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Sex Assessment from the Sacral Base

by Means of Image Processing

ABSTRACT: To help improve sex assessment from skeletal remains, the present study considers the diagnostic value of the sacral base (basis
osseus sacri) based on its planar image and related metric data. For this purpose, 114 adult sacra of known sex and age from two early 20th century
Italian populations were examined, the first from Bologna, northern Italy (n = 76), and the second from Sassari, Sardinia (n = 38). Digital photos of
the sacral base were taken with each bone in a standardized orientation. Technical drawing software was used to trace its profile and to measure
related dimensions (area, perimeter, and breadth of S1 and total breadth of the sacrum). The measurements were subjected to discriminant and classi-
fication function analyses. The sex prediction success of 93.2% for the Bolognese sample, 81.6% for the Sassarese sample, and 88.3% for the pooled
sample indicates that the first sacral vertebra is a good character for sex determination.
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remains

Identification of sex from skeletal remains is one of the most
important areas of information in bioarcheological and paleodemo-
graphic research (1-4) and in forensic anthropology (5-8). Proce-
dures are usually based on visual analysis of sexually dimorphic
cranial and pelvic traits. However, the visual approach could have
serious limitations, consisting mainly in the high degree of subjec-
tivity in the evaluation of these morphological traits, many of
which have continuous variation (e.g., some pelvic features: great
sciatic notch, S-form of the iliac crest, shape and sharpness of the
rim of the obturator foramen, shape of the pelvic inlet) and thus
not clearly referable to a male or female pattern when an inter-
mediate aspect is observed.

New methods based on discriminant function analysis and math-
ematical models of sexually dimorphic bone traits have recently
been proposed to obviate this limitation (9-12). Several studies
have demonstrated the high discriminant power of numerous bone
traits in the pelvic area; some considered the whole pelvis (13-15),
others the os coxae (16) and sacrum independently (17-22).
Flander (20) showed that the dimensions of the first sacral vertebra
(anterior straight breadth of sacrum at the level of S1; transverse
and antero-posterior diameter taken outside and inside the epiphy-
seal ring) are the most significant sacral traits for sex assessment.
The most significant indices obtained by the combination of these
measures were those based on the diameters of S1 and their ratio
with the straight breadth of sacrum, which included the sacral alae.

The present study proposes a new method of sex assessment
based on digital image processing of the sacral base (the broad and
expanded upper face of the sacrum, with the upper surface of the
body of the first sacral vertebra [S1] in the middle). The method,
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employing digital photographs associated with discriminant function
analysis of derived variables, reduces the observer’s subjective eval-
uations in the determination of sex. Two Italian populations were
examined to test the reliability of the new system. In this way, it
was possible to evaluate the potential uses of the new method for
sex discrimination in different conditions. In fact, new methodolo-
gies are usually standardized on a single population, without knowl-
edge of the results when applied to other populations. In our study,
specific discriminant functions were obtained for two different pop-
ulations, considered separately and pooled into a single population.

Materials

Two samples of well-preserved sacra from the Frassetto skeletal
collection housed in the Museum of Anthropology, University of
Bologna (Italy), were examined. The age at death (from 19 to
70 years old), sex, and provenience of these individuals were well
documented by the cemetery archives.

The two samples refer to different Italian populations and repre-
sent individuals who died at the beginning of the 20th century: the
first consisted of 76 sacra of Bolognese individuals (BO), 37 males
and 39 females, coming from Bologna (northern Italy); the second
consisted of 38 sacra of Sassarese individuals (SS), 20 males and
18 females, coming from Sassari (Sardinia). These two populations
were chosen because of their morphological and morphometric dif-
ferences: the individuals in the island sample (SS) were generally
smaller than the Bolognese individuals. In total, 114 sacra were
examined.

Methods

Each bone was placed on a sandy support and orientated accord-
ing to a standard criterion (23): three bony landmarks were identi-
fied (the point on the promontory situated in the midsagittal plane
and the two most laterally projecting points on the upper face of
the body of S1); by means of a spirit level, the three points were
set on a horizontal plane corresponding to a reference Cartesian
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plane whose y-axis was perpendicular to the straight line passing
through the two lateral points. The lengths of both Cartesian axes
were conventionally established as 13 cm (Fig. 1).

A stand-mounted Olympus ¢ 4000 digital camera (4.0 mega-
pixels) with an Olympus AF ZOOM 6.5-19.5 mm 1:2.8 lens and
optical axis orthogonal to the reference metric plane was used to
take the photos. The camera’s LCD monitor was used to compose
the photos and control for camera parallax. Without using the
zoom, we set the digital camera at a fixed distance (300 mm) so
that the reference system was included in the LCD monitor. As all
photos had the same orientation criterion and reference system, we
used technical drawing software (AutoCAD LT 2.0) to create a
grid of analogous dimensions; each photo was transferred into
AutoCAD and re-sized by matching the two opposite points of the
reference system in the photo with the two homologous points of
the grid created in AutoCAD.

For each photo superimposed on the grid, we traced the original
profile of the sacral base without considering deviations due to
osteophytic processes. The latter phase was carried out with the
poly-line function of the software. The trace followed the full
extent of the rim of the sacral base and provided a closed profile
(Fig. 2). The following metric data were collected:

FIG. 1—Reference system in which the sacrum is positioned. The upper
face of the body of S is parallel to the reference Cartesian plane.

e Maximum transverse diameter (m.t.d.) of S1: distance between
the two most laterally projecting points on the body of S1 mea-
sured perpendicular to the midsagittal plane (24);

e Maximum superior breadth (m.s.b.) of sacrum: maximum trans-
verse distance between the most lateral parts of the sacral alae
measured perpendicular to the midsagittal plane;

e Area of the upper face of the body of the first sacral vertebra
(S1 area);

e Perimeter of the body of the first sacral vertebra (S1 perimeter).

To determine the accuracy of the measurements taken on the
photos of 10 sacra (in CAD), we compared the values of m.t.d.
and m.s.b. with those taken on the original specimens using a
200 mm Mitutoyo Digimatic Absolute caliper (Mitutoyo Corpora-
tion, Aurora, IL). There were no significant differences between
the results of the two measurement techniques (Table 1). To evalu-
ate inter- or intra-observer error, two operators digitized the verte-
bral profile five times on each of five sacra at different times.
There were no significant differences in the values of the four vari-
ables (Table 2).

The data were analyzed by discriminant analysis using SPSS
version 11.5 for Microsoft Windows (SPSS Inc., Chicago, IL).
Cross-validation analysis was carried out to verify the results. This
analysis repeatedly divides the sample into three subsamples and
constructs specific models based on them: each model is con-
structed from two subsamples and is then used to classify the cases
of the subsample not used to generate the model. In this way, a
single final model is constructed whose estimation of the “classifi-
cation error” is given by the mean value of the individual results
obtained from the various models. The data were initially consid-
ered separately as two different populations and then pooled to
determine the discriminant power of the metric data in both intra-
and inter-population contexts.

To assess the utility of the method applied to sacra from archeo-
logical excavations, we used the discriminant equation with three
variables (S1 area, SI perimeter, and m.t.d.) obtained by pooling
the Bolognese and Sassarese samples (BO + SS) to determine the
sex of 12 individuals from an early medieval necropolis in northern
Italy (Casalmoro near Mantua) (VI-VII century AD) whose sex
had been determined from the sexual characters of the skull and
pelvis (1,2). The previously described procedures were used to
measure the osteometric variables of the sacrum. In some cases, it

S1 Area= 11.72 cm®

51 Perimeter = 1269 em

S Mem(msh)

FIG. 2—Example of the profile of the sacral base, with the four variables (S1 area, S1 perimeter, m.t.d., m.s.b.).
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TABLE 1—Independent-sample test to evaluate the difference between the
values of maximum transverse diameter (m.t.d.) and maximum superior
breadth (m.s.b.) measured with the caliper and with CAD.

Variable Method n Mean* SD* t Significance

m.t.d. Caliper 10 4.599 0.412 0.065 0.949
CAD 10 4.587 0.417

m.s.b. Caliper 10 11.262 0.789 0.152 0.881
CAD 10 11.208 0.803

*Measurements in centimeters.

TABLE 2—Test to evaluate intra- or inter-observer error.

Inter-observer

Observer | Observer 2 Error
Sample n* Variable Mean SD Mean SD t Significance’t
1 5 SI area 9.540 0.053 9.520 0.007 0.830 0.430
5 S1 perimeter 11.392 0.036 11.390 0.016 0.115 0.912
5 m.td. 3.990 0.022 3.992 0.016 —0.161 0.876
2 5 SI area 11.746 0.029 11.752 0.033 -0.308 0.766
5 S1 perimeter 12.704 0.017 12.732 0.029 —1.888 0.096
5 m.td. 4.644 0.022 4.660 0.012 —1.425 0.192
3 5 Sl area 10.534 0.067 10.484 0.054 1.303 0.229
5 S1 perimeter 11.920 0.037 11.898 0.030 1.021 0.337
5 m.td. 4.350 0.035 4.316 0.011 2.047 0.075
4 5 S1 area 10.932 0.070 10.902 0.016 0.936 0.377
5 S1 perimeter 12.466 0.049 12.434 0.011 1.414 0.195
5 m.td. 4.336 0.023 4.360 0.012 —2.058 0.074
5 5 S1 area 11.610 0.033 11.612 0.025 -0.108 0.917
5 SI perimeter 12.618 0.027 12.624 0.018 -0.414 0.690
5 m.td. 4.558 0.018 4.552 0.008 0.679 0.516

*Number of profiles.
"Independent-samples #-test (two-tailed).

was necessary to virtually reconstruct part of the profile of the
body of S1 (by interpolation), although this was limited to less than
a quarter of its perimeter (Fig. 3).

Results

Table 3 presents the means and corresponding standard devia-
tions of the sacral base variables (area, perimeter, m.t.d. of S1, and

m.s.b. of sacrum) used in the discriminant function analysis for sex
prediction. The data are related to the Bolognese (BO) and Sassa-
rese (SS) samples and also to the pooled sample.

To test the relative contribution of each independent variable, we
calculated Wilks’ lambda and its related F value (Table 4). The
data differ significantly between the sexes for each sacral base vari-
able. Thus, each variable has a high sex-discriminant value, even
though the most significant ones are area and perimeter of S1; their
Wilks’ lambda scores are nearly the same in both single-population
samples and in the pooled one. Canonical correlation analysis was
then performed to establish the relationship between the sets (male
and female) of variables (Table 5). The eigenvalue of the function
is higher for the Bolognese sample (2.27) than for the Sassarese
one (0.95), showing that the discriminant function classifies the
dependent variables of the first group more correctly than those of
the second one. The Wilks’ lambda score, obtained from a multi-
variate significance test, offers additional evidence.

Fisher’s linear discriminant function was used to determine the
efficiency of the discriminant function (Table 6). Comparison of
the known data for the sacral base samples with the data predicted
by the discriminant function showed variable sex prediction suc-
cess. Sex was correctly assigned in 93.2% of cases for the Bolog-
nese sample using a discriminant function analysis of all four
variables, although this value decreased slightly after the cross-vali-
dation analysis (90.4%) (Table 7). When we used a discriminant
function analysis of the three variables related to S1 (area, perime-
ter, m.t.d.), the percentage decreased only slightly (92.1%) and the
result of the cross-validation analysis remained virtually the same
(90.8%); moreover, the percentage did not change when only the
perimeter and m.t.d. were used. Area of S1 was the best single dis-
criminator, with an accuracy of 86.9%, followed by perimeter
(85.7%) and m.t.d. (81.5%).

In the Sassarese sample, the sex prediction success was 81.6%
with a discriminant function analysis of four variables, although the
percentage of correct classification was lower after the cross-valida-
tion analysis (73.7%). The percentage increased (84.2%) when
m.s.b. of the sacrum was omitted from the discriminant function,
an improvement shown also by the cross-validation analysis
(76.3%) (Table 8).

When the two samples were pooled (BO + SS), the discriminant
function analysis based on four variables showed a sex prediction
success of 88.3%; the percentage decreased only slightly after the

FIG. 3—Left: sacrum with osteophytic processes and partial destruction of S1 in the left anterior portion. Right: digital reconstruction of the missing part

(see arrow).
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TABLE 3—Measurements of the sacrum (BO, SS, BO + SS)—univariate statistics.*

Males (BO) Females (BO) Males (SS) Females (SS) Males (BO + SS) Females (BO + SS)
Variable n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD
S1 area 35 14.09 152 38 10.35 142 20 12.14  1.64 18 9.95 1.07 55 13.38 1.82 56 1022 1.32
S1 perimeter 35 1392 0.75 38 11.88 0.89 20 13.11 0.95 18 1176~ 0.72 55 13.63 091 56 11.84  0.83
m.t.d. 35 507 033 38 441 039 20 486 040 18 434 037 55 500 037 56 439 038
m.s.b. 35 11.51 053 38 1144 056 20 10.74  0.63 18 10.79 054 55 1123 0.68 56 11.23  0.63
*All dimensions in centimeters.
TABLE 4—Stepwise discriminant function analysis (BO, SS, BO + SS).
BO SS BO + SS
Wilks’ df. df. Wilks’ F df. df. Wilks’ F df. df.
Variable Lambda  Ratio 1 2 Significance Lambda Ratio 1 2 Significance Lambda  Ratio 1 2 Significance
S1 area 0.38 117.65 1 71 0.000 0.61 23.05 1 36 0.000 0.50 109.62 1 109 <0.001
S1 perimeter 0.39 111.13 1 71 0.000 0.60 24.10 1 36 0.000 0.48 116.16 1 109 <0.001
m.t.d. 0.54 60.81 1 71 0.000 0.68 17.01 1 36 0.000 0.60 72.54 1 109 <0.001
m.s.b. 1.00 0.31 1 71 0.578 1.00 0.06 1 36 0.806 1.00 0.00 1 109 0.995
TABLE 5—Canonical discriminant function (BO, SS, BO + SS).
Discriminant % of Canonical Wilks’ Chi-
Group Function No. Eigenvalue Variance Correlation Lambda squared d.f. Significance
BO 1 2.27 100 0.83 0.31 81.75 4 <0.001
SS 1 0.95 100 0.70 0.51 22.76 4 <0.001
BO + SS 1 1.60 100 0.78 0.39 102.02 4 <0.001
TABLE 6—Fisher’s linear discriminant functions.
BO SS BO + SS
Variable Males Females Males Females Males Females
Classification function coefficients—four variables
S1 area —64.68 —65.42 —149.44 —149.39 —77.00 -76.90
S1 perimeter 147.32 141.12 384.72 381.01 186.40 180.46
m.t.d. -58.27 —48.65 —340.51 —337.84 —-111.24 —104.64
m.s.b. 29.17 31.37 51.72 53.52 28.80 30.94
Constant -590.69 -572.62 -1066.17 —1052.22 —639.54 -620.21
Classification function coefficients—three variables
S1 area -67.80 -68.41 -122.22 -121.23 -70.91 —-70.21
S1 perimeter 169.22 164.04 323.46 317.63 188.58 182.48
m.t.d. —78.39 —70.44 —257.79 —252.24 -115.96 —109.70
Constant -502.47 —466.07 —-753.09 -716.99 -521.70 —481.65
TABLE 7—Classification results—BO (four variables). TABLE 8—Classification results—SS (three variables).
Predicted Group Predicted Group
Membership Membership
Group Males Females Total Group Males Females Total
Original Count Males 32 3 35 Original Count Males 15 5 20
Females 2 36 38 Females 1 17 18
% Males 91.43 8.57 100 % Males 75 25 100
Females 5.26 94.74 100 Females 5.56 94.44 100
Cross- Count Males 31 4 35 Cross- Count Males 14 6 20
validated Females 3 35 38 validated Females 3 15 18
% Males 88.57 11.43 100 % Males 70 30 100
Females 7.89 92.11 100 Females 16.67 83.33 100

93.20% of original grouped cases correctly classified.
90.40% of cross-validated grouped cases correctly classified.

84.20% of original grouped cases correctly classified.

76.30% of cross-validated grouped cases correctly classified.



BENAZZI ET AL. « SEX ASSESSMENT FROM THE SACRAL BASE BY MEANS OF IMAGE PROCESSING 253

TABLE 9—Classification results—BO + SS (four variables).

Predicted Group

Membership

Group Males Females Total

Original Count Males 48 7 55
Females 6 50 56

% Males 87.27 12.73 100

Females 10.71 89.29 100

Cross- Count Males 47 8 55
validated Females 7 49 56
% Males 85.45 14.55 100

Females 12.50 87.50 100

88.30% of original grouped cases correctly classified.
86.50% of cross-validated grouped cases correctly classified.

cross-validation analysis (86.5%) (Table 9). The final results did
not change substantially when m.s.b. was excluded from the analy-
sis, i.e., when only the three variables on the upper face of the
body of S1 were used (86.0% correct classification; 85.1% after
the cross-validation analysis). Finally, it should be mentioned that
the data were also analyzed after square root transformation (i.e.,
area was considered as a quadratic dimension), but this procedure
did not significantly alter the results.

The proposed method was then tested in the sex assessment of
12 skeletons from the early medieval necropolis of Casalmoro
(Mantua—northern Italy). As some of the sacra were damaged and
thus often lacked part of the alae, we used the three-variable equa-
tion obtained from the pooled sample (BO + SS) (see Table 6).
The resulting sex diagnoses were compared with the diagnoses
made by the traditional method (Table 10). In 10 of the 12 cases
(83.3%), the discriminant function yielded the same results as the
traditional methods.

Discussion and Conclusion

Several authors have demonstrated the diagnostic value of the
sacrum (morphological and metric data) for sex determination from
skeletal remains. Flander (20) analyzed samples belonging to two
American populations, one of blacks and the other of whites,

TABLE 10—Comparison of the sex assessment results obtained with the
traditional method and with the discriminant function analysis in a medieval
sample from the Casalmoro necropolis (Mantua—northern Italy).

Discriminant
Function*
Sample Sex” Age SI area SI perimeter m.t.d. Males Females Sex*
T2 F 36 10.73 12.05 4.37 487.545 488.701 F
T7 F 33 9.56 11.29 4.13 450.554 454281 F
T27 F 46  11.34 12.30 436 488.129 488.381 F
T29 F 37 10.18 11.77 443 462320 465431 F
T3 M 40 10.70 11.91 4.25 472721 474215 F
T4 M 39 1354 13.80 5.13 525708 523.170 M
T13 M 56 1213 12.76 4.62 488.707 488.334 M
T26 M 23  10.06 11.69 420 482414 484489 F
T43 M 20 1347 13.70 5.05 521.090 518.612 M
T45 M 49 1343 13.73 531 499435 498373 M
T52 M 51 1233 12.97 471 503.691 502.739 M
T53 M 21 1321 13.79 5.27 530.988 529.156 M

*Fisher’s linear discriminant function = BO + SS (three variables).

"Results obtained with the traditional anthropological method based on
sexual traits of the skull and pelvis.

fResults obtained with Fisher’s linear discriminant function.

recording six measurements of the sacrum and using them as vari-
ables for discriminant function analysis. The transverse diameter of
S1 showed remarkable discriminant power and the accuracy of sex
assessment was high (91% for blacks and 84% for whites). Unfor-
tunately, however, this study was limited to measurements of com-
plete sacra, which are rare in archeological contexts.

In our study, we considered four variables of the sacral base, but
only the three related to S1 (area, perimeter, and m.t.d. of S1)
showed high sex discrimination potential; m.s.b. of sacrum was not
very useful for sex prediction. A discriminant function analysis of
the three variables of S1 yielded a prediction accuracy of 92.1% for
the Bolognese sample and 84.2% for the Sassarese sample. These
percentages are comparable to those of Flander (20), but the main
difference is that a complete sacrum is not necessary with our
method and accurate sex determination can be achieved with only
S1. Our study also illustrates the utility of image processing in sex-
determination studies, as it allows precise, quantitative measurements
of sexually dimorphic bone traits (e.g., area and perimeter of S1).

The high accuracy of sex assessment (88.3%) in the pooled sam-
ple suggests that discriminant analysis of these sacral base traits is
a valid method to estimate the sex of skeletal remains from a range
of populations. The discriminant power of Fisher’s equation with
three variables obtained from the pooled sample of sacra
(BO + SS) is confirmed by the satisfactory results of its application
to sacra from archeological excavations. In 83.3% of the cases, it
yielded the same results as the traditional sex assessment method.
However, the proposed method is not meant to replace the tradi-
tional anthropological procedures based on the sexual traits of the
skull and pelvis; instead, it is a useful tool when those parts of the
skeleton are missing but the sacrum is present (even if incomplete).
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