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ABSTRACT

Pelvic radiographs in dogs have been used for assessments of pelvic bone, hip joint, and sacral bone in orthopaedic
examinations. Thus, symmetric radiographs must be a goal to minimise medical errors. Despite the importance of
symmetric radiographs, ventrodorsally pelvic radiographs are routinely evaluated using the symmetric appearance
of the obturator foramen and wing of the ilium. This retrospective study was performed to evaluate the symmetry
of pelvic radiographs in dogs. For this purpose, 100 pelvic radiographs were reevaluated by linear, area, and
circumference measurements. The differences in percentages were remarkable for width and area values for both
the ilium and obturator foramen between the left and right sides. In terms of the difference in the percentage of
iliac wing width, two-thirds of radiographs showed asymmetry up to 20% and higher in the remaining one-third of
radiographs. The findings of this research indicate that completely symmetrical positioning on pelvic radiographs is
often not obtained.
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Kopeklerde Ventrodorsal Pelvik Radyografilerin Simetrisinin Degerlendirilmesi;
Retrospektif Bir Calisma
OZET

Koépeklerde pelvik radyografiler ortopedikmuayenede pelvik kemik, kalgca eklemive sakral kemigin degerlendiriimesinde
kullanilmaktadir. Bu nedenle tibbi hatalari en aza indirmek icin simetrik radyografiler hedef olmalidir. Simetrik
radyografilerin Gnemine ragmen, ventrodorsal pelvik radyografiler rutin olarak foramen obturatum ve ala osis ili’nin
simetrik gérinimlerinin karsilastiriimasi ile degerlendirilir. Bu retrospektif calisma kopeklerde pelvik radyografilerin
simetrisini degerlendirmek amaciyla yapildi. Buamagla 100 pelvik radyografi lineer, alan ve gevre 6lglimleriyle yeniden
degerlendirildi. Sol ve sag taraflar arasinda hem foramen obturatum hem de ala osis ili'nin genislik ve alan degerleri
acisindan ylzdelerdeki farkliliklar dikkat ¢ekiciydi. Ala osis ili’nin genisligi arasindaki farka bakildiginda radyografilerin
Ugte ikisinde %20’ye varan asimetri ve geri kalan (igte birinde daha yiksek asimetri gorildi. Bu arastirmanin bulgulari,
pelvik radyografilerde tam simetrik konumlandirmanin siklikla elde edilemedigini gdstermektedir.

Anahtar kelimeler: kdpek, pelvik asimetri, pelvik radyografi, simetri degerlendirmesi
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Introduction

Radiographic measurements are commonly employed to
assess both normal and abnormal skeletal relationships
(Rowe and Yochum, 2005). Primarily, ventrodorsal pelvic
radiographs are utilized for evaluating pelvic bone
structures (Schrader, 1986; Dyce et al., 2001; Thompson
et al., 2007; Renwick et al., 2011), hip joint conditions
(Rasmussen et al., 1998; Tomlinson and Johnson, 2000;
Doskarova et al., 2010), and the sacrum (Pare et al., 2001;
Breit et al., 2002). Ventrodorsal images of the pelvis are
frequently employed for diagnostic purposes, especially
in cases of hip dysplasia (Dennis, 2012). Ventrodorsal
pelvic radiographs serve as a valuable tool for clinicians,
orthopaedic specialists, and veterinary professionals.
Their detailed visualization aids in identifying skeletal
abnormalities and guiding appropriate treatment
strategies.

Some conditions significantly impact the symmetry
and structural integrity of the pelvis. Juvenile pubic
symphysiodesis (JPS), a surgical procedure, induces
pelvic changes that become evident through radiography
in adult dogs (Boiocchi et al., 2013). Additionally,
lumbosacral transitional vertebrae (LTV) are commonly
observed in German shepherd dogs and can disrupt the
pelvis’s normal structure (Komsta et al., 2015). Following
an LTV, asymmetrical hip conformation may occur,
potentially exacerbating genetically influenced canine
hip dysplasia (Fluckiger et al., 2017). These alterations,
affecting pelvic symmetry and structure, hold clinical
significance. However, it’s essential to recognize that
even in healthy pelvis radiographs without observable
conditions, asymmetric images due to positioning can
lead to potential misdiagnosis.

Radiographic pelvic views must adhere to precise
positioningrulestoensure high-qualityimages for medical
analysis (Ginja et al., 2010). Quantitative measurements
obtained from radiographs can be influenced by various
factors, including accurate positioning, variations in
canine body conformation, image quality, sharpness,
identification of reference points, and the observer’s
experience (Thrall, 2018). Consequently, the risk of errors
in quantifying radiographic assessments is multifactorial.
Therefore, achieving symmetric radiographs becomes
essential to minimize medical inaccuracies (Dennis,
2012).

Conventional ventrodorsal hip extended radiographs are
widely used worldwide (James et al., 2020). Despite the
emphasis on symmetry, ventrodorsal pelvic radiographs
are routinely evaluated based on the symmetrical
appearance of the obturator foramen and the ilium’s
wing (Delanuay et al., 1997, Renberg et al., 2000;
Tomlinson and Johnson, 2000; Breit et al., 2002).

The main aim of this retrospective study is to re-evaluate
canine ventrodorsal radiographs, with a special focus
on pelvic symmetry. To achieve this, a series of linear,
area, and circumferential measurements of the pelvis
were used. The aim is not to investigate quantitative
differences between the two sides of the pelvis; rather, it
is an elucidation of the symmetry present in canine pelvic

radiographs. By doing this, attention can be drawn to
potential variations that could affect diagnostic accuracy.

Materials and Methods

The study primarily utilized X-rays from mostly German
shepherd dogs, representing nine different breeds.
These dogs were medium to large-sized, with an average
weight of 30.24 kg (SD 6.54). Most were at least 7
months old, except for one Labrador retriever, which was
5 months old. The gender distribution was 43% female
and 57% male (Table 1).

In this study, standard ventrodorsal hip radiographs
were used from the archives of Aydin Adnan Menderes
University Faculty of Veterinary Medicine (compiled
between 2010 and 2013). To ensure consistent
conditions, the same surgeon and technician performed
all radiographs without the use of anaesthesia. 100
radiographs were selected that showed no signs of
hip dysplasia or similar orthopaedic diseases from the
archived collection. Selection criteria were including two
key factors: symmetrical views of both the obturator
foramen and ilial wings, and the absence of radiographic
evidence of degenerative joint disease in the hips.
Priority was also given to excluding diseases that could
cause asymmetry or structural deterioration in the pelvis.
This approach aimed to minimize defects that might
impact pelvic symmetry and result in an asymmetrical
appearance.

The radiographs were scanned (Mustek A3 Il T) and
transferred to the personal computer as JPEG images,
with fixed scale and resolution. On these images, four
landmark points were marked on the cranial margin of
sacroiliac joint and cranial acetabular rim (Urban et al.,
2011) of both sides using Corel Draw software. Then, two
axes were drawn between these points to standardize
ilial wing width (IWW) and dorsal acetabular width
(DAW) measurements. Width, length, circumference,
and area measurements were taken after millimetric
calibration by using Vet Eickemeyer® Medizintechnik fir
Tierarzte (EIVIS). Measurements are given in table 2 and
figure 1. All images were analyzed by the same person
(1GY).

Statistical analysis was performed using the SPSS
statistical package program (SPSS version 20.0 SPSS, IBM,
NY, USA). Mean values (MV) and standard deviations
(SD) were calculated as descriptive statistics.

The greater values of ilial wing width from each
radiograph were pooled and named as the wide sides
while the other side of the same radiograph was named
as the narrow side. Two sides were compared with the
paired-t test. Additionally, four groups were formed
according to percentage differences between wide and
narrow sides of ilial wing width: 0-10% (group 1), 10.1-
20% (group 2),20.1-30% (group 3), and higher than 30.1%
(group 4). The values of these groups were subjected to
one-way analysis of variance (ANOVA). When intergroup
differences were statistically significant, the Duncan test
was used to determine from which group differences
originated. P values <0.05 were considered significant
for all analyses.
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Table 1. Some descriptive characteristics of the dogs
S n Sex Weight (kg) Age (month)
male female Mean(SD) min. max. Mean (SD) min. max.
German Shepherd 54 32 22 32.01(4.28) 25 40 22.78 (3.07) 7 103
Labrador Retriever 21 12 9 30.00 (7.63) 14 42 17.15 (2.05) 5 38
Belgian Malinois 9 5 4 24.11 (4.51) 18 32 21.33 (4.39) 9 50
Pointer 6 2 4 19.16 (4.53) 12 25  33.67(10.34) 7 63
Anatolian Shepherd 3 2 1 40.00 (8.00) 32 48 52.33 (22.45) 26 97
English Setter 3 2 1 29.33 (7.09) 23 37 39.50 (18.50) 21 58
Doberman Pinscher 2 1 1 33.00 (5.65) 29 37 33.00 (15.00) 18 48
Rottweiler 1 . 1 32.00 (0.00) - = 24.00 (0.00) = =
Boxer 1 1 - 27.00 (0.00) - - 27.00 (0.00) - .
Total 100 57 43 30.24 (6.54) 12 48 23.77 (19.70) 5 103
Table 2. The descriptive of the measurements studied
Trait Abbreviation Units Description
llial wing width IWW mm llial width on the axis between cranial margin of the
sacroiliac joint
Dorsal acetabular width DAW mm Acetabular width on the axis between cranial acetabular
rim
Ischial width W mm Ischial width between lateral ischiatic tuberosity and
caudal end of ischiatic symphysis
Foramen obturatum width FOW mm Widest width of obturator foramen, perpendicular to the
FOL
Foramen obturatum length FOL mm Longest length of obturator foramen
Area of obturator foramen FOA mm? Foramen obturatum area
Area of ilium IA mm? Os ilium area
Circumference  of  obturator FOC mm Foramen obturatum circumference
foramen
Circumference of ilium IC mm Os ilium circumference
Table 3. Comparison of measurements between wide and narrow sides (mean and standard deviation)

Measurements Units n Wide side Narrow side Diffi;:;‘ces t P
llial wing width mm 100 29.89 (4.75) 24.95 (4.72) 16.18 13.543 <0.0001
Dorsal acetabular width mm 100 26.07 (2.53) 24.77 (2.37) 4.59 6.148 <0.0001
Length of obturator foramen mm 100 39.15 (4.46) 40.31 (4.74) -3.12 -4.970  <0.0001
Width of obturator foramen mm 100 20.99 (3.21) 24.03 (3.25) -15.91 -9.871 <0.0001
Ischial width mm 100 73.23 (6.99) 76.21 (6.84) -4.34 -6.156  <0.0001
Area of ilium mm? 100 3020.38 (579.03) 2595.84 (548.56) 13.66 12.031 <0.0001
Area of obturator foramen mm? 100 628.83 (149.91) 737.66 (175.33) -18.64 -9.516  <0.0001
Circumference of ilium mm 100 303.90 (28.49) 299.13 (28.50) 1.57 7.757  <0.0001
Circumference of obturator mm 100 99.18 (11.52) 104.11 (12.32) -5.12 -8.161  <0.0001

foramen
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Figure 1: Measurement axes and variables of radiograph. Abbreviations are the same in Table 2

Table 4. Comparison of measurements among four groups (*) according to differences of percentage of ilial wing width
(mean and standard deviation)

Measurements Units n Group 1 n Group 2 n Group 3 n Group 4 P
Ilial wing width mm 34 450(3.18)° 32 15.00(2.81)° 21 24.81(3.43)° 13 35.71(3.26)¢ <0.0001
Dorsal mm 34 1.56(9.69)> 32 3.46(5.82)® 21 7.40(10.07)* 13 10.79 (4.31)° <0.003
acetabular

width

Length of mm 34 -2.48(5.65) 32 -1.47(3.64) 21 -5.43(10.22) 13 -5.12 (7.86) <0.123
obturator

foramen

Width of mm 34 -6.75(14.90)* 32 -13.48(15.33)* 21 -24.25(13.03)®> 13 -32.38(10.95)° <0.0001
obturator

foramen

Ischial width mm 34 -1.88(4.46)* 32 -4.54(5.05)* 21 -4.92(10.47)* 13 -9.30(4.07)° <0.006
Area of ilium mm? 34 3.71(6.45)* 32 12.59(4.99)* 21 21.25(5.77)c 13 30.04 (6.12)¢ <0.0001
Area of mm? 34 -8.15(15.67)° 32 -17.20(18.70)* 21 -27.91(17.70)° 13 -34.66(17.35)° <0.0001
obturator

foramen

Circumference mm 34 0.18(1.40)* 32 1.86(1.37)° 21 2.38(1.61)* 13 3.14 (2.88)° <0.0001
of ilium

Circumference mm 34 -2.78(5.78)° 32 -3.93(5.54)* 21 -7.79(5.94)° 13 -9.83(6.67)° <0.0001
of obturator
foramen

* The groups represent the percentage differences between the wide and narrow sides of ilial wing width: 0-10% (group 1),
10.1-20% (group 2), 20.1-30% (group 3) and higher than 30.1% (group 4).
abed: Different letters in the same line are statistically significant (P<0.05).
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Results

The obturator foramen and ilial wing looked the same
on all 100 radiographs, so they were all thought to be
symmetrical when the radiographs selected. However, in
99 of those 100 radiographs, the ilial wing width (IWW)
value was different on the right and left sides. The right
side had a greater value in 67 radiographs compared to
32 radiographs on the left side (P<0.001). In only one
radiograph, both sides had the same value, indicating
perfect symmetry for this measurement.

The data in the tables is presented based on the IWW
(ilial wing width) value rather than distinguishing
between right and left sides. Regardless of side, all
obtained values were categorized as either wide or
narrow edges, corresponding to large and small IWW
values. Notably, various variables showed significant
differences between the wide and narrow sides.
Specifically, acetabular and ilial values were higher on
the wide side, while ischial and obturator values were
smaller. The reverse pattern was observed on the narrow
side. Percentage differences in IWW, obturator foramen
width (FOW), obturator foramen area (FOA), and ilium
area (IA) values were particularly remarkable (Table 3).

By analyzing the percentage differences in IWW (ilial
wingspan) between wide and narrow edges, it was
notable that two-thirds of the radiographs exhibited
asymmetry of up to 20%. In the remaining one-third
of radiographs, this percentage was notably higher,
especially ranging from 30.27% to 41.88% in 13 cases.
A mere 10% difference in IWW between the wide and
narrow sides led to distinct variations in IA (ilium area)
and IWW values. Additionally, FOW (obturator foramen
width), FOC (circumference of obturator foramen), DAW
(dorsal acetabular width), and IC (circumference of ilium)
values were significantly affected by more than 20% of
the difference. The significant difference in ischial width
(IW) value was not observed until a 30% difference. The
obturator foramen length (FOL) remained unchanged
and did not exhibit significant differences among the
four groups (Table 4).

Discussion

The enchondral growth period of a puppy’s pelvis is
typically completed by the 40" week (von Pfeil and
DeCamp, 2009). During this phase, excessive body
weight can lead to increased loading forces, potentially
causing skeletal malformations (Riser, 1975; Hawthorne
et al.,, 2004). Additionally, it may result in asymmetric
pelvis development, as seen in cases of juvenile pubic
symphysiodesis and lumbosacral transitional vertebrae
(Boiocchi et al., 2013; Komsta et al., 2015). While it is
true that possible morphometric defects can impact
image symmetry, it’s important to note that a perfectly
symmetrical pelvic structure may not always appear
symmetric on radiographs. These situations should be
considered when evaluating pelvic image symmetry
in radiographs obtained from dogs presumed to be
morphometrically healthy.

In the study, measurements taken from both the right

and left sides consistently showed a higher IWW (ilial
wing width) value, particularly in the 67 radiographs
on the right side compared to the 32 radiographs on
the left side. These elevated values, more pronounced
on the right side, suggest greater pelvic rotation in that
direction. Possible reasons include differential force
application during X-rays or the technician’s right-handed
dominance. The superior position of the right side aligns
with axial rotation of the pelvis, where inadvertent force
may have been applied to the dog’s left side by a right-
handed technician.

The impossibility of absolutely standardized radiographic
positioning in the ventrodorsal projection of the pelvis
confirmed that all measurements were statistically
different between wide and narrow sides (Gibbs, 1997).
The values obtained from cranial to acetabulum were
greater, while the values for caudal to acetabulum were
smaller, and vice versa. This is a characteristic result of
pelvic geometry. Because the anatomic structures of the
cranial to acetabulum are in a sagittal position, in contrast
to those in the horizontal position, Therefore, increasing
ilial and acetabular values and decreasing ischial and
obturator values should be expected in the case of
the asymmetric position of the pelvis. The differences
between wide and narrow sides were noticeable in the
widths and areas of the ilial wing and obturator foramen,
located cranially and caudally, respectively. This finding
confirms that regularly assessing pelvic symmetry is best
achieved by monitoring the obturator foramen width
and ilial wing width as suggested by Martins et al (2016).

The changes in symmetry of ilial wing width caused
changes in all variables except the obturator foramen
length. The sequence of degrees of these changes
occurred in dorsal acetabular width, ilial circumference,
width, area, circumference of the obturator foramen,
and ischial width. In this circumstance, two findings were
noteworthy: firstly, the values obtained from cranial to
acetabulum were more affected than those of caudal to
acetabulum, and secondly, the values of the obturator
foramen did not show any statistical difference until a
20% difference in ilial wing width.

It has been reported that various measurements such
as Norberg angle (Gibbs, 1997), hip dysplasia score
(Martins et al.,, 2016), acetabular version angle, and
acetabular tilt angle (Cross and Newell, 2000) may be
inaccurate in asymmetric pelvic radiographs. However,
the distraction index measurement may remain
relatively unaffected until a 15° asymmetry is present on
pelvic radiographs (Smith et al., 1990). More than one-
third of the radiographs were not suitable for measuring
the angles and index based on ilial flap width. Width
measurements of the obturator foramen and ilium were
deemed appropriate for the symmetrical evaluation of
the caudal and cranial halves of the pelvis, respectively.

It is reported that quantitative measurements obtained
from radiographs can be affected by various factors
such as precise positioning, differences in the body
structure of dogs, radiographic quality, sharpness of the
image, positioning of standard reference points and the
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experience of the observer (Thrall, 2018). It is important
to obtain symmetrical radiographs to minimize errors
(Dennis, 2012). Study findings show that it is difficult to
achieve symmetry in ventrodorsal pelvis radiographs. For
this purpose, it has been observed that holding devices
have been developed that can help obtain standard and
symmetrical images in pelvic radiographs (Santana et al.,
2020). It can be thought that similar assistive devices
may be useful in increasing standardization in vendor
x-rays of the pelvis and preventing position-related
asymmetries. Because achieving perfect symmetry on
standard ventrodorsal pelvic radiographs appears to be
an elusive goal.

The study was performed on films obtained from routine
clinical radiographs. Because the aim was to evaluate
the standard positions evaluated in clinics and the
images obtained from them. Special imaging methods
and positions should be used, or cadavers should be
preferred, if the aim is to evaluate only pelvic symmetry.

Limitation of this study: This is a preliminary study that
evaluates the achievability of symmetry in the images
arising from routine shooting techniques in ventrodorsal
pelvis radiographs. Although it represents a common
situation, detailed multidisciplinary planning should be
considered.

Conclusion

It is thought that symmetry assessment should be
done objectively, and methodological studies are also
necessary to determine the relationship between the
degree of asymmetry and the existing diagnostic angles
on pelvic radiographs of dogs.
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