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Abstract— Introduction: Cranial suture closure is one trait that has been used since the 16th century for 

age estimation after the 2nd decade of life. To determine the pattern of cranial vault suture closure in relation 

to age among dead bodies of subjects (3rd to 5th decades of life) and identify any relationship between 

progression of the union of cranial suture and age. Materials and Methods: We conducted a cross-sectional 

observational study from January 2023 to June 2024 involving 150 cadavers. Cadavers were studied for ecto 

cranial and endo cranial closure pattern for sagittal-coronal and lambdoid sutures. Spearman coefficient was 

utilized to assess the correlation between the age of the subject and the stage of fusion of cranial sutures. 

Results: We noted that the process of endo-cranial fusion of cranial suture was more regular than  ecto-

cranial. The coronal suture was the first to fuse.  Conclusion: No definite correlation was found to exist 

between age and suture closures. 
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I. INTRODUCTION 

Every person tends to undergo change to various 

degrees during the course of their life; thus, no two 

individuals are ever alike in all their measurable 

characteristics. Identification is the determination of 

the individuality of a person based on certain physical 

and biological characteristics.1 It is an important 

aspect of civil, criminal, legal, and statistical 

investigations.1 Identification of an individual can be 

done by means of various parameters such as clothes, 

birthmarks, scar, tattoo marks, malformations,    

assessment of age and sex, determination of race and 

stature, anthropometric measurements, fingerprints, 

lip print, DNA fingerprinting etc.1,2 

Age, sex, and stature are the main parameters 

which lend a hand in establishing the correct identity 

of any individual. In an unidentified person, the 

approximate age can be estimated by some physical 

parameters viz. height, weight, dental examination, 

and secondary sexual characteristics.3,4 In addition, 

gender can accurately assess by examining the sexual 

characteristics of male and female like gonads, build, 

breasts, pubic hair, body hair, gluteal region, etc. 

Stature can be estimated by following the standard 

procedures with the help of appropriate 

instruments.3,4 These measures are help ful only When 

the body is intact but when a mutilated, dismembered 

or skeletonized body is recovered, these parameters 

become a challenge to interpret.3,4 Furthermore, the 

task of identification becomes challenging when a 

dead body is found in advance stages of 

decomposition, dismembered (mutilated); burnt 
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bodies or only skeletal remains are brought for 

forensic analysis.4,5 

According to Krogman (1986)1, identification can 

be 100% accurate if the whole skeleton is available; 

98% by combination of pelvis and skull; 95% by pelvis 

alone, 90% by skull alone and 80% by long bones.6 

Skull has a unique skeletal structure in several ways; 

its origin as embryonic cellular form (neural crest), 

ossification (intra-membranous and endo-chondrial) 

and flexibility (fibrous sutures).7,8 The cranial vault 

bones are formed by intra-membranous ossification, 

while the bones of the base of the skull are formed by 

endo-chondrial ossification.7,8 The large flexible 

fibrous joints between cranial bones are termed as 

cranial sutures, which allow the head to pass through 

the birth canal and postnatal brain growth.7,8 The 

three important sutures are coronal, sagittal and 

lambdoid.9 The union timing of a suture is a helpful 

aid for age and sex determination whereas the length 

of suture helps in sex and stature estimation.9,10 Only 

a handful of studies have been conducted in India, 

and data on the heterogeneous population of Madhya 

Pradesh is very limited. Thus we conducted this study 

to determine the relationship between progressions of 

the union of the cranial suture with the age of the 

subject. 

 

II. MATERIALS AND METHODS 

Study Design : This was a cross-sectional study. 

Study Setting: The present study was conducted in 

the Department of Forensic Medicine and Toxicology, 

J.L.N Medical College and Attach Hospital Ajmer. 

Study Duration: The total duration of the study was 

eighteen months (January’ 2023- June’ 2024). 

Study Subject: The study was undertaken on dead 

bodies coming for medico‐legal examination to the 

Department of Forensic Medicine. 

inclusion criteria 

1. In cases whose correct age was known before the 

medicolegal postmortem examination, the age 

was confirmed by documentary evidence such as 

birth certificates, identification cards, ration cards, 

etc. 

2. Subjectsof≥20yearsofage. 

 

exclusion criteria 

1. Unidentified bodies, where exact age cannot be 

confirmed. 

2. Cases with a severe head injury (on the basis of 

history and external examination), which may 

hamper the examination of suture closure. 

3. Cases with any congenital or hereditary bony 

deformity on the basis of history and external 

examination. 

4. Bodies in which 

Sample Size: We collected data from 500 dead bodies. 

Data Collection 

The body was placed in a supine position on the 

autopsy table, with the neck and feet in a neutral 

position. The whole thickness of the scalp was incised 

with the help of a scalpel between the mastoid process 

over the vertex in the coronal plane.11-13 The anterior 

and posterior halves of the scalp were separated from 

the skull and then reflected forward and backwards.11-

13 An incision made and then the soft tissues adherent 

to the periosteum along the coronal, sagittal, 

lambdoid sutures were scraped manually until the 

suture line over the vertex, the pterion on side, 

bregma, lambda and asterion on both sides were 

clearly visible.11-13 The length of coronal, sagittal, 

lambdoid sutures was measured using a non-

extensible thread and Vernier calliper graduated in 

millimetres. Each side of the coronal suture was 

studied in two parts- upper (RU,LU) and lower (RL, 

LL). The sagittal suture was examined in three parts 

anterior 1/3 (S1), middle 1/3 (S2) and posterior 1/3 

(S3). Each side of the lambdoid suture was studied in 

two parts-upper(R/L1)and lower (R/L2).11-13 The 

examination was done for inner and outer tables 

separately, less than 5 point scale of 0 to 4 i.e., “0- 

open, 1- less than one half closed, 2- half closed, 3- 

more than one half closed, 4- totally closed”.11-13 Then 

mean was calculated for each component derived 

from all the subjects studied to know the pattern of 

suture closure. 

 

III. DATA ANALYSIS 

Descriptive analyses were conducted to study the 

distribution of dependent variables among study 

participants. P value < 0.05 was considered 

statistically significant. The sample was statistically 
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analyzed using SPSS version 20.0. Appropriate 

statistical test(s) were applied for comparative data 

analysis. 

Ethical Clearance 

The present study was approved in the year 2023 

by the ethical board on human research of the J.L.N 

medical collge ajmer. 

 

IV. RESULTS 

In our study, we observed that most study 

subjects were in the 20-29 years of age group. As can 

be inferred from table 1 the minimum age of subject 

was 20 years and the maximum age was 89 years, 

mean age was 38.07 years (standard deviation ±13.61) 

and the median age was 35 years. 

Table1: Distribution of study subjects based on their age and gender 

Age Male (n1=307) Female (n2=193) Total (n=500) 

n % n % N % 

20-29 72 23.4 83 43 155 31 

30-39 80 26 61 31.6 141 28.2 

40-49 73 23.7 25 12.9 98 19.6 

50-59 46 14.9 12 6.2 58 11.6 

60-69 24 7.8 7 3.6 31 6.2 

>70 12 3.9 5 2.5 17 3.4 

Statistical parameters 

N Min Max Range Mean Median SD 

500 20 89 69 38.07 35 13.61 

 

(Table.2) depicts the comparison between the 

mean stage(s) of the union of ectocranial sagittal 

suture between males and females. We observed that 

males’ shows mean of 2.54 whereas females’ mean 

was 1.96. On applying the independent samplet-test; 

we concluded that the starting and complete closure 

of ectocranial sagittal suture occurred earlier in males 

as compared to females. 

Table2: Distribution of study subjects based on gender and mean stage of the union of ectocranial and endocranial sagittal 

sutures 

Age 

group 

Ectosagittal Endosagittal 

Male 

Mean(SD) 

Female 

Mean(SD) 

Male 

Mean(SD) 

Female 

Mean(SD) 

20-29 0.96(0.528) 0.93(0.45) 1.2(0.559) 1.11(0.646) 

30-39 2.22(0.587) 2.29(0.395) 2.92(0.265) 2.92(0.185) 

40-49 3.43(0.475) 3.34(0.313) 3.69(0.562) 3.68(0.244) 

50-59 3.5(0.351) 3.31(0.216) 3.66(0.253) 3.56(0.216) 

60-69 3.5(0.578) 3.25(0.721) 3.78(0.258) 3.78(0.303) 

>70 3.22(0.757) 3.35(0.627) 3.58(0.624) 3.8(0.209) 

Independentt-test on gender versus closure of ectocranial sagittal suture was 

significant(p<0.001). 
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(Table. 3) illustrates the results of the Spearman 

correlation coefficient between them end stage of 

fusion of sutures and the age of study participants. We 

observed that ecto and endocranial sagittal sutures 

hows a significant correlation in the age groups of 20-

29 years, 30-39 years, 40-49 years and >70 years, and 

the groups which do not show significant correlation 

were 50-59 years and 60-69 years. 

Right-sided coronal suture shows a significant 

correlation in the age groups of 20-29 years, 30-39 

years, 40-49 years and 60-69 years, and the groups 

whichdonotshowsignificantcorrelationwere50-59 

years and >70 years. Left-sided coronal suture results 

were similar to right-sided coronal suture. Right-

sided lambdoid suture shows a significant correlation 

in the age groups of 20-29years and 30-39years, and 

the groups which do not show significant correlation 

were 40-49 years, 50-59 ears, 60-69 years and >70 

years. Left-sided lambdoid suture shows a significant 

correlation in the age groups of 20-29 years, 30-

39years and >70 years, and the groups which do not 

show significant correlation were 40-49 years, 50-59 

years and 60-69 years. 

Table3: Spearman rank correlation coefficient and level of significance between the mean stage of the union of ecto and 

endocranial sutures in various age groups. 

Age group 

(N) 

EctoS/ EndoS 

(Spearman Rank 

correlation 

Coefficient/Level 

of 

Significance) 

EctoCR/EndoCR 

(Spearman Rank 

correlation 

Coefficient/Level 

of 

Significance) 

EctoCL/EndoCL 

(Spearman Rank 

correlation 

Coefficient/Level 

of 

Significance) 

EctoLR/EndoLR 

(Spearman Rank 

correlation 

Coefficient/Level 

of 

Significance) 

EctoLL/EndoLL 

(Spearman Rank 

correlation 

Coefficient/Level 

of 

Significance) 

20-29 0.616** 0.597** 0.641** 0.654** 0.679** 

(155) /0.000 /0.000 /0.000 /0.000 /0.000 

30-39 0.384** 0.218** 0.252** 0.420** 0.190** 

(144) /0.000 /0.01 /0.000 /0.000 /0.024 

40-49 0.216** 0.307** 0.454** 0.152 0.104 

(98) /0.033 /0.002 /0.000 /0.134 /0.31 

50-59 0.034 0.169 0.106 0.2 0.075 

(58) /0.803 /0.206 /0.428 /0.132 /0.575 

60-69 0.02 0.514** 0.358** 0.045 0.211 

(31) /0.915 /0.003 /0.048 /0.81 /0.254 

>70 0.559** 0.255 0.253 0.411 0.578* 

(17) /0.02 /0.323 /0.328 /0.076 /0.015 

*Correlationissignificantatthe0.05level(2‐tailed) 

**Correlationissignificantatthe0.01level(2‐tailed) 

 

V. DISCUSSION 

Identification of human remains is a major 

challenge in every country. In an unidentified person, 

age estimation can be done based on general features 

like height, weight, dental examination, secondary 

sexual characteristics, etc.3,4 In the present study, we 

attempted to determine whether an 

association exists between the age and the stages of 

fusion of cranial (coronal, sagittal and lambdoid) 

sutures. 

In the present study, we observed that the closure 

of sutures starts endocranially, followed by 

ectocranial closure. Studies from other countries also 

support our observations.10-12 
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A study conducted by Patiletal., on 150 human 

skulls concluded that suture closure, although not 

constant, proceeds more quickly in endocranial 

sutures and reaches a higher degree.14 Sahni et al. also 

observed that obliteration begins earlier on the 

endocranial surface.15 

We observed that the process of sutural closure is 

more uniform and speedy in the endocranial sutures, 

thus, it is a more reliable parameter (for age 

determination) than ectocranial sutures. Almost all 

previous studies support our findings. Researchers 

ranging from Krogman et al., Todd and Lyon, and 

Patil T L (1981) have concluded that ectocranial fusion 

is less significant than endocranial fusion because 

suture along the outer table are more or less serrated 

while at dinner table they are comparatively straight, 

where ast he process is speedy and more uniform and 

complete in the endocranial surface.6,10,14, 

In the present study, both ectocranially as well as 

endocranially sagittal sutures close earlier, followed 

by coronal and lambdoid sutures. In the present 

study, it is found that although all the sutures show 

some degree of lapsed union, the ectocranial surface 

of sagittal suture is most common among the three, 

whereas the study by Ulla et al., and Parmar et al., 

showed lapsed union in the coronal suture.16,17 

AstudybyUllas(2009) states that endocranially 

coronal suture closes earlier followed by sagittal and 

lambdoid and ectocranially sagittal suture closes 

earlier followed by lambdoid and coronal.16 These 

findings were correlated with the data are given by 

above-discussed researchers like years of age of 

starting of the union of the endocranial and 

ectocranial sutureistot alcorrelates with the years 

given in Todd and Lyon, Gaur et al., Sahai et al., 

Ullas(2009), Vijay kumar35.10,16-18 Workers like 

Pommerolet al., and Topinard also reported the same 

findings as comes in the present study though, their 

study does not indicate whether it was ectocranial or 

endocranial or it was commencement or 

termination.19,20 

 

VI. CONCLUSION 

Based on our findings we make the following 

conclusions. Suture obliteration starts earlier on the 

endocranial surface than on the ectocranial. For 

estimating the age of study subjects it is more 

appropriate to determine suture closure on the 

endocranial surface in comparison to the ectocranial 

surface. This is because suture along the outer table is 

more or less serrated while in the inner table they are 

comparatively straight, and the process is speedy and 

more uniform. In addition, closure of all three main 

sutures endocranially starts at 20‐29 years of age in all 

sutures, and complete closure attains at 40-49 years of 

age in the sagittal and coronal suture and in the 

lambdoid suture, it occurs at the age of50-59 years.We 

observed that there was no significant variation in 

suture closure of right and left sides of coronal and 

Lambdoid sutures, both ecto-cranially as well as 

endocranially. 
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