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Abstract. With rising numbers of unidentified bodies in South Africa, the South Afri-
can Police Service (SAPS) requires effective skeletal identification techniques. While 
the skull and pelvis are highly dimorphic, taphonomic fragmentation often renders 
them unavailable at forensic scenes. The sacrum is frequently well-preserved and 
exhibits population specific sexual dimorphism. This study aimed to evaluate the 
dimensions and three-dimensional (3D) shape of the ventral sacrum in a contem-
porary South African sample. Retrospective Computer Tomography (CT) scans of 
51 black South African adults (26 females, 25 males) were obtained from Steve Biko 
Academic hospital. Utilising MeVisLab © (v.3.0.2), the sacra were isolated via thresh-
old-based segmentation, and 3D landmarks were placed on the ventral sacral surface. 
Linear dimensions were calculated and evaluated using descriptive statistics and discri-
minant function analysis (DFA), while shape variations were assessed using a multi-
variate analysis and a two-group permutation test. Black South African males exhibited 
a significantly greater sacral height than females (p=0.004). The permutation test con-
firmed significant sex-based variation in overall ventral sacral shape (p= 0.005). DFA 
models predicted sex with a moderate 72.55% accuracy based on linear dimensions, 
but achieved an exceptional 94.12% accuracy utilising 3D shape coordinates. ROC 
analysis substantiated the predictive value of the ventral linear metrics (AUC = 0.73; 
95% CI: 0.60 – 0.85; p = 0.004) for sacral height, yielding an optimal cut-off value of 
103.41 mm (Sensitivity: 76 %, Specificity: 65.38 %). Sexual dimorphism significantly 
influences both the metrics and morphology of the ventral sacrum of black South 
Africans. Due to these distinct variations, the ventral sacral surface, particularly its 3D 
shape, provides a highly reliable alternative for accurate forensic sex estimation.

Keywords:	 sacrum, anatomical variation, biological profile, geometric morphomet-
rics, Sexual dimorphism.

INTRODUCTION

With rising incidences of unsolved forensic cases, the South African 
Police Service (SAPS) needs reliable methods to determine the sex and popu-
lation affinity of unknown victims. Forensic anthropologists assist the SAPS 
in their investigation by creating a biological profile using skeletal remains 
(L’Abbé and Steyn, 2012). The biological profile includes the sex, population 
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affinity, age, stature and possible cause of death of the 
deceased (Krüger et al, 2018; Spradley, 2016).

Due to biological and geographical taphonomy, deter-
mining the biological profile of a victim may be challeng-
ing (Klales et al.,2009; Iscan and Steyn, 2013). Creating a 
biological profile for the deceased has proven to be a dif-
ficult task worldwide, as forensic anthropologists rarely 
receive a full skeleton from the police (Krüger et al, 2018). 
Often, the skull and limbs of the individual may not be 
present due to the harsh environmental conditions, scav-
enger activity or the nature of the crime (Krüger et al, 
2018; Brits et al, 2020). This poses a challenge to inves-
tigators and forensic anthropologists alike, in trying to 
determine the sex, ancestry and age of the unknown 
individual in the attempt to solve a crime (Krogman and 
Iscan 1986). Due to these challenges, forensic anthropolo-
gists need to find additional, effective techniques to create 
reliable biological profiles of the deceased.

Numerous books and articles have been published 
based on metric and non-metric data of various bones 
of the human skeleton to assist forensic anthropologists 
in determining the sex and population affinity of the 
deceased (Flander, 1978, Iscan and Steyn 2013; Rusk and 
Ousley, 2016). 

The sacrum is an imperative bone which can be use-
ful in determining the ancestry and sex of an unknown 
victim, as it is often preserved well after death (Flan-
der,1978, Rusk and Ousley, 2016). Due to this fact, the 
sacrum has captured the attention of forensic anthro-
pologists in their quest to find reliable methods to deter-
mine the identity of the deceased (Flander, 1978; Rusk 
and Ousley, 2016). 

Geometric morphometric techniques have been 
used to classify the human sacral landmarks based on 
their three dimensional shape (Passalacqua et al, 2010). 
Vollner and colleagues (2011) cross-validated sex and 
ancestry-sex classification accuracy measurements in a 
study performed on black and white Americans, which 
yielded an 89% and 65.6% accuracy for sex determina-
tion rate on the os coxae and sacrum respectively. Sexual 
dimorphism seems to be population specific as expected 
and therefore, population specific guidelines are needed 
(Iscan and Steyn, 2013).

ANATOMY OF THE SACRUM

The sacral bone is a large triangular bone situated at 
the base of the vertebral column where it contributes to 
the formation of the pelvis (Bogduk, 2005). The sacrum 
consists of five fused sacral vertebrae (Drake et al ,2009). 
It has a broad thick upper end, which articulates with L, 

and it then tapers to a blunt tip inferiorly where it artic-
ulates with the coccyx (Drake et al, 2009; Bogduk, 2005). 

The sacrum has a smooth ventral surface (Fig 1A) 
that is concave and a rough dorsal surface which is 
convex, with both surfaces containing sacral foramina 
(Drake et al, 2009; Bogduk, 2005). The sacral promon-
tory, which forms part of the pelvic inlet, is located on 
the ventral surface of the first sacral vertebra (Drake et 
al, 2009). The ala of the sacrum is located on its lateral 
surface, which articulates to the ilium of the os coxa to 
form the sacroiliac joint (Drake et al, 2009). 

The ventral surface of the sacrum is of particular 
importance as it forms part of the birth canal, which is 
known to be sexually dimorphic and population specific 
(Betti, L., 2014).

CONGENITAL CONDITIONS 
ASSOCIATED WITH THE SACRUM

Forensic anthropologists must be aware of congeni-
tal abnormalities of the skeleton when examining skel-
etal remains. Sacral defects commonly occur in three 
observed patterns: the absence of the vertebrae (for 
instance sacral agenesis), hemivertebrae (hemisacral), 
and defects of the neutral arch which results in sacral 
spina bifida (Stanley et al, 1979). A common congenital 
abnormality observed in the sacral region, includes the 
lumbosacral transitional vertebrae (Apazidis et al, 2011). 
The shape and size of the sacrum is affected by the pres-
ence of a lumbosacral transitional vertebra (LSTV), not-
ed at the L5-S1 junction (Apazidis et al, 2011). 

Lumbosacral transitional vertebra is associated with 
varied degrees of geometrical changes in different ana-
tomical features of the human sacrum (Mahato, 2016). 
The LSTV is the most common congenital abnormal-
ity, such a transitional vertebra may present with abnor-
mal variations in the normal lumbosacral articulations 
between the transverse process of the inferior lumbar 
vertebra and the sacrum (Mahato, 2016). When the L5 
vertebra is fused to the sacrum it is referred to as sacrali-
sation of L5, which results in the presence of only four 
lumbar vertebrae. When S1 is separated from the sacrum 
is referred to as lumbarisation of S1 (Connolly et al, 
2003, Mahato, 2016).

SEXUAL DIMORPHISM OF THE SACRUM

Anatomical textbooks commonly describe the 
sacrum as “long and narrow” in males and “short and 
broad” in females (Benazzi et al.,2009; Iscan and Steyn 
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2013; Moore and Dalley, 2018). The sacrum is accepted 
to be sexually dimorphic due to its effect on the mor-
phology of the shape of the pelvic inlet and outlet. The 
female sacrum is less curved, resulting in a larger, more 
oval shaped pelvic outlet (Flander, 1978). The discrete 
differences in the size, curvature, number of sacral ver-
tebrae, extent of the articulation surfaces and the ratio 
of the first sacral vertebra to alae (S1/alae ratio) which is 
the ratio between the width of S1 and the width of the 
sacrum and the ratio between the width of the alae and 
the width of the sacrum, it plays a critical role in deter-
mining sex based on the sacrum (Iscan and Steyn, 2013)

With regard to the dimensions of the sacrum, it has 
been demonstrated to be an accurate indicator of sex 
differences using sacral breadth measurements (Trotter, 
1926). According to Flander (1978), the anteroposterior 
dimensions and transverse length of the first sacral ver-
tebral body are highly reliable indicators of sex (Flan-
der,1978; Rusk and Ousley, 2016). In addition to these 
sexually dimorphic diameters, the S1/alae ratio, also 
referred to as the base-wing index, is an accurate metric 
for sex estimation (Kimura, 1982; Rusk and Ousley 2016). 

A study performed by Rusk and Ousley (2016) used 
shape analysis based on multiple landmarks placed 
on the sacrum to determine variations among sexes 
between white and black Americans. They noted the 

sacrum had a classification accuracy ranging between 
60.2 – 98.0% for sex determination and 60.0 – 95.8% for 
population affinity estimation.  

POPULATION / ANCESTRAL VARIATIONS

Steyn and collegues (2016) explained the distinct 
morphology of South Africans’ bones due to the popu-
lation originating from various locations with distinct 
climatic conditions. Tague (2007) discovered that white 
Americans have a larger sacrum as compared to that of 
black African-Americans. Furthermore, distinct sexu-
al dimorphism exists across planes: males exhibited a 
greater S1 width in both the anteroposterior and trans-
verse planes, whereas females displayed longer S1 trans-
verse processes alongside larger transverse diameters 
and circumferences of the pelvic inlet (Tague, 2007). In 
contrast, Rusk and Ousley (2016) determined that the 
dorso-ventral curvature of the sacrum is more accurate 
in estimating population affinity (White vs Back Ameri-
cans) than for sex estimation, despite the traditional reli-
ance on this curve for sex determination. 

Given the high preservation rate of the sacrum in 
skeletonised remains and the documented sexual dimor-
phism across diverse populations, this study aimed to 

Figure 1. A: Ventral and B: superior surface of the sacrum indicating bony landmarks Abraham et al (2008).
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evaluate variations in the dimensions and shape of the 
ventral surface of the sacrum within a black South Afri-
can sample. 

MATERIAL AND METHODS

Material

A quantitative descriptive study was performed 
using Computed Tomography (CT) scans of 51 black 
South African adults (26 females, 25 males). Retrospec-
tive CT scans were selected from a repository at the 
Radiology Department of an academic hospital in Pre-
toria. Ethical approval (SMUREC/M/158/2022: PG) was 
obtained the research ethics committee at Sefako Mak-
gatho Health Sciences University prior to data collection.

Patients were scanned in the supine position from 
the head to mid-thigh. slice thickness ranged between 
2 to 2.5 mm. CT scanned data was collected in DICOM 
(Digital Imaging and Communications in Medicine) for-
mat which was imported into the fee medical image pro-
cessing software, MeVisLab © v.3.0.2. 

Methods

The collected DICOM files were imported into the 
MeVisLab © v.3.0.2 to visualise the skeletal structures of 
the articulated pelvis through threshold-based segmenta-
tion. Segmentation is an automated process that identi-
fies the best limit between grey values of different den-
sities, resulting in either a soft-tissue or hard-tissue 3D 
rendering (Spoor et al., 2000). For these CT scans, the 
attenuated threshold values typically ranged between 
1100-1200 Hounsfield Units (HU) for bone tissue and 
400 – 500 HU for soft tissue.

Ten landmarks were selected from literature to 
determine the dimensions and the shape of the sacrum 
(Table 1, Figs. 2 and 3). Table 2 defines the specific meas-
urements calculated from the landmarks placed on the 
3D sacral reconstruction.

By placing the selected landmarks on the 3D ven-
tral surface of the segmented sacrum, the landmarks 
were exported in XML format as x, y and z coordinates. 
The data was then imported into MS Excel to calculate 
the linear distances listed in Table 2. Normality testing 
and basic descriptive statistics were performed using the 
PAST v4.11 programme to determine the average dimen-
sions of the ventral surface of the sacrum in black South 
African males and females. A Shapiro Wilk test were 
performed to evaluate data distribution and to select the 
appropriate statistical tests to assess significant differ-
ence between sexes. 

To evaluate the effectiveness and discriminative abil-
ity of the sacral measurements in distinguishing between 
male and female individuals, a Receiver Operating Char-
acteristic (ROC) curve analysis was conducted. The 
Area Under the Curve (AUC) was calculated for each 
measurement to evaluate its overall diagnostic accuracy, 
where an AUC of 0.5 indicates random guessing and 
0.7 ≤ 0.9 indicates perfect discrimination, only applied 
to statistically significant (p ≤ 0.05) values. The optimal 
cut-off values maximising both sensitivity and specificity 
were determined. This ROC analysis protocol followed 
the methodology described by D’Arcangelo et al. (2019).

RESULTS

The results of the Shapiro-Wilk test indicated that 
the S1/ala ratio was non-parametric in females, while the 
width of the ala was non-parametric in males. Independ-

Table 1. Landmarks to be placed on the ventral surface of the sacrum.

Landmark Abbrev. Definition

Sacral promontory SPM The most protruding point in the midline along the superior margin of S1 (referred to as 
the sacral promontory)

Right lateral S1 RLS1 The most lateral point along the right superior margin of the first sacral vertebra
Left lateral S1 LLS1 The most lateral point along the left superior margin of the first sacral vertebra
Right lateral ala RLA The most lateral point along the superior margin of the right ala
Left lateral ala LLA The most lateral point along the superior margin of the left ala 
Sacral apex SA The tip of the sacrum, on the inferior margin of S5
Ventral S2 VS2 The most protruding point along the antero-superior margin S2 in the midline
Ventral S3 VS3 The most protruding point along the antero-superior margin S3 in the midline
Ventral S4 VS4 The most protruding point along the antero-superior margin S4 in the midline
Ventral S5 VS5 The most protruding point along the antero-superior margin S5 in the midline
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ent t-tests were performed to determine if significant sex-
based differences exist between black South Africans for 
parametric data, while Kruskal-Wallis tests were used for 
non-parametric data. Basic descriptive statistics and sex-
specific comparisons are summarised in Table 3. 

Sacral height was significantly greater in black South 
African males compared to their female counterparts. A 
shorter and wide sacrum was expected as it contributes 
to the oval shaped pelvic outlet of females which pro-
mote vaginal delivery. Sacral width was slightly greater 
in black South African males, but with further investiga-
tion, it was noted that the female sacral width was gener-
ally greater, but exhibited more variation resulting in a 
smaller mean value. This can be verified, by looking at 
the landmark distribution as indicated on Figure 7. 

The sex discriminative capacity of the sacrum meas-
urements was evaluated using ROC curve analysis, as 
shown in Table 4. Anterior height demonstrated the high-
est sex discrimination accuracy, yielding a statistically 
significant Area Under the Curve (AUC = 0.73; 95% CI: 

0.60 – 0.85; p = 0.001), with an optimal cut-off value of 
103.41 mm (Sensitivity: 76 %, Specificity: 65.38 %), as 
shown in Figure 4. In contrast, the remaining sacral 
dimensions (Width of S1, Width of the ala, Width of the 

Figure 2. Anterior view of the sacrum with placed landmarks.

Figure 3. Antero-lateral view of the sacrum indicating the placed 
landmarks.

Table 2. Measurements taken between landmarks.

Measurements Landmarks involved 

Width of S1 Between RLS1 and LLS1 
Length of the left ala Between LLS1 and LLA
Length of the right ala Between RLA and RLS1
Width of the sacrum Between LLA and RLA
S1/ala breath ratio Ratio between the width of S1 and 

the width of the sacrum and the 
ratio between the width of the alae 
and the width of the sacrum

Anterior height of the sacrum Between SPM and SA

Table 3. Descriptive statistics of the dimensions of the ventral sur-
face of the sacrum in a South African black sample.

Measurement 
(mm)

South African 
black females 

(n=26)

South African 
black males 

(n=25)

Differences 
(p-value)

Width of S1
50.59
± 7.34

(40.11–69.89)

52.54
± 5.10

(41.83–62.55)

0.28

Width of the ala
107.33
± 6.87

(92.19–120.35)

108.14
± 8.06

(80.15–118.48)
0.45

With of the right 
ala

29.66
± 3.76

(22.00–37.70)

29.90
± 3.48

(22.96–39.48)
0.82

Width of the 
left ala

30.25
± 4.06

(21.89–37.54)

30.83
± 4.76

(22.53–40.16)
0.65

Anterior height 
(height of the 
sacrum)

99.88
± 11.44

(79.13–126.32)

108.49
± 8.60

(89.81–123.20)
0.004*

S1/Ala ratio
0.47

± 0.06
(0.39–0.65)

0.49
± 0.04

(0.42–0.56)
0.08

* statistical significant difference (p ≤ 0.05).
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right ala, Width of the left ala, and S1/Ala ratio) showed 
weak diagnostic performance, with AUC values ranging 
between 0.51 and 0.64, reflecting their lack of statistically 
significant differences between the sexes (p > 0.05).

To evaluate 3D shape variations of the ventral sur-
face of the sacrum between sexes, a multivariate Princi-
pal Component Analyses (PCA) was performed. Prin-
cipal Component 1 (PC1) accounted for 28.97% of the 
total variance, while PCA 2 accounted for 21.73%. The 
distribution and clustering of these scores are illustrated 

in Figure 5. In addition, a two-group permutation test 
confirmed a statistically significant difference in the ven-
tral sacral shape between black South African males and 
females (p= 0.005).

Discriminant function analyses were performed on 
the 3D coordinates and linear distances to evaluate the 
capacity of ventral sacral shape to estimate sex. The dis-
criminant models achieved a 94.12% classification accu-
racy when using 3D shape data (Fig. 6a) and a 72.55% 
accuracy when based on linear dimensions (Fig 6b).

DISCUSSION

In recent years, the sacrum has spiked the interest of 
scientist, with numerous studies demonstrating that its 
shape and dimensions are both sexually dimorphic and 
population-specific (Vollner et al., 2011; Iscan and Steyn, 
2013; Rusk and Ousley, 2016; Lottering et al., 2022). Con-
sequently, this study aimed to evaluate the efficacy of sex 
estimation within a black South African sample, using 
linear distances (measured between two 3D landmarks) 
and 3D shape coordinates on the ventral sacral surface.

Within this black South African sample, the sacral 
height varied significantly between the sexes (p = 0.004). 
Although the width of the of S1 was greater in males, it was 
not statistically significant. While the S1/Ala ratio (base-
wing index) is widely documented as sexual dimorphic in 
the literature (Rusk and Ousley, 2016), it did not vary sig-
nificantly between males and females in this sample

Table 4. Receiver Operating Characteristic (ROC) curve analysis 
for estimating sex using sacral measurements.

Measurement (mm)
Area under 
the curve 

(AUC)

95% 
Confidence 

Interval 
(CI)

Differences 
(p-value)

Width of S1 0.61 0.47–0.75 0.28

Width of the ala 0.56 0.42–0.70 0.45
With of the right ala 0.51 0.37–0.66 0.82
Width of the left ala 0.54 0.40–0.69 0.65
Anterior height (height 
of the sacrum) 0.73 0.60–0.85 0.001*

S1/Ala ratio 0.64 0.50–0.78 0.08

* Statistical significant difference (p ≤ 0.05).

Figure 4. ROC curve analysis for sacral anterior height showing its 
diagnostic performance in discriminating between female and male 
individuals (AUC = 0.734, p = 0.001). The shaded area indicates 
95% confidence interval.

Figure 5. PCA graph indicating the variance in the shape of the 
ventral surface of the sacrum in black South African females (pink) 
and males (blue).
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Cross-population comparisons highlight distinct 
geomorphological variations. In the literature, Chi-
nese individuals present with the shortest sacral length 
compared to all studied population groups (Zhan et al., 
2018). While sacral length is sexually dimorphic in the 
black South African and Turkish samples, it displays no 
significant dimorphism in Japanese or American popula-
tions (Table 5). Conversely, sacral width is dimorphic in 
those global populations, but lacks dimorphism among 
black South Africans. The width of the sacral alae (sacral 
breath) does not vary between sexes in any of the popu-

lations summarised in Table 5, confirming its limited 
utility for sex estimation. 

In this study, discriminant function analysis of the 
ventral sacral dimensions yielded a 72.55% accuracy 
for sex estimation, with males exhibiting a significantly 
greater sacral height than females. While this metric 
dimorphism is fully supported by Lottering and col-
leagues (2022), our classification accuracy is notably 
lower than the 88 - 94% achieved by Flander (1987). 
This discrepancy further underscores how linear skel-
etal dimensions can exhibit varying predictive  reliability 
across different population groups. While ROC analysis 

Figure 6. Bar graphs indicating the accuracy of sex determination using the ventral surface of the sacrum based on a) shape and b) linear 
dimensions

Figure 7. Procrustus coordinates and landmark position for South African black females (pink) and males (blue) from a) lateral view and 
b) anterior view indicating the dispersion of the landma.
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substantiated the predictive value of these ventral lin-
ear dimensions with a significant Area Under the Curve 
(AUC: 0.76; CI 95%: 0.60 – 0.85; p = 0.004), the limita-
tions of traditional linear metrics have increasingly driv-
en researchers toward alternative methodologies. 

Flander (1978) demonstrated that geometric mor-
phometrics is a valuable method to determine sex from 
dry sacra after obtaining an 84% accuracy for white 
Americans and 91% accuracy for black Americans. In 
more recent years, Passalacqua and colleagues (2010) 
accurately determine sex from a black American sample, 
with 86% accuracy based on the shape of the sacrum 
defined by 3D landmarks. Notably, our results using3D 
coordinates of the ventral sacral surface yielded a 94,12 
% accuracy in estimating sex of black South Africans, 
which demonstrates greater accuracy compared to the 
findings of Passalacqua and co-workers (2010). 

Geometric morphometrics has been increasingly uti-
lised for sex estimation in recent anthropological studies. 
Zech and colleagues (2012) achieved an 80 % sex predic-
tion accuracy in a Swiss sample using CT scans. Con-
versely, the lowest sex classification accuracy, based on 
sacral shape was obtained by Franklin and co-workers 
(2014) who obtained a 70% classification accuracy using 
CT scans of an Australian sample. 

Based on these studies conducted on across diverse 
population groups, sex can be estimated from the shape 
of the sacrum with an accuracy ranging between 70% - 
94%. This overarching range demonstrates that shape-

based analyses generally yield higher predictive rates 
than those based on traditional linear distances.

CONCLUSION

Knowledge of the anatomical variations of the 
sacrum between sex and population groups is integral 
in medical education, as it will influence the selection 
of operation techniques during surgical procedures and 
assist forensic scientists in human identification. This 
study demonstrates clear sexual dimorphism in the 
ventral surface of the sacrum, confirming its utility for 
accurately estimating sex in black South Africans. 

The most effective method for sex estimation in this 
sample was based on 3D shape variation of the ventral 
surface of the sacrum, which has yielded an exceptional 
accuracy of 94,12 %. While linear distances measured 
across the ventral surface of the sacrum also success-
fully estimated sex with a 72,55 % accuracy rate, a find-
ing supported by ROC analysis which confirmed a sta-
tistically significant Area Under the Curve (AUC = 0.73; 
95% CI: 0.60 – 0.85; p = 0.004), shape analysis remains 
more accurate and reliable. 

Consequently, it is recommended that forensic 
anthropologist and anatomical scientists prioritise 3D 
shape analysis of the ventral sacrum over traditional lin-
ear dimensions when estimating sex of skeletal remains 
within the black South African population.

Table 5. Sacral dimension of various population groups based on literature.

Study: Population: Modality: S1 width Alae width Sacral height S1/ala ratio

This study Black South 
Africans CT Female: 50.59±7.34

Male: 52.54 ± 5.1
Female: 108.14 ± 8.06
Male: 107.33 ± 6.87

Female: 99.88 ± 11.44*
Male: 108.49 ± 8.6*

Female: 0.47 ± 0.06
Male: 0.49 ± 0.04

Zhan et al., 
2018 Chinese Multidetector 

CT
Female: 82.0 ± 6.2
Male: 88.3 ± 5.4

Torimitsu et 
al., 2017 Japanese Cadaver Female: 52.25 ± 5.11*

Male: 57.41 ± 5.77*
Female: 115.19 ± 5.60
Male: 116.98 ± 6.60

Female:102.58±10.52*
Male:113.52±9.73*

Rusk and 
Ousley, 2016

Black 
Americans Sacral bone Female:1/3:1/3;1/3

Males :1/4:1/2:1/4
Zech et al., 
2012 Swiss Sacral bone Female:47.6±4,2

Male: 55.5±6.2
Female:115.1±6.1
Male: 114.8±5.1  

Plochocki, 
2011 Americans Sacral bones Female:98.3±10.03

Male:100.1±8.00
Pelin et al, 
2005

Turkish 
males MRI Male: 109.5±12.1

Flander, 
1978

Black and 
white 

Americans
Sacral bones

BF:47.44±4.15*
BM:54.5±4.28*

WF:46.56±3.94*
WM:52.78±5.21*

BF:111.36±7.23
BM:111.14±7.81
WF:117.62±7.08
WM:116.42±7.11

BF: 99.98±11.24
BM: 105.5±11.01
WF:109.64±12.56
WM:110.2±11.4

* Statistically significant variations (p≤0.05), BF: Black female; BM: Black male; WF: White female; WM: White male.
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