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Abstract Iscan’s staging method for age estimation from fourth ribs has been
proved to be a potentially useful tool for various populations. However, due to
interracial variations, it is necessary to calibrate its’ accuracy in reference to a
population of Thai males before it can be applied. This study aimed to evaluate
the validity of phasing analyses of sternal ends of fourth ribs developed by Iscan,
et al., on a Thai male population. The Iscan’s method was applied to 50 Thai males
aged 18 years and above. Staging of sternal ends of the ribs was analyzed based
on 3 morphological features: pit depth, pit shape, and rim and wall configurations
- designated as components 1, 2, and 3, respectively. The data was analyzed
using descriptive statistics, one-way ANOVA, and cross-tabulation with Kendall’s
Tau-c correlation. It was found that sternal end stages of fourth ribs in each
component, inclusive of composite scores, are positively correlated to the age of
the individual (P < 0.001). However, Iscan’s result - which was derived from a
population of white males - delivers age-underestimation in a Thai population.
Hence, we developed a modified age prediction reference table for application to
Thai males. Applying cross-tabulation analysis, stages 1 and 2 were found only in
individuals who were less than 40 years old, and stages 4 and 5 were found only
in the 40 years and above age-group except for 1 case.
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INTRODUCTION

When a skeletonized body is found, it is necessary to gain primary information about
its” ancestry, sex, stature, and age, in order to review it against a list of possible missing
persons. Pelvises and skulls are generally used for estimation of age at death. Accuracy
varies, and is contingent upon forensic methods, as well as the age and ancestry of the
individual. Key, et al., in 1994, reported that endocranial suture closures could be used for
age estimation. Their results showed that the method worked well only in young and
middle-age groups less than 50 years of age (Key, Aiello, and Molleson 1994). In 2004,
Schmitt revealed a method of age estimation utilizing pubic symphyses and the auricular
surfaces of ilia, which they applied to Thai samples. However, their efforts culminated in
overestimation of the predicted ages (Schmitt 2004). This confirmed the hypothesis that
inter-population differences exist, and before the adoption of any one method, pre-testing
and calibrating for these differences in each population is needed.

Especially during the last decade, many methods of age prediction using bones and
teeth have been investigated using Thai male populations. Most of the methods are based
on changes in bone morphology through aging. The notorious skull suture closure method
was studied by Ruengdit et al., in 2018. Thai skulls of both sexes presented a wide range
of inaccurate data (Ruengdit et al. 2018).

Though they are not mentioned as frequently in the science of age prediction,
vertebrae also have been reported as a useful tool for Thai populations. In 2018,
Suwanlikhid et al., studied the degree of osteophyte formation in 125 male lumbar spines,
and found it was capable of providing age estimation (Suwanlikhid et al. 2018) Later,
Praneatpolgrang et al., developed an age-estimation equation incorporating osteophyte
length in adult Thai males (Praneatpolgrang, Prasitwattanaseree, and Mahakkanukrauh
2019). Femur bone has also been reported as useful. In 2017, Khomkham et al., found 3
features of the acetabulum that might be useful in the age estimation of Thai males
(Khomkham et al. 2017).

The histomorphology of bones has been explored and found to be helpful in age
estimation. In 2019, Chompoophuenl et al., developed a predictive model of age estimation
for Thai males using 3 histological variables: the perimeter of the Haversian canal, the
percentage of lamellar bone area, and the collagen measured using an image processing
technique and the MATLAB program. The correlation coefficient of their equation was high
(Chompoophuenl et al. Jun2019). Further histological study of Thai male lumbar spines
was also done regarding age estimation. Sattarath et al., in 2021, reported a negative
relationship between the percentage of the trabecular area over the total area and age of
male individuals (Sattarath et al. 2021).

Imaging of bones has also proven to be useful for the age prediction of Thai males.
To this end, Pattamapaspong et al., in 2014, performed staging analysis of the ossification
of medial clavicular epiphyses using thin-sliced computed tomography on both male and
female Thai patients (Pattamapaspong et al. 2015). Chest plate radiographic images of
136 Thai males were inspected by Monum et al., in 2017. They proved that the presence
of any ossification indicated an age greater than 29 years old and established a model for
calculate the age of the individual (Monum et al. 2017).

In addition to bones, teeth have been reported to have a good correlation with age
in Thai populations. Duangto et al., in 2017, investigated third molars, and found high
accuracy in their ability to predict age for both males and females (Duangto et al. 2017).

Therefore, the existence of such an abundance of methods that can predict age at
death in Thai males makes it more likely that greater accuracy in these predictions can be
achieved. Since not every remains found at the scene of an investigation is complete body,
a greater number of more varied approaches increases the odds of identifying the
individuals involved.

Rib bones have been reported to benefit age estimation in males. In 1984, Iscan
derived a new method of morphological phasing analysis for age determination using the
right fourth ribs from 93 white males. Three feature components of the sternal ends of
these ribs were examined: pit depth (component 1), pit shape (component 2), and rim and
wall configurations (component 3). Each component was divided into 6 stages. The results
indicated that this method was very effective at determining age (Iscan, Loth, and Wright
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1984). Iscan’s method was thereafter applied to varied populations and has been found to
be very effective (Iscan, Loth, and Wright 1987; Yavuz, Iscan, and Céloglu 1998; Oettlé
and Steyn 2000; Meena et al. 2012; Zahra et al., n.d.; Haj Salem et al. 2014; Cerezo-
Roman and Hernandez Espinoza 2014; Mufioz et al. 2018). As far as the authors are aware,
there have been no morphological studies of fourth ribs using Iscan’s method to determine
age in a Thai population. Pretesting before applying to Thai males is necessary because of
the interracial variation.

The current study’s aim was to evaluate the validity of Iscan’s age estimation method
using morphological phase analysis of fourth ribs’ sternal ends in Thai male population.

MATERIAL AND METHODS

The samples came from a group of 50 Thai males whose ages ranged from 18 to 89
years. All were autopsied at the department of forensic medicine, faculty of medicine, at
Chiang Mai University. All samples were collected after obtaining permission from the
families of the deceased. This study was approved as adhering to the ethical standards as
dictated by the research ethics committee (Research ID: 4727/Study code: NONE-2560-
04727) of the Faculty of Medicine, Chiang Mai University. Age distribution of the samples
is shown in Table 1.

Table 1. Age distribution of the samples.

Age intervals (yrs.) N %

0-16 0 0.00
17-19 4 8.00
20-29 8 16.00
30-39 6 12.00
40-49 6 12.00
50-59 10 20.00
60-69 6 12.00
70 and over 10 20.00

Total 50 100.00

Sternal ends of the right fourth ribs were removed and soaked in water for 3 days.
On day 4 they were boiled in water mixed with simple laundry detergent at 60 degrees for
4 hours. The ratio of detergent to water was 30gm: 3L. Next, soft tissue was scraped from
the ribs by using wooden tongue depressors. The ribs were continuously soaked in water,
and the process repeated, until all soft tissue was successfully removed. All ribs were
completely cleaned after soaking and boiling for 4-7 days. After the soft tissue was
removed, the ribs were left to dry at room temperature for one day, then staged according
to Iscan’s method.

Reviewing the 3 morphological features (components 1, 2, and 3), the sternal ends
of the ribs were subjected to stage analysis per Iscan’s method. Component 1 was
pit depth; component 2 was pit shape; component 3 was rim and wall configurations

(Figure 1).
Component 1 is divided into 6 stages as following:
Stage 0 Flat or slightly undulated with depth not more than 1.1 mm.
Stage 1 Well-seen pit with depth ranges from 1.1 and 2.5 mm.
Stage 2 Pit depth from 2.6 to 4.5 mm.
Stage 3 Pit depth from 4.6 to 7.0 mm.
Stage 4 Pit depth from 7.1 to 10.0 mm.

Stage 5 Pit depth greater than 10.0 mm.
Component 2 is divided into 6 stages as following:

Stage 0 No pit. Flat or slightly undulated at medial articular surface.
Stage 1 Well-seen pit with clear anterior and posterior wall.

Stage 2 V-shaped with a thick wall.

Stage 3 Narrow U-shaped with a thick wall.

Stage 4 Wide U-shaped with a thin wall.
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Stage 5 Wide U-shaped. Wall is deeper, more brittle, and poorer in texture.
Component 3 is divided into 6 stages as following:

Stage 0 Smooth edge with no wall.

Stage 1 Smooth edge with a thick wall.

Stage 2 Smooth and scalloped edge with a thick wall.

Stage 3 Rough edge with a thin and smooth wall.

Stage 4 Sharp and jagged edge. Wall is thinner and has a deteriorated texture.
Stage 5 Sharp and brittle edge with long bony projections. Wall is incomplete.

Figure 1. Stages of sternal ends of fourth ribs according to Iscan’s method. A, B
and C represent components 1, 2, and 3. Numbers 1 to 5 represent stages 1 through 5 of
each component.

Composite staging scores were calculated by adding stages or scores to each
component. The data was analyzed using descriptive statistics, one-way ANOVA, and
cross-tabulation with Kendall’s Tau-c correlation. All statistical analysis was done by using
SPSS 20.

RESULTS

Descriptive analysis of the chronological ages of the 50 samples was performed.
The youngest and the oldest samples were 18 and 89 years old, respectively. The mean
age of the samples was 49.7 years, and the standard deviation was 21.484 years. The data
set had a normal distribution, and exhibited perfect skewness, and an acceptable kurtosis.

Table 2 contains descriptive statistics of the mean ages of Thai males compared to
white males from Iscan’s study. For Thai males, the mean age in all components increased
less than 10 years from stage 1 to stage 2; then, increases of 15-19, 10-23 and 11-23
years were found from stages 2 through 5 for components 1, 2 and 3, respectively. The
95% confidence interval of every stage in each component is narrow, suggesting that
prominent changes occurred throughout the subjects’ lifetimes. This finding contrasts with
Iscan’s study, in which it was showed that the change occurred rapidly only at the age of
30 years or less. Later ages showed the change was not as generous (Iscan, Loth, and
Wright 1984). Scatter plots of the samples appear in Figure 2. The correlations are positive
lineage specific.
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Table 2. Descriptive statistics of the mean ages of Thai males and white males in Iscan’s study.

Stages or Thai males (This study) White males (Iscan’s study)
scores N  Mean age SD 95% Confidence Age range N Mean age SD 95% Confidence Age range
interval of mean interval of mean

Component 1
1 4 1950 129 1745 2155 18 -21 9 20.30 332 17.80 -2290 17 25
2 13 2838 6.28 2459 3218 19 37 29 30.70 1240 26.00 -3540 18-64
3 10 4750 941 4077 -54.23 27 -58 31 4090 1372 3580 -46.00 21 67
4 19 6521 1328 5881 -7161 45 -89 9 55.00 1539 4320 -66.80 32 .76
5 4 81.00 503 7299 8901 76 -89 4 5750 1292 3690 -78.10 44 70
Total 50 4832 7.06 4292 5372 18 -89 82 3790 1615 3480 -4090 17 85

Component 2
1 5 19.80 164 1776 -2184 18 -22 4 1730 050 16.50 -18.00 17 -18
2 5 2320 370 1860 -27.80 19 28 15 2280 328 21.00 -2460 18 -30
3 7 3314 334 30.06 -36.23 28 37 28 30.50 961 26.80 -34.30 19 66
4 17 5041 928 4564 5518 27 66 22 47.10 1161 4190 -5220 26 -67
5 16 7381 1124 6782 -79.80 55 -89 15 6160 1294 5440 -68.80 44 85
Total 50 4007 584 3598 4417 18 -89 84 3840 17.26 3470 4220 17 85

Component 3
1 6 1933 103 1825 2042 18 -21 5 17.80 130 16.20 -1940 17 -20
2 6 26.67 320 2330 -3003 22 31 25 2410 355 2270 -2560 18 -31
3 8 3813 1032 2950 -46.75 25 56 20 3430 1162 2890 -39.70 21 66
4 17 5341 838 4910 -57.72 42 68 16 4950 1121 4350 -5550 32 71
5 13 7662 10.21 7045 8279 60 -89 16 5820 1153 5200 -64.30 43 .76
Total 50 4283 663 3812 4754 18 -89 82 3780 1667 3420 4150 17 -76

Composite scores
3 3 1933 153 1554 2313 18 -21 3 17.00 0.00 17.00 -17.00 17 17
4 2 1950 071 1315 2585 19 20 2 19.00 141 1700 -31.70 18 -20
5 2 2050 212 144 3956 19 22 4 2250 332 1720 -27.80 18 -25
6 2 26.00 283 059 5141 24 28 7 2310 4.06 1940 -2690 18 -30
7 3 2800 3.00 2055 3545 25 31 12 2490 363 2260 -27.20 19 31
8 5 3460 251 3148 3772 31 37 9 27.00 490 2320 -30.80 21 36
9 1 27.00 - - 27 10 3780 1321 2830 -47.30 24 66
10 2 5350 354 2173 8527 51 56 8 4710 1203 3710 -57.20 30 -64
11 6 4717 6.01 4086 -5348 42 58 6 4850 9.89 3810 -5880 41 67
12 8 5475 725 4869 -6081 45 66 7 4760 1175 36.70 -5840 32 67
13 4 6175 556 5290 -7060 55 68 5 56.00 1032 4320 -6880 44 71
14 8 76.50 1084 6744 8556 61 -89 4 63.50 1226 4400 -83.00 52 76
15 4 81.00 503 7299 8901 76 -88 4 5750 1292 3690 -78.10 44 70
Total 50 4020 392 2980 -5060 18 -89 84 37.30 1681 3380 -41.00 17 -76
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Figure 2. Scatter plots of the 3 components and composite scores.

Statistical analysis of variance (one-way ANOVA), along with effect size, in terms of
eta-squared (n?), is shown in Table 3. The F-ratio indicates significant association between
chronological age and stage in every component, including composite scores at the level of
P < 0.001. n? reveals that 80%, 85%, 86% and 93% of variation in age can be explained
by the stages of components 1, 2, and 3, and composite scores, which are higher than
those in Iscan’s study (41%, 68%, 70%, and 73% respectively).

Table 3. One-way analysis of variance of the 3 components and composite scores.

Sources of variation Sum of squares d.f. Mean squares F-ratio n2

Component 1

Between groups 18,092.77 4 4,523.19 44.99" 0380
Within groups 4,523.74 45 100.53
Total 22,616.50 49

Component 2
Between groups 19,211.49 4 4,802.87 63.47" 085
Within groups 3,405.01 45 75.67
Total 22,616.50 49

Component 3
Between groups 19,439.76 4 4,859.94 68.84" 0.86
Within groups 3,176.74 45 70.59
Total 22,616.50 49

Composite scores
Between groups 21,004.05 12 1,750.34 40.16" 093
Within groups 1,612.45 37 43.58
Total 22,616.50 49

Note: *Significant at P<0.001 level
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Testing for multiple comparisons of mean age was done by using the Least Significant
Difference (LSD). Significant differences existed between every stage, and among all
components, except for between stage 1 and 2 in every component, and stage 2 and 3 in
component 2 (Table 4). A post hoc test was not performed for composite scores because
there were fewer than 2 cases in at least one group.

Table 4. LSD test for multiple comparisons of mean age.

Mean Difference

Stages Compared
stages Component 1 Component 2 Component 3
1 2 -8.885 -3.400 -7.333
3 -28.000* -13.343%* -18.792%*
4 -45.711%* -30.612* -34.078%*
5 -61.500%* -54.012%* -57.282%*
2 1 8.885 3.400 7.333
3 -19.115%* -9.943 -11.458%
4 -36.826* -27.212%* -26.745%*
5 -52.615%* -50.612%* -49,949%*
3 1 28.000%* 13.343* 18.792*
2 19.115%* 9.943 11.458*
4 -17.711%* -17.269%* -15.287%*
5 -33.500%* -40.670%* -38.490%*
4 1 45.711* 30.612* 34.078%*
2 36.826%* 27.212% 26.745%*
3 17.711%* 17.269%* 15.287*
5 -15.789* -23.401%* -23.204%*
5 1 61.500* 54.013* 57.282%*
2 52.615%* 50.613%* 49,949*
3 33.500%* 40.670%* 38.490%*
4 15.789* 23.401%* 23.204*

Note: *The mean difference is significant at <0.001

Cross-tabulation for frequency distribution according to age intervals and stages of
each component was analyzed (Table 5). It was noted that stages 1 and 2 in all three
components were not found in samples greater than 39 years old, and stages 4 and 5 were
not found in samples less than 40 years old, except for 1 case in which component 2 was
found in the 20-29 years old group. The composite scores could be divided into 2 groups:
scores 3-9 vs. scores 10-15. The former group included members aged less than 40 years,
and the latter had members 40 years old and above.

Table 5. Frequency distribution of stages in 3 components by age intervals

Age intervals (years)

Stages
17-19 20-29 30-39 4 50-59 60-69 370 Total N
Component 12
1 2 2 4
2 6 13
3 10
4 2 5 6 6 19
5 4
Total N 4 8 6 6 10 6 10 50
Component 2°
1 3 2
2 4
3 1 6
4 1 6 2 17
5 10 16
Total N 4 8 6 6 10 6 10 50
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Table 5. Continued.

Age intervals (years)

Stages

17-19 20-29 30-39 4 50-59 60-69 370 Total N
Component 3¢
1 4 2
2 1
3 5
4 6 8 3 17
5 10 13
Total N 4 8 6 6 10 6 10 50
Composite scores®
3 2 1 3
4 1 2
5 1 1 2
6 2 2
7 2 1 3
8 5 5
9 1 1
10 2 2
11 2 6
12 2 5 8
13 1 4
14 6 8
15 4
Total N 4 8 6 6 10 6 10 50

Note: 2Kendall’s Tau-c correlations = 0.801 (P < 0.001), "Kendall’s Tau-c correlations = 0.856 (P < 0.001), Kendall’s Tau-c correlations =
0.880 (P < 0.001), 9Kendall’s Tau-c correlations = 0.894 (P < 0.001)

The kappa statistic was used to test inter-rater reliability. Ten samples were staged
by the researcher, and a master’s student in forensic science, and a PhD student in forensic
osteology. The interrater agreement measurements for components 1, 2, and 3, were 1,
0.8, and 0.8, respectively.

DISCUSSION

Phasing analysis of the sternal ends of fourth ribs developed by Iscan, et al., is an
effective method for estimating age at death. Nevertheless, considering the white ancestry
of the individuals whose samples were recruited for Iscan’s study, a wider ranging validity
of the method needs to be proved before applying it to non-white populations.

Testing in Turkish, Indian, and Pakistani populations gave the same results as in the
white populations (Yavuz, iscan, and Céloglu 1998; Meena et al. 2012; Zahra et al. 2020).
However, there are some reports of less accuracy when applied to some other kinds of
populations. In 1987, Iscan tested his own method in 53 African American males and found
that there were morphological and chronological differences in the samples with ages
greater than early 30 years (Iscan, Loth, and Wright 1987). In 2000, Oettlé et al., applied
the method to 265 South African black male skeletons. They found that the repeatability
of the method was acceptable, but that accuracy in age prediction was reduced (Oettlé and
Steyn 2000). Salem et al., applied the method to a Tunisian population in 2014, and found
that the assessed and actual ages were only well-related in people aged less than 39 years
old (Haj Salem et al. 2014). Cerezo-Roman and Espinoza applied it to Mexican males in
2014, and it yielded ages that were underestimated, especially when the age at death was
greater than 40 years old (Cerezo-Roman and Hernandez Espinoza 2014). In 2018, Munoz
et al., tested the validity of Iscan’s method on 444 male skeletons in Mexico City and found
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good correlation, yet it underestimated age at death, and inaccuracy increased at higher
stages (Mufioz et al. 2018).

This present study was done on a Thai population from an Asian country. The results
show that Iscan’s method for age prediction is valid when applied to Thai males.
Nevertheless, inquiry into the differences between populations revealed that the
morphological changes at the sternal end of the fourth rib is, as aging occurs, more
accelerated in Thais than in whites. Therefore, age prediction using Iscan’s own reference
table yields an underestimated age of death, which confirms the existence of inter-
population inaccuracy. For more accurate age estimation, this study provides a reference
table for Thai males (Table 2). According to negative statistical differences between stages
1 and 2 of every component (Table 4), it is possible to define the age at death as less than
40 years old, if the fourth rib morphological change is in stage 1 or 2. The cross-tabulation
of the distribution of stages by age intervals (Table 5) reveals an increase of stages with
age. Simple formulas could be practically applied to cases on scene as follows: (1) stages
1 or 2 of any component reveal the age of the individual as less than 40 years old; (2)
stages 4 or 5 signal age at 40 years old or above; and, (3) a composite score of 10 is the
dividing line between ages less than and more than 40 years old.

Because of the high correlation value of every component (0.801, 0.856, and 0.880
for components 1, 2, and 3), any component could be confidently used in and of itself for
age estimation. This is beneficial for cases in which there are incomplete sternal rib ends.
The measures of interrater agreement by Kappa statistics were high (1, 0.8, and 0.8 for
components 1, 2, and 3), indicating repeatability of the method.

The bone preparation period in this study was abbreviated compared to several
studies including Iscan’s original method (Iscan, Loth, and Wright 1984; Yavuz, Iscan, and
Cologlu 1998; Oettlé and Steyn 2000; Haj Salem et al. 2014). The bone cleaning technique
for those studies was to let the bones decompose naturally, or let them soak in water, for
several weeks; then finally to boil them in water. It was reported that detergent was an
effective, safe, and fast method for bone cleaning. The action of detergent at 40-60°C
produced satisfactory result for forensic practice (Mairs, Swift, and Rutty 2004). After using
detergent some have reported deterioration of tool marks (Uhre et al. 2015), and creation
of porous bone surfaces (Lai et al. 2015). However, we did not include bone surface as
criteria for ascertaining stages in this study.

The main restraint on the present study is the limited sample size. A study with more
male samples, and inclusive of Thai females, is suggested in order to establish more
accurate and more useful results from forensic application to Thai skeletons. Moreover, in
regard to the greater application of radiography in current forensic anthropology, computed
tomography (CT) scans could be used to get morphological images of the fourth rib instead
of employing direct examination. CT scans can reduce working time because neither bone
preparation nor dissection of the body is needed. The benefits of such an approach have
been proven in Indian and Australian populations (Merritt 2018; Blaszkowska, Flavel, and
Franklin 2019).

CONCLUSION

Age estimation in adults remains a developing but challenging task in forensic
practice. As more methods are applied, age at death predictions become more accurate.
Phase analysis of sternal ends of fourth ribs in a Thai male population was performed by
using Iscan’s method. The 3 components indicating morphological change are pit depth, pit
shape, and configurations of the rim and wall. It is viable to use Iscan’s method to ascertain
age prediction in Thai males from stage analysis of the sternal end of the fourth rib.
However, Iscan’s own reference yields underestimated age predictions in Thais. Therefore,
a modification of the reference was developed based on the Thai male samples used in this
study. This study delivers an age prediction reference for Thai males in table 3, and a
practical application of it that can easily be used at investigatory scenes. Further
explorations with larger sample sizes, with female-inclusive data groups, will be more
constructive for divining age at death in Thai populations.
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