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Abstract 

The study of appearance and union of epiphysis of bones 

is accepted method for age estimation of individual. 

However many studies conducted on different bones 

respective to their development according to age. This 

study conducted on shoulder joint bones to establish 

relations between age and appearance and union of 

shoulder bones epiphysis radiographically. The present 

study has been conducted on 53 males and 36 females 

falling in the age group of 10-18 years, which are 

selected randomly from various wards, OPD of various 

specialty Department of S.M.S. Hospital, Jaipur. 

Complete fusion of head of humerus appeared from the 

age of 16 years in males and from 15 years in females. 

Complete fusion of acromion process of males is present 

from the age of 16 years and from 14 years in females. 

The epiphyseal line of coracoid process in males 

disappeared from 17 years and from 16 years in females. 

It is concluded that shoulder joint also give the relation 

between age but age range and much deviation to age, it 

is consider less important than wrist, elbow and pelvis.  

Keywords: Acromion, Coracoid process, Epiphysis, 

Head of humerus. 

Introduction 

India is a developing country with irregular and erratic 

certification of births despite strict protocols. The data of 

births is not properly maintained and sometimes 

falsification of age documents is used as a practice to get 

an undue advantage as per various statutory norms. 

Contradictory data of the same individual of births and 

age are also found due to erratic information provided for 

a different document for identity due to lack of cross 

checking of these records. For these reasons, forensic 

experts are often required to give expert opinion for age 

estimation in legal matters, both civil and criminal. 

Reporting on medico-legal exercise in India, a survey 

committee recommended to the Government of India, 

that a region wise analysis for the problem of 

determination of age is to be motivated. The Indian 
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population differs widely from the western population in 

hereditary, dietary, socio-financial and ethnic factors. 

The difference in appearance and union is not due to the 

race, but is due to the genetic and deistic factors and 

environment has got its roles [1]. By histological study, 

nutrition and its deficiency played a definite role in 

assessing the age [2]. Nutritional deficiencies affect the 

skeletal maturation more during early childhood than 

during adolescence [3]. There is influence of hormonal 

disturbances on the skeletal maturation also present [4]. 

Different anthropological observations have been 

mentioned in populations belonging to various 

geographical regions due to numerous factors. Generally, 

the formula used for estimating age, sex or stature of one 

population cannot be evenly applied to all other 

population group [5]. For this reason, specific records of 

particular population are required to be analyzed and 

formula for each population is to be derived.  

Material & Methods 

The present study has been conducted on 89 males and 

females, which are selected randomly from various 

hospital wards and various departments OPD of S.M.S. 

Hospital, Jaipur, age group 10-18 years during 2020-21. 

in order to understand the pattern of appearance of 

ossification centre and fusion of epiphyseal union in head 

of humerus, acromian process, coracoids in shoulder joint 

by radiological examination. In school going subjects, 

date of birth was confirmed from the verbal statement or 

birth proof. 

Exclusion criteria: 1.) Subjects with Chronic illness, 

endocrinal disorders, radiographs that displayed major 

anomalies or Previous skeletal trauma (e.g., fractures) of 

the bones of the shoulder joint, severe malnutrition- 

weight age <60%, Short stature, Chronic drug intake 

affecting development like e.g. - antiepileptic drug, 

steroid. For analysis of observation and discussion the 

whole process of epiphyseal union divided into stages as 

below [6] 

Proximal Humerus epiphysis 

Phase 1 : Open union: A continuous radiolucent line, 

observed along the contours of the entire epiphysis.  

Phase 2 : Fusing: Epiphyseal union has begun or is just 

about to start. In early stages, this is indicated by a 

haziness that   occurs centrally along the epiphysis. As 

union progresses, radiolucency becomes less apparent, 

however evidence of faint black lines remains.  

Phase 3 : Unfused notch: Union is complete other than in 

a small area along the periphery of bone. This is typically 

evidenced by a blackened notch located under the greater 

tubercle.  

Phase 4 : Complete union: No areas of radiolucency are 

identified. The line of fusion may still be recognizable 

however as a ‘white’ radiopaque line.  

Acromion epiphysis 

Phase 1 : Not present: No epiphysis is observed. The 

acromion is marked by a rounded and perhaps billowed 

surface. 

Phase 2 : Present; open or fusing: The epiphysis is 

present and a radiolucent line is clearly visible.  

Phase 3 : Complete union: No line of radiolucency is 

evident. 

Corocoid Angle/apex   

Phase 1 : Present; open or fusing: The epiphysis is clearly 

visible sitting on top of or at the tip of, the coracoid 

process. A radiolucent line is clearly visible. 

Results 

Open union (phase 1) of head of humerus in males 

present from 10 years to 16 years of age and 10-15 years 

in females. Fusion appeared (phase 2) of head of 

humerus start from 13 years of age and remain present 
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till 18 years of age of males and 13 years to 17 years in 

females. Unfused notch (phase 3) of head of humerus of 

males present from the age of 14 years to till 18 years of 

age and in females also the same.  Complete fusion 

(phase 4) of head of humerus appeared from the age of 

16 years in males and 15 years in females. 

No epiphysis (phase 0) of acromion process present in all 

males from 10-14 years and 10-13 years in females. 

Epiphyseal line (phase 1) of acromion process of males 

found appeared from the age of 14 to 18 years of age and 

13 to 18 years in females. Complete fusion (phase 4) of 

acromion process of males is present from the age of 16 

years and from 14 years in females. 

The epiphyseal line (phase 1) of coracoid process in 

males present from 10 years to 17 years and shown 100% 

till the age of 15 years and the epiphyseal line (phase 1) 

disappeared from 17 years and thereafter. The epiphyseal 

line (phase 1) of coracoid process in females is present 

from 10 years to 16 years, it was in 100% females till the 

age of 14 years and the epiphyseal line (phase 1) 

disappeared from 16 years on words. 

 

Table 1: Age of appearance and Fusion of Head of humerus 

Sn. Age (yrs) No. of 

Cases 

Phase 1 Phase 2 Phase 3 Phase 4 

M % F % M % F % M % F % M % F % 

1. 10-11 11 100 100 - - - - - - 

2. 11-12 12 100 100 - - - - - - 

3. 12-13 13 100 100 - - - - - - 

4. 13-14 9 80 50 20 50 - - - - 

5. 14-15 10 40 40 40 40 20 20 - - 

6. 15-16 13 25 - 37.5 40 37.5 40 - 20 

7. 16-17 9 - - 60 50 20 25 20 25 

8. 17-18 12 - - 25 - 37.5 50 37.5 50 

Table 2: Age of appearance and fusion in Acromion Process 

Sn. Age (yrs) No. of Cases 
Phase 0 Phase 1 Phase 4 

M % F % M % F % M % F % 

1. 10-11 11 100 100 - - - - 

2. 11-12 12 100 100 - - - - 

3. 12-13 13 100 100 - - - - 

4. 13-14 9 100 50 - 50 - - 

6. 14-15 10 60 - 40 80 - 20 

5. 15-16 13 - - 100 80 - 20 

7. 16-17 9 - - 80 50 20 50 

8. 17-18 12 - - 25 25 75 75 

 

 



 Dr. Suresh Kumar Kuri, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 

 

 
© 2022 IJMSIR, All Rights Reserved 

 
                                

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
 

P
ag

e2
7

5
  

Table 3: Age wise distribution of phase 1 assigned to the coracoid angle/ apex 

Sn. Age (yrs.) No. of Cases 
Phase 1 

M  F 

1. 10-11 11 100% 100% 

2. 11-12 12 100% 100% 

3. 12-13 13 100% 100% 

4. 13-14 9 100% 100% 

5. 14-15 10 100% 80% 

6. 15-16 13 75% 20% 

7. 16-17 9 60% - 

8. 17-18 12 - - 

Discussion 

Present study shows complete fusion in males from 16 

years whereas in Buri S [7] showed complete fusion from 

17 years and Mazumdar A [8] showed complete fusion of 

head of humerus from 15 years of age.  Sahni P [2] 

showed 5% males show complete fusion at the age of 14 

and 15. Present study findings are similar to Schaefer M 6 

in appearance of phase according to age group but there 

is difference in mean age of phases in both studies which 

can be attributed to the difference in individual ages of 

study participants. The study consistent with Galastaun 

[9], Chaurassia B.D. [10], T.A. Gonzales [11], Peter L. 

Williams [12] and SC Shanks [13], L.A. Waddae [14], 

C.K. Parikh, K. S [15]. Narayan Reddy [16], F.E. Camps 

[17], J. V. Basmajian [18], Krogman [19] and 

corresponds with Pillai [20], Flecker [21], Bernard 

Knight [22]. 

References 

1. Gilsanz V, Skaggs DL, Kovanlikaya A, Sayre J, 

Loro ML, Kaufman F, Korenman SG. Differential effect 

race on the axial and appendicular skeletons of children. 

J Clin Endocrinol Me tab. 1998 May; 83 (5): 1420-7. doi: 

10. 1210/ jcem. 83.5.4765. 

2. Sahni P, Betala P A. Determination of age from 

epiphyseal union of bones at shoulder joint in boys in 

Bagalkot region. IJIRR.2017 Aug;4(08). 

3. Cardoso H. Epiphyseal union at the innominate and 

lower limb in a modern Portuguese skeletal sample, and 

age estimation in adolescent and young adult male and 

female skeletons. Am J Phys Anthropol 

2008;135(2):161-170. 

4. William G R. Thyroid Hormone action in cartilage 

and bone. J Endo krynologia Polska/Polish 

Endocrinology 2013; 2:3-13. 

5. Modi JP, Kannan k editors. A textbook of medical 

jurisprudence and toxicology. 27th edition, New York 

(USA): Lexis Nexis;2021 

6. Schaefer M, Aben G, Vogelsberg C. A 

demonstration of appearance and union times of three 

shoulder ossification centers in adolescent and post 

adolescent children.  Int JFRI 2015 Jan; 3: p 49-56. 

7. Buri S, D Saini P, Joshi A, Garg M. Determination 

of Age from Epiphyseal Union of Bones at Shoulder 

Joint in Boys in Bikaner Region. JMSCR 2017 March 

;05(03): p19102-06. 

8. Mazumdar A, Nagrale N. Estimation of Age from 

Shoulder Joint by Radiographic Assessment of 



 Dr. Suresh Kumar Kuri, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 

 

 
© 2022 IJMSIR, All Rights Reserved 

 
                                

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
 

P
ag

e2
7

6
  

Epiphyseal Fusion of Related Bones in Population of 

Chhattisgarh: A Cross Sectional Study. Int J Medico-

Legal Update.2019 July-Dec; 19 (2). 

9. Galastaun G. A study of ossification as observed in 

Indian subject. Ind j Med Res 1937; 25(1):267-324. 

10. Chaurassia BD Human Anatomy. Regional and 

applied 2nd ed. CBS Publishers and     Distributors. p. 3-

11. 

11. Gonzales Thomas A. Legal Medicine and 

Toxicology, New York. 27-28. 

12. Williams Peter L, Dyson Mary. Gray’s Anatomy 

37th ed. p. 404, 408-409. 

13. Shanks S Cochrane, Kerley Peter. A Textbook of X-

ray Diagnosis Vol 4th, 3rd ed. London, p. 20-21. 

14. Waddell LA. Lyon’s Medical Jurisprudence for 

India, Page 56. 

15. Parikh CK. “Parikh textbook of Med. Jurisprudence 

and Toxicology, 5th ed. 1999. C.B.S. Publisher and 

distributor. p.2.5-2.14. 

16. Reddy KSN. Identification-Growth in Individual 

bone, In the Essentials of Forensic Medicine and 

Toxicology. 29th ed. Hyderabad: K. Suguna Devi; 2009. 

p 64-71. 

17. Camps Francis E. Gradwohl’s Legal Medicine 2nd 

ed. Bristol: John wright and Sons Ltd. p. 140-141. 

18. Basmajian John, Sionecker Charles E. Grant’s 

method of Anatomy. 11th ed., p.372- 373, 378-379. 

19. Krogman W M, and I scan M"YF The human: 

skeleton in Forensic:'; Medicine 2nd edition. Illinois: 

Charles C. Thomas; p64. 

20. Pillai MJS. The study of epiphyseal union for 

determining the age of South Indians. Indian of Journal 

Medical Research 1936;23: p.1015-7. 

21. Flecker H. Roentgenographic observations of the 

times of appearance of epiphysis. J Anat 1932; 67: 188-

164. 

22. Knight, Bernard. Age Estimation: In, Forensic 

Pathology, Edward Arnold, A division of Hodder & 

Sttoughton London.1996 p. 109-114- 118. 


