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Article Info Abstract

Evaluation of pelvic diaphragm muscles in dogs merits clinical attention because of the
anatomical importance and their involvement in perineal hernia. This study aimed to
evaluate the normal pelvic diaphragm muscles (levator ani and coccygeus muscles) using the
computed tomography (CT) scan. For this purpose, 10 male and 10 female clinically normal,
adult intact mixed-breed dogs weighing 15.00 to 20.00 kg were selected randomly. All
animals underwent CT examination under general anesthesia and positioned in sternal

Article history:

Received: 15 September 2019
Accepted: 11 December 2019
Available online: 15 December 2021

Keywords: recumbency. All the CT images were taken and reconstructed with a same protocol. The

measurements of the pelvic diaphragm muscles were performed based on the presented

Canine guideline to the observer. The results were presented descriptively. The mean lengths of the

Coccygeus muscle coccygeus muscle in CT images were evaluated 4.60 cm for males and 4.30 cm for females.

Computed tomography The mean lengths of levator ani muscle in CT images were measured 4.90 cm in males and

Levator ani muscle 4.50 cm in females. In conclusion, the results of the present study can be beneficial to

Pelvic diaphragm clinicians and researchers for further evaluation of the supporting muscles in pelvic cavity
and underlying anatomical changes in perineal hernia in dogs.

© 2021 Urmia University. All rights reserved.

Introduction the sacrotuberous ligament and inserts on the transverse

The pelvic diaphragm is a muscular sheet considering
as a musculofascial closure of the pelvic outlet being
clinically important in the development of a perineal
hernia. Different muscles contribute to the formation of
pelvic diaphragm including two levator ani muscles with
bilaterally adjacent coccygeus muscle and both lamellae
of the diaphragmatic fascia of the pelvis. A dorsoventrally
arranged longitudinal opening can be recognized by a
slight depression between the levator ani muscles of both
sides. The dorsal part of levator door, in the anal part of
the pelvic diaphragm, is closed by the anal canal with
surrounding musculature. While, in the urogenital part of
the pelvic diaphragm, it is closed ventrally by the
urogenital canal with surrounding musculature as well as
in between by the proper perineum.! The coccygeus
muscle is a thick muscle starting from the ischiatic spine,
cranial to the internal obturator muscle. It extends to the
lateral surface of the tail by crossing the medial part of
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processes of the second to fifth caudal vertebrae. This
muscle is responsible for pressing the tail against the anus
and genital parts. Besides, in combination with the
depressors, it draws the tail between the pelvic limbs
bilaterally and flexes the tail unilaterally. This muscle is
innervated by the ventral branches of the third sacral
nerve.2 The levator ani muscle is a broad triangular muscle
starting from the medial edge of iliac shaft, on the dorsal
part of pubic ramus and the entire symphysis of pelvic.
This muscle is located cranial and medial to the coccygeus
muscle and ends on the hemal process of the seventh
caudal vertebra by passing into the caudal fascia. Like the
coccygeus muscle, levator ani muscle helps with pressing
the tail against the anus and genital parts bilaterally and
bringing the tail cranially and laterally. Also, in
combination with the tail’s levator muscles, it makes the
sharp angulation between the sixth and seventh caudal
vertebrae (characteristic for defecation) and compresses
the rectum.2 The defect in the pelvic diaphragm generally
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happens due to the weakening of the pelvic diaphragm’s
muscles, with the levator ani muscle most commonly
affected.3# The failure of the pelvic outlet structures results
in an inability of the pelvic diaphragm to hold the pelvic
organs and causes a condition called perineal hernia. The
exact causes of muscle weakening, and perineal hernia are
still unknown. However, several hypotheses have been
suggested. For instance, tenesmus secondary to
prostatomegaly or chronic constipation or any condition
causing straining such as urinary tract obstruction,
colorectal obstruction, rectal deviation, anal sacculitis,
cystitis and perianal inflammation.157 Moreover, the
imbalances of gonadal hormone concentrations and
neurogenic atrophy of the levator ani muscle were also
proposed by literature as other potential risk factors.1>89
Advances in diagnostic imaging have provided novel
insights into the anatomy and physiological function of the
pelvic floor muscles in human medicine; however, to the
best of the authors’ knowledge, transactional information
derived from computed tomography (CT) imaging for
evaluation of the canine pelvic diaphragm muscles is still
limited. By providing better knowledge about normal
shape, length and appearance of the pelvic diaphragm
muscles, CT scan images help us not only to predict and
diagnose abnormalities but also to have excellent surgical
planning before the surgery. Therefore, this study aims to
provide better anatomical insights to these muscles by
obtaining morphological data of the normal pelvic
diaphragm muscles (Levator ani and coccygeus muscles)
with CT scan in healthy dogs.

Materials and Methods

Twenty adults, intact experimental mixed-breed dogs
(10 males and 10 females) with a median weight of 18.00
kg (range of 15.00 to 20.00 kg) and a median age of 16
months (range of 12 to 20 months) were included in this
study. Based on physical examination, clinical history and
blood test results, all dogs were determined to be healthy.
The dogs were fasted for 12 hr before scanning. To avoid
artifacts effects, all patients were monitored to defecate on
the day of examinations. Computed tomographic scans
were performed after defecation in sternal recumbency
and both hind limbs were pulled back completely. Animals
were anesthetized using a combination of 10.00 mg kg
ketamine (Alfasan, Woerden, The Netherlands) and 1.00
mg kg xylazine (Alfasan). Computed tomographic images
were obtained using a two slice scanner (Siemens
Somatom Spirit; Berlin, Germany) with scan parameters of
130 kVp, 67.00 mA and 1.00 mm slice thickness with 1.00
mm interval in soft tissue algorithm and in helical scanning
mode. The CT scans were performed from the caudal
endplate of 6t lumbar vertebrae to 7t caudal vertebrae.
All the images were reconstructed with soft tissue Kernel
and DICOM images were reviewed using Syngo MMWP

VE40A Software (Siemens AG; Munich, Germany), with
window width 342 HU and window level 56 HU. To
measure both muscles, CT images at the level of 1st
caudal vertebrae were used. The images were adjusted in
the multiple planar reconstructions (MPR) to have a final
symmetrical transverse plane by focusing on a subjective
symmetrical appearance of the vertebra and pelvic
bones. When the transverse process was completely
visible, the coccygeus muscle’s measurement line was
drawn from the ischiatic spine with a perpendicular
angle to the center of the femoral head and it was ended
at the tip of the transverse process of the 1st caudal
vertebrae bilaterally. The measurement line for Levator
ani muscle was started from the ischiatic spine and
ended at the ventral aspect of the 1st caudal vertebrae
(Fig. 1). The experimental protocols regarding the care
and handling of dogs were approved by the Ethics
Committee of Faculty of Veterinary Medicine, Science and
Research Branch, Islamic Azad University, Tehran, Iran
(IR.JAU.SRB.REC.1396.022).

Fig. 1. Measurement of Levator ani and coccygeus muscles in the
cross-section computed tomography image. Red line: levator ani
muscle; Yellow line: Coccygeus muscle.

Statistical analysis. Mean lengths of each muscle in
male and female dogs were statistically analyzed with the
independent samples t-test using SPSS software (version
20.0; SPSS Inc., Chicago, USA). A p-value less than 0.05 was
considered statistically significant.

Results

The pelvic diaphragm was detected subjectively in
dorsal, sagittal, and transverse MPR images. The pelvic
diaphragm muscles including both levator ani muscles and
bilaterally adjacent coccygeus muscles were distinguished
clearly in all dogs. The levator ani muscles were visible on
cross-section view at the level of the hip joints. They were
placed bilaterally to the rectum arising from the iliac shaft
to hemal process of the 4th caudal vertebrae (Figs. 2 and 3).
The mean length of the levator ani muscles in our CT
images was calculated 4.90 cm and 4.50 cm in males and
females, respectively (Table 1).
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The coccygeus muscle appears as a thick muscle
located laterally to the levator ani muscle and it was
visible at the level of hip joint and second caudal
vertebra at cross-section view. It originated from the
medial shaft of ilium and ended at the transverse
process of 2m caudal vertebrae (Fig. 2). The mean
length of coccygeus muscle in our CT images was
evaluated 4.63 cm and 4.35 cm in males and females,
respectively (Table 1). The study showed statistically
significant difference between males and females
regarding length of both muscles (p < 0.05).
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Fig. 3. Cross-section image of the pelvic outlet and pelvic
diaphragm muscles.
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Fig. 2. Reconstructed computed tomography images. a: Coccygeus muscle; b: Rectum; Arrow: Levator ani muscle.
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Table 1. The length (cm) of levator ani and coccygeus muscles
in computed tomography scans. Data are presented as mean *
standard deviation.

Muscles Number Measurements
levator ani muscle

Male 10 498 +0.59*
Female 10 4.56 £0.33
Total 20 4.77 £ 0.46
Coccygeus muscle

Male 10 4.63 + 0.40*
Female 10 4.35+0.34
Total 20 4.49 +0.37

* Asterisks indicate statistical significance between the males and
females at p < 0.05.

Discussion

The pelvic diaphragm plays an important role in
developing canine perineal, when there is a weakening or
failure in its muscles.l® Progressive weakening of the
muscular pelvic diaphragm and supporting intra-pelvic
connective tissue structures eventually leads to herniation
of caudal abdominal organs (bladder and prostate) and
rectal deviation and sacculation.!! Therefore, the
evaluation of the morphological parameters of the pelvic
diaphragm muscles can be beneficial for both clinical use
and research purposes. In the present study, we evaluated
and summarized the tomographical anatomy of the pelvic
diaphragm by focusing on anatomical CT features of
levator ani and coccygeus muscles in normal dogs. In all
included cases, both levator ani and coccygeus muscles
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were clearly detectable in transverse images and they
were traceable in MPR images. In the present study,
anatomically reported muscular bands including
puborectalis and pubociccygeus were not
distinguishable.l? The results showed a significant
difference between males and females regarding length
of both muscles. This difference may be involved
pathophysiologically in the predisposition of perineal
hernia in male dogs; 13 however, proofing the role of
musculature biometry in perineal hernia development
in addition to hormonal changes needs further studies.
It is important to plan surgical managements of perineal
hernias based on the musculature involvement, because
atrophy of the levator ani and/or coccygeus muscles
will — affect the appositional herniorrhaphy.#
Morphological evaluations of these muscles and
comparison with references are of value. Former
studies evaluated the pelvic diaphragm were mostly
based on the pathological features, defects and failures
of the pelvic floor muscles that can lead to pelvic
hernia.’> We also found studies, in which different
surgical approaches for repairing the perineal hernia
were assessed.1617 However, the application of CT scan
in the morphological evaluation of normal and intact
pelvic diaphragm muscles was not addressed in any of
these studies. The CT images of this study showed
normal morphological findings concerning the pelvic
diaphragm in dogs. However, the study includes
limitations. The most important limitation of this study
was the inclusion of the large breed dogs over 15.00 kg
weight. We were able to evaluate the muscles in all the
sections, which might be limited in smaller cases.
Besides, the cases were chosen randomly without
prospective follow up; thus, the predisposition of these
animals to perineal hernia is not clear. The results of
this study present the normal anatomical features of
levator ani and coccygeus muscles in dogs.

These findings can help to detect abnormalities
influencing the shape, size and opacity of the muscles
and will be beneficial to uncover the morphological
changes of the pelvic diaphragm muscles for clinical use
and future studies.
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