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Abstract This study assessed the correlation between stature
and scapular measurements in a Japanese population, using
three-dimensional (3D) computed tomographic (CT) images,
and derived regression equations for predicting stature. A total
of 194 cadavers (100 males 94 females) underwent postmor-
tem CT (PMCT) and subsequent forensic autopsy in our
department between May 2011 and April 2014. Left and right
longitudinal scapular lengths (LLSL and RLSL, respectively)
and left and right transverse scapular lengths (LTSL and
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RTSL, respectively) were measured on 3D CT reconstructed
images that extracted only scapular data. The correlation
between stature and each of the scapular measurements were
analyzed using Pearson product-moment correlation coeffi-
cients. The four variables correlated significantly with stature,
regardless of sex. The LLSL measurement had the lowest
standard error of estimation value among all subjects
(4.22 cm) and among all females (4.37 cm), whereas the
RLSL measurement had the lowest standard error of estima-
tion value among all males (3.75 cm). The results of this study
indicate that scapular measurements may be useful for the
forensic estimation of the stature of Japanese individuals,
particularly in cases where better predictors, such as long bone
lengths, are unavailable.

Keywords Forensic anthropology - Anthropometry -
Multidetector computed tomography - Scapula - Regression
analysis - Stature estimation

Introduction

Along with sex, age, and ancestry, stature is a biological
characteristic that can be determined from a skeleton, even
many years after death [1, 2]. Therefore, skeletal stature
estimation plays a crucial role in the medicolegal investigation
of unidentified human remains. To estimate stature, mathe-
matical methods that require bone measurements from skeletal
remains are commonly used. These methods are based on sex-
and population-specific regression formulae developed from
correlations between stature and skeletal element measure-
ments. In the forensic literature, many papers have been
published concerning stature estimation equations, based on
long bone measurements, because these measurements allow
accurate estimates to be made [3, 4]. However, long bone
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measurements are sometimes unavailable in cases of mass
disasters, burns, or skeletal cases [5]. In preparation for situ-
ations in which measurable long bones are unavailable, the
correlation between stature and other bones must be investi-
gated [6].

Some researchers have previously assessed the correlation
between stature and various skeletal elements such as the
sternum [7, 8], vertebrae [9—11], sacrum [12, 13], and pelvis
[5, 14]. However, few studies have examined the feasibility of
estimating stature using scapular measurements. Although
Campobasso et al. [6] and Giurazza et al. [15] analyzed the
relationship between scapular measurements and stature in an
Italian population, our search of the literature revealed that
these correlations using three-dimensional (3D) multidetector
computed tomographic (MDCT) images have not been inves-
tigated in a Japanese population. The great variability in body
proportions among different populations is well known, and a
method determined for one population is applicable only to
subjects belonging to the same ethnic group [16]. Therefore,
different formulae are required for different populations.

To date, few authors have applied computed tomographic
(CT) scanning techniques to anthropometric studies [12, 14,
15, 17, 18]. Recently, postmortem computed tomography
(PMCT) using MDCT has started to be routinely performed
in some forensic departments [14]. The 3D images of bones
can be immediately generated from MDCT data using CT
values, and forensic investigators can examine bones on CT
images without the removal of surrounding tissues or the
cleansing of the bones even when the subject is not a skele-
tonized sample. Therefore, if the evaluation of the scapula
using 3D CT images is useful for stature estimation, the time
and cost of forensic investigations could be reduced.

The aims of this retrospective study were to assess the
correlation between stature and scapular measurements in a
Japanese population using 3D CT images and to establish new
regression equations for stature prediction.

Materials and methods

This study protocol was approved by the Ethics Committee of
Chiba University, and the need for approval from the subjects’
relatives was waived.

Data were reviewed for 194 subjects of known age and sex
who underwent PMCT and subsequent forensic autopsy at the
Department of Legal Medicine at Chiba University between
May 2011 and April 2014. The subjects included 100 male
cadavers (range 21-86 years; mean age 54.2+16.0 years) and
94 female cadavers (range 32-92 years; mean age 62.8+
15.9 years). The estimated postmortem interval of the subjects
was <14 days for all subjects. The exclusion criteria of the
subjects were scapular fractures, burn injuries, back injuries,
and acquired or congenital abnormalities.

@ Springer

At the beginning of each autopsy, the cadaver stature was
measured using the same method as in our previous study
[14]. The adjusted stature (AS, cm) was calculated by
subtracting 2.0 cm from the measured stature, to compensate
for postmortem changes including reduced spinal curvature.

PMCT was performed using a 16-row detector CT system
(Eclos, Hitachi Medical, Tokyo, Japan). The scanning proto-
col was as follows: collimation, 1.25 mm; reconstruction
interval, 1.25 mm; tube voltage, 120 kVp; tube current, 200
mAs; and rotation time, 1/s. A hard filter was used. Image data
were processed on a workstation (Synapse Vincent, Fujifilm
Medical, Tokyo, Japan) to obtain orthogonal multiplanar re-
construction images and volume-rendered images.

For assessment, a 3D CT reconstructed image which ex-
tracted only scapulae using CT value data was used. Left and
right longitudinal scapular lengths (LLSL and RLSL, respec-
tively), i.e., the linear distances from the ends of the left and
right scapular angles to the superior margins of the left and
right coracoid processes, were measured (Fig. 1a and b). Left
and right transverse scapular lengths (LTSL and RTSL, re-
spectively), i.e., the linear distances from the left and right
medial scapular margins to the inferior margins of the left and
right glenoid cavities, were also measured (Fig. 1a and c).
These scapular measurements were performed using electron-
ic cursors to the nearest 0.1 mm.

In order to evaluate intraobserver and interobserver errors,
repeated measurements for 20 images selected randomly from
the subjects were performed by both the original researcher
and another one.

All statistical analyses were performed on a personal comput-
er using SPSS version 21.0 computer software (IBM, Armonk,
NY, USA) and Excel software (Microsoft Office 2007,
Microsoft, Redmond, WA, USA). The means and standard
deviations of AS and the four scapular measurements (LLSL,
LTSL, RLSL, and RTSL) were calculated for all subjects as well
as separately for the males and females. The technical error of
measurement (TEM), the relative technical error of measurement
(rTEM, %), and the coefficient of reliability (R) were calculated
to evaluate intraobserver and interobserver errors. The allowance
of r'TEM for intraobserver and interobserver error using beginner
anthropometrist levels was up to 1.5 and 2.0 %, respectively
[19]; an R value >0.95 was considered sufficiently precise [20].
The correlations between AS and each of the scapular measure-
ments were examined by simple regression analysis using Pear-
son product-moment correlation coefficient (7); a p value <0.05
was considered statistically significant.

Multiple stepwise regression analyses were also performed
using the multiple scapular measurements. The Shapiro-Wilk
test was used to determine whether the response variables
were normally distributed; a p value >0.05 showed normal
distribution of the data.

The adjusted coefficient of determination (+°), standard
error of estimation (SEE, cm), and 95 % confidence interval
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Fig. 1 A reconstructed three-dimensional computed tomographic image
showing a the linear distance from the end of the scapular angle to the
superior margin of the coracoid process (the longitudinal scapular length
(LSL)) and the linear distance from the medial scapular margin to the

(95 % CI) were calculated to evaluate the significance of the
regression. In order to compare the results of this study with
those of Giurazza et al. [15], the mean of the error of absolute
value (E, %) was calculated using the following formula to
assess the difference between stature estimated using each of
the simple regression equations (ES) and AS; n represents the
numbers of total, male, and female subjects.

E= (1))« (X

ES(i)*AS(i)\/AS(i)) % 100

Results

The descriptive statistics of age, AS, and the four scapular
measurements are shown in Table 1. The mean stature of
the male subjects was 16 cm taller than that of the female

inferior margin of the glenoid cavity (the transverse scapular length
(TSL)) in the coronal plane viewed from the anterior side of the body;
b the LSL in the sagittal plane viewed from the lateral side of the body;
and ¢ the TSL in the axial plane viewed from the inferior side of the body

subjects. The intraobserver error rTEMs were <1.5 %
(0.287-0.587 %), and the interobserver error rTEMs were
<2.0 % (0.364-0.603 %); the R values were >0.950
(0.958-0.988) (Table 2).

Table 3 shows the results of the simple linear regression
analysis using AS and each of the scapular measurements
among the total, male, and female subjects. There were sig-
nificant positive correlations (p<0.001) between AS and each
of the scapular measurements (Fig. 2). Although the » values
for male subjects (0.590-0.755) were similar to those for
female subjects (0.552-0.816), the SEE values for male sub-
jects (3.75—4.62 cm) were lower than those for female subjects
(4.37-6.31 cm). The SEE values for all subjects ranged from
4.22 t0 6.14 cm. The r values between the AS values and the
longitudinal scapular lengths (LSLs, comparatively large
values) were greater than those between the AS values and
the transverse scapular lengths (TSLs, small values). The

Table 1 Descriptive statistics of age, adjusted stature (AS), and four scapular measurements

All subjects (n=194)

Male subjects (n=100)

Female subjects (n=94)

Range Mean+SD Range Mean+SD Range Mean+SD
Age (years) 21-92 58.4+16.5 21-86 54.2+16.0 32-92 62.8+15.9
AS (cm) 136.0-184.0 159.4+10.4 157.0-184.0 169.1£5.7 136.0-169.0 153.1£7.5
LLSL? (mm) 138.4-194.6 164.2+12.7 159.2-194.6 174.0+7.6 138.4-174.5 153.8+7.7
LTSL® (mm) 90.1-129.6 107.2+7.4 98.2-129.6 112.5£5.3 90.1-113.4 101.6+4.6
RLSL® (mm) 135.4-193.7 163.8+12.2 158.5-193.7 173.0+7.5 1354-170.4 154.0+7.8
RTSL? (mm) 90.7-126.7 106.8+7.2 100.4-126.7 112.0+5.3 90.7-111.6 101.3+4.4

*Left longitudinal scapular length
P Left transverse scapular length
¢ Right longitudinal scapular length

dRight transverse scapular length
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Table 2 Technical error of measurements (TEM), relative technical error
of measurements (rTEM), and coefficient of reliability (R) (n=20)

Measurement  Intraobserver Interobserver

TEM rTEM R TEM TEM R
LLSL 0.562 0.338% 0974 0.687 0413 % 0.958
LTSL 0.639 0.587 % 0967 0.656 0.603 % 0.965
RLSL 0476 0.287 % 0988 0.603 0.364 % 0.980
RTSL 0.573  0.529% 0977 0.649 0.599 % 0.971

strongest correlations and the lowest SEE values were found
for the LLSLs among all subjects and among the female
subjects, and for the RLSLs among the males. The E values
for males (1.79-2.16 %) were lower than those for females
(2.20-3.34 %). The E values for the LSLs were also lower
than those for the TSLs in both sexes.

The results of the multiple stepwise regression analysis are
shown in Table 4. The response variables were normally
distributed. The 7* values of the multiple regression equations
were almost equivalent to those for the simple regression
equations derived from the LSLs. The SEE values of the
multiple regression equations using left variables for all sub-
jects and for females were very slightly lower than those for
the simple regression equations; however, the SEE values for
the multiple regression equations using the other variables
were very slightly higher than those for the simple regression
equations.

Discussion

Cadaver stature differs from the stature of a living individual
because of physiologic changes, such as the lessening of the
curvature of the spine, occurring after death [17, 21]. There-
fore, the possibility cannot be ruled out that the formulae
derived using statures measured at the beginning of an autop-
sy may not accurately estimate living stature. Previous re-
searchers have reported that the body length increases by
approximately 2.0 cm after death [22, 23]. For this reason,
the AS was calculated by subtracting 2.0 cm from the mea-
sured stature before evaluating the correlations between stat-
ure and the scapular measurements.

In addition, Falsetti [24] reported that forensic stature,
which is the stature recorded on driver’s licenses, medical
records, and other documents, is often greater than the stature
directly measured from a cadaver. On the other hand, mea-
sured stature is sometimes greater than the stature described
on driver’s licenses because the individuals failed to update
their driver’s license information after growth [24, 25]. Thus,
if the stature information used in the identification process is
derived from personal documents, it tends to confound stature
estimations; therefore, AS values were used in the statistical
analyses conducted as part of the present study.

The main findings of this study were the significant posi-
tive correlations between AS and the several scapular mea-
surements. In particular, the SEE values calculated using
longitudinal scapular length (LSL) were less than 5 cm re-
gardless of sex, indicating the feasibility of stature estimations

Table 3 Simple linear regression analysis for stature estimation using scapular measurements for all subjects, all male subjects, and all female subjects

Subject Variable p value 7 7P SEE® (cm) 95 % CI* (cm) Regression formula E® (%)
All LLSL <0.001 0914 0.835 422 8.27 CS=0.75xLLSL+38.50 2.14
LTSL <0.001 0.828 0.683 5.85 11.47 CS=1.17xLTSL+36.47 2.90
RLSL <0.001 0.912 0.832 4.27 8.37 CS=0.78xRLSL+34.01 2.16
RTSL <0.001 0.808 0.652 6.14 12.03 CS=1.16xRTSL+37.17 3.17
Males LLSL <0.001 0.749 0.557 3.79 743 CS=0.56xLLSL+71.55 1.82
LTSL <0.001 0.591 0.343 4.62 9.06 CS=0.63xLTSL+97.98 2.19
RLSL <0.001 0.755 0.566 3.75 7.35 CS=0.57xRLSL+70.54 1.86
RTSL <0.001 0.590 0.342 4.62 9.06 CS=0.64 xRTSL+97.69 2.18
Females LLSL <0.001 0.816 0.662 4.37 8.57 CS=0.79xLLSL+31.08 2.26
LTSL <0.001 0.638 0.401 5.83 11.43 CS=1.04xLTSL+47.68 3.03
RLSL <0.001 0.811 0.654 4.42 8.66 CS=0.78xRLSL+32.31 2.24
RTSL <0.001 0.552 0.297 6.31 12.37 CS=0.94xRTSL+58.14 3.38

LLSL left longitudinal scapular length, LTSL left transverse scapular length, RLSL right longitudinal scapular length, R7SL right transverse scapular

length, SEE standard error of estimation, £ error of absolute value

 Correlation coefficient

® Adjusted coefficient of determination

¢ Standard error of estimation

4 Confidence interval

¢ Mean of the error of absolute value
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from scapular measurements. However, the 95 % CI values
calculated using LSL were approximately 8 cm, suggesting
that the estimation method in this study may be of limited
value when used in forensic case work. The pooled sex
correlation values, namely the » values for all subjects, were
probably higher than the within-sex correlation values be-
cause of sex differences. Previous studies revealed that male
subjects are taller than female subjects in all populations
because of the later onset of puberty and the later fusion of
the epiphyses in males [26, 27]. However, the sex of severely
decomposed or skeletonized human remains is usually

unknown. Therefore, regression equations for the pooled sex
subjects are vital in addition to the separate equations for male
and female subjects.

Hasegawa et al. [28] obtained very low SEE values (male
subjects 2.63-2.85 cm; female subjects 2.87-3.03 cm) for
stature estimation from measurements of the femur and tibia
using dual-energy X-ray absorptiometry in a contemporary
Japanese population. The results of our previous study [18]
showed slightly lower SEE values (all 4.18-4.72 cm; male
subjects 4.09—4.58 cm; female subjects 4.21-4.58 cm) based
on the lengths of the radius and ulna than those obtained in this

Table 4 Multiple stepwise regression equation for stature estimation among all subjects, all male subjects, and all female subjects

Subject Variable Regression formula SEE (cm) 95 % CI (cm) s p value®
All LLSL and LTSL CS=0.70xLLSL+0.10xLTSL+36.20 421 8.25 0.836 0.375
RLSL and RTSL CS=0.75xRLSL+0.06 xRTSL+32.71 428 8.39 0.831 0.459
Males LLSL and LTSL CS=0.52xLLSL+0.07xLTSL+70.07 3.80 7.45 0.554 0.366
RLSL and RTSL CS=0.53xRLSL+0.07<RTSL+68.99 3.77 7.39 0.563 0.491
Females LLSL and LTSL CS=0.72xLLSL+0.16xXLTSL+25.31 436 8.55 0.664 0.342
RLSL and RTSL CS=0.78xRLSL+0.01 xRTSL+31.89 4.45 8.72 0.651 0.600

LLSL left longitudinal scapular length, L7SL left transverse scapular length, RLSL right longitudinal scapular length, RTSL right transverse scapular
length, SEE standard error of estimation

“The significant probability value of the Shapiro-Wilk test
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study. In addition, the scapula is fragile and in most cases at
least partly damaged. Therefore, using long bones is always
the better choice for precise stature estimation whenever one
long bone is available. However, the results of this study
indicate that scapular measurements may be useful for the
forensic estimation of the stature of Japanese individuals,
particularly in cases where long bones are no more available,
but the scapula is still available.

The present study demonstrated sex differences in the SEE
and E values. These results may be due to age differences; the
mean age of the female subjects studied in this report was
approximately 8 years older than that of the male subjects.
Nichilson et al. [29] examined 420 scapulae and reported that
the incidence of anteroinferior acromial spur increased with
specimen age. Thus, the possibility cannot be excluded that
age-related spur formations may also be observed in the
glenoid cavities and the coracoid processes which comprise
part of the shoulder joint along with acromion. Further studies
on the structural changes of the glenoid cavity and the cora-
coid process relative to age are required.

In the present study, the /* and SEE values provided by the
multiple regression equations were similar to those obtained
using the simple regression equations and LSL measurements
regardless of sex, indicating that the simple linear regression
equations using LSL measurements are as reliable for stature
estimation as the multiple stepwise regression equations.
Therefore, when the LSL of an unidentified cadaver can be
measured, there may be no need to perform multiple scapular
measurements to estimate the subject’s stature.

Table 5 shows a summary of the », SEE, and E values for
the simple regression formulae used to estimate stature based
on scapular measurements. Campobasso et al. [6] examined
the correlation between stature and scapular measurements

using dry bones in a Southern Italian population and obtained
smaller 7 values and similar SEE values compared with those
in our study, probably due to the substantially fewer subjects
examined in their study. Those authors also reported a larger »
value for the transverse scapular length (TSL) measurements
than for the LSL measurements in the male subjects. Howev-
er, Giurazza et al. [ 15] assessed the correlation between stature
and the scapular measurements in an Italian population using
CT and reported that the LSL had a stronger correlation with
stature than the TSL regardless of sex, in accordance with the
present study. The E values Giurazza et al. [15] obtained for
female subjects were smaller than those in our study, suggest-
ing that the SEE values which were not reported might also
have been smaller. There have been a few reports of anthro-
pometric evaluations based on CT imaging. Giurazza et al.
[17] compared measurements of the femur and skull with
living statures in an Italian population and concluded that
CT is one of the most accurate and precise techniques for
the study of bone morphometry. We recently assessed the
relationship between stature and pelvic bone measurements
using MDCT and developed regression equations to estimate
stature in a modern Japanese population; we obtained com-
paratively low SEE values (male 3.72-5.14 cm; female 5.02—
5.57 cm) [14]. In addition, other researchers reported that
image analysis of bones in a CT sample is useful for age
estimation and superimposition [30-32]. Because digital CT
images can be permanently stored in little or no physical
space, repeated measurements can be performed even after
autopsy, resulting in an effective increase in intraobserver and
interobserver reproducibility [33]. Although all CT examina-
tions deliver high radiation doses that should not be applied to
living individuals for stature estimation [15], radiation expo-
sure is inconsequential during routine cadaveric examinations.

Table 5 Summary of correlation coefficient (r), standard error of estimation (SEE), and mean of the error of absolute value (E) for the sex-specific

simple regression formula based on scapular measurements

Population Sex Number Variable r SEE (cm) E (%)
Campobasso et al. [6] Southern Italian Male LSL 0.35 436
TSL 0.50 4.03
Female LSL 0.41 542
TSL 0.29 5.69
Giurazza et al. [15] Italian Male 100 LSL 0.74 1.8
TSL 0.51 2.7
Female 100 LSL 0.70 1.9
TSL 0.48 2.5
Present study Japanese Male 100 LLSL 0.749 3.79 1.82
LTSL 0.591 4.62 2.19
Female LLSL 0.816 4.37 2.26
LTSL 0.638 5.83 3.03

LLSL left longitudinal scapular length, LTSL left transverse scapular length, RLSL right longitudinal scapular length, RTSL right transverse scapular

length
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However, special CT-skills may be necessary to achieve reli-
able results, when working with 3D CT imaging.

Sakuma et al. [34] measured skull lengths with calipers and
subsequently re-measured the skulls using reconstructed 3D
CT images in our department. They reported no significant
difference between the actual measurements and the measure-
ments based on 3D CT images. Therefore, the scapular CT
measurements are considered to be similar to actual physical
measurements performed on dry bones using calipers. In other
words, stature estimation based on physical scapular measure-
ments may be possible in forensic departments and institutes
that are not equipped with CT scanners.

To the best of our knowledge, this is the first study to derive
regression equations for stature estimation using scapular
measurements in a Japanese population. Our study concludes
that scapular measurements may be useful for stature estima-
tion in the Japanese population, particularly in circumstances
in which more accurate skeletal elements, such as intact long
bones, are not available for analysis. Similar studies on the
correlations between stature and the scapular measurements in
different ethnic groups are warranted in order to compile a list
of helpful regression equations for forensic investigations.
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