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Evaluation of the effects of asymmetric =
lumbosacral transitional vertebra on pelvic
morphology in dogs using ventrodorsal
radiographs

Jon Andre Berg'*'®, Bente Kristin Saevik?, Frode Lingaas' and Catrine Trangerud*

Abstract

Background A lumbosacral transitional vertebra (LTV) is a congenital anomaly of the caudal vertebral column. It
has been associated with asymmetrical canine hip dysplasia (CHD) and cauda equina syndrome (CES) in German
Shepherd dogs. This retrospective cross-sectional study aims to report the potential influence of asymmetric LTV on
pelvic anatomy using ventrodorsal (VD) radiographs.

Results The results are based on the evaluation of VD radiographs of 13,950 dogs from 14 breeds; an LTV was
identified in 18.5%. The LTV segments were allotted into symmetrical (78.6%) and asymmetrical (21.4%) categories. An
asymmetrical CHD grade was observed in 12.4% of the dogs, of which 39.7% had asymmetrical LTV. An asymmetric
LTV was associated with an uneven sacroiliac joint length, in which the shortest sacroiliac joint is positioned more
caudally, resulting in a reduced distance to the hip joint (P <0.001). Rotation of the asymmetrical LTV segment

about the long axis was associated with opposite pelvis rotation vertically (P<0.001). Also, long-axis rotation of the
asymmetric LTV segment was associated with an elevation of the pelvis (P <0.001), promoting an asymmetrical CHD
grade (P<0.001).

Conclusions This study suggests a compensatory mechanism for the sacroiliac joint related to an asymmetrical LTV.
Counter-rotation between the pelvis and the LTV segment vertically may straighten the lower back. The asymmetrical
LTV segment most likely affects the rotation of the pelvis and may indirectly promote an asymmetrical CHD grade.
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Background

A lumbosacral transitional vertebra (LTV) is a congenital
anomalously formed vertebra that can morphologically
resemble both the lumbar and sacral segments of the
spine [1-5].

Several classification systems are available for LTV in
dogs [3, 4, 6]. An LTV can be classified into three types
based on morphology evaluated on ventrodorsal (VD)
radiography [6]. Regardless of the classification system
used for LTV, the different types are usually grouped into
symmetrical or asymmetrical morphology [3, 4, 7, 8].

It has been recognised that LTV, predominantly the
asymmetrical morphology, has the potential to be clini-
cally important. It has been reported that asymmetri-
cal LTV is related to rotational alterations of the pelvis,
which might promote the development of asymmetri-
cal canine hip dysplasia (CHD) grades [7, 8]. In a recent
study the authors identified an association between both
symmetrical and asymmetrical LTV and hip dysplasia
in dogs [9]. Furthermore, LTV is reported to predispose
to cauda equina syndrome (CES) in German shepherd
dogs [10, 11]. The CES is believed to result from altered
local biomechanics, for which one theory is counter-
rotation of the sacrum in relationship to the LTV seg-
ment [3]. In the presence of an asymmetrical LTV, the
left and right sacroiliac contact areas usually differ, of
which the shorter side has been deemed weaker than the
larger contralateral contact area [7, 12]. This theory is not
proven and not consistently reported [13]. The side with
the reduced contact area is also reported to be positioned
further caudally on the ilium [3, 12].

This paper builds on previous work on counter-rotation
between the LTV, sacrum and pelvis and the observation
of a unilateral caudally positioned sacroiliac joint with
a reduced contact area [3, 7, 12]. We hypothesised that
asymmetrical LTV would prompt compensatory rota-
tional adjustments in the body to align the head-tail line.
Our study aimed to explore the impact of asymmetrical
LTV on pelvic morphology evaluated radiographically.
Specifically, whether pelvic rotation in the vertical axis
opposes the rotational direction of the asymmetric LTV
segment in both the vertical and long axes. Furthermore,
we aimed to investigate the proposed theory concerning
asymmetrical LTV and its impact on the sacroiliac joint.
We sought to determine if the reduced contact area was
positioned further caudally on the pelvis and to examine
whether this reduction decreased the distance between
the affected sacroiliac joint and the ipsilateral hip joint.
This potential reduction in distance could offer insights
into previous findings, suggesting no association between
overload of the reduced contact area of the sacroiliac
joint [13]. Finally, we explored the association between
asymmetrical LTV and an asymmetrical CHD grade.
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Fig. 1 Flowchart summarising dog selection and lumbosacral transitional
vertebra (LTV) classification across 14 breeds. The flowchart details the se-
lection process and classification of lumbosacral transitional vertebra (LTV)
types 1-3 from 13,950 dogs initially screened across 14 breeds [9]. Out of
this initial group, 18.5% (n=2,579) had LTV type 1-3, with 2,028 exhibiting
symmetrical LTV and 551 showing asymmetrical LTV. A sub-population
was further selected based on sample size calculation criteria, resulting in
743 dogs. Within this sub-population, 371 dogs had symmetrical LTV and
372 had asymmetrical LTV

Table 1 Information on the number of dogs within each breed

Dog breeds Counts % of total
Brittany 343 134
Bernese Mountain Dog 93 3.6
Boxer 148 57
Rough Collie 189 73
Danish-Swedish Farm Dog 149 58
English Setter 178 6.9
Eurasier 174 6.7
Gordon Setter 113 44
Irish Setter 137 53
Norwegian Elkhound Grey 240 9.3
Portuguese Water Dog 146 57
Rhodesian Ridgeback 223 86
German Shepherd Dog 243 94
Norwegian Elkhound Black 203 79
Methods

Study sample

The study sample used in this study is described in a
prior publication [9]. This study was based on 13,950
dogs’ routine VD radiographs from 14 breeds stored in
the Norwegian Kennel Club (NKK) database as part of
the official radiographic screening program for CHD in
Norway (Fig. 1). Digital radiographs were collected from
February 2014 to January 2022 for a thorough classifica-
tion of LTVs. The 14 dog breeds were of different sizes
and groups (Table 1) [9].



Berg et al. Acta Veterinaria Scandinavica (2025) 67:4 Page 3 of 10

Fig. 2 (See legend on next page.)
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(See figure on previous page.)

Fig. 2 Ventrodorsal radiography with extended hips reveals an asymmetric lumbosacral transitional vertebra (LTV). The lumbosacral transitional vertebra
(LTV) segment exhibits a sacral-like transverse process with a broad contact area on the left. The rotation of the LTV segment is evident on both the verti-
cal and longitudinal axes, leaning towards the left. This is observed through the spinous process (yellow arrow), cranial articular facets (red arrows), and
cranial and caudal endplates compared to the last normal lumbar vertebra (blue arrows). The pelvis demonstrates longitudinal axis rotation, noticeable
in the wider left iliac wing and the asymmetric appearance of the obturator foramen. Additionally, a counterclockwise vertical rotation of the pelvis and
sacrum is observed and a caudal displacement of the sacroiliac joint (green arrow). This displacement shortens the distance from the sacroiliac joint to the
hip joint on the right side. Moreover, inadequate coverage of the left acetabulum leads to subluxation of the left hip joint. Axial malpositioning of a normal
dog during the radiographic examination results in apparent rotation of the pelvis and the caudal lumbar spine in the same direction. However, if the
direction or degree of the rotation, or both together, between the pelvis and lumbar spine are different, an inherent malposition should be considered [8].
The black lines demonstrate the measurement of the sacroiliac joint length. (The radiograph is for illustration purposes and not from the NKK database)

The inclusion criteria were as follows: an official iden-
tity number and complete records, including date of
birth, sex, radiology date, and official bilateral radiologi-
cal CHD grade. Due to the official criteria for the CHD
grading, all dogs included were at least 12 months old at
the time of radiography.

Classification of LTV and CHD

We classified LTV into three types [6]: LTV type 1 is
characterised by an independent spinous process of the
first sacral vertebra, which is separated from the median
sacral crest; LTV type 2 is a symmetrical transitional
vertebra separated from the sacrum by an intervertebral
disc space; and LTV type 3 is characterised by asym-
metrical morphology. Radiographs were excluded if rel-
evant anatomy was obscured by the os penis or dense
rectal faecal material or if there was no reference point
for a normal last lumbar vertebra. Two authors (the first
and last author) individually evaluated the radiographs
and assessed the morphology of the lumbosacral spine,
reaching a consensus on cases that diverged [9]. No dif-
ferentiation between lumbarisation and sacralisation was
feasible based on the materials available.

The bilateral official hip joint status was based on the
Federation Cynologique Internationale (FCI) classifica-
tion. The FCI classification is a five-grade system from A
(reflecting a normal hip joint), B (near normal hip joints),
A and B are considered as free of hip dysplasia, C (mild
hip dysplasia), D (moderate hip dysplasia), and E (indi-
cating severe hip dysplasia). Grades are defined descrip-
tively based on the Norberg angle, subluxation degree,
acetabulum’s shape and depth and secondary signs of
osteoarthritis [14].

Rotational changes of the LTV, sacrum and pelvis

For consistency with previous publications using VD
radiographs for evaluation of CHD to evaluate the rota-
tional alteration of the LTV, sacrum and pelvis, the terms
vertical and long axis are used. Rotational changes were
classified as no rotation, left or right rotation [3, 8].

A shift in the position of the sacroiliac joint charac-
terises the rotation of the pelvis vertically (PelvVert). In
contrast, pelvis rotation about the longitudinal axis (Pelv-
Long) is characterised by one wing of the ilium appearing

wider than the contralateral side and most often, the
ipsilateral obturator foramen appears smaller than the
contralateral (Fig. 2). Hence, symmetry of the obturator
foramina and equal width of the iliac wings were consid-
ered no pelvic rotation.

Rotation of the LTV segment about the vertical (LT V-
Vert) and long axis (LTVLong) was evaluated based on
the position of the transverse processes, spinous process,
articular facets, and endplates of the last true lumbar ver-
tebra (Fig. 2) [3, 7, 8].

Measurements of anatomical landmarks for the
positioning of the sacroiliac joints

A subsample of 743 dogs from the 14 breeds was selected
(Fig. 1; Table 2), representing symmetrical and asym-
metrical LTV types, to closely evaluate sacroiliac joint
positioning and its relationship to LTV morphology. The
sample size calculation was constrained by the smaller
group size of dogs with asymmetrical LTV (n=551).

To achieve a 95% confidence level, ensuring the true
value falls within a margin of +5%, a minimum sample of
227 dogs with asymmetrical LTV was required. However,
we ultimately sampled 372 dogs with asymmetrical LTV,
maintaining a 95% confidence level with a population
proportion of 67%. This larger sample size resulted in a
narrower margin of error of +2.75%.

Measurements were performed bilaterally to quantify
specific anatomical structures of the pelvis at defined
anatomical points. The measured parameters included:
(A) the length from the cranial tip of the ilium to the
craniolateral acetabular rim on the left (IliumL) and
right (IliumR) sides; (B) the length of the sacroiliac joint,
i.e. including any parts of the LTV segment on the left
(L-SJL) and right (L-SJR) side and (C) the length from the
caudal end of the sacroiliac joint to the craniolateral ace-
tabular rim on the left (Dsj-hjL) and right (Dsj-hjR) side
(referred to as the distance from the sacroiliac joint to the
hip joint in the text) (Figs. 2 and 3).

Statistical analysis

Categorical data (LTV morphology, CHD grade, rotation
of the LTV and pelvis in the vertical and long axis (i.e., no
rotation, left or right rotation) are reported as frequen-
cies (percentages). Continuous data (length of IliumL,
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Table 2 Information on the number of dogs within each breed
in the subpopulation, including LTV morphology

Dog Breeds mLTV Counts % of total
Brittany Sym 40 54
Asym 54 73
Bernese Mountain Dog Sym 21 29
Asym 15 20
Boxer Sym 45 6.1
Asym 7 1.0
Rough Collie Sym 32 4.4
Asym 12 1.6
Danish-Swedish Farm Dog Sym 17 23
Asym 27 37
English Setter Sym 42 57
Asym 37 50
Eurasier Sym 18 24
Asym 23 3.1
Gordon Setter Sym 16 2.2
Asym 23 3.1
Irish Setter Sym 21 29
Asym 26 35
Norwegian Elkhound Grey Sym 20 2.7
Asym 9 1.2
Portuguese Water Dog Sym 19 26
Asym 29 39
Rhodesian Ridgeback Sym 18 24
Asym 18 24
German Shepherd Dog Sym 58 79
Asym 53 7.2
Norwegian Elkhound Black Sym 4 0.5
Asym 39 52

The number of dogs within each breed and the lumbosacral transitional
vertebra morphology (mLTV), where lumbosacral transitional vertebra (LTV)
was classified into 3 classes [6] and then arranged in symmetrical (Sym) and
asymmetrical (Asym) groups

[liumR, the L — SJL, L - SJR and the Dsj - hjL, Dsj - hjR)
were evaluated for central tendencies, skewness, kurtosis
and normal distribution.

For the statistical analyses, the LTV types were clas-
sified into two groups based on their morphology: (A)
symmetrical (LTV types 1 and 2) and (B) asymmetrical
(LTV type 3). In addition, the official FCI CHD grades
were reclassified into four categories, where CHD grades
A and B were grouped as free. CHD grades C, D, and E
remained in the original categories. CHD grades were
compared bilaterally, and each dog was classified as sym-
metrical (both sides were equal) or asymmetrical. Fur-
thermore, the two sides were compared to determine the
side with the worst CHD grade.

A bilateral multiple linear regression was used to test if
the length of the left and right sacroiliac joint, length of
the left and the right ilium, and morphology of the LTV
were associated with the distance from the left and right
sacroiliac joint to the respective left and right hip joint
with the following formulas:
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Dsj-hjL=B0 + (B1*LSJL) +( p2*IliumL) +( B3*IliumR) +
(B4*mLTV) + ¢, and.

Dsj-hjR=p0 + (B1*LSJR) + (B2*IliumL) + (B3*IliumR) +
(B4*mLTV)+e.

The overall regression model for the left and right
sides was statistically significant [(adjusted R*=0.376,
F(2223)=223, P<0.001) and (adjusted R*=0.374,
F(2227)=227, P<0.001)] for the left and right sides,
respectively. The bilateral length of the sacroiliac joint
was log transferred for a normal distribution, and there
were no interactions between the predictors. There were
no collinearity issues based on the variance inflation
factor (VIF) and no influential outliers based on Cook’s
distance, and the reference value was symmetrical LTV
morphology.

We assessed pelvic rotation in the vertical axis
using a multinomial logistic regression model: Pelv-
Vert=~1+mLTV+LTVLong + (mLTV*LTVLong).

The reference values were: no rotation for the pelvis in
the vertical axis, symmetrical for LTV morphology, and
no rotation for LTV in the long axis. The model was sta-
tistical significant (X*>(10)=882, P<0.001), with a pseudo-
R 0f 0.428.

The relationship between pelvic rotation in the long
axis and LTV morphology, as well as LTV rotation in
the long axis, was examined using a multinomial logistic
regression model: PelvLong=~1+mLTV+LTVLong +
(mLTV * LTVLong).

The model was statistically significant (X*(10)=991,
P<0.001 and pseudo-R?,;; 0.460). The reference values
were no rotation for pelvic, symmetrical for LTV mor-
phology, and no rotation of the LTV on the long axis.

Furthermore, we examined the probability of develop-
ing asymmetrical CHD grades (assCHD) with the follow-
ing binominal logistic regression equation:

Logit assCHD=p0 + (B1 * mLTV) + (B2 * LTVVert) +
(B3 * LTVLong) + (p4 * PelvLong) + (35 * PelvVert).

The model was statistically significant (X*(2)=322,
P<0.001), with a pseudo-R?*; of 16.60% and an area
under the curve (AUC) of 87%. The reference values were
symmetrical CHD grade, symmetrical LTV morphology,
vertical LTV rotation: no rotation, and pelvic rotation
over the long axis, which is no rotation.

The Chi-square test was used to identify any associa-
tion between the hip joint with the worst grade and the
pelvis rotation direction over the long axis.

All P-values less than 0.05 were rendered significant,
odds ratios (OR) were calculated with 95% confidence
intervals (Cl), and all data were analysed using commer-
cial software (jamovi.org, version 2.3.18.0) [15].
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Fig. 3 Ventrodorsal radiography with extended hips with normal anatomy position. Both transverse processes of the last lumbar vertebra are identically
formed, oriented in craniolateral direction and have no contact with the pelvis. The length and position of the sacroiliac joints are identical. The yellow line
represents the longitudinal axis. The blue double-ended arrow demonstrates the measurement of the ilium length. The double-ended orange arrow sym-
bolises the measure of the distance from the sacroiliac joint to the hip joint. (The radiograph is for illustration purposes and not from the NKK database)

Results Out of the 551 asymmetrical LT Vs, 261 dogs (47.36%)
A total of 13,950 VD radiographs were evaluated among  did not exhibit longitudinal axis rotation, while 158 dogs
14 dog breeds, where 2579 (18.5%) dogs had LTVs. The  (28.31%) showed a rotation towards the right, and 132
majority, 2028 (78.6%), had symmetrical LT Vs, whereas  dogs (23.97%) exhibited a rotation towards the left about
551 (21.4%) had asymmetrical LT Vs (Table 3). the longitudinal axis. Table 4 provides further details

related to the vertical and longitudinal axis rotation of
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Table 3 Information on the distribution of LTV morphology
among 14 dog breeds

Dog Breeds mLTV Counts % of total
Brittany Sym 261 10.1
Asym 82 32
Bernese Mountain Dog Sym 75 29
Asym 18 0.7
Boxer Sym 137 53
Asym 1 04
Rough Collie Sym 172 6.7
Asym 17 0.7
Danish-Swedish Farm Dog Sym 112 43
Asym 37 14
English Setter Sym 129 50
Asym 49 1.9
Eurasier Sym 140 54
Asym 34 1.3
Gordon Setter Sym 78 30
Asym 35 14
Irish Setter Sym 90 35
Asym 47 1.8
Norwegian Elkhound Grey Sym 220 8.5
Asym 20 0.8
Portuguese Water Dog Sym 106 4.1
Asym 40 1.6
Rhodesian Ridgeback Sym 191 74
Asym 32 12
German Shepherd Dog Sym 167 6.5
Asym 76 29
Norwegian Elkhound Black Sym 150 58
Asym 53 2.1

The number of dogs within each breed and the lumbosacral transitional
vertebra morphology (mLTV), where lumbosacral transitional vertebra (LTV)
was classified into 3 classes [6] and then arranged in symmetrical (Sym) and
asymmetrical (Asym) groups
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the LTV and pelvis, along with the morphology of the
LTV segment.

A total of 743 dogs (28.8%) had measurements of speci-
fied pelvic landmarks, of which 371 (49.9%) exhibited
symmetrical LTV and 372 (51.1%) asymmetrical LTV,
respectively.

Among the 2579 dogs with an LTV, 320 (12.4%) had an
asymmetric CHD grade; 193 (60.3%) of these dogs had
symmetrical, and 127 (39.7%) had asymmetrical LTV.
Hence, there were 1835 (71.2%) dogs with symmetrical
CHD and symmetrical LTV, while there were 424 (16.4%)
with asymmetrical LTV.

Further details regarding symmetrical CHD and LTV
are provided in Table 5. Among the 320 dogs with an
asymmetric CHD grade, 49 (15.31%) exhibited asym-
metric LTV and pelvic rotation about the longitudinal
axis towards the right. Conversely, 55 dogs (17.18%)
demonstrated asymmetrical LTV with the pelvis rotated
towards the left about the longitudinal axis. At the same
time, 27 (7.21%) did not exhibit any longitudinal axis
rotation. Further details related to rotational changes of
the LTV, pelvis and asymmetric CHD grades are pro-
vided in Table 5.

With an asymmetrical LTV, the shorter sacroiliac joint
was positioned further caudally on the pelvis, reducing
the distance between the sacroiliac joint and the hip joint
compared to the opposite, longer sacroiliac joint. The
length from the tip of the ilium to the acetabulum did not
differ between the left and right sides, indicating equal
positioning of the acetabulum bilaterally. The statistical
results were as follows for the left and right sides, respec-
tively: (left: f=10.94, P<0.001; right: =12.86, P<0.001)
and for the morphology of the LTV segment (left: f =
-3.79, P<0.001; right: f = -3.59, P<0.001).

Table 4 The rotation of the LTV segment and pelvis and their relationship to LTV morphology

LTVLong mLTV Counts % of total LTVVert mLTV Counts % of total
No Sym 1962 76.1 No Sym 1984 76.9
Asym 261 10.1 Asym 251 9.7
Right Sym 35 14 Right Sym 17 0.7
Asym 158 6.1 Asym 169 6.6
Left Sym 31 1.2 Left Sym 27 1.0
Asym 132 5.1 Asym 131 5.1
PelvLong Pelwert
No Sym 1975 76.6 No Sym 1993 772
Asym 325 126 Asym 323 126
Right Sym 17 0.7 Right Sym 22 09
Asym 119 4.6 Asym 120 4.7
Left Sym 36 14 Left Sym 14 0.5
Asym 107 4.1 asym 107 42

The distribution of the vertical and long axis rotation of the lumbosacral transitional vertebra (LTV) and the pelvis, among the LTV morphology, where LTV was
classified into 3 classes [6] and then arranged in symmetrical and asymmetrical groups. LTVLong, rotation of the LTV segment about the longitudinal axis, no, right
and left rotation. mLTV, the morphology of the LTV segment, and its symmetrical or asymmetrical appearance. LTVVert, rotation of the LTV segment in the vertical
axis. PelvLong, rotation of the pelvis about the longitudinal axis. PelvVert, rotation of the pelvis about the vertical axis
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Table 5 The relationship between pelvic longitudinal axis
rotation, LTV morphology, and symmetrical or asymmetrical hip
grades

PelvLong mLTV CHDL-CHDR Counts % of total
No Sym Sym 1823 70.7
Asym 302 17
Sym Asym 152 59
Asym 23 0.9
Right Sym Sym 10 04
Asym 70 2.7
Sym Asym 7 0.3
Asym 49 1.9
Left Sym Sym 2 0.1
Asym 52 20
Sym Asym 34 13
Asym 55 2.1

The table illustrates the number of dogs with pelvic rotation about the
longitudinal axis, with symmetrical and asymmetrical lumbosacral transitional
vertebra morphology, against symmetrical or asymmetrical canine hip
dysplasia (CHD) grades. CHD grade was according to FCI [14]. For statistical
purposes, CHD grades A and B were united into one group, “free”. Lumbosacral
transitional vertebra (LTV) was classified into 3 classes [6] and then grouped
based on morphology; LTV type 1 and LTV type 2 are symmetrical, while LTV
type 3 is asymmetrical. PelvLong, rotation of the pelvis about the longitudinal
axis, mLTV, the morphology of the LTV segment, and its symmetrical or
asymmetrical appearance, CHD L, CHD R, left and right canine hip dysplasia
grade, Sym means equal (symmetrical) CHD grade, Asym means (asymmetrical)
unequal CHD grade

Rotation of the asymmetric LTV about the longitudinal
axis was associated with a pelvic rotation contralateral
to the LTV segment vertically right [OR=9.36, P<0.001,
(95% CI [6.35-13.79])], left [OR=6.27, P<0.001, (95% CI
[3.93-9.97])], indicating that when an asymmetrical LTV
rotates about the long axis, the pelvis tends to rotate in
the opposite direction vertically.

Rotation of the asymmetric LTV about the longitudinal
axis was associated with rotation of the pelvis about the
longitudinal axis, causing an elevation of the pelvis on the
right side [OR=4.94, P<0.001, (95% CI [3.10-7.86])], left
side [OR=5.46, P<0.001, (95% CI [3.52-8.56])].

An asymmetrical CHD grade was associated with pel-
vic rotation about the longitudinal axis (right rotation)
[OR=8.50, P<0.001, (95% CI [5.84—12.36])]; (left rota-
tion) [OR=19.94, P<0.001, (95% CI [13.79-29.07])].
Furthermore, we found an association between the rota-
tional direction of the pelvis about the longitudinal axis
and the side with the worst CHD grade; when the worst
CHD grade was on the left, this was statistically signifi-
cantly associated with elevation of the pelvis on the left
side [X*(2, n=2579)=509, P<0.001], while for the contra-
lateral hip, when the worst CHD grade was on the right
side, there was an associated elevation of the pelvis on
the right side [X*(2, n=2579)=311, P<0.001].
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Discussion

This study supports our hypothesis that a caudally posi-
tioned shorter sacroiliac joint with an asymmetrical LTV
caused a reduced distance between the sacroiliac joint and
the hip joint; however, the length of the iliac wing and, hence,
the positioning of the acetabulum in relation to the length
of the iliac wing was not affected. This results in a reduced
distance for the propulsive forces from the pelvic limb to
the spine, which reduces the moment acting on the sacro-
iliac joint based on the equation “Moment=Force*Distance”
and might explain the findings that there was no association
between the presence of an asymmetric LTV and degenera-
tive changes in the sacroiliac joint [13]. Nevertheless, vigor-
ous exercises with normal sacroiliac anatomy are associated
with degenerative changes in the sacroiliac joint [13, 16].

Our results, supported by previous indications, show that
the sacrum and the pelvis rotate in the opposite direction to
the asymmetric LTV segment about the longitudinal axis
[3]. The occurrence of counter-rotation could be a com-
pensatory response to mitigate the loss of normality. This
phenomenon may be a way to straighten out the lower back
and pelvis in the situation of a skewed skeleton [17-20]. The
head-tail line could cause an extremely abnormal posture if
this compensation did not occur. Nevertheless, this counter
rotation might predispose to CES as the anatomical struc-
tures are “twisted” on each other [3, 10, 12].

Our results show that an asymmetrical LTV might cause
pelvic rotation about the longitudinal axis and promote
asymmetric CHD-grade development. The findings also
support previous findings that the worst CHD grade is on
the side where the pelvis is elevated, in the standing dog
[8, 21]. Our study contradicts previous findings, in which
the side with the worst hip is where the transverse process
attaches to the ilium [7, 8]. This disparity might be explained
by recognising that some symmetrical LTV might promote
a less pronounced pelvis rotation in both the vertical and
long axes. This aligns with previous publications [8, 9]. This
might also explain the disparity in the results between the
left and right sides regarding asymmetrical LTV and asym-
metric CHD grades.

We could not identify an association between an asym-
metric CHD grade and rotation of the pelvis vertically,
which is reported in some other studies [7, 8], nor could
we identify any association between LTV morphology and
asymmetric CHD grade [8]. This could be because of differ-
ent classification systems related to the grading of LT'Vs as
well as the CHD grade; for instance, the Swiss CHD grade is
more extensive than the FCI system [7, 8, 14, 22].

In this study, only VD projections of the pelvis were avail-
able. In cases of longitudinal axis misalignment during the
radiographic examination of a normally positioned dog,
it can lead to the appearance of rotation in the pelvis with
the caudal lumbar spine in the same direction. However, a
direction or degree of rotation difference between the pelvis
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and the lumbar spine suggests an inherent misalignment [8].
Meanwhile, radiographs taken in lateral recumbency could
assist in distinguishing the cause of rotation [4]. For a more
accurate identification of the underlying cause of misalign-
ment, computed tomography imaging may be employed,
but it is not feasible for mass screening purposes [4].

Furthermore, a disparity between symmetrical and
asymmetrical CHD grades concerning longitudinal axis
pelvic rotation suggests a potential association with
asymmetrical CHD grade. While a plausible explanation
is presented in the text, it is essential to approach the
interpretation of this result with some caution.

Measuring the length of the pelvis in dogs of different
sizes will naturally yield varying measurements. However,
this variation will not affect the results if asymmetric LTV
causes the different lengths of the sacroiliac joint. These dif-
ferences will be evident regardless of the overall pelvic size
of the dogs.

Conclusions

The present study indicates that an asymmetrical LTV is
associated with rotation of the LTV segment, which might
promote pelvic rotation in the vertical and longitudinal
axes. With an asymmetrical LTV rotation in the longitudi-
nal axis, the pelvis rotates vertically in the opposite direc-
tion. Furthermore, our findings indicate that asymmetric
LTV potentially induces rotation within the same longitudi-
nal axis orientation of the pelvis, causing a unilateral eleva-
tion of the pelvis, which contributes to the promotion of an
uneven CHD grade. Finally, an asymmetrical LTV influ-
ences the sacroiliac joint contact area, where the side with
the most diminutive sacroiliac joint seems to be protected
by moving the assembly caudally, reducing the length from
the sacroiliac joint to the hip joint.
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