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Scapular length estimation from anatomical
landmarks: an osteometry and radiographic
evaluation using regression equations
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Abstract: Estimation of body length has been achieved from the measurements of the scapular with relative accuracy by
researches in recent times. This research hypothesized that the landmarks on the scapular and on the x-ray radiographs could
be used to predict scapular length and elucidated the landmarks that best estimate the scapular length. A total of 600 scapulae
and 600 anterior-posterior x-ray radiographs were used for the study. Positive correlation was observed between the measured
variables and the scapular length with the males showing significantly higher mean length compared to females. The length
of axillary boarder of the scapula was the best predictor of the scapular length. No significant difference (P>0.05) existed in
the mean length derived from the scapular and the x-ray radiographs of scapular. We therefore conclude that measurements

from the radiographs of scapular were as reliable in estimating scapular length as those from the scapular bones.
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Introduction

The ability to estimate the length of bones from their
landmarks is a major breakthrough in the process of stature
or body length estimation in grossly mutilated or dismem-
bered remains. Researchers have further been able to esti-
mate individual body length from the length of bones [1-3].
In forensic cases where the individual cannot be identified,
the ability to estimate its body length is a step toward identi-
tying the individual in question [4]. Long bones of the body
play major role and are most widely used in body length esti-
mation although short and flat bones have also been used in
estimation of the body length of unidentified individual [5-7].
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The short and flat bones are said to preserve better than long
bones in taphonomic processes [8]. Also, where long bones
are shattered beyond suitability for anthropometric evalua-
tion, sexual dimorphism [9-12] and body length estimation
[6, 13] have been archived using the scapular. The outline of
the scapular can be easily traced in the living and on x-ray
radiographs, making it important in forensic investigation.

However, the understanding of the morphometry of these
bones is of immense importance to the investigators [14-
16]. Since stature or body length is influenced by race, sex
and age of individual, formulae for body length estimation
from bones are therefore population specific [17]. Therefore,
researching, testing, and developing new techniques for
determining this component of the biological profile is very
important particularly in medico-legal cases. This study at-
tempts to use radiographic and anthropometric parameters
of the scapular in estimating its length which may be useful
in statural estimation among Nigerians.
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Materials and Methods

Six hundred healthy preserved scapulae pooled from
Anatomical Museums and six hundred X-ray radiographs
from hospitals within the six geo-political zones (North-
east, Northwest, North central, Southeast, Southwest and
South-south) of Nigeria. The sample size was calculated
using Cochran’s formula given by SS=Z’x(P)x(1-P)/C’
Where SS=sample size; Z=1.95 at 95% confidence interval;
P=percentage (%) picking a choice (expressed as decimal,
0.5 used for sample size needed); C=confidence interval (ex-
pressed as decimal, 0.04 or +4) [18].

As inclusion criteria, all samples were assessed to elimi-
nate obvious pathological damages or malformations. Only
firmly and fully ossified bones were included. Radiograph
samples used were only the specimens that showed the entire
length of the bone with clear image in the anterior-posterior
view and with no visible trauma.

On the bony samples, a digital vernier caliper calibrated
to 0.1 mm was used for measuring small dimension; an an-
thropometric board calibrated to 0.1 cm was used for taking
full length measures and an anthropometric tape calibrated
to 0.1 cm was used for taking circumferential measures.
Bones collected were not sexed but identified and separated
into right and left.

On the x-ray radiographs, a transparent ruler calibrated
to 0.1 cm was used for all measurements taken. Radiographs
were identified into male or female and the side they belong.
All samples were marked to avoid mix up and repetition.
Only anterior-posterior radiographs of this bone were used,
hence only landmarks that were readable on these radio-
graphs were measured. To eliminate bias, the same measure-
ments were verified from 30 randomly selected samples by
two evaluators, the examiner and the recorder using the
same unit and instrument. Intra- and inter-observer techni-
cal error of measurements (TEMs) were calculated using
(TEM=[\Y.D*/2N], where D=difference between the mea-
surements, N=number of samples measured) and the coeffi-
cient of reliability was also calculated using (R=[1-(TEM)’/SD’]
where SD=standard deviation of all measurements) [19, 20]. All
samples were taken from adults between the ages of 20-60
years. The landmarks used in the study included:

Measurements on the scapulae (Fig. 1)
i. Maximum length of scapular (MLS): was measured as
the distance from the superior angle of the scapular to
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the inferior angle of the scapular.

ii. Length of scapular spine (LSS): was measured as the
distance between the spinal axis at the vertebral border
to the most distal point of the acromion process.

iii. Length of supraspinous line (LSL): was measured as
the distance between the tip of the superior angle and
the spinal axis on the vertebral border.

iv. Length of infraspinous line (LIL): was measured as the
distance between the tip of the inferior angle and the
spinal axis on the vertebral border.

v. Acromio-coracoid distance (ACD): was measured as
the distance between the most dorsal point on the acro-
mion and the most lateral tip on the coracoid process.

vi. Maximum length of acromion process (MLA): was
measured as the distance between the most superior
point and the most inferior point on the acromion.

vii. Maximum length of coracoid process (MLC): was
measured as the distance between the most lateral tip
of the coracoid and the base of the most medial point
of the coracoid, often just above the scapular notch.

viii. Maximum length of glenoid fossa (MLG): was mea-

sured as the distance between the superior border
and the inferior border of the glenoid fossa.

ix. Maximum breadth of glenoid fossa (MBG): was mea-
sured as the distance between the ventral border and

Fig. 1. Diagram of the scapula. ACD, acromio-coracoid distance;
LAB, length of axial border; LIL, length of infraspinous line; LSL,
length of supraspinous line; LSS, length of scapular spine; MLA,
maximum length of acromion process; MLC, maximum length of
coracoid process; MLS, maximum length of scapular.
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the dorsal border of the glenoid fossa, usually across rior border and the inferior border of the glenoid fossa.
the midpoint of the glenoid fossa. iv. LAB: was measured as the distance between the most
x. Length of axial border (LAB): was measured as the inferior point of the glenoid fossa and the tip of the in-
distance between the most inferior point of the glenoid ferior angle.
fossa and the tip of the inferior angle [8, 21, 22].
Statistical analysis
Measurements on the radiograph of scapular (Fig. 2) To eliminate bias, the same measurements were verified

i. MLS: was measured as the distance from the superior ~ from 30 randomly selected samples by two evaluators, the
angle of the scapular to the inferior angle of the scapu-  examiner and the recorder using the same unit and instru-
lar. ment and TEMs were calculated. The intra- and inter-ob-

ii. LSS: was measured as the distance between the spinal  server TEM was calculated using (TEM=[VY.D?/2N], where
axis at the vertebral border to the most distal point of = D=difference between the measurements, N=number of
the acromion process. samples measured) and the coefficient of reliability was also

iii. MLG: was measured as the distance between the supe-  calculated using (R=[1-(TEM)*/SD’] where SD=standard

deviation of all measurements) [10, 17]. The mean, standard

deviation, minimum, maximum and standard error were de-
termined. Comparisons between the right and left variables
were performed using student’s ¢-test. Pearson’s correlation
coefficient was carried out to assess the relationship between
the variables (independent variable, x) and length (ML-
dependent variable, y). Regression analysis was undertaken
to find the variables that relate to length and for estimating
length using equations. Regression equations were derived
to construct the length of each bone from the significant
variables. Simple regression models at y=mx+c were derived,
where C’ is a constant, ‘m’ is the regression coefficient and

Ve )

the asterisk “*” denotes significant values at P<0.05. After ex-

cluding highly correlated variables using a stepwise method,

Fig. 2. Radiograph image of scapula. AB=MLS, CD=LSS, EF=MLG,
and BG=LAB. LAB, length of axial border; LSS, length of scapular
spine; MLG, maximum length of glenoid fossa; MLS, maximum
length of scapular. ing the highly correlated variables. Analysis was done using

multivariate regression equations were derived and the most
suitable parameter for predicting length was determined us-

Table 1. Technical error from the measurement of scapula parameters using bones and radiographs

. Intra-observer error Inter-observer error
SIN Variable
TEM][b] [1] R[b] [r] TEM[b] [1] R[b] [1]

1 MLS 0.322 0.326 0.98 0.98 0.321 0.318 0.98 0.98
2 LSS 0.335 0.283 0.98 0.98 0.335 0.281 0.98 0.98
3 LSL 0.155 - 0.98 - 0.155 - 0.98 -
4 LIL 0.245 - 0.98 - 0.245 - 0.98 -

5 ACD 0.134 - 0.98 - 0.134 - 0.98 -
6 MLA 0.077 - 0.98 - 0.077 - 0.98 -

7 MLC 0.134 - 0.98 - 0.134 - 0.98 -
8 MLG 0.063 0.071 0.99 0.98 0.063 0.071 0.99 0.98
9 MBG 0.045 - 0.98 - 0.045 - 0.98 -
10 LAB 0.190 0.195 0.98 0.98 0.190 0.195 0.98 0.98

S/N, serial number; MLS, maximum length of scapular; LSS, length of scapular spine; LSL, length of supraspinous line; LIL, length of infraspinous line; ACD,
acromio-coracoid distance; MLA, maximum length of acromion process; MLC, maximum length of coracoid process; MLG, maximum length of glenoid fossa;
MBG, maximum breadth of glenoid fossa; LAB, length of axial border; TEM, technical error of measurement; R, coefficient of reliability; [b], bones; [r],

radiograph.
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IBM SPSS Statistics for Windows, Version 21.0 (IBM Co.,
Armonk, NY, USA). All measurements were converted to the
nearest centimetre.

Ethical approval

Compliance with institutional rules with respect to hu-
man experimental research and ethics were strictly adhered
to in the course of this study. Since bone samples were se-
lected from cadaveric skeletal collection pooled and stored
for research and teaching purposes in the Department of
Anatomy from Universities and radiographs from hospitals
around Nigeria, written approvals were obtained from the
Human Research Ethics Committee with reference number
FCT/UATH/HREC/1085.

Results

The TEM for scapula and radiographs of scapula showed
coefficient of reliability R>0.95 in all cases, thus the mea-
surements were regarded as reliable (Table 1).

Mean Length of Scapular using Bones: The mean length
of the scapular was 14.89+1.36 cm for right and 14.83+1.12
cm for left with a range of 9.70 to 17.60 cm and 10.00 to 17.30
cm respectively. When the right and left scapulae were com-
bined, the mean was found to be 14.86+1.24 cm with a range
of 9.70 to 17.60 cm. No significant difference was found in
the mean length between the right and left scapulae nor was
there any significant difference found when compared to the
mean length of the combined scapulae (Table 2).

Pearson’s correlation showed that all the variables on the
right, left and the combined scapulae showed significant and
positive correlation with the length of scapular (Table 3). Mul-
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tivariate analysis revealed that the best predictors of scapular
length were MLC, MLG and LAB for the right scapula, LIL
for the left and when both right and left were combined, LIL
and LAB were the best predictors of the scapular length.
Multivariate linear regression equations to identify the
variables that best predict the length of scapula were as fol-
lows:
Right=-1.448+0.464MLC+0.487MLG+0.740LAB
Left=0.862+0.615LIL
Combined=0.413+0.488LIL+0.451LAB
Mean Length of Scapular using radiographs: Using x-
ray radiographs, the mean length of the male scapula from
radiographs were 15.33+1.28 cm for right and 15.26+1.02
cm for left. For females, it was 14.57+1.14 cm for right and
14.51+0.96 cm for the left. When the right and left scapulae
were combined, the mean length was found to be 15.29+1.16
cm for male and 14.54£1.05 cm for female respectively. No
significant difference was found in the mean length be-
tween right and left and neither was there any difference
found when the right and left were combined although male
showed higher mean scapular length compared to the fe-
males (Table 4). All the variables correlated with the length
of scapular when Pearson’s correlation was applied except
MLG of the left side in both male and females (Table 5).
Multivariate linear regression equations to identify the
variables that best predicted the length of male scapula using
radiographs were as follows:
Right=-0.923+0.559MLG+0.919LAB
Left=1.768+0.508LAB
Combined=0.656+0.625MLG+0.687LAB
Multivariate linear regression equations to identify the
variables that best predicted the length of female scapula us-

Table 2. Descriptive statistics of the mean and range of the different parameters of scapula

S/N  Variable Right (n=300)

Left (n=300) Combined (n=600)

Minimum Maximum Mean+SD Minimum Maximum Mean+SD Mean+SD
1 MLS 9.70 17.60 14.89+1.36 10.00 17.30 14.83+1.12 14.86+1.24
2 LSS 7.70 18.80 12.63+1.40 9.30 14.80 12.91+1.09 12.77+1.26
3 LSL 2.30 4.90 3.54+0.82 2.20 5.50 3.33+0.68 3.44+0.76
4 LIL 5.80 11.70 8.64+0.91 5.40 11.80 8.51+£0.83 8.57+0.87
5 ACD 3.90 8.00 6.73+0.81 5.30 8.30 6.98+0.67 6.86+0.75
6 MLA 3.10 4.80 3.94+0.41 3.30 5.10 3.88+0.41 3.91+0.41
7 MLC 2.00 5.30 4.25+0.48 1.80 5.70 4.15+0.64 4.20+0.56
8 MLG 2.70 3.90 3.38+0.30 2.70 4.60 3.49+0.35 3.43+0.33
9 MBG 1.20 2.90 2.38+0.27 1.80 3.70 2.53+0.32 2.45+0.30
10 LAB 8.90 15.10 12.56+0.98 9.00 15.20 12.72+1.00 12.64+0.99

S/N, serial number; SD, standard deviation; Unit, cm MLS, maximum length of scapular; LSS, length of scapular spine; LSL, length of supraspinous line; LIL,

length of infraspinous line; ACD, acromio-coracoid distance; MLA, maximum length of acromion process; MLC, maximum length of coracoid process; MLG,

maximum length of glenoid fossa; MBG, maximum breadth of glenoid fossa; LAB, length of axial border.
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P-value
0.000*
0.000*

1.28
0.90

0.55

SE

306)
0.06
0.02
0.05

Combined (n
8.16
10.87

P-value
0.000*
0.203

M
0.69
0.33

SE
Male left (n=153)

0.08

0.03

6.10
14.10

P-value
0.000*
0.000*

M
0.49
2.30

SE
153)
0.10
0.03

Male right (n=

9.03
7.37

Variable
LSS
MLG
LAB

Table 5. Univariate analysis of the different parameters correlated with the length of male/ female scapulae using radiographs

SIN
1
2
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0.000*

0.08 1.12 0.000* 6.47 0.07 0.68 0.000* 3.71

Female right (n=147)

0.97

Combined (n=294)

7.84
12.39

Female left (n=147)

0.000*
0.001*
0.000*

S/N, serial number; C, regression constant; SE, standard error; M, coefficient of regression Unit, cm; LSS, length of scapular spine; MLG, maximum length of glenoid fossa; LAB, length of axial border.

*Significant at P<0.05.

0.53

0.07
0.

0.000*
0.120
0.000*

0.57
0.33

0.09
0.03
0.08

7.25
13.36

0.000*
0.000*
0.000*

0.52
1.57
0.97

0.12
0.02
0.07

8.08
9.37
2.55

LSS

0.63

02

MLG
LAB

0.72

0.05

5.60

0.54

775
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ing radiographs were as follows:

Right=0.532+0.684LAB

Left=3.434+0.480LSS

Combined=2.785+0.492LAB

When all radiographs of scapulae were combined irre-
spective of side or sex, the mean length was 14.92+1.17 cm
with a range from 10.80 to 17.60 cm. Pearson’s correlation
shows that all the variables (LSS, MLG, and LAB) correlated
with the length of scapular (Table 6) and LAB was found to
be the best predictor of scapular length.

Multivariate linear regression equation to identify the
variable that best predict the length of scapula irrespective of
sides or sex using radiographs was:

L=1.083+0.603LAB

Discussion

This work intends to provide forensic anthropologists and
anatomists in general with a means of estimating the length
of the scapular through linear regression formulae using the
scapula and x-ray radiographs of the scapula among Nigeri-
ans. The mean length of different populations and the best
predictor of scapular length are shown in Table 7 [8, 22, 23].

No statistical significant difference was found to exist
in the mean length derived from the analysis of all the data
from x-ray radiographs and the actual bones. Therefore,
measurements from the radiographs of scapular were seen
to be as reliable in estimating the length as those from the
bones. However, Igwe and Akpuaka [23] reported a lower
mean length of scapular for males and females in the South-
east Nigerian population (Table 7) [8, 22, 23].

The present study showed no statistical significant differ-
ence in the mean length for all variables between the right
and left scapulae. However, the males showed higher mean
length compared to the females. This finding agrees with
that of other studies [8, 22, 23], although the mean length of
scapular varies for different population study (Table 7). The
differences in the mean length between males and females
may be due to geographical variation, environmental and
genetic factors which contribute to an individual’s physical
characteristic, exposure to differences in pattern of physi-
cal activities by males, a variable lifestyle compared to their
female counterparts or early attainment of adulthood of the
female giving the male additional two or more years for fur-
ther physical growth and development [24, 25].

In general, LAB can be said to be a very reliable param-
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Table 6. Descriptive statistics of the mean and range and Univariate analysis of the different parameters of Scapula irrespective of side or sex using radiographs

SIN Variable Minimum (cm) Maximum (cm) Mean+SD (cm) C SE M P-value
1 MLS 10.80 17.60 14.93+1.17 - - - -
2 LSS 7.70 18.80 12.82+1.23 7.470 0.050 0.582 0.000*
3 MLG 2.70 4.60 3.44+0.33 11.368 0.013 0.013 0.000*
4 LAB 9.20 15.20 12.68+0.93 3.998 0.038 0.862 0.000*

S/N, serial number (n=600); SD, standard deviation; C, regression constant; SE, standard error; M, coefficient of regression; MLS, maximum length of scapular;

LSS, length of scapular spine; MLG, maximum length of glenoid fossa; LAB, length of axial border. *Significant at P<0.05.

Table 7. Population, mean scapula length and best parameter for predicting length

References Population Mean length (cm) Best parameter
Campobasso et al. (1998) [22] Ttalian Male=14.62 Males - MB MBG
Female=12.97 Females - MLC MBG
Kui et al. (2016) [8] Chines Male=16.73 LAM
Female=15.77
Igwe and Akpuaka (2013) [23] South-east Nigeria Male=14.00 Nile
Female=13.50
Current study Nigerians Bones
Right=14.89 MLG, LAB
Left=14.83 LIL
Combined=14.86 LIL, LAB
Radiographs
Male right=15.33 MLG, LAB
Left=15.26 LSS
Combined= 15.29 MLG, LAB
Female right=14.57 LAB

Left=14.51 LSS
Combined=14.54 LAB
All radiographs=14.92 LAB

MB, maximum breadth of scapula; MBG, maximum breadth of glenoid fossa; MLC, maximum length of the coracoid; LAM, length of axillary margin; MLG,

maximum length of glenoid fossa; LAB, length of axial border; LIL, length of infraspinous line; LSS, length of scapular spine.

eter for estimating scapular length as most of the sub-groups
indicated from the current study. These findings are in line
with the work of Kui et al. [8] who reported that the length of
axillary margin was the best parameter for estimating stat-
ure in a Chinese population. Campobasso et al. [22] however
reported the maximum breadth of scapula and the MBG
were the best predictor of scapular length in males while in
female, the MLC and the MBG were the best predictor in an
Italian population,. This may be as a result of racial differ-
ence, nutrition, environmental or adaptive changes in the
features of the scapular.

In conclusion, this study concludes that males have higher
mean scapular length compared to their female counter-
parts. The dimensions of the scapular can successfully be
used to estimate scapular length by anatomists and forensic
anthropologists with relative ease and accuracy. The LAB
is the best predictor of scapular length. The formulae here
presented are applicable only to adult Nigerian population
due to variations as a result of biological and environmental

factors.
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