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Abstract

The study was conducted with the objective to compare the radiographic morphometry of proximal femur
and hip joint on client owned healthy Labrador Retriever (N=12) and German Shepherd (N=12) breeds of
dog presented to referral veterinary polyclinic (RVP) & Division of Surgery, IVRI, Izatnagar (U.P.)
India. All the dogs were screened for canine hip dysplasia with inclusion criteria of having norberg angle
over 105° and no pathological changes in femoral head and neck and acetabulum. Those with the
evidence of fracture, arthritis, sequel of old sepsis, skeletal dysplasia, were excluded. Radiographs of
each animal was taken in standard hip extended position under anaesthesia.

In the present study German Shepherd group revealed lower Canal Flare Index (CFI) values and a more
stovepipe femoral geometry as compared to Labrador Retriever. However, weight wise no significant
variations were found in all acetabular and proximal femoral radiographic measurements between
Labrador Retriever and German Shepherd group. In an overall and sex-wise comparison Labrador group
showed a high degree of steepness of cranial acetabular edge (high acetabular index angle).

Keywords: Radiographic morphometry, proximal femur, hip joint, Labrador retriever, German shepherd

1. Introduction

There are many diseases associated with abnormal morphology of coxofemoral joint. Many of
them can be diagnosed by measuring the variations of coxofemoral joint morphology.
Femoroacetabular impingement (FAI), dysplastic hip and osteoarthritis are associated with
abnormalities in the depth, orientation, and diameter of acetabulum (Zeng et al., 2012) [?],
Radiography and computerized tomography scan (CT) are the common methods used to assess
the hip joint morphology (Zacharia and Fawa, 2021) 2],

A Center Edge Angle (CEA) value of >40° is a reasonably good predictor of pincer FAI
(Kutty et al., 2012) 22, The CEA is an important landmark in the development of osteoarthritis
in humans and has been used to classify humans as either dysplastic or normal (Ajadi et al.,
2018) [,

It is reported that normal coxofemoral joints have well formed femoral heads that fit closely
into the acetabula; that is, the diameters of the acetabular cavities are only slightly larger than
the femoral heads. This relationship was confirmed by the ratio of the acetabulum width (AW)
to the femoral head diameter (FHD), 1-14, and by the correlations between the FHD and the
width and depth of the acetabulum, indicating the morphometric interaction between these two
bones (Ocal et al., 2004) 151,

Surgical correction of serious hip problems frequently requires total hip replacement.
Therefore, a detailed knowledge of the morphology of the dog’s proximal femur is required for
the development of an ideal hip joint prosthesis that closely mimic the hip joint architecture,
thus playing an important role in achieving favourable functional outcomes (Al Aiyan et al.,
2019) 21,

A minimal subluxation is to be reported when 50% of the FHD is within the acetabulum. For
this reason, radiographic parameters like the NA, linear measurements such as different
distraction indices and the percentage coverage (PC) of the femoral head have been used to
assess the degree of lateral displacement of the femoral head from the acetabulum. The dorsal
and ventral centre-edge angles (CEA) indicate the extent of acetabular coverage of the femoral
head dorsally and ventrally in dogs (Ocal et al., 2004) [*5],
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A positive correlation between CEA and NA revealed a close
relationship between the degree of subluxation of the femoral
head and the acetabular coverage (Meomartino et al., 2002)
[

CFl is a tool used in evaluating femur morphology during
preoperative planning process. It can be converted as the
femoral canal enlargement index, it aids in the choosing of the
stem of femoral in planning for THR in both veterinary
medicine and human (Gomide et al., 2021) ). Noble and
colleagues first defined the concept of a CFI to acknowledge
the proximal canal design of the femur of human using plain
radiography (Sevil-Kilimci and Kara, 2020) . Rashmir-
Raven and colleagues used CFI for first time in veterinary
orthopedics. Canines CFI values are established and classified
into three categories: normal shape, stovipipe shape, and
champagne-flute shape (Andrade et al., 2021) I,

There is no comprehensive radiological morphometric
analysis to find out the radiographic morphology of proximal
femur and hip joint of the Indian dog breeds. Our objective is
to compare the radiographic morphometry of proximal femur
and hip joint in healthy Labrador Retriever and German
Shepherd breeds of dog.

2. Materials and Methods

The study was conducted in 24 dogs randomly divided into
two groups i.e. Labrador Retriever and German Shepherd
(GSD) with 12 animals in each group. However, in case of
body weight additional animals were added to satisfy the
requirement of statistical test.

All the acetabular (acetabular width (AW), acetabular depth
index (ADI), norberg angle (NA), Percent Coverage (PC),
Center-edge angle (CEA), Acetabular index angle (AlA),
Acetabular offset (AO) and femoral parameters (Femoral
head diameter (FHD), Femoral neck length (FNL),
Trochanteric width (TW), Neck-shaft angle (NSA), Femoral
length (FL), Isthmus position index, canal flare index (CFI)
were measured in the hip extended ventrodorsal (VD) position
(fig. 1) under xylazine HCL (1 mg/kg dose rate,
intravenously) and ketamine HCL (2 mg/kg dose rate,
intravenously) anaesthesia following premedication with
subcutaneous administration of atropine sulphate at 0.04
mg/kg dose rate.

2.1 Evaluation of different radiographic morphometric
parameters

2.1.1 Measurement of acetabular parameters

All the acetabular parameters were evaluated in the hip
extended VD pelvis view as follow:

2.1.1.1 Acetabular Width (AW): Acetabular width was
measured from the cranial to the caudal rim of the acetabulum
(Kanthavichit et al., 2021) 81,

2.1.1.2 Acetabular Depth Index (ADI): Acetabular depth
index was measured as a ratio of the biggest right-angle
distance between a straight line, tangent to the craniolateral
effective acetabular rim and caudal acetabular edge, and the
internal boundary of the acetabular circle to the acetabular
diameter (Martins et al., 2012) 19,

2.1.1.3 Acetabular Andex Angle (AlA): Acetabular index
angle was measured as an angle formed between a line
connecting acetabular edge’s lateral and medial extents and a
horizontal line perpendicular to the corresponding axis of
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ilium (Mostafa et al., 2022) 121,

2.1.1.4 Percent Coverage (PC): Percent coverage was
measured by software by dividing the area of the femoral
head covered by the acetabulum by the total area of the
femoral head and multiplying by 100.

2.1.1.5 Acetabular Offset (AO): Acetabular offset was
measured as distance between center of the femoral head and
inner wall of quadrlateral plate/true floor (Bhaskar et al.,
2017) B,

2.1.1.6 Norberg Angle (NA): Norberg angle was measured
as the angle formed between a horizontal line connecting the
centers of the right and left femoral heads and a line con-
necting each center to the cranial margin of the corresponding
acetabulum (Schachner and Lopez, 2015) 7],

2.1.1.7 Center Edge Angle (CEA): Center-edge angle was
measured between two straight lines originating from the
center of the femoral head, a line tangential to the lateral
acetabular rim and a second line parallel to the longitudinal
axis of the body of the corresponding ilium (Mostafa et al.,
2022) 31,

2.1.2 Measurement of femoral parameters
All the femoral parameters were evaluated in the hip extended
VD pelvis view as follow:

2.1.2.1 Femoral Head Diameter (FHD): Femoral head
diameter was measured as the diameter of a complete circle
drawn around the femoral head (Mokrovic et al., 2021) 114,

2.1.2.2 Femoral Neck Length (FNL): Femoral neck length
was measured as a distance between the femoral head center
and the intersection point of the femoral shaft axis and femora
neck axis (Baharuddin et al., 2014) [,

2.1.2.3 Trochanteric Width (TW): Trochanteric width was
measured as the distance between just above the trochanter
minor and the most lateral point of the trochanter major
(Sarierler et al., 2017) [26],

2.1.2.4 Neck-Shaft Angle (NSA): Neck-shaft angle was
measured as the angle formed by the intersection of the neck
axis line and the femoral shaft anatomical axis line (Mokrovic
etal., 2021) (22,

2.1.2.5 Femoral Length (FL): Femoral length was measured
proximally from the femoral neck midpoint to the
intercondylar fossa distally (Fonseca et al., 2017) [©1,

2.1.2.6 Isthmus Position Index (IPI): The isthmus position
index was measured as the ratio of femoral isthmus distance
to the FL (Sevil-Kilimci and Kara, 2017) [,

2.1.2.7 Canal Flare Index (CFI): Canal Flare Index was
calculated as the ratio between the endosteal width at the
medial aspect of the lesser trochanter and at the isthmus
(Sevil-Kilimci et al., 2020) [81,

3. Results and Discussion
Weight wise categorization of the animals of Labrador
Retriever and GSD groups revealed a non-significant (p>0.05)
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variation in the values of all acetabular and femoral
parameters (Table 2 & 3). An overall and sex-wise
comparison of acetabular parameters showed a significantly
(p<0.05) higher values of acetabular index angle in Labrador
Retriever group as compared to GSD dogs (Table 1).

A significant (p<0.05) positive correlation of body weight
was noted with AW, AIA and AO in overall animals of GSD
group and only female animals of Labrador Retriever group
and with AW and NA in female animals of both groups. In
contrast, body weight showed a significant (p<0.05) negative
correlation with PC in overall animals of GSD group. AW
showed a significant (p<0.05) positive correlation with age in
female animals of Labrador group and with AO in the animals
of GSD group. PC showed a significant negative correlation
with age in male animals of Labrador Retriever group.
However, showed a significant (p<0.05) positive correlation
with linear CEA and a negative correlation with AlA and AO.
The observations of the present study inferred that
radiographic attribute of acetabular and femoral parameters
differed non-significantly (p>0.05) in the adult animals of
Labrador retriever and GSD of different weight groups.
However, a significant (p<0.05) positive correlation of body
weight was noted with AW, AIA, AO in overall animals of
GSD group and only female animals of Labrador Retriever
group and with AW in female animals of Labrador and GSD
group. In contrast, body weight showed a significant (p<0.05)
negative correlation with PC in overall animals of GSD
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group. Similarily, Kanthavichit et al., (2021) ® had reported a
strong positive correlation of body weight with radiographic
AW. Ocal et al., (2004) 51 reported the width of the
acetabulum was about twice its depth and a little larger than
the diameter of the femoral head. However, Kanthavichit et
al., (2021) @ had also observed the AWSs obtained by
radiography, 2D-CT, and 3D-CT, and AD, were significantly
greater in Shih Tzu than in Maltese. Shih Tzu had larger
acetabulum depth and width than those of Maltese. Therefore,
differences among races and breeds influence acetabular
parameters.

In the present study AW showed a non-significant correlation
with age in all the animals except a significant positive
correlation in female animals of Labrador Retriever.
Similarily, Kanthavichit et al., (2021) [ reported no
significant correlations between age and acetabular
parameters in Shih Tzu and Maltese. However, Ocal et al.,
(2004) D1 reported significant correlations between the
diameter of the femoral head and the width and depth of the
acetabulum, between the distances of the dorsal and ventral
rims of the acetabulum and between the width and depth of
the acetabulum.

The AIA quantifies steepness of cranial acetabular edge
(sourcil slope) (Nahla et al., 2021) 4. The results of present
study showed a significant higher value of AIA in Labrador
group as compared to German shepherd in overall and
sexwise comparison of acetabular parameters.

Table 1: Sex wise Mean + SD values of right and left acetabular parameters in Labrador Retriever and German Shepherd breeds of dog

Acetabular parameters Groups Male Right Hip Female Male Left Hip Female
Acetabular Width (mm) LAB 26.30+0.75 24.29+1.04 26.16+£1.17 24.27+1.27
GSD 26.96+2.50 26.53+3.10 26.58+2.28 26.21+2.65
Acetabular Depth Index LAB 0.46+0.07 0.35+0.08 0.48+0.07 0.36+0.11
GSD 0.44+0.07 0.44+0.09 0.48+0.09 0.48+0.07
Norberg Angle (degree) LAB 105.31+0.23 105.63+0.65 105.36+0.27 105.71+0.44
GSD 105.43+0.28 105.49+0.26 105.32+0.36 105.44+0.40
Percent Coverage (percent) LAB 48.67+11.27 39.00+9.29 48.67+9.33 41.17+10.73
GSD 46.00+8.07 42.17+10.70 51.50+10.93 49.50+10.29
Center Edge Angle (degree) LAB 20.26+9.21 10.47+£11.58 18.04+8.78 16.00+9.87
GSD 16.07+11.87 18.76+12.34 19.47+£12.29 20.95+8.74
Acetabular Index Angle (degree) LAB 19.19+4.5634 20.31+7.818 20.09+5.842A 24.70+10.292A
GSD 8.45+6.3308 6.97+2.68°8 10.22+8.245%8 6.23+2.8908
Acetabular Offset (mm) LAB 20.07+1.89 21.43+1.79 18.47+2.04 20.13+2.95
GSD 19.81+2.09 20.57+5.55 19.25+3.16 17.78+3.06

*Values with different small letter superscripts differ significantly (p<0.05) in a row
* Values with different capital letter superscripts differ significantly (p<0.05) in a column for a particular parameter.

Table 2: Body Weight wise Mean + SD values of combined right and left acetabular parameters in Labrador Retriever and German Shepherd

breeds of dog.
Acetabular parameters Groups Right and left Hip
<25 (n=4) 24.3041.01
LAB 25-35 (n=5) 24.89+1.03
Acetabular Width (mm) Zgg Eg:gg ggigfggg
GSD 25-35 (n=5) 28.00+2.71
>35 (n=4) 28.96+1.13
<25 (n=4) 0.44+0.09
LAB 25-35 (n=5) 0.34+0.06
Acetabular Depth Index Zgg 22:8 812f882
GSD 25-35 (n=5) 0.44+0.05
>35 (n=4) 0.46+0.05
<25 (n=4 105.4040.25
Norberg Angle (degree) LAB 25-35((n=g>) 105.6220 39
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>35 (n=4) 105.38+0.22
<25 (n=6) 105.3440.15
GSD 25-35 (n=5) 105.4440.21
>35 (n=4) 105.76+0.24
<25 (n=4) 44.63+14.29
LAB 25-35 (n=5) 29.90+10.26
>35 (n=4) 50.25+12.70
Percent Coverage (percent) <25 (n=6) 50.05+7 48
GSD 25-35 (n=5) 45.50+6.71
>35 (n=4) 49.88+7.80
<25 (n=4) 21.18+13.58
LAB 25-35 (n=5) 18.3446.12
>35 (n=4) 21.03+10.30
Center Edge Angle (degree) <25 (n=6) 20.05+0.06
GSD 25-35 (n=5) 19.47+10.00
>35 (n=4) 21.2349.79
<25 (n=4) 14.4849.21
LAB 25-35 (n=5) 22.8148.39
>35 (n=4) 21.4645.19
Acetabular Index Angle (degree) <25 (n=6) 6.4142.38
GSD 25-35 (n=5) 9.13+8.00
>35 (n=4) 7.97+2.61
<25 (n=4) 18.51+2.28
LAB 25-35 (n=5) 21.2241.20
>35 (n=4) 19.53+2.22
Acetabular Offset (mm) <25 (n=6) 17 845200
GSD 25-35 (n=5) 20.57+3.88
>35 (n=4) 20.58+2.23
Table 3: Body Weight wise Mean + SD values of combined right and left femoral parameters in Labrador Retriever and German Shepherd
breeds of dog
Femoral parameters Groups Right and Left Hip
<25 (n=4) 20.72+1.85
LAB 25-35 (n=5) 19.02+1.57
. >35 (n=4) 22.87+3.39
Femoral Head Diameter (mm) <25 (n=6) 9 062165
GSD 25-35 (n=5) 25.19+3.10
>35 (n=4) 21.05+0.72
<25 (n=4) 18.58+1.16
LAB 25-35 (n=5) 21.66+1.53
>35 (n=4) 22.68+1.54
Femoral Neck Length (mm) <25 (n=6) 20.45:2.08
GSD 25-35 (n=5) 21.88+2.86
>35 (n=4) 24.26+3.34
<25 (n=4) 33.82+1.11
LAB 25-35 (n=5) 33.89+2.08
- >35 (n=4) 38.04+1.35
Trochanteric Width (mm) <25 (n=6) 36.9422 09
GSD 25-35 (n=5) 40.13+3.46
>35 (n=4) 40.84+1.25
<25 (n=4) 139.06+2.44
LAB 25-35 (n=5) 142.90+2.63
>35 (n=4) 144.05+3.09
Neck-Shaft Angle (degree) <25 (n=6) 139 441336
GSD 25-35 (n=5) 137.88+1.34
>35 (n=4) 141.50+1.96
<25 (n=4) 179.0746.92
LAB 25-35 (n=5) 177.27+6.83
>35 (n=4) 189.89+8.81
Femoral Length (mm) <25 (n=6) 197.59+10.80
GSD 25-35 (n=5) 211.26+13.15
>35 (n=4) 221.77+8.32
<25 (n=4) 0.37+0.03
LAB 25-35 (n=5) 0.38+0.01
. >35 (n=4) 0.41+0.01
Isthmus Position Index <25 (n=6) 0.4020.02
GSD 25-35 (n=5) 0.38+0.03
>35 (n=4) 0.37£0.01
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<25 (n=4) 2.05+0.12

LAB 25-35 (n=5) 2.05+0.32

>35 (n=4) 2.00+0.26

Canal Flare Index <25 (n=6) 1881023
GSD 25-35 (n=5) 1.88+0.09

>35 (n=4) 1.93+0.26

4. Conclusion

Weight wise no significant variations were found in all
acetabular and proximal femoral radiographic
measurements between Labrador Retriever and German
Shepherd groups.

In an overall and sex-wise comparison Labrador group
showed a high degree of steepness of cranial acetabular
edge (high acetabular index angle) that would help in
orientation of acetabular up with different inclination .
German Shepherd group revealed lower Canal Flare
Index (CFI) values and a more stovepipe femoral
geometry as compared to Labrador Retriever suitable for
selection of cemented implant under Indian conditions.
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