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Canine hip dysplasia (CHD) is a common orthopaedic condition
in dogs, marked by increased joint laxity. This leads to a change
in force distribution on the hip joint during growth, affecting
limb alignment. Anatomical deformities like coxa valga or varus
and genu valgum or varum increase the risk of medial patellar
luxation and other stifle affections. In the present study, the
angular alterations in the femur and tibia were compared and
their correlation with the severity of CHD was evaluated.
Statistical analysis of the data obtained from radiographic
evaluation revealed that proximal femoral angular alterations
showed no significant variation and correlation with distraction
index (DI), except Norberg angle, while distal femoral angular
alterations (femoral varus angle and quadriceps angle) were
significant with severity of CHD, exhibiting a strong positive
correlation with DI. Advancing CHD worsens the distal femur
varus deformity, affecting the quadriceps extension mechanism
and increasing susceptibility to stifle affections. Proximal tibia
angles (tibial plateau angle, proximal tibial axis angle, and
mechanical medial proximal tibial angle) had a statistically
significant positive correlation with DI. Thus it can be inferred
that dogs with CHD may develop anatomical alterations in distal
femur and proximal tibia, potentially predisposing them to patella
luxation and cranial cruciate ligament rupture.

Key words: Canine hip dysplasia, Distraction index, Femoral
angles, Tibial angles, Angular deformities.

Canine hip dysplasia (CHD) is a prevalent
orthopaedic condition in dogs, characterised by
increased laxity in the hip joint. This laxity disrupts
the normal gait, this altered gait may affect the overall
mechanics of the joint (Lust, 1997). Changes in hip
joint mechanics often lead to deformities such as coxa
valga or varus, with coxa varus specifically causing
laxity in the extensor mechanism (Bound et al., 2009).
The laxity in the quadriceps complex mechanism can
lead to patellar instability, skeletal changes such as
distal femoral varus or valgus, external or internal
torsion of the distal femur, proximal tibial varus or
valgus, and internal or external tibial torsion, as well
as a shallow trochlear sulcus and abnormal stress on
the stifle joint and the cranial cruciate ligament (CCL),
and may contribute to cranial cruciate ligament
rupture (CrCLR) (Marsolais et al., 2002). The existing
literature has not thoroughly explored how
dysplastic changes in the hip can impact the stifle,
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potentially predisposing it to stifle-related issues.
Therefore, this study focused on the radiographic
assessment of angular deformities of stifle joints in
dogs affected by CHD and to find out correlations
between CHD and the angles of the femur and tibia if
any.

Materials and Methods
Selection and grouping of animals

Dogs presented with a history of hind limb
lameness were screened and those with hip dysplasia
were selected for study. Out of total animals screened,
40 dogs with a distraction index (DI) ranging from
0.001 to 1.600 were selected for the study, irrespective
of their sex, weight and age. Informed consents were
obtained from the owners of the animals selected.
Selected dogs were randomly allotted into four groups
as represented in table 1.
Table 1: Grouping the dogs based on the distraction index

Groups Distraction index
Group I Below 0.300
Group II 0.300 to 0.500
Group III 0.500 to 0.700
Group IV above 0.700

Radiographic evaluation

In all the dogs radiographs of the hip and stifle
joints were obtained under general anaesthesia with
inj. xylazine HCI (0.25-0.5 mg/kg body wt), inj.
butorphanol HCI (0.2 mg/kg body wt), inj. midazolam
(0.2 mg/kg body wt) and inj. ketamine HCl (2-5 mg/kg
body wt). The route of administration was selected
based on the temperament of the animal. Radiographs
of the femur including the coxofemoral joint were
taken in ventrodorsal extended (Ginja et al., 2010) and
distracted views (Ulfelder et al., 2019; Seesma, 2022).
The tibia including the stifle joint was subjected to
craniocaudal, mediolateral and skyline radiographic
projections (Paley, 2002; Osmond et al., 2006;
Glassman et al., 2011). Digitalised radiographs were
generated using image suite V4 software and
evaluated using specialized measurement tools.
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Angular measurements

The severity of CHD was graded based on the DI
(Rungee et al., 2010), which was calculated from
distracted hip joint radiographic views following the
method recommended by Ulfelder et al. (2019) and
Seesma (2022) (Fig. 2A). The Norberg angle (NA) was
measured from extended ventrodorsal radiographic
projections as described by Comhaire and Schoonjans
(2011) and Verhoeven et al. (2012) (Fig. 2B). Angle of
inclination (AQOI) was measured on the radiograph
from ventrodorsal extended radiographic projection
using Symax method developed by Rumph and
Hathcock (1990) (Fig. 1A). The measurements of the
anatomic lateral proximal femoral angle (aLPFA),
anatomic lateral distal femoral angle (aLDFA),
mechanical lateral proximal femoral angle (mLPFA),
and mechanical lateral distal femoral angle (mLDFA)
were made on radiographs taken in the frontal plane
of the femur following the method developed by
Tomlinson et al. (2007) (Fig. 1B).The femoral varus
angle (FVA) was also measured on radiographs as
described by Dudley et al. (2006) (Fig. 1D). The
quadriceps angle (QA) was measured on radiographs
as outlined by Pinna and Romagnoli (2017) (Fig. 1E).

The tibial plateau angle (TPA), mechanical cranial
proximal tibial angle (mCrPTA), mechanical caudal
proximal tibial angle (mCdPTA), mechanical cranial
distal tibial angle (mCrDTA), mechanical caudal distal
tibial angle (mCdDTA), and the proximal tibial axis
angle (PTA) were recorded through measurements
obtained from radiographs in the sagittal orientation
of the tibia (Paley, 2002; Reif and Probst, 2003; Reif et
al., 2004; Osmond et al., 2006; Glassman et al., 2011 and
Guenego et al., 2017) (Fig. 3 B, C & D). The mechanical
medial proximal tibial angle (mMPTA) and
mechanical medial distal tibial angle (nMDTA) were
measured on radiographs in the caudocranial view
of the tibia as described by Dismukes et al. (2007) (Fig.
3A).

Trochlear wedge angle (TWA) and trochlear
wedge depth (TWD) were measured from the skyline
radiographic  projection of stifle joint
(Boonchaikitanan et al., 2019; Garnoeva, 2021) (Fig. 2C
& D). Patellar ligament to patella length ratio was
measured from mediolateral view of stifle joint
(Johnson et al., 2006) (Fig. 3E).

Serum biochemistry
Blood samples were collected for estimation of

Fig.1: Angular measurement techniques. (A) Angle of inclination (AOI) with the SYMAX method. Point a: centre of the
head of the femur; point b: centre of the circle in the proximal metaphysis of the femur; point c: centre of the circle
in the distal metaphysis of the femur; aa: anatomic axis. (B) Anatomic lateral proximal femoral angle (aLPFA) and
anatomic lateral distal femoral angle (aLDFA). Point a: centre of the head of the femur; point b: proximal tip of the
greater trochanter; point d: midpoint of 1/2 of the length of the femur; point d”: midpoint of proximal 1/3 of the
length of the femur, points e and e”: most distal convexities of the femoral condyles; (k): distal joint orientation
line; aa: anatomic axis. (C) Mechanical lateral proximal femoral angle (mLPFA) and mechanical lateral distal
femoral angle (mLDFA). Point a: centre of the head of the femur; point b: proximal tip of the greater trochanter;
points e and e’: most distal convexities of the femoral condyles; (k): distal joint orientation line; ma: mechanical
axis. (D) Femoral varus angle (FVA). Point a: midpoint of the femur at the level of lesser trochanter; point c:
midpoint of the femur at its isthmus; point b: midpoint of the femur between point a and ¢; points e and e”: most
distal convexities of the femoral condyles; (k): distal joint orientation line; aa: anatomic axis; line p: line drawn
perpendicular to the distal joint orientation line.(E) Quadriceps angle: Point a: lateral most point of acetabular
rim; Point b and a’: midpoint at intercondylar fossa; Point b": proximal point of tibial tuberosity.
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Fig.2: Angular measurement techniques. (A) Distraction index (DI). Point a: centre of the head of the femur; point a:
centre of the circle of acetabualar cavity; d is the distracted distance between points a and b. (B) Norberg angle
(NA). Point a: centre of the head of the femur; point a’:craniolateral lip of acetabulum; 1: line connecting the
centres of femoral heads; 1': line connecting the centre of femoral head and ipsilateral lateral most point of
acetabular rim. (C) Trochlear wegde depth (TWD): (h) horizontal line connecting the proximal most points of
medial (a’) and lateral (a) condyles of femur. Line b: measures the depth by connecting horizontal line with
deepest point of the trochlea; (D) trochlear wedge angle (TWA) point a” and a: line connecting the proximal point
of femoral condyles to deepest point of trochela.
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Fig.3: Angular measurement techniques. (A) Mechanical medial proximal tibial angle (mMPTA) and mechanical medial
distal tibial angle (mMDTA). Point a: centre of the proximal articular surface; point b: centre of the distal articular
surface; j: proximal joint orientation line; k: distal joint orientation line; ma: mechanical axis. (B) Tibial plateau
angle (TPA): Point a: proximal most point of intercondylar eminence of tibia; Point b: centre of talus; ma: mechanical
axis connecting point a and b; j: joint orientation line; p: line drawn peripendicular to ma; (C) Proximal tibial axis
angle (PTA): Point c: midpoint of the craniocaudal cortices of the tibia at 1/2 the length of the tibia; point d:
midpoint of the craniocaudal cortices of the tibia at the distal 1/3 of the length of the tibia; point t: distal aspect of
the tibial crest; point e: craniocaudal midpoint between the distal aspect of the tibial crest and diaphyseal tibial
axis; point a: cranial aspect of the medial tibial condyle; p: straight line connecting the cranial aspect of the
medial tibial condyle and the craniocaudal midpoint between the distal aspect of the tibial crest and the diaphyseal
tibial axis; D) Mechanical cranial proximal tibial angle (mCrPTA), mechanical caudal proximal tibial angle
(mCdPTA), mechanical cranial distal tibial angle (mCrDTA) and mechanical caudal distal tibial angle (mCdDTA).
j: proximal joint orientation line; k: distal joint orientation line; ma: mechanical axis. (E) Patellar ligament to
patella length ratio (PL:P): line a: drawn on widest length of patella; line b: distal most point of patella to proximal
tibial tuberosity.(D) Mechanical cranial proximal tibial angle (mCrPTA), mechanical caudal proximal tibial angle
(mCdPTA), mechanical cranial distal tibial angle (mCrDTA) and mechanical caudal distal tibial angle (mCdDTA).
j: proximal joint orientation line; k: distal joint orientation line; ma: mechanical axis. (E) Patellar ligament to
patella length ratio (PL:P): line a: drawn on widest length of patella; line b: distal most point of patella to proximal
tibial tuberosity.
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serum levels of calcium, phosphorus, and alkaline
phosphatase.
Statistical analysis

The data analysis was performed using SPSS
version 24.0 software. Obtained values of all angular
parameters were categorised into four groups based
on DI The mean and standard deviation for each angle
in different groups were calculated. Calculated means
of groups were compared among groups using one-
way ANOVA, followed by the Duncan Multiple Range
test. Karl Pearson’s correlation coefficient was utilized
to assess the correlation between DI and angular
parameters of the femur and tibia. Significance was
determined at P < 0.05 or P < 0.01.

Results and Discussion
Incidence of hip dysplasia

A total of 369 dogs exhibiting hind limb lameness
were presented to the outpatient unit of the
Department of Veterinary Surgery and Radiology
during the one-year period from July 1 2022 to June
31 2023. Among them, 65 dogs (17.61%) were
diagnosed to be suffering from CHD. Richardson
(1992) noted that CHD represented a prevalent issue
in veterinary practice, comprising as much as 30% of
orthopaedic cases. Among 65 dysplastic dogs 40 were
selected for the study excluding the dogs with other
systemic affections, which were considered not fit for
anaesthesia. Out of 40 dysplastic dogs, 21 (53%) were
males, consistent with Simon (2010) and Maciel et al.
(2019). This contradicts findings by Loder and
Todhunter (2017) and Seema (2022) where female dogs
had a higher incidence. Among the 11 distinct breeds
represented, Labrador Retrievers had the highest
incidence (47.5%), followed by German shepherds,
Rottweilers and others, aligning with Ohlerth et al.
(2001) and Simon (2010). Large and medium-sized
breeds, as noted by King (2017), had a higher CHD
incidence.

In the current study, it was observed that hip
dysplasia had a higher incidence in young dogs. The
incidence of hip dysplasia in young dogs under one
year might stem from factors such as rapid early
growth, disproportionate skeletal and muscular
development, excessive loading of articular areas, and
tearing or stretching of the round ligament (Kasstrom,
1975). Likewise, Citi et al. (2005) documented the
highest incidence among those less than 12 months
old. The reduced observation of clinical signs in
middle-aged dogs could be attributed to the fact that
heavy musculature around the rump region results
in reduced laxity of the hip joint and thus reduction
in symptoms (Weigel and Wasserman, 1992).
Orthopaedic examination

The mean lameness score was 2.750+0.147,
ranging from 1 to 4. In present study, the majority of
animals diagnosed with hip dysplasia showed
lameness scores in the range of 2-4. The observations
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are consistent with the findings of Singh (2019) and
Seesma (2022) who reported mean lameness scores of
2.67+0.21 and 2.67+0.52, respectively, in dogs with hip
dysplasia. The higher lameness score observed in hip
dysplastic dogs may be attributed to secondary
osteoarthritic changes in the hip joint (Barr et al.,
1987). Additionally, some dogs with lower DI showed
a higher degree of lameness, possibly due to
concurrent stifle affections (Powers et al., 2005).

The study identified varying degrees of muscle
wasting, categorised as mild (42.50%), moderate (40%),
and severe (17.50%). These findings highlight the
variation in muscle atrophy among patients, which
correlates with the duration of lameness or chronicity
of pain. Lameness durations reported by pet owners
ranged from 3 days to 6 months. These results align
with the observations made by Duff and Campbell
(1977) linking chronic hip joint pain to thigh muscle
wasting due to disuse. However, Maruthi (2016) who
noted no correlation between thigh muscle mass
diameter and hip dysplasia.

The dogs exhibited a diverse array of clinical
signs, such as decreased activity levels, reluctance to
climb stairs, wide and narrow base stance, and
difficulty in rising from a resting position. Many of
them displayed a distinct posture characterised by a
hyperextended hock joint and demonstrated
abnormal gaits including bunny hopping, waddling
and skipping. These observations align closely with
previous studies by Fry and Clark (1992), Seesma
(2022) and Alsada (2023). Similarly, Demko and
McLaughlin (2005) documented symptoms in mature
dogs resembling osteoarthritis, such as exacerbated
lameness following periods of rest or exercise,
reluctance to jump, and pelvic limb atrophy. These
emphasise the consistent occurrence of hip dysplasia
and its diverse clinical manifestations.

Physical examination

All the animals demonstrated pain upon
palpation and manipulation of the hip and stifle
joints, consistent with the findings of Fry and Clark
(1992). In the present study, the mean+SE pain score
of the hip joints was 1.72+0.01. The mean+SE pain
score of stifle joints was 15+0.00. Singh (2019) reported
a pain score of 2.50+0.22 for hip joints with CHD. The
reduced pain scores observed in this study might be
attributed to previous treatment adopted using
nonsteroidal anti-inflammatory drugs (Anderson,
2011). It also may be attributed to interpersonal
variation in observation.

Vidoni et al. (2021) concluded that the Ortolani
test offers greater accuracy compared to the tests
devised by Barlow and Barden. Ginja et al. (2008)
highlighted the Ortolani test as the standard physical
manipulation test for detecting hip joint laxity in dogs.
A positive Ortolani sign indicates increased hip joint
laxity, attributed to delayed muscular development
and increased synovial effusion (Chalman and Butler,
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Table 2: Results correlation of different parameters with Distraction Index.

Proximal femoral angles

Proximal femoral angles

Variables Correlation P-value Variables Correlation P-value
NA -0.763** 0 aLDFA 0.191 0.237
AOI 0.008 0.959 mLDFA 0.148 0.363
aLPFA -0.316* 0.047 QA 0.384* 0.014
mLPFA 0.265 0.099 FVA 0.159 0.327
Proximal femoral angles Proximal femoral angles

mCrPTA 0.252 0.116 mCrDTA 0.020 0.903
mCdPTA 0.004 0.980 mCdDTA 0.304 0.057
TPA 0.336* 0.034 mMDTA 0.167 0.303
mMPTA 0.477** 0.002
PTA 0.355* 0.025

Patellar parameters ** Significant at 0.01 level;
TWA -0.271 0.091 * Significant at 0.05 level;
TWD 0.057 0.726
PL:P 0.197 0.236

Table 3: Results of comparison of proximal femoral angles between groups.

Variables Group I Group II Group III Group IV F-value(P-value)
NA 99.032£2.25 94.86°+2.39 83.39°+6.72 61.00+4.15 29.383** (<0.001)
AOI 136.34+1.71 136.98+2.32 131.39+1.24 135.7+1.76 0.812rs (0.491)
mLPFA 99.6°+1.63 103.06°+2.13 107.48+3.04 104.77%+1.36 2.837* (0.044)
aLPFA 103.9+2.25 107.63+2.2 113.21+2.47 107.6+1.27 2.210" (0.094)

**Significant at 0.01 level; * Significant at 0.05 level; ns non-significant
Means having different letter as superscript differ significantly within a raw

1985). Conversely, a negative Ortolani sign may
suggest good joint congruity (Syrcle et al., 2017).

In the present study, 18 dogs exhibited bilateral
positivity and 6 dogs showed unilateral positivity
for the Ortolani manoeuvre. All joints testing positive
for the Ortolani manoeuvre had a DI exceeding 0.21,
consistent with findings by Puerto et al. (1999), who
also correlated the Ortolani manoeuvre with DI,
particularly in the absence of secondary
osteoarthritic changes. Notably, one dog yielded a
false positive result with a lower DI This could be
attributed to the puppy laxity as reported by Vidoni
et al. (2021), who observed that in dogs around four
months of age, where skeletal and muscular
development is still progressing, passive laxity
may be present before reaching full maturity.

In contrast, four dogs tested negative for the
Ortolani manoeuvre despite having DI more than 0.4.
The false negative result could likely be due to
osteoarthritic changes. Schachner and Lopez (2015)
documented similar instances in mature dogs with
significant joint laxity, where a negative Ortolani test
occurred due to fibrosis of the joint capsule. Therefore,
a negative Ortolani result may not necessarily
indicate a normal hip joint radiographically.
Consequently, Puerto et al. (1999) emphasised the
importance of combining physical examination and
radiographic evaluation to comprehensively assess
hip joint laxity, a practice upheld in our study.

Barden’s sign

Bardens and Hardwick (1968) endorsed Bardens
test for early diagnosis of hip dysplasia, relying on
greater trochanter mobility. In the present study out
of 40 dogs, five were bilaterally positive and five
unilaterally. Those exhibiting a positive Bardens sign
had a DI more than 0.3. This indicates reliability of
Bardens sign in identifying joints with higher hip
laxities. The high number of negative results may
stem from the lack of objective trochanter rise
measurement methods during Barden’s manoeuvre.
This manoeuvre could predict hip dysplasia, as
observed in the present study and as reported by
Adams et al. (2000) in Golden Retrievers.
Position of patella and grading of patella luxation

Out of 40 dogs with CHD, 32 (80%) were diagnosed
positive for patella luxation either unilaterally or
bilaterally with various grades. Smith et al. (1999)
stated that clinically normal patients may have a
certain degree of laxity in the stifle joint, which could
be misdiagnosed as grade I patellar luxation (PL). This
error has to be considered in the present study also.
Twelve out of 40 dogs (30%) were diagnosed with
grade II or grade IV PL either unilateral or bilateral.
The association between CHD and PL was more
evident in this study when compared with that of
smith et al. (1999), where the authors found that only
24% of dogs had concurrent CHD and PL. In the
present study, the limbs affected with patella luxation
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were grouped based on the DI of the ipsilateral hip
joint. The highest incidence of PL was noticed in group
I where DI was less than 0.3. This was in accordance
with the findings of smith et al. (1999), where the
authors identified certain degree of laxity in a normal
stifle joint that could be misdiagnosed as grade I PL.
The incidence of PL followed a descending pattern
among group IV (DI above 0.7), group III (DI 0.5 t0 0.7)
and group II (0.3 to 0.5). Even though higher incidence
of the condition was noticed in severe case of CHD, it
could not be concluded that CHD and PL are closely
associated. It should be noted that both the conditions
may develop concurrently or individually.

Cranial drawer sign and tibial compression test

Might et al. (2013) emphasised the high sensitivity
of the drawer test in diagnosing CrCLR. In the present
study among the 40 dogs examined, five showed
bilateral positive results while six displayed
unilateral positivity. 25% of stifle joints in group I
showed a positive cranial drawer sign followed by
6% in group 1II, 19% in group III, and 50% in group IV.
Even though group IV limbs had highest incidence
and group II had lowest incidence, an exact
correlation between CHD and CrCLR could not be
identified in present study.

Five dogs, which tested positive for high grade of
PL tested positive for cranial drawer sign also. This
finding is in agreement with the observations of
Campbell et al. (2010) who observed that the dogs with
higher grades of patella luxation tend to have CrCL
insufficiency. All the dogs tested negative for the tibial
compression test. As physical examination findings
provide suggestive evidences, treatment planning
should not solely rely on such findings.
Radiographic examination

The recorded mean and standard deviation values
of proximal femoral angles of groups I, II, III and IV
are represented in table 3. The correlation coefficients
values of these angles with DI are represented in table
2. A notable decrease in the NA occurred as the DI
increased. Significant differences in NA were observed
between groups (P<0.01). The decrease in the NA
between groups may be due to increased hip joint
incongruence (Norberg, 1961; Olsson et al., 1961).
Furthermore, a significant and moderate negative
correlation was found between the NA and DI, with a
correlation coefficient of -0.763 (P<0.01).

The mean and standard deviation values indicate
non-significant differences in AOI among the groups.
Martins et al. (2012) and Seesma (2022) also observed
that no significant difference in AOI exists between
normal and dysplastic dogs. Furthermore, there exists
a slight positive correlation between AOI and D],
reinforcing the conclusion of Martins ef al. (2012). The
findings of the present study are contradictory to the
observations made by Arnoczky and Torzilli (1981),
and Madsen and Svalastoga (1994).

Indian |. Vet. Surg. 45(1) 2024

The aLPFA values among the groups revealed
statistically nonsignificant variation. The 2aLPFA
values showed a negative correlation with the
distraction index, with a significant correlation
coefficient of -0.316 at 0.05 level. The decrease in aLPFA
values may be due to elevated abductor forces in the
dysplastic hip (Weigel and Wasserman, 1992), which
alters the alignment of the proximal joint orientation
line.

Statistically significant variations were noted in
mLPFA values among the groups (P<0.05). A weak
positive correlation exists between mLPFA and D],
which suggests alterations in the load bearing axis of
the limbs.

Distal femoral angles

The values of distal femoral angles of groups], II,
III, and IV are represented in table 4. The correlation
coefficients values of these angles with DI are
represented in table 2. When mean and standard
deviation comparing aLDFA across the groups,
statistically significant differences were noticed. The
aLDFA values in a dog with grade IV PL were higher,
which was consistent with the findings of Soparat et
al. (2012) and Barnes et al. (2015), who noted that aLDFA
exaggerates in higher grades of patella luxation,
leading to excessive femoral varus. Despite the weak
positive correlation between aLDFA and the D], it is
recommended to assess aLDFA in dogs with CHD. This
evaluation helps to identify femoral varus deformity,
which can predispose to PL and CrCLR (Dudley et al.,
2006; Mostafa et al., 2008).

No statistically significant difference was
observed in mLDFA among the groups. The mLDFA
displays a weak positive correlation of 0.148 with the
DL

There existed a noticeable increase in the QA value
from group I (20.06+0.9) to group IV (23.26x+1.00). There
appears to be a potential trend, approaching
significance, in QA. Additionally, QA exhibited a
significant positive correlation with the DI. Three of
the five small breed dogs were diagnosed with grade
I and IV PL. These findings were consistent with
findings reported by Mortari et al. (2009) and Pinna
and Romagnoli (2017).

Significant variations existed in FVA values among
the groups. FVA values showed a weak positive
correlation with DI, which suggested that as DI
increases FVA values also rise. Hulse (1993) noted that
higher FVA values potentially predispose to MPL.
Thus from the present study it could be derived that
higher grades of CHD predispose the animal to MPL.
Dudley et al. (2006) and Soparat et al. (2012) observed
that varus deformity of the distal femur (increased
FVA values) shifts the long axis of quadriceps femoris
muscles medially leading to patellar luxation or CrCL
insufficiency. Thus it could be concluded that CHD
predisposes the animal to stifle affections like PL and
CrCL insufficiency.
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Proximal tibial angles

The values of proximal tibial angles of groups I, II,
III and IV are represented in table 5. The correlation
coefficient values of this angle with DI are represented
in table 2. According to Dismukes et al. (2007), mMPTA
was evaluated to determine the extent of valgus or
varus alignment present in the proximal tibia. Olimpo
et al. (2016) found significantly higher mMPTA values
in dogs with PL. In this study, mMPTA values
increased gradually with higher DI, although the
variance among groups did not reach statistical
significance. However, a moderate positive correlation
between mMPTA and DI significant at 0.01 level was
observed in this study. This suggests that as the
severity of CHD increases, it may lead to proximal
tibial valgus, identified as a crucial risk factor for PL.

No significant difference was found in mCrPTA
and mCdPTA among the groups. Both mCrPTA and
mCdPTA showed a positive correlation with DI

Slocum and Devine (1983) theorised that TPA
significantly influences forces on the canine cranial
cruciate ligament. In the present study, TPA increased
gradually with increasing DI, but the differences
among the groups were not statistically significant.

Changes in TPA positively correlated with DI (P<0.05).
However, the group average values observed were
below those reported by Su et al. (2015), who
documented a TPA value of 29.2 +0.8 degrees in healthy
medium to large-breed dogs. This minimal alteration
in TPA in this study may be attributed to younger
age of majority of the dogs, where the alterations in
the tibial plateau were not predominantly evident.
Janovec et al. (2017) found higher TPA values in dogs
with CrCLR. The present study noted a positive
association between TPA and DI, indicating that
severe CHD could lead to a steeper tibial plateau, a
major risk factor for CrCLR.

Osmond et al. (2006) emphasised PTA as the
relationship between the proximal tibial shaft and
the mid-shaft of the tibia. The present study found no
statistically significant difference in PTA among
groups, but it did observe a statistically significant
positive correlation with DI (I’<0.05). This elucidates
that as the severity of CHD increases, it may alter the
alignment of the proximal tibia, which may
predispose to concurrent affections in the stifle joint.
Mean PTA values recorded in the present study were
lower than those reported by Witte (2015), for healthy

Table 4: Results of comparison of distal femoral angles between groups.

Variables Group I Group II Group III Group IV F-value(P-value)
aLDFA 95.06+1.21 95.18+1.46 98.51+1.35 97.74+1.33 1.332" (0.270)
mLDFA 99.21+0.92 99.78+1.17 102.99+1.85 101.276+0.93 1.698" (0.175)
QA 20.06+0.9 20.21+1.29 24.15+2.46 23.26+1 2.688 (0.052)
FVA 9.08°+0.86 8.77°+1.43 12.60+1.74 12.67°+1.19 3.018* (0.035)

* Significant at 0.05 level; ns non-significant

Means having different letter as superscript differ significantly within a raw

Table 5: Results of comparison of proximal tibial angles between groups.

Variables Group I Group II Group III Group IV F-value(P-value)
mCrPTA 115.06+0.76 114.66+1.15 115.28+1.64 116.55+1.08 0.680" (0.567)
mCdPTA 64.99+0.76 65.41+1.16 64.9+1.6 63.56+1.06 0.650™ (0.585)
TPA 19.38+0.55 20.12+1.21 21.69+2.11 22.04+1.13 1.632" (0.189)
DPA 10.18+0.97 8.92+0.74 8.84+0.87 10.49+1.25 0.477" (0.699)
mMPTA 93.29+0.71 93.69+0.95 93.9+0.91 95.39+1.32 0.914"s (0.438)
ns non-significant

Table 6: Results of comparison of distal tibial angles between groups

Variables Group I Group II Group III Group IV F-value(P-value)
mCrDTA 89.73+0.68 88.55+0.86 89.28+0.78 87.74+0.69 1.573" (0.203)
mCdDTA 90.32+0.67 91.5+0.87 90.81+0.74 92.32+0.71 1.548" (0.209)
mMDTA 93.11+1.13 93.81+1.09 94.68+1.43 94.35+0.85 0.361 (0.781)
ns non-significant

Table 7: Results of comparison of patellar parameters between groups.

Variables Group I Group II Group III Group IV F-value(P-value)
TWA 140.832+2.06 138.14+2.23 138.3920+4.24 132.95"+1.67 2.849* (0.043)
TWD 2.57+0.18 2.63+0.28 2.31+0.3 2.88+0.16 0.878 (0.457)
PL:P 1.55+0.05 1.42+0.07 1.58+0.12 1.52+0.09 0.579 (0.630)

*Significant at 0.05 level; ns non-significant

Means having different letter as superscript differ significantly within a raw
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medium to large size dog breeds. The fact that the
breeds of dogs ranged from toy breeds to giant breeds,
might be attributed to the lower PTA values observed
in this study.

Distal tibial angles

The values of distal tibial angles of group I, II, III
and IV are represented in table 6. The correlation
coefficient values of this angle with DI are represented
in table 2. There was no significant difference found
in the comparison of mMDTA values among the
groups. Additionally, a positive correlation was
observed between mMDTA and DI, but it did not reach
a statistically significant level.

There were no notable distinctions noted when
the groups were compared in terms of both mCrDTA
and mCdDTA. However, it showed a weak positive
correlation with DI. Nevertheless, these correlations
did not reach a statistically significance level.
Probably this could be the first study which checked
the correlation between CHD and distal tibial angles.
Patellar parameters

The values of patellar parameters of group I, II, I1I
and IV are represented in table7. The correlation
coefficient values of this angle with DI are represented
in table 2. There are significant variations among at
least two groups concerning the TWA variable with
a weak negative correlation between TWA and DI. As
DI rises, TWA generally decreases, and vice versa.
However, the strength of this correlation is relatively
weak, as indicated by the absolute value of the
correlation coefficient. There is no statistically
significant difference between the groups for TWD
and no significant correlation with the DI. Previous
studies found significant differences in dogs with and
without PL. Dogs with trochlear dysplasia are at
higher risk of patellar luxation due to groove
abnormalities. Brattstrom (1964) and Dejour et al.
(1994) linked trochlear dysplasia to recurrent patellar
subluxation in 85% of symptomatic cases. Huri et al.
(2012) suggested that facet slope angles affect
subluxation forces, while Garnoeva (2021) highlighted
high sulcus angles and shallow trochlear depth as
contributing factors for PL.

The PL:P ratio did not show statistically
significant differences among the groups and no
significant correlation with DI. Johnson et al. (2006)
observed a higher proximal vertical patellar position
in large-breed dogs with MPL compared to those with
normal stifles, which was noticed in this study in the
case of higher grades of PL. It was observed that dogs
affected with MPL had patella alta and those with
LPL had Patella baja, which was consistent with the
findings of Mostafa et al. (2008).

In conclusion, the findings of this study revealed
a noteworthy positive correlation between the
distraction index and various anatomical parameters
including FVA, QA of distal femoral angles, mMPTA,
TPA, and PTA of proximal tibial angles. According to

Indian |. Vet. Surg. 45(1) 2024

existing literature, higher values of 351 these
parameters may heighten the susceptibility to
patellar luxation (PL) and cranial cruciate ligament
rupture (CrCLR) in the stifle joint.
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