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ABSTRACT: 

Forensic anthropology has been one of the fastest growing medico-legal 

disciplines both in its contribution to the practical needs of the legal system and 

research accomplishments. Pubic, sacral body and sacral ala trabeculations were 

studied in 200 abdomino-pelvic CT from Kasr al Aini Radiology department period 

from 10/2014 till 10/2015. The examined group aged from 20- 60 years, they were 

classified into four age groups considering 10 years’ interval. There was a significant 

difference between the 4 age groups regarding these trabeculations. Moreover, 

significant correlations between age and trabeculations phases were found in all age 

groups. 
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INTRODUCTION 

Human identification depending on 

radiological image technique analysis 

is a proper and practical method in 

forensic science field.  Skeletal 

identification has a long tradition in 

both physical and forensic 

anthropology. The process begins with 

formulation of a biological profile 

(osteobiography); specifically estimate 

sex, age, ethnicity and stature. 

(Franklin, 2010). 
Estimation of age is one of the 

important factors that help in human 

identification. Moreover, it is needed in 

many civil and criminal situations 

(Shetty, 2009). Age estimation using 

different bones has been conducted to 

assess their accuracy and reliability 

(Bokariya et al.; 2011). 
Trabecular bone, fills the 

medullary cavity of long bones and 

also makes up the majority of vertebral 

bodies, is more affected by metabolic 

processes and other conditions 

predisposing to bone loss. With aging, 

the balance of remodeling favors bone 

resorption over formation leading to a 

net thinning of trabecular bone over 

time (Dempster, 2006). CT scans 

allow researchers to investigate 

subsurface features of the trabecular 

bone, decreasing the bone density, the 

trabecular interconnection until they 

disappear, and increasing the medullar 

space (Villa et al.; 2013). 

 

AIM OF THE STUDY 
This research was aiming at 

focusing on the value of CT in age 

determination using trabeculations 

degree of pelvic bone in addition to 

Construction of Egyptian regression 

equations to estimate the age. 

 

METHODOLOGY 
A sample of 200 randomly selected 

high resolution multi-slice abdomino-

pelvic CT scans were reviewed in the 
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radiology department at Kasr Al-Aini 

hospital during the period from 

10/2014 to 10/2015 using Siemens 

somatom emotion 16 slice. The 

research protocol was approved by 

ethical committee of the forensic 

medicine department Cairo University 

(15/7/2014). Patients with history of 

trauma, surgery, pathological lesions or 

poor image quality in the studied 

region were excluded from the study. 

We studied ages less than 60 years to 

avoid the osteoporotic changes. Pubic 

bone, sacral ala and sacral body 

trabeculations were reported in all 

samples. Bone trabeculations were 

detected by a trained radiologist Fig 1 

and divided into 4 phases according to 

villa et al. (2013) 

 Phase 1: the trabecular bone is 

very dense and homogenous; the 

interior of the bone seems 

homogenously filled with trabecular 

bone. There is one dominant shade of 

gray, lighter than the surrounding soft 

tissues.  

 Phase 2: the trabecular bone is 

still predominantly dense and 

homogenous, but there are some areas 

(less than 20%) showing a less dense 

structure. There are two shades of gray, 

but the lighter one is dominant.  

 Phase 3: the trabecular bone 

further decreases in density; the 

trabecular bone is less dense than phase 

2; furthermore, there are some areas 

with very large trabecular structure or 

areas where the trabecular bone is 

completely disappeared. Those areas 

cover less than 50% of the surface. 

There is no single dominant shade of 

gray.  

 Phase 4: the impression is that 

the majority (more than >50%) of the 

area is ‘‘empty’’. There are only few 

areas with remains of trabecular bone. 

The dominant shade is dark. 

No suitable standard reference 

point for trabeculations could be 

identified for all subjects in one slice, 

so 10 to 20 slices have been evaluated 

to detect the most frequent phase to be 

the assigned on 
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Figure (1):  Abdominal C.T scan showing: A: phase 1 trabeculations of the pubic 

bone. B: phase 2 trabeculations of the sacral ala. C: phase 3 trabeculations of 

pubic bone. D: phase 4 trabeculations in pubic and sacral ala 

 

Data analysis:  

The data was coded and entered 

using the statistical package SPSS 

version 15. The data was summarized 

using descriptive statistics: mean, 

standard deviation, minimal and 

maximum values for quantitative 

variables and number and percentage 

for qualitative values. Statistical 

differences between groups were tested 

using Chi Square test for qualitative 

variables, independent sample t test for 

quantitative normally distributed 

variables. p-values less than or equal to 

0.05 were considered statistically 

significant. 

 

 

RESULTS: 

CT scans sample: 

The studied sample included 200 

subjects (100 males, 100 females) 

whose ages ranged between 20 and 60 

years, with mean age of (44.7±12.02 

years). They were classified into four 

groups, as follows: group (1) 21-30 

years, their mean age was 26.18±3.38 

years, group (2) 31-40 years; their 

mean age was 36.62±2.83 years, group 

(3) 41-50 years, their mean age was 

45.94±2.73 years and group (4) 51-60 

years, their mean age was 56.84±2.97 

years 

 

 

A B 

C D 
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Description of pubic bone 

trabeculations: 

This study declared that phase (3), 

and phase (4) trabeculations were the 

most frequent stages in the studied 

sample as they were found in 66 cases 

(33%) and 68 cases (34%) respectively. 

Phase (1) pubic bone trabeculations 

was detected more in age group (1) 28 

cases (71.8%) while phase 2 was 

detected more in age group (2) 17 cases 

(50%) followed by age group (1) and 

(3) 10 cases each. Phase (3) was 

detected more in age group (3), 34 

cases (68%) while phase (4) was 

detected more in age group (4), 62 

cases (80.5%) (Table1). Moreover, a 

statistical significant positive 

correlation was detected between the 

age of the studied groups and the 

trabeculations of the pubic bone (R= 

0.875, p<0.001**) (Fig. 2). 

 

 

Table (1): Pubic trabeculations scores in different age groups and their significance in 

the studied subjects (Chi-square test) 
Age groups 

 

 

 

Pubic 

trabeculations 

phase 

Group (1) 

No(%) 

Group (2) 

No(%) 

Group(3) 

No(%) 

Group(4) 

No(%) 

Total(%) Chi- Square test 

Value df p-value 

1 28(71.8%) 1 (2.9%) 0(0%) 0(0%) 29(14.5%) 260.2 9  

 

<0.001** 

 

 

2 10(25.6%) 17(50%) 10(20%) 0(0%) 37(18.5%) 

3 1(2.6%) 16(47.1%) 34(68%) 15(19.5%) 66(33%) 

4 0(0%) 0(0%) 6(12%) 62(80.5%) 68(34%) 

Total 39(100%) 34(100%) 50(100%) 77(100%) 200(100%) 

**Significance was set at p≤0.01  

 

 
Figure (2): Scatter plot showing the correlation between known age and pubic bone 

trabeculation phases. 

 

Description of Sacral ala 

trabeculations  

This study declared that phase (3), 

and phase (4) trabeculations were the 

P value<0.001 

R=0.845 
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most frequent stages in the studied 

sample as they were found in 57 cases 

(29%) and 90 cases (45%) respectively. 

Phase (1) pubic bone trabeculations 

was detected more in age group (1) 17 

cases (44%) while phase 2 was 

detected more in age group (1) 21 cases 

(54%). Phase (3) was detected more in 

age group (3), 29 cases (58%) while 

phase (4) was detected more in age 

group (4), 67 cases (87%) (Table 2). 

Moreover, a statistical significant 

positive correlation were detected 

between the age of the studied groups 

and the trabeculations of the pubic 

bone (R= 0.827, p<0.001** for both) 

(Fig. 3). 

Table (2): Sacral ala trabeculations phases in different age groups and their 

significance among the studied subjects (Chi-Square test) 
  Age  

    groups 

 

 

Sacral ala 

phase  

Group (1) 

No (%) 

Group (2) 

No (%) 

Group (3) 

No (%) 

Group (4) 

No (%) 

Total (%) Chi-square test 

1 17(43.6%) 0(0%) 0(0%) 0(0%) 17(8.5%) value df p value 

2 21(53.8%) 12(35.3%) 3(6%) 0(0%) 36(18%) 213.6 9 <0.001** 

3 1(2.6%) 17(50%) 29(58%) 10(13%) 57(28.5%) 

4 0(0%) 5(14.7%) 18(36%) 67(87%) 90(45%) 

Total 39(100%) 34(100%) 50(100%) 77(100%) 200(100%) 

**Significance was set at p≤0.01 

 
Figure (3) Scatter plot showing the correlation between known age and sacral ala 

trabeculations phases. 

Description of Sacral body 

trabeculations phases: 

This study declared that phase (2), 

and phase (3) trabeculations were the 

most frequent stages in the studied 

sample as they were found in 59 cases 

(30%) and 68 cases (34%) respectively. 

Phase (1) pubic bone trabeculations 

was detected more in age group (1) 36 

cases (92%) while phase 2 was 

detected more in age group (3) 29 cases 

(58%) followed by group (2) .Phase (3) 

was detected more in age group (4), 44 

cases (57%) while phase (4) was 

detected more in age group (4), 28 

cases (36%) (Table3). Moreover, a 

statistical significant positive 

correlation were detected between the 

age of the studied groups and the 

trabeculations of the pubic bone (R= 

0.854, p<0.001** for both) (Fig. 4). 

P value<0.001 

R=0.827 
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Table (3): Sacral body CT trabeculations phases in different age groups and their 

significance among the studied group (Chi-square test) 

**Significance was set at p≤ 0.01 level 

 

 
Figure (4): Scatter plot showing the correlation between known age and sacral body 

trabeculations phases. 

 

Composite score: 

It is the statistical summation of the 

trabeculations phases of the pubic 

bone, sacral body and sacral ala for the 

same person with 3 as minimum, 12 as 

a maximum value. Its mean value was 

8.38±2.88. A highly significant positive 

correlation was found between the age 

and the composite score in the studied 

group with R value 0.908 (p<0.000**) 

(Table 4). 

 

Table (4): Mean values and Spearman’s correlation between age and composite 

trabeculations score among studied subjects 

Composite score Number  Mean ± SD R value p value 

Studied group 200 8.38±2.88 0.908 <0.001** 

**Significance was set at p≤0.05 

Age  

    groups  

 

 

Sacral body 

phases 

Group (1) 

No (%) 

Group (2) 

No (%) 

Group (3) 

No (%) 

Group (4) 

No (%) 

Total (%) Chi-square test 

1 36(92.3%) 8 (23.5%) 0(0%) 0 (0%) 44 (22%) value d

f 

p value 

2 2 (5.1%) 23(67.6%) 29 (58%) 5 (6.5%) 59 (29.5%)  

239.5 

 

9 

 

<0.001** 3 1 (2.6%) 3(8.8%) 20 (40%) 44(57.1%) 68 (34%) 

4 0(0%) 0(0%) 1(2%) 28(36.4%) 29(14.5%) 

Total 39(100%) 34(100%) 50(100%) 77(100%) 200(100%) 

P value<0.001 

R=0.854 
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Regression equation: 

Considering the known individual 

age as the dependent variable and the 

composite score as predictor, a linear 

regression correlation between known 

individual age and composite score was 

found; its accuracy was evaluated using 

R
2 

and confident interval (95%) as 

shown in (Table 5 and Fig. 5). 

Furthermore, a linear regression 

equation was constructed for age 

estimation as follow:  

Age= 6.696 + 3.796 × composite 

score 

 

Table (5): Correlation between composite score and the studied group (one-way 

ANOVA) 

 One-way ANOVA 

Sig. B value 95% confidence interval    

Lower bound Upper bound 

Total <0.001** 3.796 3.571 4.021 0.853 

**Significance was set at p≤ 0.01 

 

 
Figure (5): Scatter plot showing the correlation between known age and composite 

score for the studied group. 

 

Age prediction for the whole studied 

subjects: 

The actual mean age of the studied 

subjects was 44.7 years with a 

minimum of 20 years and a maximum 

of 60 years. By using the composite 

score to predict the age of the studied 

subjects, the predicted mean age had 

been 44.7 years with a minimum of 23 

years and a maximum of 60.9 years 

respectively (Table 6). Moreover, a 

significant positive correlation was 

found between the actual and predicted 

ages in the studied groups with R
2
 

value= 0.853, p value ˂0.001** (Fig. 

6). 
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Table (6): Comparison between the mean, minimum and maximum values of actual 

ages and the predicted ones among the studied group 

 Mean ±SD Minimum Maximum 

Known (actual) age 44.7±12.2 20 60 

Predicted age 44.7±11.11 23 60.8 

 

 
Figure (6): Scatter plot showing correlation between the actual age and the predicted age 

 

DISCUSSION 
Determination of the age from 

bones is an essential step in forensic 

identification. Many studies over the 

past years have been conducted to 

assess the accuracy of qualitative and 

quantitative observations to estimate 

age from bone. As complete 

dependence on one bone to determine 

individual’s age is not so reliable, it has 

become necessary to develop new 

techniques for age estimation from 

different bones  (Bokariya et 

al.;2011). 
Pubic trabeculations was on the 

same line with Villa et al. (2013) who 

studied the pubic bone trabecular 

changes among 319 postmortem CT 

(recently dead). They detected a 

significant difference between the 

pubic trabeculations phases and the 

different age groups with a higher score 

in group 4 with the least trabeculations 

density (p<0.001** for all), similarly 

they found a positive correlation 

between age and pubic trabeculations 

phases. 

The current study was also on the 

same line with Mulhern and Jones 

(2005), who studied the transverse 

trabeculations of the pelvic auricular 

surface of 309 individuals, they scored 

the transverse trabeculations into 7 

phases. 

Our current findings concerning the 

sacral ala trabeculations phases agreed 

with those of Barrier et al. (2009). 

They previously studied the trabecular 

changes in the sacro-pubic bundle of 46 

coxal bones by CT 3D reconstruction; 

they classified the transverse 

organization of this bundle into 3 

scores. They also found a statistical 

significant difference concerning the 
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sacropubic trabeculations score among 

the different 3 groups (p<0.001** for 

all). 

Our findings were also on the same 

base as those of Wade et al. (2011) 

who examined the correlation between 

age at death and the changes in the 

trabecular architecture of the human 

pubic bone. 

Moreover, these results went with 

those of Thomsen et al. (2013) who 

studied the trabeculations in the second 

lumbar vertebra by using micro slice 

CT with 3D reconstruction and 

reported that this trabecular bone 

fraction decreased significantly with 

age for both women and men. 

Furthermore, our findings were on 

the agreement with Turunen et al. 

(2013). They studied the trabecular 

changes in the greater trochanter of 

femur, femoral neck and the calcaneus 

bones of 20 male cadavers, In addition, 

our results went on the same line with 

Froidmont et al. (2013) who studied 

the trabecular changes in long bones 

(femur & humerus). 

Our results didn’t match with Ding 

& Hivid (2000) who studied the 

changes in trabecular thickness of 

human tibial cancellous bone. They 

took samples from 40 tibias bones (30 

males and 10 females) and scanned 

them with micro CT, They detected 

that the three-dimensional trabecular 

thickness was lowest in the old age 

group (p<0.003**), with no difference 

between young and middle age groups. 

The discrepancy between these 

findings and the results of our study 

may be due to the anatomically 

different bony area, the different 

technique and sample size. 

These finding concerning the 

correlation between the decreases in 

trabeculations density with increasing 

age was clarified formerly by Martin 

(2007), Clarke (2008) and Usha and 

Nandeesh (2012) as they stated that, 

bone, is like any other tissue, is not 

immune to aging which lead to 

decrease in the bone sensitivity to 

respond to hormonal and non-hormonal 

regulator for bone formation and 

resorption. With a net result of increase 

in resorption and steady or even 

decrease (depends on genetic 

background) in bone formation; that’s 

why bone trabeculations decrease with 

aging. 

By using the composite score to 

predict the age in the studied subjects, 

we found a significant positive 

correlation between the actual and 

predicted ages in the studied groups 

with R2 value= 0.853, p value 

˂0.001** 

 

CONCLUSION 
For forensic age determination, the 

CT scan trabeculations of the pubic, 

sacral body and sacral ala were 

classified into four phases and the 

differences between groups were 

studied. Highly statistically significant 

differences and correlations were 

detected between the four groups and 

the studied bones’ trabeculations. More 

accurate age prediction was detected 

when the composite score of the three 

bones was used with R
2
 value (0.853). 

The predicted regression equation 

formula for age based on composite 

score is presented as: Age= 6.696 + 

3.796 × composite score 

 

RECOMMENDATIONS 
1- Further researches concerning 

the forensic anthropology should be 

performed as the mass disasters and 

military conflicts are increasing all over 

the world leaving behind numerous 
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human skeletons and bones for forensic 

identifications. 

2- More studies are required 

including larger sample size, with 

different geographical regions and 

ethnic origins to fulfill the need of 

developing new standards for 

identification of age from pelvic CT. 

3- Linear regression is population 

specific so there is an increasing need 

for further confirmation about the 

presence of morphometric differences 

between the different population 

groups 
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 انًهخص انعربي

 

تقذير انعًر عن طريق تقييى تربك عظاو انحوض باستخذاو الاشعة انًقطعية 

 عهي عينة ين انشعب انًصرى
 سًاح ابراهيى*ريهاو فايز حسين*, دينا عهي شكرى*, ينال يحي اسًاعيم*, ينار عبذ انستار**, 

 -كهٍت انطب جبيعت انقبْشة,**اسخبر يسبعذ الاشعت انخشخٍصٍت -*قسى انطب انششعى ٔانسًٕو الاكهٍُكٍت

 كهٍت انطب جبيعت انقبْشة

 
َظشا لاًٍْخّ انكبٍشِ يٍ انُبحٍّ انبحثٍّ ٔ اٌضب انُبحٍّ انقبٍََّٕ فبٌ الاَثشٔبٕنجٍب انششعٍّ فً 

 حطٕس يسخًش ٔيخزاٌذ .

بًسخشفً قصش انعًٍُ ٔرنك ببجشاء اشعّ يقطعٍّ نًُطقّ  -انذساست فً قسى الأشعت  اجشٌج ْزِ

 0202عبو فً خلال انفخشِ يٍ اكخٕبش  02إنى  02شخض حخشأح أعًبسْى يٍ  022انحٕض ٔانبطٍ ل 

 0200حخً اكخٕبش 

شق بٍٍ أعٕاو ف 02حى حصٍُف الأشخبص قٍذ انذساست, ٔفقب لأعًبسْى, إنى أسبع فئبث عًشٌت بأخز 

 انًجًٕعبث.

اسُخخذيج الأشعت انًقطعٍت نعظبو انعبَت ٔانعجزٌت ٔاَلا انعجزٌت ٔ قًُب بخقٍٍى  ‘ ٔنخحذٌذ انعًش 

. ٔبذساسخُب نذسجبث حشبك انعظبو ٔيقبسَخٓب يع انًجًٕعبث انعًشٌت 4إنى  0دسجت حشبك انعظبو يٍ 

ب ًٌكٍ اسخخذايٓب كًؤشش جٍذ نخحذٌذ أٔضحج انذساست أٌ دسجت انخشبك نهعظبو انًشبس إنٍٓ‘ الأسبع 

 حٍث حقم دسجّ انخشبك بخقذو انعًش بذلالاث إحصبئٍت عبنٍت‘ انعًش فً سكبٌ انًجخًع انًصشي
 

 

 

 


