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Shape Analysis and Morphometric
Evaluation of the Obturator Foramen
in Dry Human Bones

Kemal Emre Ozen' (® , Hiima Kacar' ®

'Department of Anatomy, Faculty
of Medicine, izmir Katip Celebi ABSTRACT

University, lzmir, Turkey Purpose: This study aims to analyze the shape and morphometric features of the obturator foramen (OF) in dry human bones.
Methods: Forty-six (Right:15, Left:31) dry human coxal bones were evaluated. Photographs of samples for morphometric
measurements were taken using a transparent osteometric box (TOB) designed for this study. Horizontal and vertical diameters
of OF were measured according to two different principles. Measurements were taken to determine the localization of OF on the
coxal bone (hip bone) relative to the acetabulum, pubis, and ischium. Shape analysis (visual classification) of OF was performed
with the conventional method. In order to examine the shape variations of the OF in more detail, quantitative shape analysis
based on Elliptic Fourier Analysis was performed with the SHAPE software.

Results: A significant difference was observed between the diameter measurements obtained by the two methods (p<0,001).
After the qualitative shape analysis 6 types were determined in the qualitative shape analysis (oval, ellipsoid, piriform,
trapezoidal, triangular, and atypical). Researchers agreed on the shape types of 16 bones. Quantitative shape analysis revealed
77 principal components (PC). The first nine significant PC explained the variation in the shape of OF cumulatively by 92,61%.

Conclusion: The standard position, defined for the first time in this study, is recommended as an easy-to-reproduce position
- for dry bone measurements or radiological morphometric studies. The conventional shape analysis method (visual typing) is
Kemal Emre OZEN not capable of sufficient evidence-based discrimination. Therefore, examining the shape features of OF based on quantitative
Hiima KACAR findings such as Elliptic Fourier Analysis may yield more accurate results.
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Kuru insan Kemiklerinde Foramen Obturatum’un Morfometrik Ozellikleri ve $ekil Analizi
OZET
Amag: Bu arastirmanin amaci foramen obturatum’un (FO) detayl morfometrik ve morfolojik sekil analizinin yapilmasidir.

Yontem: Calismada 46 (sag:15, sol:31) adet kuru os coxae incelenmistir. Morfometrik dlciimlerde bu calisma icin tasarlanmig
seffaf osteometrik kutu kullanilarak standart bir pozisyon belirlenerek drneklerin fotograflari alinmistir. FO'nun iki farkli prensibe
gore horizontal ve vertikal caplan 6l¢iilmiistiir. FOnun os coxa iizerindeki lokalizasyonun acetabulum’a, pubis'e ve ischium'a
gore belirlenmesi icin dl¢imler alinmistir. FO'nun konvansiyonel yontemle sekil analizi (gorsel tiplendirme) yapildi. FO'nun sekil
varyasyonlarinin daha ayrintili incelenmesi icin SHAPE yazilimi ile Eliptik Fourier Analizi temeline dayanan kantitatif sekil analizi

yapiimistir.
Correspondence: Kemal Emre Ozen Bulgular: iki farkli yontemle elde edilen cap dlciimleri arasinda anlamli farkhilik bulunmaktadir (p<0,001). Kalitatif sekil
Department of Anatomy, Faculty of Medicine, analizinde 6 gorsel tip tespit (oval, elips, piriform, yamuk, iicgen, atipik) edilmistir. Arastirmacilar 16 kemigin sekil tipi izerinde
izmir Katip Celebi University, izmir, Turkey mutabik kalmiglardir. Kantitatif sekil analizinde 77 temel bilesen (TB) ortaya ¢lkmustir. Ik 9 anlamli TB, FO'nun seklindeki
Phone: 4902322706015 varyasyonu kiimiilatif olarak %92,61 oraninda aciklamaktadir.
E-mail: kemalemre9870@yahoo.com Sonug: ilk kez bu calisma ile tammlanip kullanilan standart pozisyon ile, kuru kemiklerde veya radyolojik morfometrik calismalar

icin literatiire standardize edilmesi kolay ve tekrarlanabilir bir pozisyon dnerilmektedir. Konvansiyonel sekil analiz yontemi (gérsel
tiplendirme) yeterli diizeyde kanrta dayali diskriminasyon giiciinde degildir. Bu nedenle FO'nu sekil 6zelliklerini Eliptik Fourier
Analizi gibi kantitatif bulgulara dayanarak incelemek daha dogru sonuglar verebilir.
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Morphology of the Obturator Foramen

he ilium, ischium, and pubis begin to fuse at 14-16

years of age and become a single bone and form

the coxal bone (hip bone). The obturator foramen
(OF) formed by the pubis and ischium is a structure with
clinical and anthropometric importance. Especially the
hip bone is one of the bones that allows us to reach reli-
able and accurate results in sex determination in anthro-
pology (1). In the literature, the morphological features of
OF have been examined together with other anatomical
structures belonging to coxal bone (2, 3). There are studi-
es investigating the dimorphic feature of OF according to
gender (4). It has been reported that it is larger and oval
in shape in men, and smaller and triangular in women
(4). Morphometric details and shape type characteristics
of OF can provide helpful information in forensic science,
such as sex and age determination (5, 6). In addition to
anthropological research, OF and surrounding anatomi-
cal structures are essential in clinical anatomy. In surgical
procedures performed in this region (such as transobtu-
rator band placement, obturator nerve blockage, obtu-
rator bypass, tumor surgery, hernia repair, and traumas),
care should be taken against the vascular structures (7-9).
Considering the anatomical structure of OF and the morp-
hometric relationship of the anatomical structures of the
OF may reduce the risk of injuries to the neurovascular
structures within the obturator canal during the procedu-
res like surgical treatment of the urinary incontinence (8).

In the literature, it seems that the morphological fea-
tures of OF have not been revealed in sufficient detail.
Methodological standardization inconsistencies or un-
certainties regarding morphometric methods for OF
have also been observed. More detailed analysis of the
morphological features of OF may lead to more successful
results in areas such as sex or age determination. Based
on these reasons, our research aimed to make a detailed
morphometric/morphological analysis of OF. In this re-
search, morphometric measurements were taken based
on anthropometric points on the acetabulum, pubis, and
ischium. The location of the OF on the coxal bone and its
relations with the bone structures were examined. In ad-
dition, qualitative shape analysis and quantitative shape
analysis based on the Elliptic Fourier method were used
to explain the shape properties of OF.

Material and Method

Dry bone collection of the department of anatomy was
evaluated. Coxal bones with any deformation in the OF
were excluded. Forty-six (Right: 15, Left: 31) dry coxal bo-
nes were included in the study. There are no demographic

documents such as age, gender, or cause of death of the
donors of the bones. Right and left coxal bones are inde-
pendent bones. They do not belong to the same individu-
al. Institutional ethics committee approval was obtained
prior to this study.

General Morphometric Measurements of the Coxal Bones
Adigital caliper was used to measure the height and width
of the coxal bones. The distance between the lowest point
of the ischial tuberosity and the highest point of the iliac
crest was measured for height. The distance between the
anterior superior iliac spine and posterior superior iliac
spine was measured for width (10).

Standard Position for Photograph in Morphological
Evaluation

In our study, photographs of the hip bones were taken
in a standard position. Canon 800D camera was used for
photography. The studio environment used for taking
photographs and the transparent osteometric box (TOB)
designed for standardization of the position for photog-
raphy are presented in Figure 1. In the photographing se-
tup, spirit levels, bone landmarks, and a TOB were used to
provide imaging standardization based on the principal
plane and axes (Figure 1a). The movements of the bones
depending on the planes and their rotation due to the
axes are prevented. The TOB is made of transparent mica
(Figure 1b). The TOB has a cubic design with six equal sur-
faces perpendicular to each other. (Figure 1c). The stan-
dard position description for photography is presented in
Figure 2, accompanied by a visual.

Figure 1a. Photography methodology. Photographing setup
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Figure 1b. Photography methodology. Transparent Osteometric Box
(TOB)

Xy -
plane
yz-

plane

XZ -
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Figure 1c. Photography methodology. Design of the TOB. Surfaces of the
TOB: Anterior (A), posterior (P), right (R), left (L), top (T), bottom (B)

Morphometric Evaluation of Obturator Foramen

ImageJ (Rasband, W.S., Imagel, U. S. National Institutes of
Health, Bethesda, Maryland, USA, https://imagej.nih.gov/
ij, 1997-2018) software was used for measurements on
photographs of hip bones.

Morphometric Landmarks and Measurements Regarding
the Obturator Foramen

The landmarks and descriptions of morphometric measu-
rements related to OF are presented in Figure 3. SHAPE
v.1.3 software was used to measure the area of the OF (11).

Morphometric Landmarks and Measurements Regarding
the Localization of the Obturator Foramen on the Coxal Bone
The landmarks and descriptions of morphometric mea-
surements related to the localization of OF on the coxal
bone are presented in Figure 3.

Shape Analysis

Qualitative Shape Analysis of Obturator Foramen

In the current study, conventional shape analysis (visual
typing) was performed first for the shape typing of OF.
Qualitative shape analysis (visual typing) was performed
on photographs taken in standard position (Figure 2).
Visual typing is based on OF’s analogy to any geomet-
ric shapes. All photos have been reviewed several times.
Then the geometric shape that each OF resembles was
noted. In this preliminary examination, it was observed
that five geometric models (shape types) were dominant.
Then, OFs were re-evaluated and included in the approp-
riate type group. The atypical group was created for sha-
pes that do not fit any typing. The dominant geometric
models (shape types) determined for OF are presented in
Figure 4.

Quantitative Shape Analysis of Obturator Foramen

In order to reveal the variations in the shape structure of
the OF in more detail, a quantitative shape analysis based
on Elliptic Fourier Analysis (EFA) was performed. SHAPE
v.1.3 software was used for quantitative shape analysis
of OF (11). EFA conducted by SHAPE seeks patterns in
the expression of the shape and presents them as prin-
cipal component analysis (PCA) findings. PCA detects the
individual-to-individual variation in the shape by identif-
ying the principal components (PC) (11). Elliptic Fourier
Analysis (EFA) is a numerical method that allows the outli-
ne of a shape to be comprehensively measured and desc-
ribed (6). In addition, the SHAPE software ranks these PCs
in decreasing order of importance; The first PC explains
the most significant part of the shape variance, while the
subsequent PCs explain less. For each of the PCs, a single
numerical PC score is generated that describes the shape
characteristics of that sample. The SHAPE software also
creates a drawing of each PC in the sample, allowing the
researcher to observe how that aspect of the shape chan-
ges across its endpoints. The mean shape of a significant
PC is given as the reference point, and shapes within +2
standard deviations from the mean shape are also pro-
duced (12). In order to perform the quantitative shape
analysis of the OF, the OF images in the position descri-
bed in Figure 2 were transferred to the SHAPE software
after processing with the technical adjustments required
by the software. As a result, EFA with the SHAPE software
provided the PCs that affect the shape variation and the
contribution ratios of PCs to the shape variation.
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Morphology of the Obturator Foramen

Description of the standard position of photography:

. Anterior superior iliac spine (ASIS) (short black arrow, #1), the
most lateral point of the ischial tuberosity (long black arrow,
#2), and pubic tubercle (short white arrow, #3) are fixed on the
A surface of the transparent osteometric box (TOB)

. ASIS (short black arrow, #1) and the most superior point of the
articular surface of the pubic symphysis (long white arrow, #4)
are fixed on the L surface of the TOB

. The optical axis of the camera is perpendicular to the A surface
of the TOB and traverses through the center of the obturator
foramen (OF)

. The center of the lens of the camera is fixed 30 cm away from
the borders of the OF

Figure 2. Standard photography position

Figure 3. Osteometric landmarks and measurements on the left coxal
bone

Osteometric Landmarks:

#5: The most superior point of the OF

#6: The most inferior point of the OF

#7:The most anterior point of the OF

#8: The most posterior point of the OF

#9: the intersection of the vertical and horizontal diameters of the acetabulum

#10: The most posterior point of the ischial tuberosity

#11: pubic tubercle

#12: The closest point to the margin OF located on the posterior aspect of the ischium
#13: The intersection point of the “margin of the OF”and “the perpendicular line from the
#12 to the margin of the OF"

#14:The intersection point of “the pecten pubis (pectineal line)” and “the perpendicular line
from the #7 to the pecten pubis (pectineal line).”

#15: The intersection point of the “lower border of the ischiopubic ramus, and “the
perpendicular line from the #6 to the lower border of the ischiopubic ramus.”

ASIS: Anterior Superior lliac Spine

Morphometric Measurements:
A. Measurements regarding the OF

a) Vertical diameter measurements of OF

i) The direct distance between the most superior and the most inferior points of the OF (x1,
between #5 and #6)

ii) The vertical distance between the tangents of the #5 and #6 (x, between #5 and the
horizontal line traversing the #6)

b) Horizontal diameter measurements of OF

i) The direct distance between the most anterior and the most posterior points of the OF (y1,
between #8 and #7)

ii) The horizontal distance between the tangents of the #8 and #7 (y, between the #8 and the
vertical line traversing the #7)

c) Measurements regarding the thickness of the bony structures surrounding the OF

i) Distance from OF to Ramus of the ischium (between #12 and #13)

ii) Distance from the most anterior point of OF to Superior pubic ramus (between #7 and
#14)

iii) Distance from the most inferior point of OF to ischiopubic ramus (between #6 and #15)

B. Measurements Regarding the Localization of the Ok F on the Coxal
Bone
a)M ing the morphometric relati p with the acetabul

i) Distance from acetabulum to the most anterior point of OF (between #9 and #7)
ii) Distance from acetabulum to the most posterlor point of OF (between #9 and #8)
|||) Distance from acetabulum to the most superior point of OF (between #9 and #5)

iv) Dlstance from acetabulum to the most inferior point of OF (between #9 and #6)

repr ing the morphometric relationship with the ischium

i) Distance from ischial tuber05|ty to the most anterior point of OF (between #10 and #7)
ii) Distance from ischial tuberosity to the most posterior point of OF (between #10 and #8)
iii) Distance from ischial tuberosity to the most superior point of OF (between #10 and #5)
iv) Distance from ischial tuberosity to the most infenor point of OF (between #10 and #6)
oM p! ing the morp ic rel p with the pubis
i) Distance from the pubic tubercle to the most anterior point of OF (between #11 and #7)
ii) Distance from the pubic tubercle to the most posterior point of OF (between #11 and #8)
iii) Distance from the pubic tubercle to the most superior point of OF (between #11 and #5)
iv) Distance from the pubic tubercle to the most inferior point of OF (between #11 and #6)
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Figure 4. Visual types of obturator foramen detected by qualitative shape
analysis
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Figure 5. Principal component analysis (PCA) for the shape of the

obturator foramen (n=46)

Statistical Analysis

Statistical analyzes of the study were carried out with the
IBM SPSS Statistics 25.0 (IBM Corp., Armonk, New York,
USA). Descriptive statistics of the variables in the study,
number of units, minimum value, maximum value, and
meanzstandard deviation (Mean£SD) values were pre-
sented. The distribution characteristics of the data were
investigated with the Shapiro-Wilk test. All the data ob-
tained by the measurements meet the parametric test
assumptions. Side comparisons were examined with the
independent samples T-test since the right, and left side
bones did not belong to the same individual. Cohen’s
Kappa coefficient was used for the agreement of obser-
vers about the qualitative shape analysis findings. The sta-
tistical significance level was accepted as a=0.05.

Results

General Morphometric Measurements of the Coxal Bones
Depending on the deformations in coxal bones, measure-
ments were taken from 44 samples for height and 34 for
width. General morphometric variables of coxal bones are
presented in Table 1. There was no statistically significant
difference between the right and left sides for both height
and width variables.

Morphometric Evaluation of Obturator Foramen
Measurements Regarding the Obturator Foramen
Measurements related to OF are presented in (Table 2).
There were significant differences between the findings
retrieved with different diameter measurements. “The
direct distance between the most superior and the most
inferior points of the OF (x1, distance between #5 and #6)”
is significantly higher than the “The vertical distance bet-
ween the tangents of the #5 and #6 (x, distance between
#5 and the horizontal line traversing the #6)” (p<0,001,
Table 2). “The direct distance between the most anterior
and the most posterior points of the OF (y1, distance bet-
ween #8 and #7)" is significantly higher than the “The ho-
rizontal distance between the tangents of the #8 and #7
(y, distance between the #8 and the vertical line traversing
the #7)" (p<0,001, Table 2). The distance “from the most in-
ferior point of OF to ischiopubic ramus (between #6 and
#15)"was significantly higher on the left than on the right.

The area of OF was determined by SHAPE as
1072,68+170,97 (n:46) mm> There was no statistically
significant difference between right side measurements
[1123,30+207,24 (n:15)] and left side measurements
[1048,19+148,00 (n:31)].

Measurements Regarding the Localization of the Obturator
Foramen on the Coxal Bone

The findings of the variables representing the localizati-
on of OF are presented in Table 3. There was a statistically
significant difference between the parties for the variable
“Distance from acetabulum to the most superior point of
OF (between #9 and #5)" (p<0,05, Table 3).

Shape Analysis

Qualitative Shape Analysis Results of Obturator Foramen

OF was assigned to 5 geometric model (shape types) types
by two researchers. Those that could not be assigned to a
particular geometric model were typed as atypical. The
qualitative typing decisions of the two researchers and
the number of cases they agreed and disagreed with are
presented in Table 4. Cohen’s Kappa coefficient was 0,50.
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Morphology of the Obturator Foramen

Table 1. General morphometric variables of the coxal bones (mm)

Variable Side n Min Max Mean+SD p*
Right 14 177,04 220,00 201,10+12,94
ARG Left 30 176,57 229,71 205,97+12,57 0,243
coxal bones
Total 44 176,57 229,71 204,42+12,75
Right 10 128,16 169,01 151,11+12,57
RGNS Left 24 125,49 172,34 150,33+10,64 0,854
coxal bones
Total 34 125,49 172,34 150,56+11,05

* Independent samples T-test (comparison of the right and left sides)

Table 2. Measurements regarding the obturator foramen (OF) (n=46, mm).

Variable (Measurement) Side n Min Max Mean+SD p*

Vertical diameter measurements of OF

The direct distance between the Right 15 30,28 47,18 37,69+4,25
most superior and the most inferior

Lef 1 26, 46, 7,15+4,4 2
points of the OF (x1, between #5 eft 3 635 6,55 37,15 6 0,702
and #6) Total 46 26,35 47,18 37,334,352
The vertical distance between Right 15 28,46 46,00 36,54+4,41
the tangents of the #5 and #6 (x

! Left 31 26,00 46,23 36,05+4,14 A

between #5 and the horizontal line N 0715
traversing the #6) Total 46 26,00 46,23 36,21+4,192
Horizontal diameter measurements of OF
The direct distance between the Right 15 43,65 58,95 50,62+3,79
most anterior and the most posterior

Lef 1 43, 74 ,3243, 2
points of the OF (y1, between #8 eft 3 3,86 >7.45 50.3243,58 0,794
and #7) Total 46 43,65 58,95 50,41£3,61"
The horizontal distance between Right 15 40,38 58,80 47,99+4,81
the tangents of the #8 and #7 (y,

Left 31 40,70 55,38 47,83+3,55 ,
between the #8 and the vertical line N 0,902
traversing the #7) Total 46 40,38 58,80 47,88+3,95°

Measurements regarding the thickness of the bony structures surrounding the OF

Right 15 25,08 33,10 29,08+2,39
Distance from OF to Ramus of the
L
ischium (between #12 and #13) Left 31 24,95 35,55 30,16+2,82 0,211
Total 46 24,95 35,55 29,80+2,71
Right 15 11,20 19,18 1591+£2,14

Distance from the most anterior
point of OF to Superior pubic ramus Left 31 10,25 21,78 16,11£3,13 0,822
(between #7 and #14)

Total 46 10,25 21,78 16,04£2,82
) o Right 15 8,75 15,34 11,60+2,14
Distance from the most inferior point
of OF to ischiopubic ramus (between Left 31 8,47 18,16 13,33+£2,43 0,024
#6 and #15)
Total 46 8,47 18,16 12,77£2,46

* Independent samples T-test (comparison of the right and left sides)
a Significant difference between the findings of two vertical diameter measurement methods of OF (p<0,001).
® Significant difference between the findings of two horizontal diameter measurement methods of OF (p<0,001
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Table 3. Measurements regarding the localization of the obturator foramen (OF) on the coxal bone (n=46, mm)

Variable (Measurement) Side n Min Max MeantSD p*

Measurements representing the morphometric relationship with the acetabulum

X Right 15 36,40 57,70 45,18+6,86
Distance from acetabulum to the
most anterior point of OF (between Left 31 38,08 56,12 45,59+4,66 0,811
#9 and #7)
Total 46 36,40 57,70 45,45+5,40
Right 15 47,50 61,34 54,78%4,05
Distance from acetabulum to the 9
most posterior point of OF (between Left 31 45,00 62,27 55,60+4,17 0,530
#9 and #8)
Total 46 45,00 62,27 55,33+4,11
X Right 15 28,68 34,94 31,63+2,10
Distance from acetabulum to the
most superior point of OF (between Left 31 26,99 40,83 33,65+3,09 0,028
#9 and #5
and £5) Total 46 26,99 40,83 33,00+2,94
Right 15 57,61 72,12 65,29+4,45
Distance from acetabulum to the 9
most inferior point of OF (between Left 31 55,60 77,21 66,28+4,58 0,492
#9 and #6)
Total 46 55,60 77,21 65,96+4,52

Measurements representing the morphometric relationship with the ischium

Right 15 68,58 91,67 77,97%5,77

Distance from ischial tuberosity
to the most anterior point of OF Left 31 70,04 87,00 79,85+4,10 0,210
(between #10 and #7)

Total 46 68,58 91,67 79,23%+4,73

Right 15 27,20 38,95 31,56+2,96
Distance from ischial tuberosity 9

to the most posterior point of OF Left 31 27,57 37,21 32,17+2,47 0,465
(between #10 and #8)

Total 46 27,20 38,95 31,97+2,62

Right 15 52,81 81,26 66,84+6,78
Distance from ischial tuberosity 9

to the most superior point of OF Left 31 53,71 81,71 68,90+7,32 0,365
(between #10 and #5)

Total 46 52,81 81,71 68,23+7,14

Right 15 58,73 80,81 65,83%5,50
Distance from ischial tuberosity 9

to the most inferior point of OF Left 31 53,11 74,32 63,96+4,54 0,228
(between #10 and #6)

Total 46 53,11 80,81 64,57+4,89

Measurements representing the morphometric relationship with the pubis

Right 12 17,76 33,70 28,97+4,73
Distance from the pubic tubercle 9

to the most anterior point of OF Left 26 20,94 39,96 31,38+5,65 0,207
(between #11 and #7)

Total 38 17,76 39,96 30,62+5,43

Right 12 62,93 75,96 71,49+4,26

Distance from the pubic tubercle
to the most posterior point of OF Left 26 66,01 86,20 73,59+5,18 0,229
(between #11 and #8)

Total 38 62,93 86,20 72,93+4,95

Right 12 28,29 49,39 43,87+5,52
Distance from the pubic tubercle 9

to the most superior point of OF Left 26 34,31 54,26 45,48+5,41 0,403
(between #11 and #5)

Total 38 28,29 54,26 44,97+5,42

Right 12 37,41 46,82 42,7342,95
Distance from the pubic tubercle 9

to the most inferior point of OF Left 26 34,29 64,28 45,45+6,39 0,170
(between #11 and #6)

Total 38 34,29 64,28 44,59+5,64

*Independent samples T-test (comparison of the right and left sides)
Descriptions of the landmarks are presented in Figure 3
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Morphology of the Obturator Foramen

Table 4. Qualitative analysis of obturator foramen (OF). Researchers’ agreement and consistency in visual typing (n, %)

24 Researcher

Oval Ellipsoid Pyriform Trapezoid Triangular Atypical Total
Oval 4* 0 1 3 0 2 10(21,7)
Ellipsoid 7 1* 0 1 0 3 12(26,1)

Pyriform 2 0 3* 3 0 1 9(19,6)

1t Researcher Trapezoid 1 0 0 1* 0 0 2(4,3)
Triangular 1 0 0 3 7* 0 11(23,9)

Atypical 1 0 0 1 0 0* 2(43)
Total 16 (34,8) 1(2,2) 4(8,7) 12(26,1) 7(15,2) 6(13,0) 46 (100,0)

* Number of the cases in which the researcher agreed on a particular type

Quantitative Shape Analysis Results of Obturator Foramen

In the quantitative shape analysis of OF, 77 PCs were iden-
tified that explained the shape variation of OF. The PCs
that had a significant effect on the shape of the OF are
presented in Figure 5. The first nine significant PCs pre-
sented in Figure 5 explain the variation in the shape of the
OF cumulatively at a rate of 92,61%. PC 1 has the most
significant influence on explaining the variation of shape.
PC 1 explains 41,69% of the variation in shape (Figure 5).

Discussion

Clinical anatomical evaluation of OF is essential regarding
the neurovascular structures passing through it and the
anatomical structures neighboring it. Morphometric data
of OF can guide clinicians in procedures such as transob-
turator tape placement, obturator nerve blockade, and
obturator bypass surgery (7-9). The femoral head may
penetrate the OF in orthopedic conditions such as hip
dislocation (13, 14). Morphometric evaluation of OF may
increase surgical restoration’s success in treating such tra-
umatic problems (13, 14).

In forensic science or anthropology, sex determination is
a greater problem in skeletal remains with missing bone
structures than in whole skeletons (15). In such cases, the
smallest bone fragment obtained would be expected to
give any clue for identification. The pelvis is considered
one of the most reliable bones for sex determination rela-
tive to other bones in the body. The characteristic morp-
hology of the human pelvis, like many bones of the hu-
man skeleton, may differ in gender, age, and race (15-17).
Although most of the sexual dimorphism of the pelvis is
explained by size differences, the gender-related shape
variation is also very striking (15). It cannot be accepted as
an allometric result of differences in body measurements
between the sexes (15). From this perspective, examining

the FO as a major pelvis structure can yield evidence-ba-
sed findings in anatomical, anthropological, and forensic
sciences.

Explanation of skeletal system morphology with nume-
rical data enables researchers to perform repeatable, ob-
jective, and structured tests. For this purpose, it has been
tried to explain the shape variations in the skeletal system
using the SHAPE software. SHAPE outputs consist of PCs
and images related to the shape variation. There are re-
ports using this software in the literature (5, 12, 18, 19).

The coxal boneisirregular and partially flat. Morphometric
studies require measurements of the hip bone in a stan-
dard position for consistency and reproducibility. We co-
uld not reach sufficiently detailed and confidently repro-
ducible position descriptions for morphometric measure-
ments of an irregular bone such as coxal bone (10, 20-23).
In our study, a reproducible standard photographic po-
sition was tried to be achieved by preventing rotation in
three axes for the coxal bone. It is considered that measu-
rement variability will be high in studies where the stan-
dard photographing method or measurement position is
unclear.The landmarks used in the measurements of such
studies may vary depending on the position of the bone
in the three-dimensional environment. Methodologic
standardization will increase reliability and reproducibi-
lity for both landmarks and measurements.

Since tools such as 3D (three-dimensional) digital mode-
ling were not used in the methodology of this study, indi-
rect measurements were taken on the projections of the
axes and surfaces representing the three-dimensional en-
vironment. Pullanna et al. (24) used a three-sided osteo-
metric board to measure the bone height of the hip bone.
In some studies, reporting the measurements obtained
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using an osteometric board, the position description of
the bone was unclear, although the landmarks were de-
fined (15, 24-27). In the current study, the box design of
Pullana et al. (24) was improved, and the TOB was desig-
ned such standard position and photographing could be
made more accurately (Figure 1).

It is thought that the TOB used in this study may also
be helpful for further research on bone morphology.
Transverse, sagittal, and frontal planes and vertical, sagit-
tal, and transverse axes were used to ensure the position
standard of the coxal bone in the TOB. (Figure 1). In order
to prevent the rotation of the coxal bone in 3 axes, the
bone was fixed in at least two planes using selected ana-
tomical landmarks (Figure 2). With this principle, hip bone
measurements can be standardized. The standard posi-
tion of our method for coxa can be considered a strong
aspect of the work in terms of easy applicability and rep-
roducibility. In terms of reproducibility, this feature of
current research may contribute to the standardization of
bone positions not only for dry bone research but also for
radiological studies using the digitally 3D reconstructed
views of the individuals.

While some studies in the literature have reported fin-
dings similar to ours regarding the general morphometric
findings of the coxa bone, some findings are not similar
to ours (3, 10, 15). The variability in these findings may be
due to racial or regional differences.

In our study, the vertical (x, x1, Figure 3) and horizontal
(y, y1, Figure 3) diameters of the OF were measured with
two different parameters. There is a significant differen-
ce between the results obtained with these methods.
(p<0,001, Table 2). Some values about OF diameters have
been reported by studies in the literature (28-30). The
differences in the findings in the literature may be due
to the measurement of the variables in different or non-
standardized positions. Non-standardized positions may
cause the osteometric points evaluated on the OF to shift.
Research can be conducted on whether different diame-
ter measurement methods can be used interchangeably.
Our significantly different findings suggest that the met-
hodologic differences may affect the findings regarding
the diameter.

There were no statistically significant differences bet-
ween the sides regarding the area of the OF [right:
1123,30+207,24 (n:15) and left: 1048,19+148,00 (n:31)]
(Table 2). In the measurements regarding the thickness

of the bony structures surrounding the OF, a statistical
difference was found between the sides in the variable
“Distance from the most inferior point of OF to ischiopu-
bic ramus (between #6 and #15)" (Table 2). Examining this
variable with studies conducted in larger numbers of co-
xal bones or whole pelvises (right and left sides belonging
to the same individual) may provide more reliable interp-
retations. Data on the area of the OF and the thickness of
the surrounding bone structures may provide an oppor-
tunity for analysis in terms of reconstructive surgery. In
addition to these, as a secondary research finding, it was
observed that variables regarding the OF was positively
correlated with general morphometric measurements of
the coxal bone.

There are few studies on OF shape analysis in the literatu-
re. In these studies, OF was categorized by analogy to two
main shapes (ellipse/oval and triangle) (2, 3). OF types cre-
ated with these geometric shapes are considered dimorp-
hic in terms of gender. The OF is smaller and triangular in
women, while it is larger and closer to oval in men (4). It
was a simple visual classification. Although it is based on
subjective observation, the contribution of the use of the
shape feature of the bone is undeniable in anthropomet-
ric studies.

In order to define the OF shape, two different shape analy-
sis methods were applied in our study.

In the first method, OF is visually typed with the conven-
tional method, which is seen frequently in the current
literature (2-4). No more than two types (triangular and
elliptical/oval types) were observed in previous studies
(2-4). In the current study, besides the commonly used tri-
angle and ellipse/oval types, different geometric shapes
had to be used to classify according to the visual analogy
principle. In the present study, three new types (piriform,
trapezoidal, and atypical) were defined in addition to oval,
elliptical, and triangular OF types. The Cohen'’s Kappa co-
efficient, which indicates the agreement of the two rese-
archers about the shape types they assigned to the OFs,
was determined as 0.50. This finding has been interpreted
as a disagreement in terms of typing. While researchers
only agreed on the same type in sixteen bones, there were
differences in their opinions on thirty bones (Table 4). The
low number of FOs agreed on the shape suggests that the
perception of edges and corners in visual typing may re-
veal differences that may lead to scientific deviations. It
is interpreted that the shape analysis performed with this
method should be handled with more suspicion in terms
of objectively defining the OF shape.
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It is thought that the shape analysis method discussed
above may not have sufficient evidence-based discrimi-
nation power. Thus, in our research, EFA, carried out thro-
ugh the SHAPE software, was preferred as the second sha-
pe analysis method. Studies that carry out shape analysis
with the EFA method based on quantitative evidence are
available in the literature (6, 12, 19, 31, 32).

In the present study, 77 PCs were obtained using the EFA
method with SHAPE. However, the effect of 9 PCs with the
highest effect and significance on the shape of OF can be
identified (Figure 5). The images obtained from the SHAPE
software show the digital (numerical) differences that can
be detected visually but cannot be verbally described
precisely (Figure 5). In this context, these variations, which
can be noticed with the naked eye, are defined and interp-
reted as follows: PC1 predominantly explains the variation
in the tapering of the three corners observed in the OF.
Thus, the ovality or triangularity of the OF can be interpre-
ted by evaluating PC1. PC2 describes the convexity/con-
cavity characteristic of the acetabulum side of the OF. In
addition, it may provide information about the rotation of
the OF margin relative to the center on the ischium side.
PC3 describes the convexity/concavity changes on the
pubic side of the OF. The first 3 PCs cumulatively explain
73.63% of the shape variation. Since the percentage of ef-
fect on shape variation is reduced, it becomes challenging
to verbally describe changes in shape in subsequent PCs.
PC4 and PC7 explain the shape variation on the acetabu-
lar side. PC5, PC6 and PC9 explain the minimal shape vari-
ations on the pubic side. PC8 seems related to the shape
variation both on the pubic and acetabular sides.

Few studies in the literature explain the shape of OF with
EFA. Kilmer et al. (5) also detected nine significant PCs for
shape variation in FO, as in our study. They stated that PC2
expresses variation around the pubis, while PC3 captures
shape changes related to ovality or triangularity (5). This
result shows that the level of variational effect of PC de-
finitions and rankings on OF in different populations may
be variable. Therefore, it should be considered that the
shape variations of OF may also differ between races (5).

This study has some limitations. In our study, there is a
lack of demographic information such as age, gender,
race, low number of bones and pelvises that do not have
integrity. Therefore, the evaluation of OF-related morp-
hometric measurements and shape analysis data of OF
has been limited. The materials and methods used in
our study may yield more robust or comparable results

in study populations with fewer limitations mentioned
above.

Conclusion

As far as we know, the standard position used for the first
time in this study for morphometric measurements is tho-
ught to have a high repeatable character. A repeatable
and easy to standardize position is proposed for morpho-
metric research on radiologic or dry bone specimens. The
location of the OF on the coxal bone was described for the
first time by morphometric measurements.

It was observed that the researchers who conducted this
study could not reach an absolute consensus on OF’s vi-
sual (qualitative) typing. In the quantitative shape analy-
sis of OF, the shape of OF was expressed numerically, and
variational analyzes were performed on the outline of the
shape.The lack of demographic information on the bones
we used in the study prevented us from deepening the
guantitative analysis interpretations. Quantitative shape
analyzes on dry bones, cadavers, or radiological images
for which demographic information is known will likely
provide more detailed, descriptive, and distinctive infor-
mation about the shape of OF.

Declarations

Authors declare no conflict of interests.

Ethical Approval

Ethical approval from the Ethics Board of izmir Katip
Celebi University (Turkey) was obtained before the com-
mencement of the study [Decree date and number:
21.09.2021 and 390). Our research has been approved
by the appropriate ethics committee and have therefore
been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and all sub-
sequent revisions.

REFERENCES

1 Klales AR. Sex estimation using pelvis morphology. In: Klales AR, ed.
Sex Estimation of the Human Skeleton: Elsevier; 2020. p. 75-93.

2 Akhlaghi M, Azizian A, Sadeghian MH, et al. Comparing the Accuracy
of Morphometric and Morphological Criteria of Hip Bone in Gender
Determination. JMTFM. 2019;9:57-64.

3 Gupta S and Arora K. Study of significance of total pelvic height and
pelvic width in sex determination of human innominate bone in
Gujarat region. GCSMC Journal of Medical Sciences. 2013;2:38-40.

4 Tubbs RS. Pelvic Girdle And Lower Limb. In: Standring S, ed.
Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 41. ed.
Philadelphia USA: Elsevier; 2016. p. 1316-83.

Acabadem Univ. Saghk Bilim. Derg. 2023; 14 (2): 125-135

134



0zen Kemal Emre and Kagar Hiima

20

21

22

23

24

25

Kilmer K and Garvin H. Outline analysis of sex and population
variation in greater sciatic notch and obturator foramen
morphology with implications for sex estimation. Forensic Sci Int.
2020;314:110346-54.

Caple J, Byrd J and Stephan CN. Elliptical Fourier analysis:
fundamentals, applications, and value for forensic anthropology. J
Forensic Leg Med. 2017;131:1675-90.

Mnari W, Hmida B, Maatouk M, et al. Strangulated obturator hernia:
a case report with literature review. Pan Afr. Med. 2019;32:144.

Emre H, Mehmet E, Aydogan B, et al. Anatomic transobturator tape
(TOT) technique: clinical anatomic landmarks of obturator foramen
on female cadavers. Anatomy. 2015;9:38-41.

Singh R. Bony spurs projecting in the obturator foramen. Folia
Morphol. 2012;71:125-7.

Kausar Z, Bhat GM, Shahdad S, et al. Morphometry of the adult
human dry hip bone in Kashmiri population. J Res Med Sci.
2018;6:3494-8.

Iwata H and Ukai Y. SHAPE: a computer program package for
quantitative evaluation of biological shapes based on elliptic Fourier
descriptors. J. Hered. 2002;93:384-5.

Nawrocki SP, Latham KE, Gore T, et al. Using Elliptical Fourier Analysis
to Interpret Complex Morphological Features in Global Populations.
In: Latham KE, Bartelink EJ and Finnegan M, eds. New Perspectives
in Forensic Human Skeletal Identification. e-book: Elsevier; 2018. p.
301-12.

Kenan$S, Stein S, Trasolini R, et al. latrogenic Obturator Hip Dislocation
with Intrapelvic Migration. Case Rep Orthop. 2018:5072846.

Pankaj A, Sharma M, Kochar V, et al. Neglected, locked, obturator
type of inferior hip dislocation treated by total hip arthroplasty. Arch
Orthop Trauma Surg. 2011;131:443-6.

Shathviha PC, Babu KY and Mohanraj KG. Assessment of sexual
differences in the bony pelvis by pelvimetry using simple
morphometric parameters. Drug Invent. Today. 2018;10:1939-42.

Basheer MSM, Tabhane M and Ksheersagar D. Sexual Dimorphism in
Human Hip Bone-A Review. J Cont. Med A Dent. 2015;3:4-6.

Singh I. Functional asymmetry in the lower limbs. Acta anatomica.
1970;77:131-8.

Mcdowell JL, L'abbe EN and Kenyhercz MW. Nasal aperture shape
evaluation between black and white South Africans. Forensic Sci Int.
2012;222:397(e.1-€.6).

Gore T, Nawrocki SP, Langdon J, et al. The use of elliptical Fourier
analysis on orbit shape in human skeletal remains. In: Lestrel PE,
ed. Biological Shape Analysis-Proceedings Of The 3rd International
Symposium. Japan: World Scientific; 2015. p. 242-65.

Solomon LB, Howie DW and Henneberg M. The variability of the
volume of os coxae and linear pelvic morphometry. Considerations
for total hip arthroplasty. J Arthroplasty. 2014;29:769-76.

Hohenberger GM, Schwarz AM, Weiglein AH, et al. Morphological
side differences of the hemipelvis. J Anat Soc India. 2020;69:201-6.

Bhosale YJ, Khushale KD and Shyamkishore K. Uncommon
Parameters for Hip bone sexing. Natl J Integr Res Med. 2016;7:14-6.

Jeyashree T, Sangeetha S and Premavathy D. Quantitative and
qualitative morphometry of hip bone for determining sex. Drug
Invent. Today. 2019;11:2590-2.

Pullanna B, Bindhu S, Avadhani R, et al. Morphometry Of The Adult
Human Dry Hip Bone In South Indian Population. Int J Anat Res.
2019;7:6178-82.

Shah S, Zalawadia A, Ruparelia S, et al. Morphometric study of
greater sciatic notch of dry human hip bone in Gujarat region. Nat J
Integrated Res Med. 2011;2:27-30.

26

27

28

29

30

31

32

Raut RS, Hosmani PB and Kulkarni P. Role of greater sciatic notch
in sexing human hip bones. Int. j. recent trends sci. technol.
2013;7:119-23.

Gomez-Valdes JA, Torres Ramirez G, Baez Molgado S, et al.
Discriminant function analysis for sex assessment in pelvic girdle
bones: sample from the contemporary Mexican population. J
Forensic Sci. 2011;56:297-301.

Sitek A, Fijalkowska M, Zadzinska E, et al. Biometric characteristics
of the pelvis in female-to-male transsexuals. Arch Sex Behav.
2012;41:1303-13.

Patriquin ML, Steyn M and Loth SR. Metric assessment of race from
the pelvis in South Africans. Forensic Sci Int. 2002;127:104-13.

Smrke D and Biscevi¢ M. Variation of Pelvic Diameters Due to
Different Scanning Positions-The Experimental Study. Coll Antropol.
2007;31:661-6.

Courtiol A, Ferdy JB, Godelle B, et al. Height and body mass influence
on human body outlines: a quantitative approach using an elliptic
Fourier analysis. AJPA. 2010;142:22-9.

Schmittbuhl M, Le Minor J, Taroni F, et al. Sexual dimorphism of the

human mandible: demonstration by elliptical Fourier analysis. J
Forensic Leg Med. 2001;115:100-1.

Aabadem Univ. Saglik Bilim. Derg. 2023; 14 (2): 125-135

135





