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Introduction

Identification of skeletal remains is an essential process for 
postmortem examinations. A lack of definitive personal iden-
tification hampers the legal process concerning the skeletal 
remains. Matching DNA, fingerprints, or dental profiles is the 
key criterion for identifying catastrophe victims [1]. However, 
these methods need the antemortem data of the unknown 

deceased before matching with the possible missing person. 
Therefore, the biological profile of the skeletal remains, which 
includes ancestry, age, sex, and stature, needs to be analyzed 
to reduce the number of potential missing people.

Stature is an essential parameter of biological profile 
analysis.This parameter may offer valuable evidence of per-
sonal identification when the unknown deceased or missing 
person is tall or short in their population. Currently, the 
primary methods for estimating the stature of skeletal re-
mains are anatomical and mathematical [2, 3]. The anatomi-
cal method is the most precise since it calculates stature by 
adding the dimensions of the skull, vertebrae, femur, tibia, 
talus, and soft tissues. On the other hand, the mathematical 
method calculates stature by the dimension of one or more 
bone lengths using regression analysis. The regression model 
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derived from long bones was considered the most accurate 
for the mathematical method [2, 4]. Although the anatomical 
method has a greater accuracy rate than the mathematical 
method, due to taphonomy and animal scavenging, entire 
skeleton remains are sometimes not accessible in actual fo-
rensic scenarios. Therefore, in forensic circumstances, the 
mathematical technique could be preferable.

The shortcomings of the stature estimation model using 
the mathematical method are the specifications of population 
models because of the different genetics, nutrition, environ-
ment, and other factors in each population [5, 6]. Therefore, a 
stature estimation model generated from one population may 
not be appropriate for application to other populations. Previ-
ously, Mahakkanukrauh et al. [7] reported the stature estima-
tion model using the long bone lengths for the Thai popula-
tion. The correlation coefficient (r) between bone length and 
height of males ranged from 0.66 to 0.77, and the lowest stan-
dard error of estimation (SEE) was 4.59 cm, and for female 
samples, the lowest SEE was 5.21 cm, and the r-value between 
bone length and height ranged from 0.55 to 0.76.

However, in natural catastrophes, aviation accidents, and 
terrorist strikes, long bones might be shattered or unavail-
able for analysis [8]. Consequently, other bones are required 
for stature estimation. Several studies have reported the 
correlation between stature and the non-long bones of the 
human body, such as the calcaneus and talus [9], skull [10, 
11], and lumbar vertebrae [12] in the Thai population and 
the metacarpal [13], clavicle [14], sternum [15], skull [16], 
and vertebral column [17] in other populations. The results 
indicated that these bones could be used for estimating the 
stature of the skeletal remains. The sacrum is a robust bone 
usually well-preserved at the scene and has been previously 
investigated for estimating stature in many populations [3, 8, 
18-22]. However, the accuracy rate of the stature estimation 
model varied significantly amongst populations.

No previous reports of stature estimation using sacral di-
mension were identified in the Thai population. This infor-
mation might be required in case the long bone of the skel-
etal remains was not recovered or not well-preserved enough 
to calculate stature. Therefore, this study aimed to generate 

a stature estimation model using the sacral dimension in the 
Thai population.

Materials and Methods

A total of 240 dry sacra were divided into 200 sacra (male 
100, female 100) for the training sample and 40 sacra for 
the test sample (male 20, female 20). These were randomly 
chosen from the Osteology Research and Training Center, 
Faculty of Medicine, Chiang Mai University, Thailand. The 
sacra were obtained from donated bodies of Thai people who 
lived 200 to 300 kilometers away from Chiang Mai and died 
from 2007 to 2019. The mean age of the male sample was 63.0 
years with a standard deviation of 15.9 years (range, 28–94 
years), and the mean age of the female sample was 64.7 years 
with a standard deviation of 16.2 years (range, 26–91 years). 
Sacra that demonstrated trauma, anomalies, and congeni-
tal or acquired deformities that affected the measurements 
were excluded from our study. The mean age of the male 
test sample was 59.8 years with a standard deviation of 10.94 
years (range, 43–73 years), and the mean age of the female 
test sample was 71.8 years with a standard deviation of 11.54 
years (range, 55–94 years).

The stature of the cadaver was measured from the vertex 
of the head to the heel of the foot, with the cadaver in a supine 
position before skeletal processing. Then, all of the sacra were 
macerated and allowed to dry. The range of cadaver stature of 
the male training sample was between 150 and 190 cm (mean 
166.5±6.99 cm), and for the female training sample, the range 
was between 140 and 172 cm (mean 154.0±7.19 cm). The 
male test sample’s cadaver stature range was between 150 and 
172 cm (mean 165.5±5.71 cm), and the female test sample was 
between 145 and 165 cm (mean 153.1±5.08 cm) (Table 1).

Measurement
The sacral dimensions were measured in millimeters us-

ing digital vernier calipers by one of us (WK), and 30 sacra 
were randomly chosen from the training sample for repeat-
ing the measurements by WK and other forensic science 
graduate students to test the intra- and inter-observer agree-

Table 1. Demographics of the samples

Sample Sex Number Age (yr) Stature (cm)
Mean Range SD Mean Range SD

Training Male 100 63.04 28–94 15.98 166.54 150–190 6.99
Female 100 64.69 26–91 16.25 153.97 140–172 7.19

Test Male 20 59.75 43–73 10.94 165.5 150–172 5.71
Female 20 71.85 55–94 11.54 153.1 145–165 5.08
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ments. The details of the measurements are shown in Table 2 
and Fig. 1.

Statistical analysis
Data were analyzed using the IBM SPSS Statistics for 

Windows version 22.0 (IBM Corp., Armonk, NY, USA). The 
intra- and inter-observer agreements were assessed by the 
technical error of measurement (TEM), r-value, and the rela-
tive TEM (rTEM). The normality was assumed based on the 
Kolmogorov–Smirnov test at P>0.05. The descriptive statis-
tic was performed to obtain maximum, minimum, mean, 
and standard deviation. An independent sample t-test for 
normally distributed variables and the Mann–Whitney test 
for not normally distributed variables were used to assess the 
sexual dimorphism of each measurement. The correlations 
between stature and the measured variables were assessed 
using Pearson correlation coefficients. The regression equa-
tions for stature estimation were generated from the signifi-
cantly correlated variables. The presented equations also 
contain an adjustment to account for estimated live stature, 
which was done by deducting 2.0 cm. from the constant. De-
ducting 2 cm. from the cadaver’s stature is typically consid-
ered approximate to the living stature [7, 8]. The multiple re-
gression equations were applied to 40 test samples (20 males 
and 20 females). The mean and median absolute errors were 
calculated to obtain the difference between predicted stature 
and corrected stature; the accuracy percentage within the 

first SEE was also calculated to evaluate the regression equa-
tions. A P-value of less than 0.05 was considered statistically 
significant.

Results

First, we consider the intra- and inter-observer agree-
ments of the variables. The ranges of TEM for intra- and in-
ter-observer were 0.20–0.42 and 0.31–0.62, respectively. The 
rTEM values of all measurements were less than 1.5 for intra-

Fig. 1. Ten sacrum measurements. 1, maximum anterior height; 
2, dorsal height; 3, maximum anterior breadth; 4, anterosuperior 
breadth; 5, transverse outer diameter of S1 vertebra corpus; 6, 
transverse inner diameter of S1 vertebra corpus; 7, anterior-posterior 
outer diameter of S1 vertebra corpus; 8, anterior-posterior inner 
diameter of S1 vertebra corpus; 9, right auricular surface height; 10, 
left auricular surface height.

Table 2. Description of sacral measurements
No. Measurement Abbreviation Description
1 Maximum anterior height MAH The distance from the ventral midline point of the sacral promontory to the midline of 

the inferoventral midline point of the last sacral vertebral body [23].
2 Dorsal height DH The distance from the superodorsal midline point of the S-1 body to the inferodorsal 

midline point of the S-5 body [23].
3 Maximum anterior breadth MAB The greatest breadth of the first sacral vertebra (including the alae) [23].
4 Anterosuperior breadth ASB The transverse distance between the most superoventral

points of the auricular margins [23].
5 Transverse outer diameter of S1 vertebra 

corpus
TranOD The maximum transverse outer diameter of S1 vertebra corpus [24].

6 Transverse inner diameter of S1 vertebra 
corpus

TranID The maximum transverse inner diameter of S1 vertebra corpus [present study].

7 Anterior-posterior outer diameter of S1 

vertebra corpus
APOD The maximum anterior-posterior outer diameter of S1 vertebra corpus [present study].

8 Anterior-posterior inner diameter of S1 

vertebra corpus
APID The maximum anterior-posterior inner diameter of S1 vertebra corpus [24].

9 Right auricular surface height RASH The maximum craniocaudal dimension of the right auricular surface [24].
10 Left auricular surface height LASH The maximum craniocaudal dimension of the left auricular surface [24].

MAH, maximum anterior height; DH, dorsal height; MAB, maximum anterior breadth; ASB, anterosuperior breadth; TranOD, transverse outer diameter of S1 
vertebra corpus; TranID, transverse inner diameter of S1 vertebra corpus; APOD, anterior-posterior outer diameter of S1 vertebra corpus; APID, anterior-
posterior inner diameter of S1 vertebra corpus; RASH, right auricular surface height; LASH, left auricular surface height.
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observation error and less than 2 for inter-observation error. 
These were within the acceptable range [25]. In addition, all 
variables showed a high value of r (0.98–0.99). An r-value of 
more than 0.75 was considered precise in anthropometry [26].

Descriptive statistics for the measures in both sexes are 
presented in Table 3. Kolmogorov–Smirnov test revealed that 
normality was assumed at a P-value>0.05 for all variables 
except the anterior-posterior outer diameter of S1 vertebra 
corpus (APOD) and anterior-posterior inner diameter of S1 

vertebra corpus (APID) for males and the transverse outer 
diameter of S1 vertebra corpus (TranOD) for females. The in-
dependent sample t-test and the Mann–Whitney test showed 
that all variables had significant differences between males 
and females with P-values<0.05, except for the maximum 
anterior breadth (MAB). In addition, the mean values of the 
variables of males were significantly larger than those of 
females, except for the anterosuperior breadth (ASB), which 
was the inverse in females.

The correlations between stature and sacral measure-
ments were statistically significant, except ASB for the com-
bined sex sample, the transverse inner diameter of the S1 
vertebra corpus (TranID), and APID for males and APID 
for females. The highest correlation coefficient was obtained 
between the RASH and stature in the combined sex sample 
(r=0.61). The highest correlation coefficients for males and 
females were obtained between the MAB and stature (r=0.53 
for males and 0.48 for females, respectively).

The significant stature correlated variable for generating 
the regression equation is listed in Table 4. The correlation 
coefficient and the SEE of the simple regression model in 
the combined sex sample were higher than those of the sex-
specific samples. The SEE of the model in the combined sex 

sample ranged from 7.54 cm to 8.93 cm, whereas the SEE of 
the sex-specific simple regression model ranged from 5.94 
cm to 6.88 cm for males and 6.34 cm to 6.97 cm for females. 
The lowest SEE was obtained from MAB, followed by dorsal 
height (DH) and maximum anterior height (MAH) for males 
and DH and RASH for females.

The stepwise regression equation is presented in Table 5. 
The result of this study indicated that the RASH, APOD, 
DH, TranID, and MAB were selected to generate an equation 
to estimate stature for the combined sex sample, which pro-
duced the highest correlation coefficient (r=0.74). The MAB, 
DH, and APOD were selected for the male equation with 
a correlation coefficient of 0.56, and the MAB, RASH, and 
MAH were selected for the female equation with a correla-
tion coefficient of 0.59.

The multiple regression equations were tested on test 
samples (n=40) (Table 6). The female-specific equation dem-
onstrated the lowest mean absolute error and the highest ac-
curacy percentage within the first SEE (3.98 cm and 80 per-
cent). However, the absolute error range of the male-specific 
equation was lower than those of the female and combined 
sex equations, and the percentage of accuracy within the first 
SEE of the male equation was equal to that of the combined 
sex equation at 65 percent.

Discussion

Our study obtained equations for estimating the stature 
of the sacrum in the Thai population. The stature estimation 
equations of our study evaluated the stature with a SEE of 5.35 
cm for males, 5.88 cm for females, and 6.42 cm for the com-
bined sex sample.

Table 3. Descriptive statistics of sacral measurements (in mm)

Variable Male (n=100) Female (n=100) P-value
Range Mean SD Range Mean SD

MAH 77.88–129.76 102.96 9.21 72.22–123.43 96.81 10.18 <0.001
DH 87.65–131.75 107.98 8.26 81.41–120.71 101.51 8.14 <0.001
MAB 97.36–123.01 109.19 5.34 93.72–125.29 109.80 6.29 0.460
ASB 82.86–104.15 95.03 5.02 79.88–113.47 96.90 6.54 0.024
TranOD 34.84–53.03 45.64 3.25 35.61–52.92 42.14 3.27 <0.001
TranID 26.47–43.63 34.13 3.24 22.12–39.79 30.60 3.34 <0.001
APOD 26.97–43.65 32.49 2.45 25.96–35.29 29.46 1.89 <0.001
APID 17.87–34.43 24.52 2.35 16.34–27.48 21.84 2.01 <0.001
RASH 51.45–70.10 60.53 4.41 42.70–65.66 55.13 4.51 <0.001
LASH 50.35–69.35 60.57 4.54 43.45–65.59 55.51 4.56 <0.001

MAH, maximum anterior height; DH, dorsal height; MAB, maximum anterior breadth; ASB, anterosuperior breadth; TranOD, transverse outer diameter of S1 
vertebra corpus; TranID, transverse inner diameter of S1 vertebra corpus; APOD, anterior-posterior outer diameter of S1 vertebra corpus; APID, anterior-
posterior inner diameter of S1 vertebra corpus; RASH, right auricular surface height; LASH, left auricular surface height.
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The results of our study indicated that all sacral dimen-
sions of males were larger than those of females, except for 
the ASB. This result is similar to that of Pininski and Brits 
[3] and Zhan et al. [8]. These results confirmed that the male 
sacrum is longer and narrower; on the other hand, the female 

sacrum is shorter and broader. It was believed that the mor-
phology of the pelvis is adjusted for parturition in females [24].

The multiple regression equation increased the correla-
tion coefficient and reduced the SEE, which indicates higher 
accuracy than the simple regression equation, following 

Table 4. Simple linear regression for the estimation of stature
Sex Variable (mm) Number Regression formulae SEE (cm) r R2 P-value

Overall MAH 200 S=111.602+0.467 (MAH) 8.22 0.50 0.25 <0.001
DH 200 S=93.275+0.62 (DH) 7.76 0.57 0.33 <0.001
MAB 200 S=97.829+0.552 (MAB) 8.93 0.34 0.11 <0.001
TranOD 200 S=103.125+1.256 (TranOD) 8.28 0.49 0.24 <0.001
TranID 200 S=119.101+1.21 (TranID) 8.35 0.48 0.22 <0.001
APOD 200 S=95.681+2.02 (APOD) 7.82 0.57 0.32 <0.001
APID 200 S=116.498+1.802 (APID) 8.29 0.49 0.23 <0.001
RASH 200 S=94.318+1.106 (RASH) 7.54 0.61 0.37 <0.001
LASH 200 S=99.453+1.013 (LASH) 7.89 0.56 0.31 <0.001

Male MAH 100 S=129.827+0.337 (MAH) 6.30 0.44 0.19 <0.001
DH 100 S=119.083+0.421 (DH) 6.09 0.50 0.24 <0.001
MAB 100 S=88.317+0.698 (MAB) 5.94 0.53 0.28 <0.001
ASB 100 S=126.442+0.401 (ASB) 6.73 0.29 0.07 0.004
TranOD 100 S=144.458+0.44 (TranOD) 6.88 0.20 0.03 0.041
APOD 100 S=132.616+0.983 (APOD) 6.60 0.35 0.11 <0.001
APID 100 S=146.65+0.73 (APID) 6.81 0.25 0.06 0.014
RASH 100 S=129.011+0.587 (RASH) 6.53 0.37 0.13 <0.001
LASH 100 S=129.445+0.579 (LASH) 6.51 0.38 0.13 <0.001

Female MAH 100 S=124.593+0.283 (MAH) 6.62 0.40 0.15 <0.001
DH 100 S=110.994+0.404 (DH) 6.42 0.46 0.20 <0.001
MAB 100 S=91.902+0.547 (MAB) 6.34 0.48 0.22 <0.001
ASB 100 S=117.792+0.353 (ASB) 6.84 0.32 0.09 0.001
TranOD 100 S=122.043+0.71 (TranOD) 6.83 0.32 0.10 0.001
TranID 100 S=128.096+0.78 (TranID) 6.73 0.36 0.12 <0.001
APOD 100 S=122.46+1.002 (APOD) 6.97 0.26 0.06 0.008
RASH 100 S=112.484+0.716 (RASH) 6.45 0.45 0.19 <0.001
LASH 100 S=122.638+0.528 (LASH) 6.80 0.34 0.10 0.001

SEE, standard error of estimation; r, correlation coefficient; R2, R-squared, coefficient of determination; MAH, maximum anterior height; DH, dorsal height; 
MAB, maximum anterior breadth; ASB, anterosuperior breadth; TranOD, transverse outer diameter of S1 vertebra corpus; TranID, transverse inner diameter of 
S1 vertebra corpus; APOD, anterior-posterior outer diameter of S1 vertebra corpus; APID, anterior-posterior inner diameter of S1 vertebra corpus; RASH, right 
auricular surface height; LASH, left auricular surface height. P-value of linearity testing.

Table 5. Multiple regression for the estimation of stature
Sex Regression formulae SEE (cm) r R2 P-value

Overall S=41.2+0.374 (RASH)+1.072 (APOD)+0.256 (DH)+0.417 (TranID)+0.2 (MAB) 6.42 0.74 0.54 <0.001
Male S=63.639+0.478 (MAB)+0.299 (DH)+0.508 (APOD) 5.35 0.66 0.41 <0.001
Female S=75.181+0.362 (MAB)+0.441 (RASH)+0.132 (MAH) 5.88 0.59 0.33 <0.001

SEE, standard error of estimation; r, correlation coefficient; R2, R-squared, coefficient of determination; RASH, right auricular surface height; APOD, anterior-
posterior outer diameter of S1 vertebra corpus; DH, dorsal height; TranID, transverse inner diameter of S1 vertebra corpus; MAB, maximum anterior breadth; 
MAH, maximum anterior height.

Table 6. Mean absolute error after application of regression to the test set

Sex Number Mean absolute error (cm) Range (cm) SD
Percent of accuracy 
within the first SEE

Overall 40 5.60 0.16–21.10 4.56 65
Male 20 4.63 0.28–9.74 2.82 65
Female 20 3.98 0.38–14.08 3.19 80

SEE, standard error of estimation.
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Pelin et al. [19]. Compared with previous studies (Table 7), 
the accuracy of the stature estimation model of our study 
was better than those for Black South Africans, Malaysians, 
and White South African populations. For males, the accu-
racy of stature estimation in this study was higher than those 
for Black and White South Africans and American popula-
tions but lower than those for the Western Chinese popula-
tion. The model’s accuracy for female samples in this study 
was higher than those of White South African and Black 
American populations but lower than those of Black South 
Africans and Western Chinese populations [3, 8, 18, 22].

The divergence of the results might be due to several 
factors that affected the bone dimension and the stature of 
each population, such as nutrition, genetics, demographics, 
and population [5, 6]. Moreover, the different sample types, 
such as dry skeleton, computed tomography images, and 
the age and height distribution of the samples might also af-
fect the accuracy of the results. Although our study did not 
investigate the effect of age on the sacral dimension, Kara-
kas et al. [21] and Lazarevski [27] reported that age affected 
sacral height in females, which decreases with age due to 
parturition. Additionally, bowing and an inferior-posterior 
displacement of the sacrum increased with age. Giroux and 
Wescott [18] reported that stature decreases around 30 years 
of age. However, it is still being determined how age-related 
decreases in stature affect estimation based on sacral height.

For testing of the multiple regression in Table 6, the lower 
mean absolute error (MAE) and the higher percentage of ac-
curacy in the first SEE of the female test samples might be 

caused by the more significant variability in the sacrum di-
mension with the stature of the male test samples than those 
of the female test samples. However, the highest range of 
MAE found in the combined and female test samples might 
be from the extreme disproportion of sacral dimension with 
stature in one female test sample.

The SEE of our simple linear regression ranged from 7.54 
to 8.93 cm for the combined sex sample, 5.94 to 6.88 cm for 
males, and 6.34 to 6.97 cm for females. The RASH provided 
the lowest SEE and the highest r and R2 in the combined sex 
sample of our study (SEE=7.54 cm, r=0.61, R2=0.37). This 
result was similar to that of Soon et al. [22]. The auricular 
surface height indicated the most useful stature estimation 
in the Malaysian population with a SEE of 7.97 cm and an 
r-value of 0.53. The MAB of this study provided the most ac-
curate result for the male and female samples (SEE=5.94 cm 
and 6.34 cm). This result is similar to Zhan’s study, but the 
SEE of our study was lower than those for the Chinese and 
African populations [3,8]. Other variables were considered 
the most accurate in other populations. For example, the to-
tal height of the sacral and the first four coccygeal vertebrae 
together (∑SC) indicated the highest stature estimation in-
dicator for Anatolian Caucasian males [19]. In 2008, Giroux 
and Wescott showed that the SEE of sacral height for Black 
males and females was 6.96 and 7.21 cm in the American 
population. In addition, Torimitsu et al. [20] reported that 
the SEE of the posterior sacral length for males was 5.83 cm, 
and the SEE of the posterior sacrococcygeal length for fe-
males was 6.68 cm in the Japanese population. These results 

Table 7. Comparison of multiple regression for the estimation of stature reported by previous studies and present study
Sex Author Method Population SEE (cm) r R2

Combined This study Dry bone Thai 6.42 0.74 0.54
Pininski and Brits [3] Dry bone Black South Africans 6.48 0.67 0.45
Soon et al. [22] CT Malaysian 7.11 0.63
Pininski and Brits [3] Dry bone White South Africans 8.08 0.49 0.24

Male Zhan et al. [8] MDCT Chinese 4.89 0.66
This study Dry bone Thai 5.35 0.66 0.41
Pelin et al. [19] MRI Caucasian 5.67 0.68
Pininski and Brits [3] Dry bone Black South Africans 6.05 0.55 0.31
Giroux and Wescott [18] Dry bone Black American 7.39 0.73
Pininski and Brits [3] Dry bone White South Africans 8.08 0.42 0.18
Giroux and Wescott [18] Dry bone White American 8.16 0.53

Female Zhan et al. [8] MDCT Chinese 4.47 0.66
Pininski and Brits [3] Dry bone Black South Africans 5.75 0.51 0.33
This study Dry bone Thai 5.88 0.59 0.33
Pininski and Brits [3] Dry bone White South Africans 6.19 0.48 0.23
Giroux and Wescott [18] Dry bone Black American 7.24 0.77
Giroux and Wescott [18] Dry bone White American 8.43 0.44

SEE, standard error of estimation; r, correlation coefficient; R2, R-squared, coefficient of determination; CT, computed tomography; MDCT, multidetector 
computed tomography.
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confirmed that the regression equations depend on each 
study’s population and variables (Table 8).

The correlation coefficient, the R2, and the SEE of our 
models were not as high as the stature estimation using the 
long bone and non-long bone dimensions such as calcaneus 
and talus [9], vertebral column [8], sternum [29], skull [10, 
11], and lumbar vertebral [12] of a previous study in the Thai 
population. However, the accuracy of stature estimation us-
ing the sacrum was superior to that using skull and lumbar 
vertebrae images in the Thai population (Table 9). The high-
est correlation coefficients of the stature estimation model 
using the calcaneus and talus in males and females were 0.71 
and 0.66, and the lowest SEE was 5.70 and 5.68 cm [9]. The 
highest correlation coefficient of stature estimation using 
the vertebral column was 0.79, and the lowest SEE was 5.80 

cm [28], whereas the stature estimation using the skull and 
mandible dimensions was 0.72, and the lowest SEE was 7.05 
cm [12]. The highest R2 of stature estimation using the lum-
bar vertebral (L3) was 0.33, and the lowest SEE was 7.70 cm. 
Therefore, the regressions of this study indicate that sacral 
measurement may be helpful in stature estimation in cases 
where better predictors such as long bones, calcaneus, talus, 
and vertebral column are unavailable.

One limitation of our study was the range of cadaver stat-
ure in males and females of our samples (150 to 190 cm and 
140 to 172 cm, respectively). Stature estimation in different 
populations or height ranges should be used with care. For 
this reason, future study is suggested in different populations.

In conclusion, this study suggests that variables of sacral 
measurement correlate to stature. The multiple regression 

Table 8. Comparision of linear regression for the estimation of stature reported by previous studies and the present study
Sex Author Method Population Number formulae SEE (cm) r R2

Combined Pininski and Brits [3] Dry bone Black South Africans 108 S=103.646+11.701 (S1+S2) 6.52 0.66 0.44
Torimitsu et al. [20] MDCT Japanese 216 S=81.69+0.61 (PSCL) 7.15 0.72 0.51
This study Dry bone Thai 200 S=94.318+1.106 (RASH) 7.54 0.61 0.37
Soon et al. [22] CT Malaysian 305 S=114.619+8.480 (LASH) 7.81 0.56
Pininski and Brits [3] Dry bone White South Africans 102 S=138.947+15.869 (S4) 8.28 0.43 0.19

Male Zhan et al. [8] MDCT Chinese 190 S=97.997+5.714 (MTDB) 5.47 0.52
Torimitsu et al. [20] MDCT Japanese 110 S=143.67+0.43 (PSL) 5.83 0.51 0.26
This study Dry bone Thai 100 S=88.317+0.698 (MAB) 5.94 0.53 0.28
Pininski and Brits [3] Dry bone Black South Africans 50 S=113.003+19.013 (S1) 6.31 0.48 0.23
Pelin et al. [19] MRI Caucasian 42 S=131.3+2.74 (∑SC) 6.40 0.43
Giroux and Wescott [18] Dry bone Black American 57 S=143.773+3.117 (SH) 6.96 0.46
Giroux and Wescott [18] Dry bone White American 92 S=149.812+2.461 (SH) 7.17 0.39
Pininski and Brits [3] Dry bone White South Africans 51 S=149.517+12.374 (S4) 8.11 0.39 0.15

Female Zhan et al. [8] MDCT Chinese 160 S=94.427+4.967 (MTDB) 5.06 0.49
Pininski and Brits [3] Dry bone Black South Africans 58 S=116.21+8.855 (S1+S2) 5.74 0.56 0.32
Pininski and Brits [3] Dry bone White South Africans 51 S=137.468+14.401 (S4) 6.20 0.46 0.21
This study Dry bone Thai 100 S=91.902+0.547 (MAB) 6.34 0.48 0.22
Torimitsu et al. [20] MDCT Japanese 106 S=85.29+ 0.56 (PSCL) 6.68 0.66 0.43
Giroux and Wescott [18] Dry bone Black American 38 S=133.675+2.898 (SH) 7.21 0.44
Giroux and Wescott [18] Dry bone White American 60 S=154.003+0.883 (SH) 7.73 0.13

SEE, standard error of estimation; r, correlation coefficient; R2, R-squared, coefficient of determination; MDCT, multidetector computed tomography; CT, 
computed tomography; PSCL, posterior sacrococcygeal length; RASH, right auricular surface height; LASH, left auricular surface height; MTDB, maximum 
transverse diameter of base; PSL, posterior sacral length; MAB, maximum anterior breadth; ∑SC, S1+S2+S3+S4+S5+C1+C2+C3+C4; SH; sacral height.

Table 9. Comparison of SEE for estimation of stature with other non-long bone models in the Thai population
Previous studies Sample Variable r SEE R2

Scott et al. [9] Calcaneus and talus MAXL, MAXH, CFH, BH, MINB, LAL, MIDB, DAFB, DAFL, MTAL 0.66 5.68
Sinthubua et al. [28] Vertebral column T11, T4, C6, T6 of anterior body height 0.79 5.80 0.62
This study Sacrum RASH, APOD, DH, TranID, MAB 0.74 6.42 0.54
Inchai [11] Skull ba-n, zy-zy, ba-b, ba-o, mastoid length, maximum ramus length, ft-ft 0.72 7.05 0.52
Suwanlikhid et al. [12] Lumbar vertebrae L3 7.70 0.33
Iamsila [10] Skull zy-zy, ba-b, ft-ft 0.53 7.98 0.28

SEE, standard error of estimation; r, correlation coefficient; R2, R-squared, coefficient of determination; MAXL, maximum length; MAXH, maximum height; 
CFH, cuboidal facet height; BH, body height; MINB, minimum breadth; LAL, load arm length; MIDB, middle breadth; DAFB, dorsal articular facet breadth; 
DAFL, dorsal articular facet length; MTAL, maximum length of the talus; RASH, right auricular surface height; APOD, anterior-posterior outer diameter of S1 
vertebra corpus; DH, dorsal height; TranID, transverse inner diameter of S1 vertebra corpus; MAB, maximum anterior breadth; ba-n, cranial base length; zy-zy, 
bizygomatic diameter; ba-b, basion-bregma height; ba-o, foramen magnum Length; ft-ft, minimum frontal breadth.



Anat Cell Biol 2023;56:259-267 Waratchaya Keereewan, et al266

www.acbjournal.orghttps://doi.org/10.5115/acb.22.140

equations can estimate stature in the Thai population for 
generating biological profiles in a forensic context when long 
bones are unavailable.
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