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Abstract

Purpose The purpose of the present study was to analyze the dimensions of the crista galli (CG) in preserved skulls, and to
examine the role of the morphometry and morphology of the CG on the sex estimation.

Methods Anteroposterior, superoinferior, and laterolateral diameters of the CG were measured of 207 preserved adult skulls
of Anatolia origin with known sex (108 males, 99 females) in the Anatolian population. CG were morphologically classified
into three types according to the dimensions. The success of CG dimensions in sex determination was evaluated with ROC
analysis, and univariate and multivariate binary logistic regression analysis. The relationship between morphological types
of the CG and sex was analyzed with the Chi-square test.

Results The anteroposterior and superoinferior diameters of the CG significantly were longer in males than females while
the laterolateral diameter of the CG was wider in females (p <0.001). Superoposterior diameter (88.4%) of the CG showed
higher sex classification accuracy for sex estimation compared to the laterolateral (82.6%) and anteroposterior diameters
(80.6%). When all three parameters were used together, the sex classification accuracy rate was 94.2%. The presence of
ossified and tubular types of CG identified the male sex with 85% and 74.6% accuracy rates, respectively while teardrop type
CG identified female sex with a 72.2% accuracy rate.

Conclusion CG exhibits sexual dimorphism both morphometrically and morphologically. The height, length, and width
measurements and the morphological types of CG can be used in sex determination directly from the skull with high accu-
racy rates.
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Introduction

Personal identification is one of the most challenging aspects
of forensic science. Determination of the sex from uniden-
tified skeletal remains is a fundamental step in creating a
biological profile of an individual in both forensic anthro-
pology and bioarcheology [25]. Accurate sex prediction is
important for the accurate determination of other biological
characteristics such as race, age, and stature [20].
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Skeletal characteristics specific to different populations
make population-specific analyses necessary for sex deter-
mination. The pelvis and the skull are regarded as the most
useful anatomical structures in the human skeleton for sex
estimation [3, 19]. As the skull has more preserved integrity
than the pelvis, which tends to be found more fragmented,
it is a reliable indicator for sex determination when the
pelvis is unavailable [9, 17, 24]. Differences in shape and
size underlie the dimorphic features of the skull [12]. As it
is resistant to varying environmental conditions, the skull
retains dimorphic characteristics relatively better than other
bones. Therefore, to date, various approaches have been
described for sex determination based on the morphometri-
cal and morphological characteristics of the skull [17, 19].

The skull may not always be found complete or intact.
Sex determination is more difficult from skull fragments
brought for forensic examination. Therefore, for accurate and
reliable identification it is extremely important that methods
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are developed and confirmed which examine smaller frag-
ments of the skeleton [2, 7]. The inner surface of the skull
and the anatomic structures enclosed within it are more
protected, making them less vulnerable to various destruc-
tive forces. Therefore, sex determination performed using
anatomic structures on the inner surface of the skull may be
useful in identity determination from remains which have
been greatly destroyed.

The crista galli (CG), upward bony protrusion of the
ethmoid bone, is a pyramidal shaped structure located in
the anterior cranial fossa. The morphological characteristics
of the CG, which is a compact bony structure or sometimes
pneumatized, show variability from individual to individual.
This study was carried out to examine dimensions of the CG
in preserved adult skulls and to classify morphologically
the CG according to unbiased morphometric criteria, and
analyze the role of the dimensions and types of the CG in
sex estimation.

Materials and methods

This study was approved by the Ethics Committee of Hitit
University. The study was performed on a total of 207 (108
males, 99 females) adult preserved skulls of Anatolia ori-
gin unknown age that were obtained from the Departments
of Anatomy of Hitit University and Akdeniz University.
Pediatric skulls and those with pathology, deformation, or
fracture in the ethmoid bone were excluded from the study.
Morphometric and morphological examinations of the CG
were performed by an investigator who was experienced in
osteometric studies.

Morphometric measurements and morphological
classification of the CG

Maximum anteroposterior, maximum superoinferior, and
maximum laterolateral diameters of the CG were measured
using digital calipers (Figs. 1, 2, 3). The morphological clas-
sification of the CG was based on the methodology proposed
by Komut and Golpinar [8].

In this study, the CG was classified as teardrop type, tubu-
lar type, or ossified type, according to the dimensions of the
CG and the presence of a cavitary component of the CG on
CT images (Fig. 4). Accordingly, CGs with a width more
than a third greater than its height and including a broad
cavitary component was classified as teardrop type (Fig. 5A,
D). CGs with a width less than one-third of its height and
containing a cavitary component from the base to the apex
were categorized as tubular type (Fig. 5B, E). CGs with a
width less than a third of its height but not including a cavi-
tary component were classified as ossified type (Fig. 5C, F).
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Fig. 1 Measurement of the superoinferior diameter of the CG on the
adult skull. The red dotted lines indicate superior and inferior borders
of the CG

Fig.2 Measurement of the laterolateral diameter of the CG on the
adult skull. The red dotted lines indicate lateral borders of the CG

Statistical analysis

Statistical analysis of data was performed using SPSS ver-
sion 22.0 software (SPSS Inc., Chicago, IL, USA). Two
independent groups of numerical variables were compared
using the Student’s f-test or the Mann—Whitney U test
according to the conformity of the variables to normal dis-
tribution. Comparison of categorical variables were per-
formed using the y2 test or Fisher’s exact test. The success
classification rates in sex estimation of the morphological
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Fig.3 Measurement of the anteroposterior diameter of the CG on the
adult skull. The red dotted lines indicate the anterior and posterior
borders of the CG

types and dimensions of the CG were assessed using
receiver-operating characteristic (ROC) analysis. Optimal
cutoff points of the three morphometric parameters of the
CG were determined with the Youden Index (maximum

Fig.4 Schematic drawing of
the morphological classification
of the CG: A teardrop type, B
tubular type, C ossified type

sensitivity and specificity). The effect of the anteroposte-
rior, superoinferior and laterolateral diameters of the CG
on sex estimation was analyzed using univariate and mul-
tivariate binary logistic regression analysis.

Results

No statistically significant difference was determined
between male (n=108) and female skulls (z=99) in
respect of the number of samples (p =0.482). The mean
superoinferior, laterolateral, and anteroposterior diam-
eters of the CG were 12.01 +£2.31 mm, 3.70+1.27 mm,
and 15.15 + 1.54 mm, respectively (Table 1). The com-
parisons of the CG dimensions between males and females
are presented in Table 2. There were significant differ-
ences in dimensions of the CG between males and females
(p<0.001) (Fig. 6). ROC analysis findings indicating the
classification success of the superoinferior, laterolateral,
and anteroposterior diameters of the CG on sex estimation
are presented in Table 3. In identifying the sex, the supero-
inferior and laterolateral diameters of the CG were found

AN NAANNE

Fig.5 Superior view of an adult skull. Morphological classification
of the CG on the adult skull: A teardrop type, B tubular type, and C
ossified type. Latero-posterior view of an adult skull. Morphological

classification of the CG on the adult skull: D teardrop type, E tubular
type, and F ossified type
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Table 1 Linear measurement values of the crista galli (n=207)

Parameters Mean+SD Median Min-Max
Superoinferior diameter (mm)  12.01+2.31 11.98 7.33-17.56
Laterolateral diameter (mm) 3.70+1.27 3.54 1.49-7.09
Anteroposterior diameter (mm) 15.15+1.54 15.29 10.35-18.58

to be significant at an excellent level and the anteropos-
terior diameter of the CG at a good level (AUC =0.937;
p <0.001, AUC=0.920; p<0.001, AUC =0.888;
p <0.001, respectively).

The cutoff point for the superoinferior diameter of the
CG was found to be 11.81 mm, and this point indicated
84.8% sensitivity for distinguishing male sex and 91.6%
specificity for distinguishing female sex. The cutoff point
of the laterolateral diameter of the CG was 3.11 mm, and
this point indicated 90.9% sensitivity for distinguishing
male sex and 75% specificity for distinguishing female
sex. The cutoff point of the anteroposterior diameter of
the CG was identified as 15.79 mm, and this point had
95.9% sensitivity for distinguishing male sex and 66.6%
specificity for distinguishing female sex (Table 3). The
ROC curves representing the classification success of the

Table 2 Comparison of the
linear measurement values of

the crista galli according to
gender

Parameters Gender Mean +SD Median Min-Max p

Superoinferior diameter (mm) Male 13.64 +1.68 13.39 10.34 - 17.56 <0.001
Female 10.24+1.44 10.22 7.33-13.07

Laterolateral diameter (mm) Male 2.84+0.69 2.68 1.49 - 4.31 <0.001
Female 4.64+1.10 4.62 2.72 -7.09

Anteroposterior diameter (mm) Male 16.10+1.20 16.20 13.74 - 18.58 <0.001
Female 14.12+1.17 13.95 10.35-16.02

Mann—Whitney U test, Bold p values are statistically significant
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Fig.6 Box plots for A superoinferior diameter, B laterolateral diam-
eter, and C anteroposterior diameter measurements of CG regarding
gender. Dotted lines on the graphs indicate the cutoff scores of the
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Table 3 The results of the ROC
analysis showing the success in
gender determination of the CG
height, width, and length values

Superoinferior diameter Laterolateral

diameter

Anteroposterior diameter

AUC (95% CI)

p value

Cut-off value (for male) (mm)

Cut-off value (for female) (mm)
Sensitivity (%) (Male)
Specificity (%) (Female)

PPV (%)
NPV (%)
LR+
Accuracy (%)

0.937 (0.907-0.967)

<0.001
>11.81
<11.81
84.8 (75.9-90.9)
91.6 (84.3-95.8)
90.3 (81.9-95.2)
86.8 (78.9-92.2)

10.18 (5.41-19.13)

88.4

0.920 (0.886-0.954)

0.888 (0.847-0.930)

<0.001 <0.001
<3.11 >15.79
>3.11 <15.79

90.9 (83.0-95.4)
75 (65.5-82.6)
76.9 (68.0-83.9)
90 (81.4-95.0)
3.63 (2.60-5.07)
82.6

95.9 (89.3-98.6)
66.6 (56.8-75.2)
72.5 (63.9-79.7)
94.7 (86.3-98.3)
2.87 (2.19-3.77)
80.6

Bold p values are statistically significant

CI: confidence interval, AUC: area under the ROC curve, PPV: positive predictive value, NPV: negative
predictive value, LR +: positive likelihood ratio

superoinferior, laterolateral, and anteroposterior diameters
measurements of the CG in sex determination are shown in
Fig. 7. The predictive power of the obtained cutoff points

Fig.7 ROC curves showing the
predictive power of A superoin-
ferior diameter, B laterolateral
diameter, and C anteroposterior
diameter measurements of CG
in sex determination

in distinguishing male and female sex are presented in

Table 4.

The distribution of the CG types regarding sex are
presented in Table 5. Of the total samples, 108 (52.2%)
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Table 4 The classification success of the cutoff values in distinguish-
ing male and female sex

Parameters Gender (pre-  Total
dicted)
Cut-off value Male Female
Superoinferior >11.81 mm (Male) 99 15 114
diameter <11.81 mm 9 84 93
(Female)
Laterolateral diameter <3.11 mm (Male) 81 9 90
>3.11 mm (Female) 27 90 117
Anteroposterior >15.79 mm (Male) 72 4 76
diameter <15.79 mm 36 95 131
(Female)
Total 108 99 207

Table5 The comparisons of the morphological types of the CG
according to gender

Gender Total p
Classification Male Female
Tear drop type  n 30 78 108 <0.001
% 27.80%  72.20%  100%
Tubular type n 44 15 59
% 74.60%  25.40%  100%
Ossified type n 34 6 40
% 85% 15% 100%
Total n 108 99 207
% 5220%  47.8% 100%

Bold p values are statistically significant

were teardrop type CG, 59 (28.5%) were tubular type
CG, and 40 (19.3%) were ossified type CG. A significant
relationship between all CG types and sex was observed
(» <0.001). The findings of the univariate and multivari-
ate binary logistic regression analysis showing the effect
of the CG morphometry on sex estimation are presented
in Table 6. In the multivariate logistic regression model,

the odds ratios determined for the superoinferior, latero-
lateral, and anteroposterior diameters of CG were 48.47,
42.59, and 31.83, respectively.

Discussion

Sex estimation from human skeletal structures is one of the
essential steps for identification procedures in forensic medi-
cine [14]. The skull is accepted as the second best indicator
of sex after the pelvis [21]. The CG, which is a projecting
part of the ethmoid bone extending upwards, is the most
prominent anatomical structure in the anterior cranial fossa.

There is a limited number of studies which have examined
CG morphometry, and the findings in those studies of the
relationship between sex and the morphometric character-
istics of CG have been conflicting. Mladina et al. examined
cone beam computed tomography (CBCT) scans of 102 dry
skulls (76 males, 26 females) and found that the superoin-
ferior diameter of CG was significantly longer in females
(14.2 mm) than in males (9.5 mm), whereas there was no
difference between the genders in respect of the laterolat-
eral (2.8 mm vs. 3.1 mm) and anteroposterior diameters
(7.4 mm vs. 7.5 mm) of pneumatized CG [11]. Manea and
Mladina investigated the morphometric characteristics of
the pneumatized CG from the paranasal CT images of 196
subjects. No significant difference was found between males
(5.3-13.8 mm and 5.1-12.7 mm, respectively) and females
(5.0-12.4 mm and 4.7-11.2 mm, respectively) in respect of
the length and height of the CG while the CG was deter-
mined to be significantly wider in males (3.3—6.8 mm) than
females (3.0-5.7 mm) [10]. In a study evaluating the CBCT
scans of 300 healthy subjects, Ucar et al. reported no sig-
nificant differences between the sexes in respect of the mean
anteroposterior (14.05+2.98 mm vs 14.02 +2.90 mm) and
laterolateral diameters (3.69 +1.53 mm and 3.77 + 1.43 mm)
of the CG [22]. Komut and Golpinar investigated the rela-
tionship between CG dimensions and sex from the paranasal
CT images of 533 individuals (266 males, 267 females) and
found that the CG showed sexual dimorphism in terms of

Table 6 The logistic regression analysis results related to the effect of morphometric characteristics of the CG in gender determination

Univariate Multivariate

OR (95% CI) P OR (95% CI) P
Superoinferior diameter <11.81 mm 61.6 (25.65-147.92) <0.001 48.47 (11.69-200.96) <0.001
Laterolateral diameter >3.11 mm 30 (13.32-67.56) <0.001 42.59 (9.48-191.32) <0.001
Anteroposterior diameter < 15.79 mm 47.50 (16.17-139.51) <0.001 31.83 (6.12-165.54) <0.001

Bold p values are statistically significant

Nagelkerke R Square: 0.854, classification rate (Accuracy): 94.2, height reference group: > 11.81 mm, width reference group: <3.11 mm, length

reference group: > 15.79 mm, OR: odds ratio
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its dimensions [8]. According to the findings of that study,
the height (16.28 mm vs. 12.17 mm) and length (14.50 mm
vs. 11.06 mm) of the CG were significantly higher in males
compared to females while the width (2.59 mm vs. 4.55 mm)
of the CG was significantly lower in males than in females.
In the current study, the potential relationship between CG
dimensions and sex was tested directly from adult dry skulls.
The results of the study showed that the CG was sexually
dimorphic in terms of dimensions. In the present study, simi-
lar to the findings of the study by Komut and Golpinar, the
CG was significantly higher (13.64 mm vs. 10.24 mm) and
longer (16.10 mm vs. 14.12 mm) in males, while in females
it was significantly wider (4.64 mm vs. 2.84 mm) (p <0.001)
[8]. Differences between our findings and findings of previ-
ous CT-based studies might have arisen from measurement
protocols. This situation is clearer in the height measure-
ment of CG. The base of the CG can be found at the level or
sometimes below the cribriform plate. Therefore, radiologi-
cal measurement of the CG height provides more realistic
results than the method used in the present study when the
CG continues under the cribriform plate.

In the study by Komut and Golpinar, the sex classifica-
tion accuracy rates of the superoinferior, laterolateral, and
anteroposterior diameters of the CG were 81.4%, 81.2%, and
83.7%, respectively and when all diameter measurements of
the CG were taken into consideration, the sex classification
accuracy rate was 88.6% [8]. Similarly, in the current study,
the CG dimensions showed high classification accuracy rates
for sex estimation. According to the ROC analysis results,
the classification accuracy rates of the CG dimensions in sex
determination were 88.4% for the height parameter, 82.6%
for the width parameter, and 80.6% for the length parameter.
When the three parameters were used together, the sex clas-
sification accuracy rate was 94.2%. Unlike the study per-
formed by Komut and Golpinar, in the current study, the
height parameter of the CG had higher classification success
in sex estimation than the width and length parameters of
the CG [8].

Previously published studies have reported that sex esti-
mation can be performed using various anatomical structures
or landmarks in the skull. In a study which examined 101
skulls of the Thai population, Sangvichien et al. reported
that sex could be identified with an 88.8% accuracy rate
when using the nasion—basion length, maximum breadth of
the cranium, facial length, and bizygomatic breadth of the
face [18]. Uthman et al. examined the relationship between
sex and maxillary sinus dimensions on 88 CT images (45
males, 48 females) and found that maxillary sinus height was
the best measurement for sex estimation with a 71.6% accu-
racy rate [23]. In another study, in which the relationship of
the mandibular ramus with sex was examined on 100 ortho-
pantomographs, the accuracy rate of the mandibular ramus
measurements was determined to be 76% [6]. In a study

which examined the role of the glabella, mastoid process,
and occipital protuberance in sex determination in 165 dry
skulls of the Greek population, when the three anatomical
landmarks were used the accuracy rates were found to be
86.3-94.1% for males and 83.9-93.5% for females [13]. As
mentioned above, the skull has important anatomical struc-
tures that exhibit sexual dimorphism such as the maxillary
sinus, mandibular ramus, mastoid process, and occipital
protuberance. Each anatomical structure has its own mor-
phometric or morphological properties that could be used
in sex determination. However, these structures could show
different degrees of sexual dimorphism and some of them
are more vulnerable to various destructive forces. In addi-
tion, measurement protocol is not practical for sex estima-
tion when various reference points are used. Therefore, the
anatomical structures which show both morphometrically
and morphologically sexual dimorphism and are more pro-
tected from destructive forces may provide more reliable and
accurate data on the identification of the gender.

According to ROC analysis results of the current study,
the morphometric cutoff points of the CG in sex estima-
tion were found to be 11.81 mm, 3.11 mm, and 15.79 mm,
respectively for height, width, and length parameters. When
the cutoff values were taken into consideration, the height
parameter of the CG could predict female sex with an accu-
racy rate of 91.6%, and the width and length parameters
could predict male sex with accuracy rates of 90.9% and
95.9%, respectively. When the dry skull samples were
assessed in terms of height of the CG> 11.81 mm, width
of the CG <3.11 mm, and length of the CG > 15.79 mm,
respectively, 99, 81, and 77 of the total 108 male dry
skulls, respectively, could be correctly predicted. When
the dry skull samples were assessed in terms of height
of the CG<11.81 mm, width of the CG>3.11 mm, and
length of the CG <15.79 mm, 84, 90, and 95 of the total
99 female dry skulls, respectively, could be correctly pre-
dicted. Although the cutoff points of the CG height, width,
and length could predict both male and female sex with high
classification accuracy, these cutoff points showed more
successful classification in identifying males compared
to females. According to the results of the logistic regres-
sion analysis, the probability of female sex was 61.6-fold
greater in skulls with CG height<11.81 mm compared to
CG height> 11.81 mm. The probability of female sex was
30-fold greater in skulls with CG width>3.11 mm com-
pared to CG width <3.11 mm. The probability of female sex
was 47.50-fold greater in skulls with CG length < 15.79 mm
compared to CG length > 15.79 mm.

There are two main approaches in sex estimation from
bone structures, the osteometric and osteomorphological
approaches. Although each approach has its own specific
benefits when used separately, as they complement each
other, much higher accuracy rates are obtained when they
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are used in combination for sex estimation [16]. In the
present study, the relationship of morphological charac-
teristics of the CG with sex was also evaluated in addition
to the CG morphometric characteristics. The CGs were
classified into three morphological types as teardrop type,
tubular type, or ossified type using objective morphomet-
ric criteria. The morphological approach in this study is
based on objective morphometric criteria, providing high
accuracy rates in sex determination, by reducing the error
rates in the morphological classification of the CG.

According to the findings of this study, the CG also
shows morphologically sexual dimorphism. The presence
of ossified and tubular types of CG could identify male
sex at the accuracy rates of 85% and 74.6%, respectively.
The presence of teardrop type CG could identify female
sex at an accuracy rate of 72.2%. Similarly, in the study
by Komut and Golpinar, teardrop type CG was the most
common type of CG in females at the rate of 82.9% [8].
In males, the most dominant CG type was the ossified
type with a rate of 88.7%, followed by the tubular type
with a rate of 65.8%. The proposed classification of the
CG in the current study provides high classification rates
in sex determination, similar to the craniometric methods
developed for different anatomical structures in current
literature [1, 4, 5, and15]. The limitation of this study was
that the age of the study samples was not known. Future
examinations of the CG morphometric and morphologi-
cal properties in dry skull samples of known age will be
important in respect of determining the relationship not
only with sex but also with age.

Conclusion

In conclusion, this is the first study to have demonstrated
the relationship between sex and the morphometric and
morphological characteristics of the CG in adult preserved
skulls. CG shows sexual dimorphism both morphometrically
and morphologically. The CG was significantly higher and
longer in males while significantly wider in females. Height,
width, and length measurements of the CG are reliable dis-
criminant parameters that could be used for sex estimation.
Based on objective morphometric criteria, the CGs in the
preserved skulls were classified morphologically. Teardrop
type CG was the most common type of CG in females. In
males, the most dominant CG type was the ossified type, fol-
lowed by the tubular type. In addition to the height, length,
and width parameters, the morphological types of the CG
can be used for sex determination directly from the skull
with high rates of accuracy.
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