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Abstract: The anatomy of the pelvic cavity has significant
importance in daily clinical applications and surgical interventions
such as determining dystocia, surgery of rectal cancers and
mesorectal excision, treatment of twisted pouch syndrome and
percutaneous sacroiliac screw fixation, and pelvic floor disorders.
This study aims to determine the diameters and area calculations of
the pelvic cavity in mostly preferred rat strains (Wistar Albino,
Brown Norway, Sprague Dawley, and Lewis) and investigate the
suitability of rats in translational studies in which anatomical
conditions are not a cause of dystocia. In this study, pelvis bones
were used. Each group consisted of six rats. They were examined
morphologically and morphometrically. According to the Kruskal-
Wallis analysis to determine whether there is any difference
between strains, significant differences were observed between the
strains for the length of the symphysis, oblique diameter, true
conjugate, anatomical conjugate, and diagonal conjugate
parameters (p<0.05). In conclusion, anatomically, Lewis is the most
suitable laboratory rat strain that does not predispose to labor
dystocia, followed by the Wistar Albino strain. These two strains
may be a choice for studies on physiological dystocia. On the other
hand, Sprague Dawley is less suitable for experimental studies
involving the pelvicinlet, particularly those related to labor dystocia
caused by anatomical factors.

Keywords: Diameter, Dystocia, Pelvic inlet, Rat, Translational
anatomy.

Ratlarda pelvik boslugun karsilastirmali anatomisi

Ozet: Pelvik boslugun anatomisi, klinik uygulamalar ve rektal
kanserlerin cerrahisi, mezorektal eksizyon, torsiyonlu kese
sendromu tedavisi, perkitan sakroiliak vida tespiti ve pelvik taban
bozukluklari gibi cerrahi miidahalelerde 6nemli bir yere sahiptir. Bu
calisma, en ¢ok tercih edilen sigan tirlerinde (Wistar Albino, Brown
Norway, Sprague Dawley ve Lewis) pelvik boslugunun gaplarini ve
alan hesaplamalarini belirlemeyi ve anatomik kosullarin gii¢
doguma neden olmadigl translasyonel calismalarda siganlarin
uygunlugunu arastirmayl amaglamaktadir. Calismada pelvis
kemikleri kullanilmistir. Her grup alti sigandan olusmustur. Kemikler
morfolojik ve morfometrik olarak incelenmistir. Tlrler arasinda fark
olup olmadigini belirlemek igin yapilan Kruskal-Wallis analizi
sonuglarina gore LS, DO, CV, CA ve CD parametrelerinde tirler
arasinda anlamh farklar goézlenmistir (p<0.05). Sonug olarak,
anatomik agidan Lewis, glic doguma egilim gdstermeyen en uygun
laboratuvar sigan tiirli olup, bunu Wistar Albino tlri izlemektedir.
Bu iki tir, fizyolojik gli¢ dogumile ilgili calismalarda tercih edilebilir.
Ote yandan, Sprague Dawley, 6zellikle anatomik faktérlere bagl giig
dogum ile ilgili pelvik giris calismalarinda daha az uygun bir tiirdir.
Anahtar Kelimeler: Cap, gi¢ dogum, pelvik bosluk, sigcan,
translasyonel anatomi.
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Introduction

The pelvic cavity in rats is structured cranio-ventrally by the
hip bone, dorsally by the sacrum, and the caudal vertebrae.
The hip bone consists of the ilium in the cranial region, the
pubis in the cranio-ventral region, and the ischium in the
caudo-ventral region. The ilium represents the most cranial
component of the os coxa. Its cranial end expands laterally
into the ventral iliac spine and joins the sacroiliac joint. The
two pubic bones are joined at the midline through the
symphysis pelvina. On the ventral edge of the pubis, just
cranial to the pubic symphysis and near the anterior margin
of the obturator foramen, lies a distinct iliopectineal
eminence, which serves as the attachment site for the
pectineus muscle. The dorsal margin of the ischium is
elevated, forming the ischiatic spine. The obturator foramen,
a large opening, separates the ischium from the pubis. The
triangular-shaped sacrum forms the first part of the pelvic
roof and consists of four sacral vertebrae. The ventral surface
of the sacrum is flat, in contrast to humans. The first few
caudal vertebrae form the second part of the pelvic roof
(Chiasson, 1994).

Anatomy of the pelvic cavity has significant importance
in daily clinical applications and surgical interventions such
as determining dystocia (Narumoto et al., 2015), surgery of
rectal cancers and mesorectal excision (Baltus et al., 2025;
Bolshinsky et al., 2024; Faisal Bin Abdur Raheem et al., 2024;
Hong et al., 2020), treatment of twisted pouch syndrome
(Holubar, 2024) and percutaneous sacroiliac screw fixation
(Link et al., 2024) and pelvic floor disorders (Handa et al.,
2003; Maccioni, 2012). Mainly, dystocia refers to difficult or
obstructed labor, which is a significant cause of maternal and
fetal morbidity and mortality globally. The dimensions of the
pelvic cavity are a determinant of the occurrence of vaginal
labor in humans. One of them is the narrowest diameter of
the pelvis, the true conjugate, which is the shortest distance
from the sacral promontory to the pubic symphysis (Oguz
and Desticioglu, 2021). Early identification and management
are crucial to minimize adverse outcomes. Various
experimental studies have been carried out for decades for
this purpose. This study aims to determine the diameters
and area calculations of the pelvic cavity in mostly preferred
rat strains (Wistar Albino, Brown Norway, Sprague Dawley,
and Lewis) and investigate the suitability of rats in
translational studies in which anatomical conditions are not
a cause of dystocia.

Materials and Methods

In this study, pelvis bones belonging to four different
male rat strains (Wistar Albino, Brown Norway, Sprague
Dawley, and Lewis) aged 12 months old and weighing
between 850 and 900 grams were used. The bones included
in the study were obtained from rat cadavers used in various
projects conducted at the Dokuz Eylil University Faculty of
Medicine Multidisciplinary Experimental Animal Laboratory.
It was taken into ensuring that the skeletal integrity of these
cadavers remained intact. Therefore, each group consisted
of six rats. Twenty-four pelvis were examined

morphologically and morphometrically. Dokuz Eyll
University Local Ethics Committee for Animal Experiments
granted the ethics committee approval (22/2022) for the
study. The skeletons were macerated by boiling for 30
minutes. After the maceration process, the soft tissues on
the skeletons were carefully cleaned. Then, the bones were
soaked in 3% hydrogen peroxide for 5 minutes and dried at
room temperature (Ustiindag et al., 2024a).

Osteometric Measurements: Morphometric
measurements of the pelvis of each animal were taken in
millimeters using a calibrated electronic digital caliper with a
sensitivity of 0.01 mm, an accuracy of £0.01 mm (<100 mm),
and a repeatability of 0.01 mm. Among the morphometric
measurements, the length of the pelvic symphysis (LS),
oblique diameter (DO), true conjugate (CV), anatomical
conjugate (CA), diagonal conjugate (CD), vertical diameter
(DV), dorsal transversal diameter (DTD), medial transversal
diameter (DTM), ventral transversal diameter (DTV), anterior
diameter (AD), medial diameter (MD), external bi-ischial
length (EBB), posterior diameter (PD), pelvic girdle area
(PGA) and pelvic inlet area (IPA) was measured. Diameters
are shown in Figure 1. Moreover, the formulas based on Silva
et al. (2019) study calculated pelvic girdle and pelvic inlet
areas. The formulas are given below:

PGA—DTM CA
== xzxrr

((DTD +DTM) CA) ((DTM+DTV) CA)
pa=(——T7 7 A (== =2

2 i 2 s

Statistical analysis: All linear morphometric data were
subjected to a homogeneity test of variances. Data were
presented as the mean * standard deviation, and the p<0.05
value was considered significant. Length of the pelvic
symphysis, all the diameters, external bi-ischial breadth,
pelvic girdle area, and pelvic inlet area were analyzed by the
Kruskal-Wallis test following the Mann-Whitney U test to
define the diversity between the groups (Ustiindag et al.,
2024b). In addition, Pearson correlation analysis was applied
to pelvic areas to identify the correlation between pelvic
areas and the length of the pelvic symphysis, all the
diameters, and external bi-ischial breadth (Silva et al., 2019).

Results

According to the Kruskal-Wallis analysis to determine
whether there is any difference between strains, significant
differences were observed between the strains for LS, DO,
CV, CA, and CD parameters (p<0.05). The differences
between the strains are shown in Table 1.

The Pearson correlation test aimed at assessing the
relationship between PGA and IPA with the examined
parameters vyielded the following findings. In the Wistar
Albino strain, a positive correlation was noted between PGA
and DTD (p<0.05), while no correlation was detected
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Table 1. Results of Kruskal-Wallis test.
Wistar Brown Norway Sprague Dawley Lewis

Parameters Mean+SD Mean+SD Mean+SD Mean+SD p
LS 6,04 + 0,532b 5,94 +0,342b 5,4 £0,63° 6,8 + 0,58 0,027*
DO 29,62 +1,112b 28,5 +0,62° 29,48 + 0,682 30,7 £ 0992 0,027*
cv 38,6 + 1,78abc 37,84 +1,492b 36,48 +1,712b 40,4 £ 1,05¢ 0,018*
CA 35,3 + 2,02abc 35,14 + 0,892b 33,941,182 36,94 £ 0,75¢ 0.032*
cD 42,2 +1,62abc 41,74 £ 0,972 39,86 + 2,152b 43,56 £ 0,51¢ 0.026*
DV 10,06 £ 1,42 10,22 +0,9 9,18 £1,23 11,1+1,75 NS
DTD 14,56 £ 1,12 14,0 £ 0,95 15,28 +0,5 15,3+1,04 NS
DTM 14,2 £ 0,68 13,8+0,7 13,96 £ 1,24 14,04 £ 1,09 NS
DTV 11,18 £ 0,76 9,74 £0,74 10,84 £ 0,58 11,7 £ 2,69 NS
AD 15,2+ 0,46 14,96 £ 0,71 15,34+ 1,76 14,1+2,24 NS
MD 16,44 £ 0,77 18,22 +1,2 16,56 + 1,95 17,44 £ 1,31 NS
PD 20,1+2,7 19,3+1,85 18,7+2,3 22,06 £ 3,62 NS
EBB 24,02 £2,17 23,76 £1,34 22,4 +2,04 25,4 +2,56 NS
PGA 393,30+ 26,75 380,9 £ 26,45 370,72 £ 24,32 406,65 + 24,02 NS
IPA 1655,69 + 165,58 142891 + 167,68 1530,06 + 150,03 1786,66 + 353,81 NS

*: Significant at p<0.05 level, NS: Non-Significant, LS: the length of the pelvic symphysis, DO: oblique diameter, CV: true conjugate, CA: anatomical conjugate, CD: diagonal conjugate, DV: vertical diameter, DTD:
dorsal transversal diameter, DTM: medial transversal diameter, DTV: ventral transversal diameter, AD: anterior diameter, MD: medial diameter, PD: posterior diameter, EBB: external bi-ischial length, PGA: pelvic
girdle area and IPA: pelvic inlet area

Table 2. Results of pearson correlation analysis of pelvic areas.

LS DO CV CA CD DV DTD DTM DTV AD MD PD EBB

PGA 0,326 0,540 0,839 0,700 0,671 -0,831 0,896* 0,548 0,256 0,659 0,274 0,529 0,214
Wistar Albino

IPA 0,552 0,723 0,707 0,409 0,459 -0,538 0,674 0,704 0,720 0,486 -0,237 0,128  -0,263

PGA -0,105 0,576 0,781 0,808 0,687 -0,750 0,519 0,952* 0,609 0,875 0,570 -0,097 0,771
Brown Norway

IPA -0,003 0,696 0,716 0,819 0,605 -0,509 0,658 0,799 0,904* 0,824 0,528 -0,377 0,590

PGA -0,536 0,128 -0,216 -0,653 -0,269 -0,792 0,657 0,964** 0,777 0,676 -0,900 0,124 0,470
Sprague Dawley

IPA -0,426 0,266 -0,142 -0,723 -0,168 -0,837 0,725 0,959* 0,927* 0,470 -0,235 0,360 -0,950

PGA 0,383 -0,587 -0,682 -0,855 -0,798 0,488 0,225 0,990** 0,400 0,158 -0,342 -0,750 -0,797
Lewis

IPA 0,892* -0,287 0,397 0,189 0,109 0,857 -0,363 0,172 0,967** -0,886* 0,635 0,126 -0,410

*Correlation is significant at the 0.05 level (2-tailed), p< 0.05, ** Correlation is significant at the 0.01 level (2-tailed), p< 0.01, PGA: Pelvic girdle area and IPA: Pelvic inlet area
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Table 3. Results of Pearson correlation analysis of pelvic diameters.

WistarAlbino LS DO cv CA cD DV DTD DTM DTV AD MD PD EBB
cD 0.640 0.308 .949* 0.844 1

DTD -0.117 0.390 0.539 0.541 0.353 -.932* 1

AD -0.241 0.700 0.428 0.683 0.249 -.917* 0.774 0.087 -0.014 1

EBB -0.739 -0.341 -0.055 0.278 0.003 -0.602 0.533 -0.069 -0.788 0.431 0.851 .903* 1
BrownNorway LS DO cv CA cD DV DTD DTM DTV AD MD PD EBB
CA 0.323 0.616 .936* 1

cD 0.306 0.702 0.777 .904* 1

DTM .903* 0.479 0.580 0.588 0.471 0.098 0.444 1

AD 0.844 0.366 0.509 0.490 0.257 -0.060 0.555 .948* 0.609 1

MD -0.033 -0.070 .912* 0.730 0.470 -0.212 -0.230 0.397 0.396 0.419 1

EBB 0.074 0.726 -0.158 0.168 0.209 -0.756 0.710 -0.146 0.580 -0.112 -0.377 -.966** 1
SpragueDawley LS DO cv CA cD DV DTD DTM DTV AD MD PD EBB
DV 0.390 -0.572 0.624 .954* 0.525 1

DTD 0.000 0.822 -0.652 -.988** -0.265 -.916* 1

DTM -0.431 0.372 -0.398 -0.831 -0.332 -.918* 0.830 1

PD -0.144 -0.763 0.815 0.635 0.511 0.496 -0.577 -0.132 -0.120 0.644 .947* 1

EBB -0.253 -0.877 0.718 0.720 0.345 0.559 -0.682 -0.220 -0.299 0.661 .981** .968** 1
Lewis LS DO cv CA cD DV DTD DTM DTV AD MD PD EBB
CA -0.011 0.639 .927* 1

DV .950* -0.691 -0.014 -0.179 -0.099 1

DTM 0.298 -0.617 -0.771 -.919* -0.837 0.421 0.249 1

AD -0.758 0.154 -0.688 -0.542 -0.440 -0.713 0.583 0.266 - 971** 1

MD 0.312 0.487 .886* 0.770 0.523 0.162 -0.257 -0.468 0.744 -0.728 1

PD -0.017 0.822 0.778 .927* .901* -0.270 0.109 -0.816 0.314 -0.383 0.743 1

EBB -0.281 .890* 0.809 .912* 0.764 -0.484 0.032 -0.852 0.155 -0.232 0.721 .947* 1

*Correlation is significant at the 0.05 level (2-tailed), p< 0.05, ** Correlation is significant at the 0.01 level (2-tailed), p< 0.01, CA: Anatomical conjugate, CD: Diagonal conjugate, DV: Vertical diameter, DTD: Dorsal
transversal diameter, DTM: Medial transversal diameter, AD: Anterior diameter, MD: Medial diameter, PD: Posterior diameter, EBB: External bi-ischial length
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Figure 1. Measured diameters of the pelvis.

LS: The length of the pelvic symphysis, CA: Anatomical conjugate, DV: Vertical diameter, DO: Oblique diameter, DTD: Dorsal transversal diameter, DTM: Medial transversal diameter, DTV: Ventral transversal diameter,
AD: Anterior diameter, MD: Medial diameter, PD: Posterior diameter, EBB: External bi-ischial length
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between IPA and any parameter. In the Brown Norway
strain, positive correlations were found between PGA and
DTM (p<0.05) and between IPA and DTV (p<0.05). For the
Sprague Dawley strain, a significant positive correlation
emerged between PGA and DTM (p<0.01) as well as between
IPA and both DTM and DTV (p<0.05). In the Lewis strain,
positive correlations were identified between PGA and DTM
(p<0.01), along with IPA and DTV (p<0.01), LS, and AD
(p<0.05). The correlations are summarised in Table 2.

The results of the Pearson correlation test conducted to
evaluate the relationships among diameters revealed several
significant findings. In the Wistar strain, a positive
correlation was observed between CD and CV and between
EEB and PD. Conversely, a negative correlation was identified
between DV and DTD, as well as between DV and AD (p <
0.05). Positive correlations were noted for the Brown
Norway strain between LS and DTM, CV and CA, and MD with
both CD and AD (p < 0.05). In contrast, a negative correlation
was found between PD and EBB (p < 0.01). In the Sprague
Dawley strain, positive correlations were observed between
CA and DV, and MD and PD (p < 0.05), along with stronger
correlations between EBB and both MD and PD (p < 0.01).
However, negative correlations were identified between DV
and both DTD and DTM, as well as between CA and DTD (p <
0.01).In the Lewis strain, positive correlations were
established between LS and DV, CV with both CA and MD,
DO with EBB, CA with DTM, PD with EBB, and CD with PD,
and another correlation between PD and EBB (p < 0.05). A
negative correlation was found between DTV and AD (p <
0.01). The correlations are summarised in Table 3.

Discussion and Conclusion

Rats are not thought to be anatomically predisposed to
labor dystocia. There are many anatomical reasons
supporting this idea. One reason for this is the shape of the
cranial aperture of the pelvis. According to the
morphological findings of this study, the cranial aperture of
the pelvis resembles the anthropoid pelvis in humans, which
serves the most suitable labor (Handa et al., 2003; Salk et al.,
2016). Additionally, taking into consideration the diameters
originating from the promontory, when compared to
humans, the long and inclined diameters in rats, as well as
their flat pelvic floor, do not contribute to obstructed labor.
Furthermore, unlike humans, the flat sacrum extends to the
middle of the dorsal part of the pelvis, and the caudal
vertebrae's upward orientation during birth is a facilitating
factor for delivery. As known in humans, the dorsal part of
the pelvis consists of a ventrally concave sacrum and coccyx
(Gruss and Schmitt, 2015).

However, it should be noted that the present study
exclusively analysed male rats, as the specimens were
obtained from previously conducted research. While this
limitation may initially suggest a lack of comparative
evaluation, it is essential to acknowledge the well-
documented presence of sexual dimorphism. In general,
male rats tend to be larger than females. Previous studies
have demonstrated that male Sprague Dawley rats exhibit
greater body size and wider pelvic structure than their

female counterparts (Berdnikovs et al., 2007; Routzong et
al., 2024). Consequently, it can be inferred that female rats
likely possess a narrower pelvic cavity.

The dimensions of the pelvic cavity are a determinant of
the occurrence of vaginal labor in humans. One of them is
the narrowest diameter of the pelvis, the true conjugate,
which is the shortest distance from the sacral promontory to
the pubic symphysis (Oguz and Desticioglu, 2021). According
to the results of our study, Lewis has the most extended
dimensions and a larger pelvic inlet area; in contrast,
Sprague Dawley has the shortest dimensions and narrower
pelvic inlet area compared to other strains.

In Tresch et al. (2024) study, CA is between 8.5 cm and
10.5 cm and is considered subnormal in humans. As the
distance decreases, the pelvic inlet narrows, and the
horizontal angle required for vaginal delivery becomes more
vertical, which is undesirable. DTM should be greater than
12 cm, which refers to a gynaecoid pelvis, the most suitable
shape for cephalopelvic proportion (Pavlicev et al., 2020).
According to our results, in rats, CA’s natural incline serves
standard vaginal delivery. Also, the anthropoid-shaped
cranial aperture does not cause any obstruction due to the
rats' narrow, elongated cranium structure due to their
suitable cephalopelvic proportion.

Considering the study by Handa et al. (2003), a wide
transverse diameter combined with a short anatomical
conjugate of the pelvic inlet increased susceptibility to pelvic
floor disorders. Based on this information, our study
observed that in rats, the transverse diameters were narrow
and similar across strains, while the longest anatomical
conjugate was identified in the Lewis strain. The shortest
diameter, however, was observed in the Sprague Dawley
strain. Therefore, it can be suggested that the Lewis strain,
followed by the Wistar Albino strain, is the most suitable for
studies on pelvic floor disorders. Conversely, the Sprague
Dawley strain should not be preferred.

Rectal cancer is one of the most commonly observed
pathologies in the pelvic region, and its primary treatment is
total mesorectal excision. In this process, understanding
pelvic dimensions significantly impacts the surgical
procedure's success rate, as the pelvis's bony structure is a
critical factor that directly limits surgical access to the
rectum. Pelvic types described as narrow and deep
negatively affect surgical interventions (Baltus et al., 2025;
Bolshinsky et al., 2024; Faisal Bin Abdur Raheem et al., 2024;
Hong et al., 2020). Based on our findings, itis anticipated that
rats, the most commonly used in laboratory studies, could be
preferred for developing new surgical approaches for rectal
cancer treatment. Also, the posterior pelvic region is crucial
in addressing twisted pouch syndrome, a condition observed
in humans (Holubar, 2024). Recent studies indicate that this
syndrome has not yet been experimentally investigated.
However, it has been noted that rats are suitable subjects for
developing new surgical techniques similar to those
employed in rectal cancer treatments.

Another field of experimental studies is lumbopelvic
pain, a cause of mechanical dystocia in vaginal birth. Because
it mainly affects the muscles of the pelvic floor and causes
pain in the vaginal opening, thereby presenting a mechanical
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obstacle during labor (Brown and Johnston, 2013; Dufour et
al., 2018). Therefore, we believe using rats in experimental
lumbopelvic pain is appropriate regardless of the strain.
Because the dimensions of the MD, PD and EBB are pretty
similar in each strain, and it is the area on which the vagina
is located. Gruss and Schmitt's study (2015) also indicates
that pelvic dimensions influence thermoregulation and play
a significant role in regulating heat loss from the body
surface. Our results suggest that rats could be preferred in
studies investigating the effects of pelvic width and depth on
the surface area-to-mass ratio and heat loss.

In conclusion, anatomically, Lewis is the most suitable
laboratory rat strain that does not predispose to labor
dystocia, followed by the Wistar Albino strain. These two
strains may be a choice for studies on physiological dystocia
and pelvic inlet disorders. On the other hand, Sprague
Dawley is less suitable for experimental studies involving the
pelvic inlet, particularly those related to labor dystocia
caused by anatomical factors. The limitation of this study is
that it was conducted exclusively on male subjects. It should
be emphasized that the study could be replicated in female
subjects to provide a more comprehensive analysis.
However, for further studies, evaluation of the pelvic
diameters and inlet area by micro-CT imaging is strongly
recommended.
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