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oz

Amag: Bu ¢alisma, saglkl Alman Coban kdpeklerinde pelvis geometrisinin ventro-dorsal pozisyonda
rontgen c¢ekimleriyle incelenmesini amaglamaktadir. Gere¢ ve Yontem: Calismada, 12 disi ve 12
erkek olmak Uzere toplam 24 adet saglkl Alman Goban Képeginin pelvik ve femoral morfometrik
olgiimleri degerlendirilmistir. Bunun igin kopeklerin dnce klinik muayene testleri yapildi, saglikli
olarak gegemeyen kopekler galisma biinyesinden g¢ikartildi. Saghkli kabul edilen vakalar Fédération
Cynologique Internationale (FCI) standartlarinda kalga skorlamasi yapmak lzere simetrik ventro-
dorsal pelvis rontgeni gekildi. Bulgular: Elde edilen bulgular, cinsiyetler arasinda 6zellikle sol iliak
uzunluk (disilerde 100,35+2,25, erkelerde 105,68+6,65), sag iliak uzunluk (disilerde 101,28+2,38,
erkelerde 106,41+7,78), sol femur egim agisi (disilerde 121,83+2,69, 124,66+2,90) gibi
parametrelerde anlamli farkhhklar oldugunu gostermistir. Erkek kopeklerde bu élgtimlerin disilere
gore daha yuksek oldugu belirlenmistir. Buna karsin, sag ve sol Norberg acilari sirasiyla (disilerde
103,83+2,91, erkeklerde 103,16+2,36) ve (disilerde 104,91+2,67, erkeklerde 104,58+3,08), gibi kalgca
displazisi ile iligkili parametrelerde cinsiyetler arasinda anlamh bir fark gézlenmemistir. Sonug:
Calisma, pelvik morfometrik Glglimlerin cinsiyete bagh farkliliklarini ortaya koyarken, bu verilerin
kalga displazisinin degerlendiriimesinde tamamlayici bir yontem olarak kullanilabilecegini 6ne
surmektedir. Radyografik goruntileme ve dijital oOlgim teknikleri, pelvik yapilarin
degerlendirilmesinde glvenilir ve tekrarlanabilir sonuglar sunmustur. Ancak, c¢alismanin sinirli
orneklem buyUklGgu ve tek bir irka odaklanmasi, bulgularin genellenebilirligini kisitlayabilir.

ABSTRACT

Objective: This study aims to examine the pelvic geometry of healthy German Shepherd dogs
through ventro-dorsal radiographs. Materials and Methods: In the study, pelvic and femoral
morphometric measurements of a total of 24 healthy German Shepherd Dogs, 12 females and 12
males, were evaluated. For this purpose, the dogs were first subjected to clinical examination tests,
and the dogs that did not pass healthily were removed from the study. In cases considered healthy,
a symmetrical ventro-dorsal pelvis x-ray was taken to perform hip scoring according to Fédération
Cynologique Internationale (FCI) standards. Results: The findings indicate that there were
significant differences between sexes in certain parameters, particularly left ilial length (100.35 +
2.25 in females, 105.68 + 6.65 in males), right ilial length (101.28 + 2.38 in females, 106.41 + 7.78 in
males), and left femoral inclination angle (121.83 + 2.69 in females, 124.66 + 2.90 in males). These
measurements were found to be higher in males compared to females. In contrast, no significant
differences were observed between sexes in parameters related to hip dysplasia, such as the right
and left Norberg angles (103.83 + 2.91 in females, 103.16 + 2.36 in males) and (104.91 + 2.67 in
females, 104.58 + 3.08 in males), respectively. Conclusion: The study highlights the role of pelvic
morphometric measurements in identifying gender-related structural differences and suggests their
potential as complementary tools in assessing hip dysplasia. Radiographic imaging and digital
measurement techniques provided reliable and reproducible results for evaluating pelvic structures.
However, the study's limited sample size and focus on a single breed may restrict the
generalizability of the findings.

GIRIS

Canine hip dysplasia (CHD) is a developmental disorder of the coxofemoral joint
characterized by laxity, structural incongruence, and secondary osteoarthritis
affecting one or both hip joints. The condition has a polygenic and multifactorial
etiology and has challenged veterinarians and researchers since it was first
described in the 1930s."* Environmental factors such as nutrition, exercise, and

the dynamics of endochondral ossification further modulate the expression and
severity of CH D.>*
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Reported prevalence ranges from 1% to 80% among
breeds, with large-bodied or brachycephalic dogs and
those with relatively high body length-to-height ratios
being particularly affected.””’

Radiography remains the primary imaging modality
for diagnosing CHD in dogs. Standardized ventro-
dorsal pelvic views enable the assessment of
acetabular depth, femoral head coverage, joint
congruence, and secondary degenerative changes,
thereby supporting early diagnosis and follow-up.
Radiographic parameters such as the Norberg angle
and pelvic angular measurements form the basis of
widely used grading systems, including OFA and FCl,
and they play a crucial role in breeding programs
aimed at reducing the hereditary transmission of
CHD.*®

Joint degeneration in CHD has been attributed to
joint laxity, abnormal loading, and irregular or
delayed endochondral ossification. Partially ossified
hip structures may be particularly vulnerable to
mechanical stress, resulting in deformation of the
acetabular rim, femoral head, and surrounding
trabecular architecture.'®'" Affected joints frequently
exhibit synovial inflammation, cartilage erosion,
osteophyte formation, and subchondral bone
remodeling.” Subluxation of the femoral head and
delayed ossification of the craniodorsal acetabular
margin can be observed from as early as 8-12 weeks
of age, while cartilage degeneration and capsular
thickening become evident in the following
months.”* Despite these lesions, clinical signs can
vary widely between individuals.

Continuous efforts to characterize hip morphology
and joint alterations have contributed to more
refined phenotypic classifications of CHD and to
strategies for earlier, more targeted
interventions.”>**  Pelvic morphometric data in
clinically healthy dogs of specific breeds are essential
for establishing reference values that may distinguish
normal variation from early pathological change.

The present study aimed to determine physiological
pelvic bone parameters in clinically healthy German
Shepherd dogs presented for hip scoring.
Symmetrical ventro-dorsal pelvic radiographs were
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measurements were evaluated to describe sex-
related differences and provide reference data for
orthopedic assessment.

MATERIALS and METHODS

This study was conducted with the approval of the
Balikesir University Local Ethics Committee for Animal
Experiments  (Approval No: 2024/6-3; Date:
04.07.2024).

The study material consisted of German Shepherd
dogs aged 12-18 months, intact, and considered
clinically healthy, which were presented to the
Balikesir University Faculty of Veterinary Medicine
Animal Hospital and the PetX Clinic Veterinary
Practice. Following physical examination and
radiographic evaluation, hip scoring was performed
according to the FCI criteria, and dogs classified as
grades A or B were included in the study. A total of 29
dogs met the initial inclusion criteria.

Of these, 17 were female and 12 were male. One
female dog was excluded due to a suspicious Ortolani
test result during the clinical assessment.
Additionally, ventro-dorsal hip radiographs of four
other female dogs were deemed asymmetric or
unsuitable for evaluation; thus, these individuals
were also excluded. Consequently, the study was
completed with 24 dogs (12 females and 12 males)
that met all required criteria. For each included dog, a
complete physical examination was performed,
followed by ventro-dorsal pelvic radiography under
general anesthesia, during which pelvic
measurements were obtained. After adequate muscle
relaxation was achieved, the animals were initially
positioned in lateral recumbency and subsequently
placed in dorsal recumbency on the radiographic
table. To prevent positioning errors, the hind limbs
were extended caudally and gently rotated medially
to ensure optimal alignment of the femoral heads.
Radiographs were acquired only when both femurs
were parallel to each other and the spacing between
them was symmetrical (Table 1).15 The radiographs
were obtained at 72 kV, 1.6 mAs, and a focal distance
of 100 cm.

obtained, and a series of morphometric
Table 1. Information on the dogs used in the study.
Gender Total Number Ellmlnatefi n Fllnlcal RadlograpP.\y not Included in the Study
Examination Appropriate
Female 17 1 4 12
Male 12 0 0 12
Total 29 1 4 24

Clinical Examination and Evaluation

After completion of the clinical examination,
anesthesia was induced to ensure adequate muscle
relaxation for orthopedic testing and radiographic
positioning. The Barlow maneuver was performed

with the dogs in lateral and dorsal recumbency; with
the femur held in adduction, proximal pressure was
applied, and luxation or subluxation of the femoral
head was recorded as a positive sign. Hips with a
positive Barlow test were then evaluated using the
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Ortolani maneuver, in which the femur is abducted
while proximal pressure is maintained; palpable
reduction of a luxated or subluxated femoral head
was considered a positive Ortolani sign.16 Dogs with
positive or inconsistent test results were excluded.

Radiographic Measurements

Thirteen pelvic measurements were obtained from
the ventro-dorsal pelvic radiographs. These included
ilial length, ischial length, ischial tuberosity length,
width of sacrum, pelvic diameter, pelvic symphysis
length, cranial ilial aperture, os coxa length, internal
pelvic angle, femoral inclination angle, Norberg angle,
obturator foramen length and width, and the cranial
ramus/corpus length of the pubic bone. All linear
measurements were recorded in millimeters. All
measurements were performed by the investigator in
a blinded manner. Pelvic measurements and
subsequent analyses were conducted on the
radiographic images using AutoCAD 2025 (Autodesk
Inc., San Rafael, CA, USA).17 In each radiograph, the
width of the metal marker placed as a reference was
used to standardize all measurements across the
images.

The Norberg angle (NA) was measured for both hips,
and the mean value was used for evaluation. To
reduce the influence of outliers, measurements
below 75° were adjusted to 75°. Based on the mean
NA, hip status was classified as normal (>105°),
borderline (95°-105°), or dysplastic (<95°). The
femoral inclination angle was measured separately
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for each femur, and the average was used for
analysis.

Ilial length was defined as the distance between the
most cranial point of the ilium and the dorsal
acetabular rim. Ischial length was measured from the
most caudal point of the ischium to the caudal
acetabular rim. Ischial tuberosity length was
calculated as the distance from the most lateral point
of the ischial tuberosity to the nearest point on the
midline. Width of sacrum was determined by
measuring the widest points of the sacrum, whereas
pelvic diameter was defined as the maximum width
of the pelvic inlet. Pelvic symphysis length was
measured between the most cranial point of the
pubis and the most caudal point of the ischium.
Cranial ilial aperture was defined as the distance
between the most cranial points of both ilium. Os
coxa length was measured as the straight distance
from the acetabulum to the most caudal border of
the ischium. The internal pelvic angle was calculated
based on the medial surfaces of the ilium. The
femoral inclination angle was measured as the angle
between the long axis of the femur and the
acetabulum.'®

The Norberg angle was measured on ventro-dorsal
radiographs as the angle formed between a line
connecting the centers of both femoral heads and a
second line drawn from the center of each femoral
head to the intersection of the dorsal rim and
craniolateral margin of the acetabulum (Figure 1).°

Figure 1. Morphometric parameters and angles evaluated as the principal components of the pelvic bone. (A) Ilial length, (B) Ischial length,
(C) Ischial tuberosity length, (D) Width of sacrum, (E) Pelvic diameter, (F) Pelvic symphysis length (pubis-to-ischium distance), (G) Cranial
ilial aperture, (H) Coxal bone length, (I) Pelvic internal angle, (J) Femoral inclination angle (measured bilaterally), and (K) Norberg angle.

(Case No: 6).
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For the obturator foramen measurements, the major
axis (line A) was defined as the longest distance
extending from the craniolateral aspect to the
caudomedial aspect of the foramen. A minor axis (line
B) was then drawn perpendicular to line A at its
midpoint and was recorded as the shortest diameter
of the foramen.”®

For measurements of the cranial ramus and body of
the pubic bone, one circle (A) was placed over the
narrow portion of each pubic ramus, and a second
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circle (B) was positioned proximally to include the
cranial pubic tubercle and the pubic symphysis. The
medial borders of the obturator foramen were

required to be tangent to circle B. The centers of
circles A and B were used as reference points to guide
the pubic alignment. A reference line (T line) was
then drawn from the center of circle B (pubic
symphysis) to the midpoint of the acetabular fossa,
passing through the center of circle A (pubic ramus)
on both sides (Figure 2).20

Figure 2. Measurements of the long (L) and short (M) axes of the foramen obturatum, and the cranial ramus and corpus dimensions of the

pubic bone (T). (Case No: 6)

Statistical Analysis

Descriptive statistics (meanSD) were calculated for
all continuous variables. Normality was assessed
using the Shapiro-Wilk test. Sex-related differences
were evaluated by analysis of variance (ANOVA).
Statistical significance was set at p<0.05. All analyses
were performed using SPSS Statistics for Windows,
Version 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

In the overall sample, the mean ilial lengths were
103.84+6.21mm on the right side and
103.02+5.56mm on the left. The mean ischial lengths
were 64.5214.35mm on the right and 63.94+4.29mm
on the left. The average width of sacrum for all
individuals was 46.59+2.77mm, while the mean pelvic
diameter was 65.82+3.57mm (Table 2). Sex-based
comparisons showed that ilial lengths were greater in
males (right: 106.41+7.78mm; left: 105.6816.65mm)
than in females (right: 101.28+2.38mm; left:
100.35+£2.25mm). Similarly, males exhibited larger
width of sacrum (47.65+3.12mm) and pelvic diameter
(65.45+4.80mm) values compared with females
(45.54+1.97mm and 66.18+1.82mm, respectively).
The internal pelvic angle measured 34.41+1.83° in

males and 34.83+1.85° in females. Norberg angles for
the right and left hip joints were 103.16+2.36° and
104.58+3.08° in males, and 103.83+2.91° and
104.91+2.67° in females, respectively. These values
fell within acceptable limits for non-dysplastic hips in
both sexes. Measurements of the major and minor
axes of the obturator foramen, as well as pubic bone
parameters, were generally higher in males. The
cranial ramus length of the pubis on the right side
was similar between sexes (males: 41.30+3.79mm;
females: 41.39+2.89 mm). On the left side, the values
were 39.19+1.87mm in males and 38.95+£2.38mm in
females (Table 2). Statistically significant sex-related
differences were observed in ilial length (right: p=
0.048; left: p=0.020), ischial length (right: p=0.046;
left: p=0.009), ischial tuberosity length (right: p<
0.001; left: p<0.001), coxal bone length (right:
p=0.028; left: p=0.007), and left femoral inclination
angle (p=0.021). These findings indicate that male
dogs have greater pelvic bone lengths and higher left
femoral inclination angles compared with females.

In contrast, no significant sex differences were
detected for width of sacrum (p=0.061), pelvic
symphysis length (p=0.090), cranial iliac opening
(p=0.256), pelvic diameter (p=0.629), pelvic inlet

4



Turk Vet. Cer. Derg., 2025, 4(1):1-7.

angle (p=0.585), Norberg angles (right: p=0.545; left:
p=0.780), or obturator foramen measurements
(p>0.05). Similarly, the cranial pubic ramus length
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p=0.789) did not differ
sexes (Table 2).

(right: p=0.945; left:
significantly between

Table 2. Measurements obtained from ventro-dorsal radiographic evaluations of the dogs (overall, male, and female mean * standard
deviation) and comparison results between male and female dogs (n = 24). P value <0.05.

Parameter sz;l:—il\ga;e Femal:éVIean * Male Mean + SD t P
llial length (right) 103.84+6.21 101.28+2.38 106.41+7.78 -2.,185 0.048
llial Length (Left) 103.02+5.56 100.35+2.25 105.68+6.65 -2.626 0.020
Ischial Length (Right) 64.52+4.35 62.73+2.13 66.32+5.28 -2.182 0.046
Ischial Length (Left) 63.94+4.29 61.68+1.99 66.20+4.85 -2.984 0.009
Ischial Tuberosity Length (Right) 47.09+2.54 45.31+1.,29 48.86+2.23 -4.771 0.000
Ischial Tuberosity Length (Left) 46.71+2.79 44.96+1.31 48.47+2.80 -3.921 0.001
Width of Sacrum 46.59+2.77 45.54+1.97 47.65+3.12 -1.978 0.061
Pelvic Diameter 65.82+3.57 66.18+1.82 65.45+4.80 0.494 0.629
e Gy e e 47.79+5.07 46.00+2.74 49.59+6.27 -1.811 0.090
Cranial llial Aperture 108.24+9.28 106.03+5.65 110.45+11.73 -1.177 0.256
Coxa Length (right) 167.65+9.46 163.30+3.00 172.00+11.71 -2.492 0.028
Coxa Length (left) 166.46+8.80 161.55+2.54 171.38+10.14 -3.255 0.007
Pelvic Inlet Angle 34.62+1.81 34.83+1.85 34.41+1.83 0.554 0.585
Femoral Inclination Angle (right) 123.5+2.81 123.08+2.93 123.91+2.74 -0.718 0.480
Femoral Inclination Angle (left) 123.25+3.09 121.83+2.69 124.66+2.90 -2.480 0.021
Norberg Angle (right) 103.50+2.62 103.83+2.91 103.16+2.36 0.615 0.545
Norberg Angle (left) 104.75+2.83 104.91+2.67 104.58+3.08 0.282 0.780
Obturator Foramen Major Axis (right) 37.64+3.34 37.27+1.87 38.01+4.42 -0.,539 0.595
Obturator Foramen Major Axis (left) 37.47+3.17 37.06+1.77 37.88+4.19 -0.627 0.537
Obturator Foramen Minor Axis (right) 23.20+2.75 23.06+1.87 23.34+3.51 -0.246 0.808
Obturator Foramen Minor Axis (left) 21.15+1.90 20.96+1.48 21,33+2.30 -0.469 0.644
Pubic Bone Cranial Ramus Length (right) 41.34+3.30 41.39+2.89 41.30+3.79 0.070 0.945
Pubic Bone Cranial Ramus Length (left) 39.07+2.10 38.95+2.38 39.19+1.87 -0.271 0.789

DISCUSSION

In this study, pelvic and femoral morphometric
measurements were evaluated in a total of 24
healthy German Shepherd dogs, including 12 females
and 12 males. The findings demonstrate that
radiographic pelvic measurements are effective in
identifying sex-related morphological differences in
dogs. Notably, males exhibited significantly greater
values for ilial length, ischial length, ischial tuberosity
length, coxal bone length, and the left femoral
inclination angle. These results indicate that the
pelvic structure shows a clear morphological
association with sex, particularly in terms of bone size
and linear dimensions. In a study conducted on 34
adult dogs, male individuals generally had larger
pelvic measurements than females, although
statistically significant differences were limited to
distances between the anterior inferior iliac spine and
the pubic tubercle.” Likewise, an osteometric
analysis in Retriever breeds showed that males had
significantly higher values for six pelvic parameters;
however, these differences were not considered
sufficient for definitive sex determination.?

Conversely, some studies have reported minimal or
no sex-related differences. For example, a computed
tomography pelvimetry study in German Shepherd
dogs found no significant correlation between pelvic

measurements and body weight, age, or sex.
Additionally, three-dimensional geometric
morphometric analyses across various breeds

indicated that male dogs exhibited greater pelvic
shape variation than females, with a tendency toward
right-sided asymmetry.

Collectively, these findings suggest that pelvic
morphology in dogs is influenced by sex, breed
characteristics, and individual variation. Therefore, a
comprehensive and multidimensional approach is
necessary when interpreting pelvic measurements in
clinical and research settings.

The literature consistently reports that pelvic
morphometric  measurements are frequently
employed to identify sex-related differences in dogs.
In particular, the lengths of major pelvic bones such
as the ilium and ischium have been shown to be
greater in males than in females, as demonstrated in
several previous morphometric studies.”®”®  This
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pattern is generally attributed to the larger body
mass and more robust pelvic development typically
observed in male dogs. Similarly, the more prominent
ischial tuberosity measurements recorded in males
have been associated with functional differences in
muscular attachment sites. The findings of the
present study are in agreement with these previously
published observations.

In the current study, Norberg angles were
comparable between sexes. This suggests that hip
joint conformation may be less influenced by sex
compared with other pelvic structures. The Norberg
angle is widely recognized as a key parameter in the
radiographic assessment of hip dysplasia, with values
exceeding 105° generally considered indicative of
normal hip conformation.”*” In the present dataset,
the mean Norberg angles measured in females
(103.83° for the right hip and 104.91° for the left) and
males (103.16° and 104.58°, respectively) remained
within ranges considered acceptable and outside the
threshold for moderate to severe dysplasia. However,
it should be noted that these values do not entirely
rule out mild dysplastic changes, and individual
variation must be taken into account.

Pelvic inlet angle measurements were similar
between sexes, with mean values of 34.41° in males
and 34.83° in females. These findings indicate that
sex-related variation in pelvic angular morphology is
minimal. Although previous studies have proposed
that pelvic inlet angle may play a role in the
development of hip dysplasia, consensus on this
matter remains limited.”®*” However, this implies that
the pelvic inlet angle can be evaluated using a breed-
specific reference range, simplifying the diagnostic
criteria for dysplasia risk regarding this parameter.
Similarly, measurements of the major and minor axes
of the obturator foramen, as well as those of the
pubic bone, demonstrated comparable values
between males and females. For instance, the cranial
ramus of the pubis measured 41.30mm (right) and
39.19mm (left) in males, and 41.39mm (right) and
38.95mm (left) in females. These results suggest that
such parameters are less useful for sex differentiation
and are more reflective of individual anatomical
variation, as previously noted.” Also from a clinical
perspective, this lack of dimorphism is advantageous.
The pubic osteotomy can be performed using
standard anatomical landmarks and surgical margins
applicable to both sexes. Therefore, these
parameters, serve as reliable, sex-independent
anatomical constants for surgical orientation.

There are conflicting reports about the role of the
femoral inclination angle in hip dysplasia. It has been
reported that this angle can increase in dysplastic
dogs, leading to instability and subluxation, and that
surgical interventions such as intertrochanteric
osteotomy are required to correct this condition.”®

Tiirk Veteriner Cerrahi Dergisi

Another study reported no difference between
dysplastic and non-dysplastic German Shepherd dogs
and that it was not affected by age or sex.” This
discrepancy in the literature may cause from the
severity of the disease in the studied populations;
while femoral inclination angle may remain stable in
mild laxity, significant structural alterations like Coxa
Valga in advanced stages. This difference may
facilitate the selection of special osteotomy plates
with larger angles, especially in TPO/DPO surgeries,
due to the increased femoral incineration angle.28 In
the present study, a significant difference was
identified only in the left femoral inclination angle
(p=0.021), with males exhibiting a mean value of
124.66° and females 121.83°. This finding suggests
that pelvic geometry may contain gender-specific
variations. Therefore, while this parameter alone is
not sufficient for hip dysplasia, it should be
considered gender-specific rather than a standard
value in surgical plans aimed at correcting the
femoral angle. No statistically significant difference
was found between sexes in right femoral inclination
angles. Although this finding is consistent with
previous studies, the difference observed in the left
femoral inclination angle supports reports in the
literature indicating that this measurement is highly
sensitive to radiographic positioning.l‘r"29

The use of only healthy dogs in our study can be
considered a limitation in terms of the direct
applicability of the data obtained for the diagnosis of
hip dysplasia. However, before any pathology can be
identified, it is crucial to first clarify what constitutes
normal and how this normal is influenced by factors
such as gender.30 Without establishing these baseline
values in the healthy population, it is difficult to
distinguish  whether the pathological changes
observed in dysplastic dogs are a consequence of the
disease or a predisposing feature.’” Therefore, the
potential of the data presented in this study will be
better demonstrated through future comparative
studies with dysplastic cases.

The use of standardized measurement protocols,
combined with digital radiography and AutoCAD-
based analyses, strengthened the accuracy and
reliability of the results. However, certain limitations
should be acknowledged, including the relatively
small sample size and the exclusive evaluation of a
single breed. Future studies incorporating larger
cohorts, multiple breeds, and varied age groups will
be essential to improve the generalizability of these
findings.

Diagnostic measurements such as the Norberg angle
are generally applicable between the sexes, but pelvic
architecture has been shown to exhibit significant
sexual differences. Male German Shepherds, in
particular, exhibited greater ilial length and femoral
inclination angles than females. Clinically, these

6
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findings demonstrate the need for a gender-specific
approach to preventive surgeries such as triple and
double pelvic osteotomies. Osteotomy line selection
and implant sizing should be made with these
anatomical differences in mind to ensure optimal

biomechanical

correction. Normal data in these

healthy animals are crucial for distinguishing from
pathological changes.
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