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Abstract:

Context: Age has to be determined not only for identification purpose but also for various civil

and criminal purposes. Timing of epiphyseal fusion is an important means to estimate the age of

adolescents and young adults. The present study was conducted to determine age of fusion of

lower end of radius.

Materials and Methods: This cross sectional descriptive type of study was carried out in the Department

of Anatomy, Rajshahi Medical College from July 2018 to June 2019. Total number of subjects was 88 age

ranging from less than one year to twenty one years. Radiographs (A-P view) of both hands including wrist

joint were studied.

Result: In this study complete fusion of lower end of radius was found to occur at 17-18 years. There was

no appreciable difference in the age of fusion between right and left side.
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Introduction:

Estimation of age is an important task for forensic

medicine experts especially in developing countries

where birth records are often not well maintained.

Forensic medicine experts have to evaluate age in

different medico legal situations when the identity

is not known or when the liability and punishment

are related to the maturity, age of the individuals as

in cases of criminal cases, rape, kidnapping, nullity

of marriage, child labour, disposal of properties etc.

And changes in bones specially time related

appearance and fusion of different ossification

centers in growing periods are valuable indices for

assessing the age, but that is quite reliable only up

to 25 years of age; beyond that it becomes more

uncertain.1

The study of epiphyseal fusion of bones is considered

a reasonable scientific and accepted method for

estimation of age by the courts of law all over the

world.2 There are many factors which affect the

appearance and fusion of various bony centers like

environmental, nutritional etc.

Changes in human skeletal development are

basically similar, as the development process of

each bone has continuity and runs through the same

stages. At each stage, bones have specific

characteristics. Therefore, comparing with

Chronological age (CA), Skeletal age assessment

(SAA) is a more accurate way to reflect the level of

individual growth development and the degree of

maturation.3,4,5
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So it is necessary to gather and follow the latest

data available for a particular population for

estimation of the age This study might provide

clinically an important role to the forensic medicine,

pediatrics, endocrinology and radiology for age

determination.

Materials and Methods:

This cross sectional type of descriptive study was

carried out in the Department of Anatomy, Rajshahi

Medical College in collaboration with Department

of Radiology and Imaging, Rajshahi Medical College

Hospital from July 2018 to June 2019. Radiographs

(A-P view) of both hands including wrist joint of 88

subjects of age ranging from less than one year  to

twenty one years were studied. Subjects having

musculo-skeletal, nutritional and endocrine

disorders, previous history of trauma or injury at the

wrist joint and bones were excluded.

After obtaining the written consent, X-rays of both

hands including wrist joint ( A-P view) of each case

was taken. Joints involved in the study were

subjected to minimum exposures and appropriate

voltage settings of x-ray machine was applied so

as to avoid unnecessary radiation exposure of the

subjects and to get the desired qualities of X-rays.

The developed X-ray films were studied with

assistance  from an experienced radiologist.

Ethical clearance

The study was approved by the Ethical Review

Committee of Rajshahi Medical College.

Criteria for union

Skeletal maturity was evaluated according to the

Jits and Kulkarnis6 classification of four stages,

Appearance, Non fusion, Partial fusion, and

Complete fusion (abbreviated as “AP”, “NF”, “PF”,

“CF” respectively).

a)  Nonfusion: X-Ray showing clear gap between

the epiphyseal and diaphyseal end. It was

showing tooth like appearance.

b) Partial fusion: X-Ray showing a line replacing

the hiatus between the epiphyseal and

diaphyseal ends and not showing tooth like

appearance.

c) Complete fusion: X-Ray showing the same

bony architecture in the diaphysis and epiphysis

of previous stage with presence of scar.

Results:

Table I

Frequency distribution of subjects by status of epiphyseal fusion at the lower ends of radius (n = 84)

Status of fusion of                         Right                                 Left

lower end radius Frequency Percentage Frequency Percentage

Non fusion 44 50.0 44 50.0

Partial fusion 20 22.7 20 22.7

Complete fusion 24 27.3 24 27.3

Partial fusion at the lower end of the radius with its shaft was found started at the age of 12-  13 years and

complete fusion was found at the age of 17 – 18 years   (Table II)
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Table-II

Epiphyseal fusion at the lower end of radius with its shaft

Age (years)                         Fusion of the lower end of radius

Right Left

Non(n = 44) Partial(n = 20) Complete(n = 24) Non(n = 44) Partial(n = 20) Complete(n = 24)

< 1 2 - - 2 - -

1 – 2 4 - - 4 - -

2 – 3 - - - - - -

3 – 4 3 - - 3 - -

4 – 5 4 - - 4 - -

5 – 6 6 - - 6 - -

6 – 7 3 - - 3 - -

7 – 8 5 - - 5 - -

8 – 9 4 - - 4 - -

9 – 10 2 - - 2 - -

10 – 11 4 - - 4 - -

11 – 12 4 - - 4 - -

12 – 13 3 1 - 3 1 -

13 – 14 - 3 - - 3 -

14 – 15 - 4 - - 4 -

15 – 16 - 4 - - 4 -

16 – 17 - 5 - - 5 -

17 – 18 - 3 4 - 3 4

18 – 19 - - 10 - - 10

19 – 20 - - 6 - - 6

20-21 - - 4 - - 4

Fig.-1: Radiograph of wrist joint of 10 years old

female showing non fusion at the lower end of radius
Fig.-2: Radiograph of wrist joint of 13 years old female

showing partial fusion at the lower end of radius
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Discussion:

An extensive work for determination of age of

epiphyseal union in different states of India was done

which revealed the difference in the age of epiphyseal

union.7 They stated that the difference might be on

account of varying sexual dimorphism, dietetic,

geographic, hereditary and other factors.

From the present study it was observed that fusion

at the lower end of radius occur at 17-18 years in

both sides (Table II). That result was supported by

six studies; Bhise8, Sangma9, Krishnamoorthy10,

Hassan11, Kumar12, Leena13.

 Al-Qtaital 14 found fusion at the lower end of radius

occurred 1-2 years earlier than that of the present

study. Furthermore, fusion at the lower end of radius

was found to be 2-3 years earlier in the study

conducted by Memon15 and 2-3 years later in the

study done by Nemade.16

Conclusion:

The completion of epiphyseal fusion in the present

study for the lower end of radius is found at the age

of 17-18 years. Though the general development

including height, weight, secondary sexual

characteristics are helpful, eruption and maturity of

teeth are quite reliable data for estimation of age

The ages of epiphyseal fusion are found to vary

greatly all over the world indicating the need for

separate standards of ages of epiphyseal union for

separate regions.

Acknowledgement

The help and cooperation of all the teachers, M.Phil

students and staffs of Department of Anatomy,

Rajshahi Medical College, Rajshahi are gratefully

acknowledged. Special thanks to all doctors and

staffs of Radiology and Imaging Department,

Rajshahi Medical College, Rajshahi for their kind

co-operation. Thanks, and indebtedness to the

participants who have willingly shared their precious

time.

References:

1. Reddy KSN. The Essentials of Forensic

Medicine and Toxicology. 28th ed. Hyderabad:

K. Suguna Devi; 2009; 73.

2. Banerjee KK, Aggarwal BBL. Estimation of age

from epiphyseal union at the wrist and ankle

joints in the capital city of India. Journal of

Forensic Science International; 1983;1-39.

3. Greulich WW, Pyle SI. Radiogrph Atlas of

Skeletal Development of the Hand and Wrist.

Stanford, CA: Stanford University Press; 1959.

4. Fishman LS. Radiographic evaluation of

skeletal maturation. Aclinically oriented

method based on hand-wrist films. Angel

Orthod; 1982; 52; 88-112.

5. Tanner JM., Whitehouse RH., Cameron N.,

Marshall WA., Healy MJ., Goldstein H.

London: Academic Press; Assessment of

skeletal maturity and prediction of adult height;

1983.

6. Jit I. and Kulkarni M. Time of appearance and

fusion of epiphysis at medial end of clavicle.

Indian J. Med Res.; 1976; 64(5); 773-782.

7. Wankhade PA., Tirpude BH., Khandekar IL.,

Hussaini N. and Wankhade SP. A

Roentgenographic study of wrist joint

ossification for age estimation in the male

population of central India. Journal of Forensic

Medicine, Science and Law; 2013; 22(1).

8. Bhise SS., Chikhalkar BG., Nanandkar SD.

and Chavan GS.  Age determination from

radiological study of epiphysial appearance

Fig.-3: Radiograph of wrist joint of 17 years old

female showing complete fusion at the lower end of

radius

Bangladesh J. Anat.  2020; 18(1) : 12-16

15



around wrist joint and hand. J Indian Acad

Forensic Med; 2011; 33(4); 292-295.

9. Sangma WB., Marak FK., Singh MS. and

Kharrubon B. Age determination in girls of

North-Eastern region of India. JIAFM;2007;

29(4); 102- 108.

10. Krishnamoorthy S., Bharathi OM., Rajesh DR.,

Kumar R., Singh A. and Chawla H. Age

determination from radiological investigation of

epiphyseal appearance and fusion around wrist

Joint: A cross-sectional study from Khammam

Region. Scholars Journals of Applied Medical

Sciences (SJAMS); 2016; 2685-2689.

11. Hassan N., Noor F., Ahmed S. and Fazili KM.

Age of fusion of the lower radial and ulnar

epiphyses from hand radiographs-A study in

Kashmiri population. The Chartered Society

of Forensic Sciences;2016.

12. Kumar A., Kumar S., Kumar B., Sinha RR.

and Prasad A. Roentgenographic study of

bones around wrist in individuals between 12

years and 20 years and its role in assessment

of age;2017; 2; 1-7.

13. Leena R., Abhilasha M., Surbhi R., Sushma

KK., Kishore R. and Anju C. Radiological

study of epiphyseal union of the lower end of

radius and ulna with the shaft of the left hand

in age group 16-22 years in Western

Rajasthan population. International Journal of

Applied Research; 2017; 3(4); 08-12.

14. Al-Qtaital A., Alzyoud J., Al-Rawashdeh M.,

Al- Dalaen S. and Al Maathadi A.  Bone age

determination of epiphyseal union around wrist

joint and its correlation with chronological age:

A radiological study in a Jordanian Population.

Biosciences Biotechnology Research Asia;

2016; 13(1); 67-73.

15. Memon N., Memon MU., Memon K., Junejo

H. and Memon J. Radiological indicators for

determination of age of consent and criminal

responsibility. JLUMHS; 2012; 11(2); 64-70.

16. Nemade KS., Kandi NY. and Parchand MP.

Ages of epiphyseal union around wrist joint-a

radiological study. J. Anat. Soc. India; 2010;

59(2); 205-210.

Bangladesh J. Anat.  2020; 18(1) : 12-16

16


