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Abstract
Background
Age estimation through radiological assessment of skeletal maturation is an important component of
forensic and medicolegal practices, particularly in cases involving unidentified individuals, criminal
responsibility, employment disputes, and absence of authentic birth records. Ossification and epiphyseal
fusion around the wrist joint are considered reliable indicators for estimating chronological age during
adolescence and early adulthood. Regional and ethnic variations in skeletal maturation necessitate
population-specific standards. This study aimed to retrospectively evaluate the pattern of ossification and
epiphyseal fusion around the wrist joint in a Northern Indian population.

Methodology
This cross-sectional observational study was conducted in the Department of Forensic Medicine and
Toxicology under Apex Trauma Centre, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow,
Uttar Pradesh, India. A total of 174 radiographs of the wrist joint from participants aged 14-24 years were
analyzed, including 114 (65.52%) males and 60 (34.48%) females. Participants with chronic illnesses,
endocrine disorders, musculoskeletal abnormalities, malnutrition, or unreliable age records were excluded.
Radiological assessment included evaluation of epiphyseal fusion at the distal radius and ulna and
ossification status of carpal bones. Fusion was classified as non-fusion, partial fusion, or complete fusion.

Results
Females demonstrated earlier epiphyseal fusion compared to males. At the lower end of the radius and ulna,
partial fusion was observed as early as 14-15 years in 10 (62.5%) of 16 females and in 3 (20%) of 15 males at
15-16 years. The earliest complete fusion occurred at 16-17 years in 3 (33.33%) of 9 females and at 17-18
years in 3 (50%) of 6 males. Complete fusion at both the distal end of the radius and ulna was established in
all participants (male or female) above 18 years of age. Ossification center for each carpal bone appeared in
all participants.

Conclusions
Radiological examination of ossification centers around the wrist joint is a reliable method for age
estimation in adolescents and young adults. The findings provide valuable regional reference data for the
population of Eastern Uttar Pradesh and may assist forensic experts in medicolegal age determination.
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Introduction
Age estimation of an individual is a fundamental task in forensic medicine and holds significant medicolegal
importance in both criminal and civil proceedings [1]. The legal framework governing age determination in
India has been substantially shaped by the Supreme Court through Pratap Singh v. State of Jharkhand [2]
(relevant date for determining juvenility is the date of offence), Hari Ram v. State of Rajasthan [3]
(extending juvenile justice protections to all persons below 18 years of age), and Jarnail Singh v. State of
Haryana [4] (establishing the hierarchy of documentary and medical evidence for age assessment).

Recent studies, supported by the Scientific Working Group for Forensic Anthropology (SWGANTH)
Recommendations on Age Estimation, indicate that skeletal analysis remains a fundamental and widely
accepted approach to age estimation in forensic investigations [5]. The wrist joint, comprising the lower ends
of the radius and ulna along with the carpal bones, has been extensively studied for this purpose owing to its
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accessibility and well-defined epiphyseal activity during adolescence and early adulthood.

Several investigators have studied ossification patterns in Indian populations, including Banerjee
and Agarwal [6], Nemade et al. [7], Bhise et al. [8], Patel et al. [9] Kadam and Viswanathan [10], Prasad et al.
[11], Rajdev et al. [12], Vaishnawa et al. [13], Singh et al. [14], Krishnamoorthy et al. [15], Gaddewar and
Meshram [16], Leena et al. et al [17], Kishore Kumar et al. [18], Biswas et al. [19], Ramesh Babu et al. [20].
However, significant regional and ethnic variations have been observed across India, necessitating
population-specific studies. The Director General of Health Services Survey Committee [21] also
recommended zone-wise, age-related ossification studies in India. The present study was undertaken to
document ossification activity around the wrist joint in the young population of Lucknow, Uttar Pradesh,
India, to generate reliable data for medicolegal age estimation in this region.

Materials And Methods
Study design and setting
This was a retrospective cross-sectional study conducted in the Department of Forensic Medicine and
Toxicology and the Emergency Room, Apex Trauma Centre, Sanjay Gandhi Postgraduate Institute of Medical
Sciences, Lucknow, Uttar Pradesh, India.

Study population
The study comprised 174 participants (114 males, 60 females) aged 14 to 24 years who attended the Trauma
Centre during the study period of January 2025 to December 2025.

Inclusion and exclusion criteria
Participants were eligible if they were 14 to 24 years old and had a history of trauma to the wrist, hand, or
forearm that required radiographic evaluation of the wrist joint. Exclusion criteria included chronic systemic
illnesses affecting growth or bone development, upper-limb musculoskeletal disorders, endocrine disorders
affecting growth or skeletal maturation, and evidence of severe nutritional deficiency or chronic
malnutrition. Participants were also excluded if age could not be reliably determined from records or if wrist
injuries or fractures obscured the epiphyseal region, preventing accurate radiological assessment.

Ethical considerations
Ethical approval was obtained from the Ethics Committee of Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow (IEC code: 2026-79-IP-EXP-68). No personally identifiable patient data were
collected. All data were anonymized and stored on a password-protected device.

Data collection
A structured data collection sheet was prepared for the present study to collect demographic details and
relevant clinical information from case files. All X-ray films were reviewed on an X-ray viewing box and a
computer. Radiological findings about epiphyseal activities at the wrist joint, including the lower end of the
radius, the lower end of the ulna, and the carpal bones, were documented in the data collection sheet.

Statistical analysis
Data from the collection sheets were entered into Microsoft Excel and then analyzed using SPSS Statistics
for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). Categorical variables, including age group, sex,
and epiphyseal fusion status at the distal radius and ulna (non-fusion, partial fusion, complete fusion), are
summarized as frequencies and percentages. Cross-tabulations are used to present the distribution of
participants by age and sex and the distribution of epiphyseal fusion stages at the distal radius and ulna
across age groups and sex. As the study focused on describing the pattern and timing of epiphyseal fusion
rather than testing specific hypotheses, no inferential statistical tests were performed, and the results are
presented as descriptive statistics.

Classification of epiphyseal activity
Epiphyseal status at each site was classified as follows: (i) non-fusion (NF), where the epiphysis is not fused
with the diaphysis; (ii) partial fusion (PF), indicating partial bridging of the epiphyseal plate; and (iii)
complete fusion (CF), representing complete obliteration of the epiphyseal plate [22,23].

Results
Demographic distribution
A total of 174 participants were included in the wrist ossification study. Among these, 114 (65.51%) were
male, and 60 (34.48%) were female. The age-wise and sex-wise distribution of participants is presented in
Table 1.
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Age group (years) Male, n (%) Female, n (%) Total

14–15 18 (10.34%) 16 (9.20%) 34 (19.54%)

15–16 15 (8.62%) 14 (8.05%) 29 (16.67%)

16–17 18 (10.34%) 9 (5.17%) 27 (15.52%)

17–18 6 (3.45%) 5 (2.87%) 11 (6.32%)

18–19 7 (4.02%) 3 (1.72%) 10 (5.75%)

19–20 5 (2.87%) 4 (2.30%) 9 (5.17%)

20–21 9 (5.17%) 2 (1.15%) 11 (6.32%)

21–22 10 (5.75%) 3 (1.72%) 13 (7.47%)

22–23 14 (8.05%) 3 (1.72%) 17 (9.77%)

23–24 12 (6.90%) 1 (0.57%) 13 (7.47%)

Total 114 (65.52%) 60 (34.48%) 174 (100%)

TABLE 1: Distribution of participants by age group and sex.

Fusion of epiphysis at the lower end of radius
The age-wise distribution of epiphyseal fusion status at the lower end of the radius is presented in Table 2.
Complete union of the lower end of the radius bone was seen in five (100%) of five cases in females at 17-18
years and seven (100%) of seven males at 18-19 years.

Age group (years) Male NF, n (%) Male PF, n (%) Male CF, n (%) Female NF, n (%) Female PF, n (%) Female CF, n (%)

14–15 18 (100%) 0 0 6 (37.5%) 10 (62.5%) 0

15–16 12 (80%) 3 (20%) 0 4 (28.5%) 10 (71.5%) 0

16–17 3 (16.6%) 15 (83.4%) 0 0 6 (66.7%) 3 (33.3%)

17–18 0 3 (50%) 3 (50%) 0 0 5 (100%)

18–19 0 0 7 (100%) 0 0 3 (100%)

19–20 0 0 5 (100%) 0 0 4 (100%)

20–21 0 0 9 (100%) 0 0 2 (100%)

21–22 0 0 10 (100%) 0 0 3 (100%)

22–23 0 0 14 (100%) 0 0 3 (100%)

23–24 0 0 12 (100%) 0 0 1 (100%)

TABLE 2: Age-wise distribution of participants according to fusion of epiphysis at the lower end
of the radius.
NF = non-fusion; PF = partial fusion; CF = complete fusion

Fusion of epiphysis at the lower end of ulna
The age-wise distribution of epiphyseal fusion status at the lower end of the ulna is presented in Table 3.
Complete union of the lower end of the ulna bone was seen in five (100%) of five cases in females at 17-18
years and seven (100%) of seven males at 18-19 years.
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Age group (years) Male NF, n (%) Male PF, n (%) Male CF, n (%) Female NF, n (%) Female PF, n (%) Female CF, n (%)

14–15 18 (100%) 0 0 6 (37.5%) 10 (62.5%) 0

15–16 12 (80%) 3 (20%) 0 4 (28.5%) 10 (71.5%) 0

16–17 3 (16.6%) 15 (83.4%) 0 0 6 (66.7%) 3 (33.3%)

17–18 0 3 (50%) 3 (50%) 0 0 5 (100%)

18–19 0 0 7 (100%) 0 0 3 (100%)

19–20 0 0 5 (100%) 0 0 4 (100%)

20–21 0 0 9 (100%) 0 0 2 (100%)

21–22 0 0 10 (100%) 0 0 3 (100%)

22–23 0 0 14 (100%) 0 0 3 (100%)

23–24 0 0 12 (100%) 0 0 1 (100%)

TABLE 3: Age-wise distribution of participants according to fusion of epiphysis at the lower end
of the ulna.
NF = non-fusion; PF = partial fusion; CF = complete fusion

Carpal bone ossification
As the study population was aged 14 years and above, ossification centers for all carpal bones had appeared.

Age group-wise observations
14-15 Years

This age group comprised 34 (19.54%) participants: 18 (10.34%) males and 16 (9.20%) females. At the lower
end of the radius and ulna, all males (n = 18, 100%) demonstrated non-fusion of the epiphysis. Among
females, 6 of 16 (37.5%) showed non-fusion, while the remaining 10 of 16 (62.5%) showed partial fusion.

15-16 Years

This age group comprised 29 (16.67%) participants: 15 (8.62%) males and 14 (8.05%) females. At the lower
end of the radius and ulna, 12 of 15 males (80%) had non-fusion, and 3 of 15 (20%) had partial fusion.
Among females, 4 of 14 (28.57%) had non-fusion, and 10 of 14 (71.43%) had partial fusion.

16-17 Years

This age group comprised 27 (15.52%) participants: 18 (10.34%) males and 9 (5.17%) females. At the lower
end of the radius and ulna, 3 of 18 males (16.6%) had non-fusion, and 15 of 18 (83.33%) had partial fusion.
Among females, 6 of 9 (66.66%) had partial fusion, and 3 of 9 (33.33%) showed complete fusion,
representing the earliest age of complete fusion observed in females.

17-18 Years

This age group comprised 11 (6.32%) participants: six (3.54%) males and five (2.87%) females. At the lower
end of the radius and ulna, three of six males (50%) had partial fusion, and three of six (50%) had complete
fusion, representing the earliest age of complete fusion observed in males. All five (100%) females had
complete fusion.

18-19 Years

This age group comprised 10 (5.15%) participants: seven (4.02%) males and three (1.72%) females. At the
lower end of the radius and ulna, all males (n = 7, 100%) had complete fusion, and all females (n = 3, 100%)
demonstrated complete fusion.

19-20 Years
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This age group comprised nine (5.17%) participants: five (2.87%) males and four (2.30%) males. All males (n
= 5, 100%) and all females (n = 4, 100%) exhibited complete fusion at both the lower end of the radius and
the lower end of the ulna.

20-24 Years

In all subsequent age groups (20-21, 21-22, 22-23, and 23-24 years), all male and female participants
demonstrated complete epiphyseal fusion at the lower end of the radius and ulna.

Discussion
In the present study, non-fusion of the epiphysis at the lower end of the radius was the predominant finding
among males in the 14-15- and 15-16-year age groups. In females of the same age groups, partial fusion was
the predominant finding. The earliest complete fusion appeared at 16-17 years in three (33.33%) of nine
females and at 17-18 years in three (50%) of six males. Complete fusion in both sexes was observed above 18
years of age. These findings are consistent with those of Banerjee and Agarwal [6], Patel et al. [9], Prasad et
al. [11], Kishore Kumar et al. [18], and Ramesh Babu et al. [20]. Hepworth [24] reported fusion at 16-17 years.

The pattern of epiphyseal fusion at the lower end of the ulna was identical to that observed at the lower end
of the radius. Non-fusion predominated among males aged 14-16 years, while partial fusion predominated
in females of the same age groups. The earliest complete fusion appeared at 16-17 years in three (33.33%) of
nine females and at 17-18 years in three (50%) of six males. Complete fusion in both sexes was observed
above 18 years of age. These findings are consistent with observations by Banerjee and Agarwal et al. [6],
Vaishnawa et al. [13], Rajdev et al. [12], Ramesh Babu et al. [20], and Leena et al. [17]. Earlier fusion was also
reported by Hepworth [24].

In our study, as the age group was 14-24 years, all the carpal bones had appeared. The order of appearance of
carpal bones as observed in other studies was capitate, hamate, triquetral, lunate, trapezium, trapezoid,
scaphoid, and pisiform [25,26].

Globally, the age ranges for distal forearm fusion observed in this study are broadly comparable to those
reported in the African cohort [27]. Differences may result from genetic background, environmental
exposures, nutritional status, and secular trends in growth and maturation. From a medicolegal perspective,
these findings highlight the need to use locally validated skeletal age standards rather than applying foreign
reference data directly when assessing age in the Indian population.

Our findings demonstrate that females achieve epiphyseal fusion earlier than males, with complete fusion of
the distal radius and ulna occurring approximately one year earlier in females. This difference is consistent
with previous Indian studies on wrist and long-bone ossification [6-9,12,13,15,17], highlighting the
necessity for sex-specific reference standards in medicolegal age estimation.

Our study found that all females had complete fusion of the distal radius and ulna by 17 to 18 years, and all
males by 18 to 19 years. These results are useful for determining whether someone has reached the age of
majority in India, especially when documents are missing or are in dispute. Using wrist X-rays and local
standards from this research can help forensic experts estimate age more accurately and make age
determination more objective in legal cases. The study also provides region-specific data that match the
recommendations of the Director General of Health Services Survey Committee [21] for zone-wise
ossification studies in India.

For forensic purposes, the findings indicate that complete fusion of both the distal radius and ulna strongly
supports an age above 17 years in females and 18 years in males. In contrast, the presence of non-fusion,
particularly in males, is more consistent with an age of less than 14 years. Integrating these wrist-based
observations with additional skeletal and dental indicators, as well as documentary evidence in accordance
with Supreme Court guidelines [2-4], can enhance the robustness, transparency, and defensibility of age
determinations in legal proceedings.

Some limitations should be considered when interpreting these findings. The sample consisted exclusively
of hospital attendees, which may reduce its representativeness of the general population. Inclusion was
limited to individuals undergoing clinically or medicolegally indicated radiographic examinations. This
resulted in an unequal distribution of participants across age groups. The small number of participants in
certain age categories may have limited the assessment of variability in ossification patterns and
developmental progression. Age assignment relied in part on government-issued records, such as birth
certificates and Aadhaar documents, whose authenticity and accuracy could not be independently verified in
all cases. Potential confounding factors, including nutritional status, lifestyle, socioeconomic conditions,
climatic influences, and intercurrent illnesses, were not systematically evaluated and may have influenced
skeletal maturation. Some occult physeal injuries, especially Salter-Harris type I fractures, may not have
been detectable on plain radiographs, even though cases with evident growth plate involvement were
excluded. This limitation introduces a potential confounding factor in evaluating epiphyseal fusion.
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Substantial inter-regional and population-specific variation in the timing of ossification and epiphyseal
fusion has been documented. Therefore, these findings should be applied cautiously and not generalized to
other populations without further validation.

Conclusions
Radiographic evaluation of ossification centers around the wrist joint is a practical and reliable approach for
estimating age in adolescents and young adults in this population. In a cohort from a regional trauma center
in Eastern Uttar Pradesh, females consistently demonstrated earlier epiphyseal fusion of the distal radius
and ulna than males. By late adolescence, complete fusion at both sites was observed in all participants.
These population-specific findings provide valuable reference ranges for forensic practitioners estimating
age in the absence of reliable documentary evidence. Although the study primarily addressed forensic age
estimation, the findings may also be relevant for clinical bone age assessment among children. However, the
generalizability of these findings to metabolic and endocrine evaluations in children requires further
validation through prospective studies across diverse Indian populations. The integration of regionally
derived standards into routine medicolegal practice is expected to enhance the accuracy, reproducibility,
and defensibility of skeletal age estimation among young individuals.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Ankit Kumar, Manav Sharma

Acquisition, analysis, or interpretation of data:  Ankit Kumar, Ashish K. Singh

Drafting of the manuscript:  Ankit Kumar, Ashish K. Singh

Critical review of the manuscript for important intellectual content:  Ankit Kumar, Manav Sharma

Supervision:  Ankit Kumar

Disclosures
Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Ethics Committee, Sanjay Gandhi Postgraduate Institute of Medical
Sciences issued approval 2026-79-IP-EXP-68. Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Aggrawal A: Estimation of age in the living: in matters civil and criminal . J Anat. 2009,
2. Pratap Singh vs State of Jharkhand & Anr on 2 February, 2005 . (2005). Accessed: May 30, 2026:

https://indiankanoon.org/doc/254131/.
3. Hari Ram vs State of Rajasthan & Anr on 5 May, 2009 . (2009). Accessed: May 30, 2026:

https://indiankanoon.org/doc/1589001/.
4. Jarnail Singh vs State of Haryana on 1 July, 2013 . (2013). Accessed: May 30, 2026:

https://indiankanoon.org/doc/70565223/.
5. Scientific Working Group for Forensic Anthropology (SWGANTH) Age Estimation . (2013). Accessed: May 30,

2026: https://www.nist.gov/system/files/documents/2018/03/13/swganth_personal_identification.pdf.
6. Banerjee KK, Agarwal BB: Estimation of age from epiphyseal union at the wrist and ankle joints in the

capital city of India. Forensic Sci Int. 1998, 98:31-9. 10.1016/s0379-0738(98)00134-0
7. Nemade KS, Kamdi NY, Parchand M: Ages of epiphyseal union around wrist joint - a radiological study . J

Anat Soc India. 2010, 59:205-10. 10.1016/S0003-2778(10)80027-9
8. Bhise SS, Chikhalkar BG, Nanandkar SD, Chavan GS: Age determination from radiological study of

epiphysial appearance and union around wrist joint and hand. J Indian Acad Forensic Med. 2011, 33:292-5.
10.1177/0971097320110404

9. Patel DS, Agarwal H, Shah J: Epiphyseal fusion at lower end of radius and ulna valuable tool for age
determination. J Indian Acad Forensic Med. 2011, 33:31-5. 10.1177/0971097320110208

10. Kadam SS, Viswanathan KG: Age estimation radiologically from epiphyseal union at wrist joint among
subjects in Davanagere district. Indian J Forensic Med Toxicol. 2012, 6:195-8.

11. Prasad R, Deb PK, Chetri D, Maitra R, Sahay K: Study of epiphyseal union around the wrist joint & extended

 

2026 Kumar et al. Cureus 18(6): e110907. DOI 10.7759/cureus.110907 6 of 7

https://pubmed.ncbi.nlm.nih.gov/19470083/
https://indiankanoon.org/doc/254131/
https://indiankanoon.org/doc/254131/
https://indiankanoon.org/doc/1589001/
https://indiankanoon.org/doc/1589001/
https://indiankanoon.org/doc/70565223/
https://indiankanoon.org/doc/70565223/
https://www.nist.gov/system/files/documents/2018/03/13/swganth_personal_identification.pdf
https://www.nist.gov/system/files/documents/2018/03/13/swganth_personal_identification.pdf
https://dx.doi.org/10.1016/s0379-0738(98)00134-0
https://dx.doi.org/10.1016/s0379-0738(98)00134-0
https://dx.doi.org/10.1016/S0003-2778(10)80027-9
https://dx.doi.org/10.1016/S0003-2778(10)80027-9
https://dx.doi.org/10.1177/0971097320110404
https://dx.doi.org/10.1177/0971097320110404
https://dx.doi.org/10.1177/0971097320110208
https://dx.doi.org/10.1177/0971097320110208
https://www.researchgate.net/publication/287941374_Age_estimation_radiologically_from_epiphyseal_union_at_wrist_joint_among_subjects_in_Davanagere_district
https://dx.doi.org/10.1177/0971097320130207


hand in males of Himalayan area. J Indian Acad Forensic Med. 2013, 35:113-5. 10.1177/0971097320130207
12. Rajdev BM, Gajera CN, Rajdev SB, Govekar GP, Tailor CI, Chandegara PV: Age of fusion of epiphysis at distal

end of radius and ulna. Int J Int Med Res. 2014, 1:5-11.
13. Vaishnawa NK, Jugtawat J, Shrivastava A, Vyas PC: Epiphyseal union at lower end of radius and ulna in the

age group of 16-20 years in Jodhpur region of Rajasthan. J Indian Acad Forensic Med. 2015, 37:135-9.
10.5958/0974-0848.2015.00033.0

14. Singh GS, Selva Suresh AS, Parasakthi: Radiological assessment of age from wrist joint in young
adolescents. J Indian Acad Forensic Med. 2016, 38:149-51. 10.5958/0974-0848.2016.00038.5

15. Krishnamoorthy S, Murugesa Bharathi O, Rajesh DR, Kumar R, Singh A, Chawla H: Age determination from
radiological investigation of epiphyseal appearance and fusion around wrist joint: a cross-sectional study
from Khammam region. Schol J Appl Med Sci. 2016, 4:2685-9.

16. Gaddewar R, Meshram M: Assesment of skeletal maturity by radiological study around wrist joint in
Vidarbha region. J Indian Acad Forensic Med. 2017, 39:46-50. 10.5958/0974-0848.2017.00010.0

17. Leena R, Abhilasha M, Surbhi R, Kataria KS, Kishore R, Anju C: Radiological study of epiphyseal union of the
distal end of Radius and Ulna with the shaft of the left hand in age group 16-22 years in western Rajasthan
population. Int J Appl Res. 2017, 3:8-12.

18. Kishore Kumar G, Jenifer Jacquiline R: Study of ossification centres around the elbow and wrist of adolescent
age group 15-18 years. Indian J Forensic Med Toxicol. 2021, 16:33-40. 10.37506/ijfmt.v16i1.17411

19. Biswas S, Dalal D, Das A: Estimation of age of appearance and fusion of secondary ossification centers
around wrist joint among Bengali population by radiological study. J Indian Acad Forensic Med. 2025, 47:36-
43. 10.1177/09710973251356800

20. Ramesh Babu M, Dey A, Chandran V, Kumar A, Gupta SK: Age estimation by radiological study of epiphyseal
union of the wrist joints in a North Indian population (1-18 years). J Forensic Med Toxicol. 2026, 42:39-44.

21. Survey Committee Report on Medico-Legal Practice in India, Director General of Health Services, Ministry
of Health, New Delhi. (1964). Accessed: May 30, 2026:
http://reconstructiveandinvestigativefm.20m.com/survey%20committee%20report%20details.htm.

22. Patond S, Pande V: Radiological assessment of age of fusion at distal end of tibia in adolescent boys . J
Indian Acad Forensic Med. 2019, 41:223-5. 10.5958/0974-0848.2019.00066.6

23. Jit I, Kulkarni M: Times of appearance and fusion of epiphysis at the medial end of the clavicle . Indian J Med
Res. 1976, 64:773-82.

24. Hepworth SM: On the determination of age in Indians, from a study of the ossification of the epiphyses of
the long bones. Ind Med Gaz. 1929, 64:128.

25. Kaul A, Rai RK, Agarwal P, Saroj S: Age determination from epiphysial fusion around elbow joint and their
correlation with gender: a radiological study. J Indian Acad Forensic Med. 2020, 42:251-3. 10.5958/0974-
0848.2020.00066.4

26. Srivastav A, Saraswat PK, Agarwal SK, Gupta P: A study of wrist ossification for age estimation in pediatric
group in Central Rajasthan. J Indian Acad Forensic Med. 2004, 26:132-5. 10.1177/0971097320040404

27. Ebeye OA, Okoro OG, Ikubor JE: Radiological assessment of age from epiphyseal fusion at the wrist and
ankle in Southern Nigeria. Forensic Sci Int Rep. 2021, 3:100164. 10.1016/j.fsir.2020.100164

 

2026 Kumar et al. Cureus 18(6): e110907. DOI 10.7759/cureus.110907 7 of 7

https://dx.doi.org/10.1177/0971097320130207
https://www.researchgate.net/publication/282073486_Age_of_fusion_of_epiphysis_at_distal_end_of_radius_and_ulna
https://dx.doi.org/10.5958/0974-0848.2015.00033.0
https://dx.doi.org/10.5958/0974-0848.2015.00033.0
https://dx.doi.org/10.5958/0974-0848.2016.00038.5
https://dx.doi.org/10.5958/0974-0848.2016.00038.5
https://www.saspublishers.com/media/articles/SJAMS_47F_2685-2689.pdf
https://dx.doi.org/10.5958/0974-0848.2017.00010.0
https://dx.doi.org/10.5958/0974-0848.2017.00010.0
https://www.allresearchjournal.com/archives/2017/vol3issue4/PartA/3-4-14-956.pdf
https://dx.doi.org/10.37506/ijfmt.v16i1.17411
https://dx.doi.org/10.37506/ijfmt.v16i1.17411
https://dx.doi.org/10.1177/09710973251356800
https://dx.doi.org/10.1177/09710973251356800
https://acspublisher.com/journals/index.php/jfmt/article/view/23689
http://reconstructiveandinvestigativefm.20m.com/survey committee report details.htm
http://reconstructiveandinvestigativefm.20m.com/survey committee report details.htm
https://dx.doi.org/10.5958/0974-0848.2019.00066.6
https://dx.doi.org/10.5958/0974-0848.2019.00066.6
https://pubmed.ncbi.nlm.nih.gov/184039/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5164309/
https://dx.doi.org/10.5958/0974-0848.2020.00066.4
https://dx.doi.org/10.5958/0974-0848.2020.00066.4
https://dx.doi.org/10.1177/0971097320040404
https://dx.doi.org/10.1177/0971097320040404
https://dx.doi.org/10.1016/j.fsir.2020.100164
https://dx.doi.org/10.1016/j.fsir.2020.100164

	Retrospective X-ray Assessment of Wrist Joint Ossification Centers for Age Estimation in a Regional Trauma Center of North India
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design and setting
	Study population
	Inclusion and exclusion criteria
	Ethical considerations
	Data collection
	Statistical analysis
	Classification of epiphyseal activity

	Results
	Demographic distribution
	TABLE 1: Distribution of participants by age group and sex.

	Fusion of epiphysis at the lower end of radius
	TABLE 2: Age-wise distribution of participants according to fusion of epiphysis at the lower end of the radius.

	Fusion of epiphysis at the lower end of ulna
	TABLE 3: Age-wise distribution of participants according to fusion of epiphysis at the lower end of the ulna.

	Carpal bone ossification
	Age group-wise observations

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


