data was missing to be concise.

To determine the stage of relationship between the age
and stage of fusion correlation test was done. In male
the correlation coefficient for stage of fusion for radius
and ulna with age (years) was 0.90 and 0.65 (p <0.001)
respectively, indicating strong correlation. While for
the females the stage of fusion of radius and ulna were
strongly correlated with age (0.94 and 0.82 (p <0.001)
respectively).
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Table 1: Different stage of fusion of radius and ulna among females
Radius (fusion stage) Ulna (fusion stage)
n Age(inyears) O 1 2 3 4 5 Notappeared O 1 2 3 4 5

3 6-6.9 3 3

1 7-7.9 1 1

1 8-8.9 1 1

2 9-9.9 1 1 2

0 10-10.9

0 11-11.9

3 12-12.9 1 2 1 2

3 13-13.9 1 2 1 1 1

3 14-14.9 1 2 1 2

1 15-15.9 1 1

5 16-16.9 5 5

6 17-17.9 1 5 1 5
9 18-18.9 9 9
19 19-19.9 19 2 17

Table 2: Different stage of fusion of radius and ulna among males

Radius (fusion stage) Ulna (fusion stage)
n Age(inyears) 0 1 2 3 4 5 Not appeared 0 1 2 3 4 5
1 6-6.9 1 1
7-7.9 1 1
8-8.9 1 1
9-9.9
10-10.9
11-11.9
12-12.9 1 1
13-13.9
14-14.9 1 1
15-15.9 1 3 2
16-16.9 1 5 1 2
1
2

—_

17-17.9 1 2 1
18-18.9 5
19-19.9 1 1

u w o A = O = O ©O O =

—_
—_
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Table 3: Mean and range of age for each stage of union at each of the epiphysis at the wrist for males and females

Female Mean age (years) Male Mean age (years)
n Stageofunion (a) (b) +SD n Stageofunion (a) (b) +SD
Radius 3 0 6 6 6.0+0 2 0 6 7 6.5+0.5
4 1 7 13 95+3 2 1 8 12 9.8+2
7 2* 8 14 10.6£3 3 2 14 17 154+15
2 3 14 14 14.0+0 1 3 16 16 16.0+0
7 4 15 17 16.0£1 10 4 15 17 16.0+1
33 5 17 20 184+1.5 16 5 18 20 19.0£1
Ulna 7 Not appeared 6 9 73£15 3 Not appeared 6 8 6.9+ 1
1 0 13 13 13.0+£0 1 0 12 12 12.0+0
2 1 12 14 13.0£1 0 1 0 0
3 2 12 13 12505 1 2 17 17 1700
3 3* 13 14 13.5+0.5 7 3 14 18 159+2
8 4 16 18 170x1 3 4 15 16 155+0.5
32 5 15 20 17325 19 5 15 20 17325

*A significant difference was recorded at this stage of union in between male and female mean age; (a) minimum age of stage of
union; (b) maximum age of stage of union.
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Figure 1: Scatter plot showing correlation between age and stage of fusion for males
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Figure 2: Scatter plot showing correlation between age and stage of fusion for females

DISCUSSION

There is no method currently available that can reliably
provide the chronological age of an individual with any
useful degree of accuracy. Age determination based on
epiphyseal fusionis considered one of the mostimportant
scientific tools till date. Current methods provide, at best,
a range within which the subject’s chronological age is
likely to fall. Moreover, because of the rapid and irregular
pace of maturation, secondary characteristics fail to get
good results.’

In Nepal, the Juvenile Justice Reform Regulations (2063)
implicitly recognises the lack of reliability of medical/
dental age assessment and considers birth certificates
issued by a hospital, the most reliable indicator. An age
assessment conducted by a government hospital is
accepted only when those are not available or falsified
undergoing criminal proceedings.®

This study particularly focussed on the stage of fusion of
distal radius and ulna and involved age groups from six to
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20years. As per the recommendations of the Study Group
on Forensic Age Diagnostics, a forensic age estimate
should consist of a physical examination, an X-ray of the
hand, and a dental examination which records dentition
status and evaluates an orthopantomogram.’ This is
done when minimal X-ray has to be done.

The study carried out between the age group of 10 to
20 years in Kavrepalanchok district of Nepal found the
epiphyseal fusion at the distal end of radius and ulna to
be hundred percent at the age of 18-19 years in males
and 17-18 years in females which is almost similar to
current study and corroborates with the findings.?Slight
variation was found in age estimation for both male and
female population conducted in Mumbai region of India
by Bhishe et al. and is found similar to present study and
thus lays stress on region related study for more accurate
findings.™

Almost all studies confirm early fusion of bones on male,
compared to females which is found in our study too."
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Thus, age estimation requires separate assessment
for fusion in both males and females as per the study.
Further studies involving a larger number of cases is
needed to effectively comment on the fusion and age.
Age determination of living individuals is crucial in
many legal issues. The evidence produced by present
study through radiological imaging can serve a scientific
basis for anthropometry and medicolegal examination.
Skeletal age evaluated by the sequence of fusion of
epiphyses of long bones and development of centers
of ossification in small bones can therefore help in
assessing the age of the concerned sample/accused.
Further studies involving a larger number of cases is
needed to effectively comment on the fusion and age.
However, this study adds one brick for age assessment
from radiography in Nepalese population.

CONCLUSION

To conclude, chronologic age and skeletal maturity was
well correlated with the epiphyseal fusion at wrist joint
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