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Abstract 

Background  Canine hip dysplasia (CHD) is a multifactorial disease affecting large breed dogs with associated joint 
laxity and incongruity that predisposes them to osteoarthritis. The purpose of the study is to objectively compare the 
conformation of normal and near-normal coxofemoral joints (CFJS) in Labrador Retrievers versus German Shepherds 
on the extended ventrodorsal radiograph. Investigated groups were categorized as normal and near-normal CFJS 
according to the morphometric criteria established by the FCI scoring system. Center-edge (CE) angle, Norberg angle 
(NA), indices of dorsal AFH coverage width and area, acetabular slope (AS) angle, and inclination angle were deter-
mined for each group. CE angle and AS angle were modified from previously described human techniques. The width 
and area of dorsal AFH coverage were standardized by the corresponding femoral head diameter and area. Variables 
were compared between groups using an unpaired, two-tailed t-test. A Spearman correlation coefficient determined 
the relationship between selected variables.

Results  In Labradors, CE angle (lateral coverage) and dorsal AFH coverage area index (dorsal coverage) were greater 
in normal versus near-normal CFJS. In German Shepherds, lateral AFH coverage (CE angle and NA) was greater in 
normal versus near-normal hip joints; whereas, dorsal AFH coverage did not differ between the two groups. Lateral 
AFH coverage was greater in normal versus near-normal CFJS of both breeds. In Labradors, the inclination angle was 
greater in near-normal versus normal CFJS. Normal CFJS of Labradors revealed greater lateral and dorsal AFH coverages 
compared to German Shepherds. Near-normal joints of Labradors showed greater lateral AFH coverage compared to 
those of German Shepherds; whereas, dorsal AFH coverage did not differ between the two breeds. A steeper acetabu-
lar slope angle was noted in normal and near-normal CFJS of German Shepherds compared to Labrador Retrievers. 
The inclination angle of near-normal joints was greater in Labrador Retrievers compared to German Shepherds.

Conclusions  Overall, normal and near-normal CFJS of German Shepherds had lesser AFH coverage and steeper 
acetabular slope angle compared to Labrador Retrievers. Labrador Retrievers and German Shepherds with CE-angles 
< 27° and < 21.8°, dorsal AFH coverage width indices < 51 and < 49%, and/or dorsal AFH coverage area indices < 53 
and < 50%, respectively, may be consistent with CHD. Thus, the authors would recommend excluding subjects with 
lower values from breeding. Validating the reported measurements is still warranted.
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Background
Canine hip dysplasia (CHD) is a common orthopaedic 
problem, accounting for 30% of all orthopaedic diseases 
[1]. It is a developmental, heritable, multifactorial disor-
der of the coxofemoral joint (CFJ) with associated joint 
instability that can eventually lead to painful degenerative 
joint disease [2, 3]. It primarily affects rapidly growing 
large breed dogs [4], with German Shepherds, Labra-
dor Retrievers, and Boxers having a high prevalence [5, 
6]. Many radiographic techniques and measurements 
have been developed and widely utilized for evaluating 
canine hip joints [7–9]. The extended-leg ventrodorsal 
(VD) pelvic view remains the most used technique for 
evaluating canine CFJ [10]. Norberg angle (NA) and cen-
tre-edge (CE) angle are common radiographic measures 
used to assess the degree of lateral acetabular femoral 
head (AFH) coverage in dogs and humans, respectively 
[11–15]. However, the technique of measuring NA relies  
on the consideration of both hip joints meaning that  it 
does  not accurately represent the hip joint conforma-
tion and thus has weaknesses as a solar selection crite-
rion [16, 17]. A recent study that applied the CE angle on 
the canine CFJ in a modified way from the human tech-
nique reported promising results supporting the feasibil-
ity of using the modified CE angle to quantify the degree 
of lateral AFH coverage in dogs and overcome the pos-
sible imperfection of NA [18]. The impetus of the cur-
rent study was the observation that no prior studies have 
evaluated and compared the degrees of both lateral and 
dorsal AFH coverage, the steepness of acetabular slope 
angle, and the inclination angle in different breeds of 
dogs. Therefore, our main objective was to compare the 
radiographic quantification of normal and near-normal 
coxofemoral conformation of Labrador Retrievers and 
German Shepherds (the most commonly affected breeds 
with CHD) via assessing the degree of lateral and dorsal 
AFH coverage and evaluating the steepness of the ace-
tabular slope and the inclination angle. We hypothesised 
that the AFH coverage, the acetabular slope angle, and 
the angle of inclination would differ between Labrador 
Retrievers and German Shepherds and possibly between 
the 2 groups of coxofemoral joints (normal versus near-
normal) within each breed. The long-term aim of the 
study is to develop a selective breeding strategy that uses 
parents with healthy coxofemoral joints (phenotypi-
cally) in an attempt to decrease the prevalence of CHD 
among the Labrador Retrievers’ and German Shepherds’ 
offspring.

Methods
Subjects
The retrospective study protocol was approved by the 
Scientific Committee of the Department of Surgery 

and Radiology at the Faculty of Veterinary Medicine, 
Cairo University prior to investigation. Medical records 
and extended VD pelvic radiographs of adult Labra-
dor Retrievers and German Shepherds with normal and 
near-normal CFJs were retrieved from the database of 
the Small Animal Hospital, University of Florida, College 
of Veterinary Medicine. All enrolled pelvic radiographs 
were belonging to individuals with no clinical or radio-
graphic signs of orthopaedic diseases. All digitized radio-
graphs were approved in terms of quality and positioning 
(with parallel femurs and no pelvic tilting) [19, 20] and 
were sorted out into normal (grade A) and near normal 
(grade B) categories by board-certified and qualified radi-
ologists (CB and AM). This categorization was carried 
out according to the morphometric criteria previously 
established by the Federation Cynologique Internationale 
(FCI) scoring protocol of CHD [10, 21, 22]. Accordingly, 
the hip joint was considered normal (grade A) in both 
Labrador Retrievers and German Shepherds if the CFJ 
space appeared narrow with sharply margined perfectly 
parallel articular margins, circumferentially (perfectly 
congruent joint), and a NA ≥ 105o. The near-normal 
CFJ (grade B) showed sharply margined and nonparal-
lel coxofemoral articular surfaces with associated slightly 
widened joint space (minimal joint incongruence). The 
enrolled CFJs were considered near-normal if the NAs 
were ≥ 105o in Labrador Retrievers and ≤ 105° in Ger-
man Shepherds. Coxofemoral joints with radiographic 
evidence of hip dysplasia (grades C to E) were excluded 
from the current report.

Radiographic procedures
All measurements were carried out blindly on digitized 
radiographs by the same veterinarian (MN). The reported 
measurements were performed using freely avail-
able medical and radiologic image processing software 
(ImageJ 1.41/Java 1.6.0_21) with a magnification of 200 as 
previously established [14, 15]. A best-fit circle outlining 
the femoral head was initially drawn to precisely locate its 
center and measure its area. The CE angle, the acetabular 
slope (AS) angle, and the indices of dorsal AFH coverage 
width and area were measured as previously published 
[18] (Figs. 1 and 2) (Table 1). The NA and IA (method B) 
were measured as previously described by several veteri-
nary studies [14, 15, 23–25] (Table 1).

Statistical analysis
Data analysis was performed using commercially avail-
able statistical software (Graph-Pad Prism version 8.00, 
La Jolla, California, United States). Data were proven 
to be normality distributed using the Kolmogorov-
Smirnov test prior to analysis. Means (±SDs) and 95% 
CIs of all measurements were calculated, and variables 
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of interest were compared between normal and near-
normal CFJs for Labrador Retrievers and German 
Shepherds using an unpaired, 2-tailed t-test. A Spear-
man rank correlation coefficient (rs) was calculated to 
determine the relationship between selected variables. 
A P-value < 0.05 was considered significant.

Results
Subjects
Thirty-seven purebred Labrador Retrievers (74 cox-
ofemoral joints) with radiographically normal (grade A, 
23 dogs, 46 joints) and near-normal (grade B, 14 dogs, 

Fig. 1  An extended ventrodorsal radiograph of a German Shepherd’s pelvis with a near-normal hip joint showing measurements of (A) centre 
edge angle (Φ) and (B) acetabular slope angle (α). a, iliac axis; b, a line tangential to the lateral acetabular rim, originating from the center of the 
corresponding femoral head; c, a line tangential to the acetabular sourcil; d, a line verticle to the long axis of the iliac shaft (a)

Fig. 2  An extended ventrodorsal radiograph of a German Shepherd’s pelvis with a near-normal hip joint showing measurements of (A) the width 
index of the dorsal acetabular femoral head (AFH) coverage and (B) the area index of the dorsal AFH coverage. w, dorsal AFH coverage width; di, 
femoral head diameter; a, dorsal AFH coverage area; A, femoral head area



Page 4 of 9Nahla et al. Irish Veterinary Journal            (2023) 76:6 

28 joints) coxofemoral joints were investigated. As for 
German Shepherds, 38 purebred dogs (76 coxofemoral 
joints) with radiographically normal (grade A, 21 dogs, 
42 joints) and near-normal (grade B, 17 dogs, 34 joints) 
coxofemoral joints were investigated.

Radiographic procedures
Labrador Retrievers
The NA did not differ significantly between normal and 
near-normal coxofemoral joints; however, the CE angle 
differed significantly (P = 0.013) between the two tested 
groups. As for the measurements utilized to quantify 
dorsal AFH coverage, the area index was significantly 
greater (P = 0.0003) in normal versus near-normal cox-
ofemoral joints; whereas, the width index did not differ 
between the two groups. There was a significant increase 
(P = 0.0003) in the mean inclination angle of near-normal 
coxofemoral joints compared to that of normal joints. 
No significant difference was identified in the acetabular 
slope angle between groups.

German Shepherds
The measurements utilized to evaluate lateral AFH cov-
erage (NA and CE angle) were greater (P < 0.0001) in 
normal versus near-normal coxofemoral joints. How-
ever, the measurements that quantified dorsal AFH cov-
erage (width and area indices) did not differ significantly 
between the tested groups. Neither the acetabular slope 
angle nor the inclination angle differed between the 
two groups. The mean (±SD) values and 95% CIs for all 
reported radiographic measurements of both Labrador 

Retrievers and German Shepherds are summarized in 
Table 2.

Labrador Retrievers versus German Shepherds
Greater (P < 0.0001) lateral and dorsal AFH coverages 
were evidenced in normal coxofemoral joints of Labrador 
Retriever compared to those evidenced in normal Ger-
man Shepherd joints (Fig.  3). Near-normal hip joints of 
Labrador Retrievers showed greater (P < 0.0001) lateral 
AFH coverage compared to those of German Shepherds; 
whereas, dorsal AFH coverage did not differ between the 
two breeds with near-normal joints (Fig. 4). Lateral AFH 
coverage was greater (P < 0.0001) in normal versus near-
normal coxofemoral joints of both breeds.

Discussion
The results of the current study can be summarized 
as follows: (1) CE angle differed between normal and 
near-normal hip joints of German Shepherds and Lab-
rador Retrievers. CE angles < 27° and < 21.8° in Labrador 
Retrievers  and German Shepherds, respectively, would 
suggest a lack of optimum lateral AFH coverage and pos-
sible joint incongruence; (2) NA differed between nor-
mal and near-normal hip joints of German Shepherds; 
however, it did not differ between the two groups of Lab-
rador Retrievers; (3) dorsal AFH coverage did not dif-
fer between normal and near-normal joints of German 
Shepherds; however, dorsal AFH coverage area index 
showed better coverage in normal versus near-normal 
CFJs of Labrador Retrievers; (4) lateral and dorsal AFH 
coverages were greater in normal joints of Labrador 

Table 1  Definitions and functions of the modified centre-edge, Norberg, acetabular slope, and inclination angles, and the width and 
area indices of the dorsal acetabular femoral head (AFH) coverage

Variable Definition Function

Modified centre-edge (CE) angle The angle between two lines originating from the 
femoral head center, a line tangential to the lateral 
acetabular rim and a second line parallel to the long 
axis of the body of the corresponding ilium (iliac axis).

Evaluates the degree of lateral acetabular femoral head 
(AFH) coverage.

Norberg angle (NA) The angle between a line connecting the centers of 
the femoral heads and a line connecting the center of 
the femoral head to the corresponding lateral edge of 
the cranial acetabular rim.

Evaluates the degree of lateral acetabular femoral head 
(AFH) coverage.

Acetabular slope (AS) angle The angle between a line connecting the lateral and 
medial extents of the sclerotic cranial acetabular edge 
and a horizontal line perpendicular to the correspond-
ing iliac axis.

Quantifies the steepness of the cranial acetabular edge 
(acetabular “sourcil” slope).

Inclination angle (IA) (Method B) The angle formed between a line bisecting the shaft 
of the femur and the second line bisecting the femoral 
head/ neck.

Evaluates the proximodistal alignment of the femoral 
head and neck relative to the corresponding femoral 
axis.

Dorsal AFH coverage width index The width of the dorsal AFH coverage divided by the 
diameter of the corresponding femoral head.

Determine the extent of dorsal AFH coverage.

Dorsal AFH coverage area index The area of the dorsal AFH coverage divided by the 
overall area of the corresponding femoral head.
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Retrievers compared to those calculated for normal Ger-
man Shepherds’ CFJs; (5) near-normal coxofemoral joints 
of Labrador Retrievers showed a relatively greater incli-
nation angle compared to normal joints; and (6) there 
was no difference in the acetabular slope angle between 
normal and near-normal joints in both dog breeds; how-
ever, steeper angles were identified in German Shep-
herds’ normal and near-normal CFJs.

Regarding the measures utilized to quantify the degree 
of lateral AFH coverage, NA did not differ between nor-
mal and near-normal hip joints of Labrador Retrievers. 
This may be attributed to the selected values of NA (≥ 
105°) for near-normal joints that were set in our study 
based on the conventional FCI criteria [10, 21, 22]. This 
may also explain why the mean NA of our near-normal 
group (109.3°) differed from those (105.9° and 105.7°) 
reported by other two veterinary literature [22, 26]. How-
ever, the mean NA of our enrolled normal coxofemoral 
joints (110.2°) was approximately consistent with those 
(108.4° - 108.8°) reported by previous veterinary litera-
ture [22, 27]. In German Shepherds, the means NA of 
our enrolled coxofemoral joints in group A (107.5°), 
and group B (103.2°) were relatively consistent with 
those (group A, 108.5°, 106.9°; group B, 105.85°, 104.6°) 
reported by previous veterinary literature [22, 28]. How-
ever, the means CE-angle of the tested groups (A and 
B) identified in the present study for Labrador Retriev-
ers (28.8°, 27.8°, respectively) and German Shepherds 
(26.6°, 22.3°, respectively) differed from those (16.91°, 
12.55°, respectively) reported by Meomartino and col-
leagues in 2002. This relative variation may be related to 
utilizing the iliac axis in the current study instead of the 

longitudinal axis used in the previous report to measure 
the CE angle [22]. Another explanation of such a relative 
variation could be the different radiographic projection 
(DAR) utilized by Gaspara and colleagues in 2016 [29]. 
Nevertheless, the normal values of the CE  angle identi-
fied in our Labrador Retriever (≥ 27°) and German Shep-
herd (≥ 21.8) populations were consistent with  that  (≥ 
25°) reported in human literature [30–32], despite the 
species variability. This may indicate the feasibility of 
utilizing the corresponding iliac axis instead of using an 
absolute long axis which may not be realistic in the radi-
ographic examination of an animal pelvis [15, 31]; Even 
though human and dog anatomy and biomechanics differ.

As for the measures utilized to quantify the degree of 
dorsal AFH coverage, the area indices reported in our 
tested groups (A and B) of Labrador Retrievers (60 and 
55%, respectively) were relatively consistent with those 
(59.5 and 54.9%, respectively) reported by Tomlinson 
and colleagues in 2000 [28]. In German Shepherds, the 
indices of dorsal acetabular coverage area reported in our 
tested groups (A and B) (55 and 53%, respectively) were 
relatively in agreement with those reported by Tomlinson 
and Johnson (59.4, 54.1%, respectively) [28]. The median 
indices of dorsal AFH coverage width and area reported 
in our near-normal groups of Labrador Retrievers (54 
and 55%, respectively) and German Shepherds (51 and 
53%, respectively) agreed with the median values of lin-
ear and surface acetabular overlap (52 and 54%, respec-
tively) previously reported by a study performed on a 
wide variety of large breed dogs [8]. This agreement could 
be attributed to the similar measurement procedures 
performed in the two reports, regardless of the enrolled 

Table 2  Means (SD) and 95% CIs for the age, body weight, and the radiographic parameters calculating lateral (Norberg and Centre 
edge angles) and dorsal (width and area indices) acetabular femoral head coverage, acetabular slope angle, and inclination angle for 
Labrador Retrievers and German Shepherds with normal and near-normal coxofemoral joints (CFJs)

* Within a variable, the mean is significantly (P < 0.05) different from the mean for the normal CFJs within the same breed group
† Within a variable, the mean is significantly (P < 0.05) different from the mean for the normal CFJs of the other breed group
• Within a variable, the mean is significantly (P < 0.05) different from the mean for the near-normal CFJs of the other breed group

Variable Labrador Retriever German Shepherd

Normal CFJ (n = 46) Near-normal CFJ 
(n = 28)

Normal CFJ (n = 42) Near-normal CFJ 
(n = 34)

95% CI Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD)

Age (year) 8.6–10.8 9.7 (2.8) 7.6–9.6 8.6 (2.1) 3.8–6.1 5.0 (3.3)† 2.6–5.3 4.0 (3.6)•

Body weight (kg) 30.0–34.6 32.3 (5.8) 30.6–35.2 32.9 (5.4) 33.4–38.2 35.8 (6.6)† 31.8–37.2 34.5 (6.5)

Norberg angle (degree) 109.3–111.0 110.2 (2.8) 108.3–110.3 109.3 (2.6) 106.8–108.3 107.5 (2.3)† 102.8–103.6 103.2 (1.1)*•

Centre-edge angle (degree) 28.4–29.2 28.8 (1.2) 27.0–28.6 27.8 (2.1)* 26.1–27.1 26.6 (1.6)† 21.8–22.7 22.3 (1.3)*•

Dorsal acetabular coverage width index 0.54–0.57 0.56 (0.05) 0.51–0.56 0.54 (0.06) 0.51–0.55 0.53 (0.05)† 0.49–0.54 0.51 (0.07)

Dorsal acetabular coverage area index 0.58–0.61 0.60 (0.05) 0.53–0.57 0.55 (0.06)* 0.53–0.56 0.55 (0.05)† 0.50–0.55 0.53 (0.07)

Acetabular slope angle (degree) 6.7–9.1 7.9 (4.1) 6.9–9.3 8.1 (3.0) 11.5–14.6 13.1 (4.9)† 11.2–14.3 12.7 (4.5)•

Inclination angle (degree) 128.6–132.7 130.6 (6.8) 134.2–138.7 136.5 (5.8)* 128.7–132.1 130.4 (5.4) 128.2–132.1 130.2 (5.6)•
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breeds. Unlike the width index, the area index differen-
tiated between normal and near-normal groups of Lab-
rador Retrievers. This may be because the area index 
determines the overall dorsal AFH coverage area, not just 
the corresponding width index. The inability of the indi-
ces of dorsal AFH coverage (width and area) to differenti-
ate between normal and near-normal coxofemoral joints 
of German Shepherds may refer to the relative similarity 
of dorsal acetabular coverage among these groups.

The acetabular slope angle represents the steepness 
of the acetabular ‘sourcil’ slope. The inability of the 
acetabular slope angle to distinguish normal from near-
normal CFJ in both Labrador Retrievers and German 
Shepherds could be related to the excessive steepness 
of this angle that was previously identified in dysplastic 

rather than non-dysplastic joints [18]. In the present 
study, the steeper acetabular slope angle identified in 
German Shepherds with normal and near-normal CFJs 
compared to  that  calculated for Labrador Retrievers 
(P < 0.0001) was consistent with the relatively less AFH 
coverage associated with German Shepherds’ joints. 
Our reported acetabular slope angles calculated for 
normal and near-normal CFJs of Labrador Retrievers 
(7.9o and 8.1o, respectively) and German Shepherds 
(13.1 and 12.7, respectively) were relatively in agree-
ment with the previous reports (8.6o and 7.8o [18], 
and 7.1o and 11.6o [22], ,respectively). Thus, acetabu-
lar slope angles > 8.1o in Labrador Retrievers or > 12.7o 
in German Shepherds could be associated with canine 
hip dysplasia. These findings are in agreement with 

Fig. 3  Box-and-whisker plots of Norberg angle (A), center-edge angle (B), dorsal acetabular coverage width index (C), dorsal acetabular coverage 
area index (D), acetabular slope angle (E), and inclination angle (F) for normal coxofemoral joints of Labrador Retriever (LR) and German Shepherd 
(GS). Boxes and whiskers represent the 25th to 75th percentiles and ranges, respectively; the lines and crosses within boxes represent the medians 
and means, respectively



Page 7 of 9Nahla et al. Irish Veterinary Journal            (2023) 76:6 	

the recent study by Mostafa and colleagues in 2022, 
in which, acetabular slope angles >11o were evidenced 
in canine hip dysplasia [18]. Interestingly, these values 
are relatively consistent with humans’ angles, as hip 
joints with acetabular slope angles >13o were consistent 
with human hip dysplasia (33), despite the substantial 

inter-species variation between humans and dogs in 
their standing angles and the natural load applied on 
the corresponding acetabulum of each species [15, 
33–36]. Thus, unlike humans, dogs may experience 
a greater natural load on the dorsum of the acetabu-
lum than that on the acetabular slope [18]. Therefore, 

Fig. 4  Box-and-whisker plots of Norberg angle (A), center-edge angle (B), dorsal acetabular coverage width index (C), dorsal acetabular coverage 
area index (D), acetabular slope angle (E), and inclination angle (F) for near-normal coxofemoral joints of Labrador Retriever (LR) and German 
Shepherd (GS). Boxes and whiskers represent the 25th to 75th percentiles and ranges, respectively; the lines and crosses within boxes represent the 
medians and means, respectively
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radiographic assessment of both dorsal and lateral AFH 
coverages, as well as, the acetabular slope angle are 
strongly recommended by the authors during the rou-
tine screening program for CHD. The means inclina-
tion angle  measured for our normal CFJs of Labrador 
Retrievers (130.6°) and normal and near-normal CFJs 
of German Shepherds (130.4° and 130.2°, respectively) 
were consistent with the normal values (129.4°- 130.6o) 
previously reported in large breed dogs [18, 23, 24]. The 
inclination angle failed to differentiate between normal 
and near-normal CFJs of German Shepherds; how-
ever, increased inclination (P = 0.0003) was evidenced 
in near-normal compared to normal joints of Labra-
dor Retrievers. Nonetheless, the angle of inclination 
showed a nonsignificant difference between healthy 
and dysplastic joints in previous veterinary literature 
[18, 24, 25].

The reproducibility of our reported radiographic 
measurements was not evaluated in the current study; 
therefore, a future investigation evaluating intra- and 
inter-observer repeatability is recommended by the 
authors to validate them. Another limitation was the 
lack of assessment of hip joint laxity via calculating 
the distraction index (PennHip DI). This may limit 
the efficacy of the radiographic determination of AFH 
coverage in our suggested selective screening protocol, 
as evaluation of joint laxity would exclude additional 
individuals from the breeding pool [29]. Therefore, a 
future clinical and radiographic investigation may be 
warranted on Labrador Retrievers, German Shepherds, 
and other large breed dogs without and with hip dys-
plasia. The authors of the current and previous recent 
studies would strongly recommend including both 
normal and near-normal coxofemoral joints in the 
breeding strategy to overcome the possibility of breed 
extinction over the decades [18]. Our recommenda-
tion may differ from that of Flückiger’s report who 
suggested breeding dogs with mildly dysplastic hips 
but with certain restrictions [37]. The authors hypoth-
esized that prohibiting dogs with mildly dysplastic hip 
joints from breeding would reduce the heritability of 
the disease to the offspring, thereby reducing the prev-
alence of the disease [18].

Conclusions
Centre-edge angle differed significantly between normal 
and near-normal hip joints of both German Shepherds and 
Labrador Retrievers. Normal and near-normal CFJs of Ger-
man Shepherds showed lesser AFH coverage and steeper 
acetabular slope angle compared to the degree of the 
AFH coverage and the slope of the acetabular slope sour-
cil of normal and near-normal joints of Labrador Retriev-
ers. No significant difference in the acetabular slope angle 

was identified between normal and near-normal CFJs of 
both Labrador Retrievers and German Shepherds. Near-
normal CFJs of Labrador Retrievers revealed a relatively 
greater inclination angle compared to normal joints. Lab-
rador Retrievers and German Shepherds with CE-angles 
< 27° and < 21.8°, dorsal AFH coverage width indices < 51 
and < 49%, and/or dorsal AFH coverage area indices < 53 
and < 50%, respectively, may be consistent with dysplastic 
hip joints. The authors would therefore suggest that consid-
eration be given to eliminating subjects with lower values 
from breeding. Further investigation is however still war-
ranted to validate the reported radiographic measurements.
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Acknowledgments
The authors would like to thank the technicians and radiology services for 
their assistance with data collection.

Authors’ contributions
All authors provided the original conception of the project and participated 
in the research design. AAM, MAN, and CRB developed the measurement 
techniques, approved the selected radiographs, performed data collection 
and analysis, and drafted the manuscript. All authors read and approved the 
final version of the manuscript before submission.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Availability of data and materials
The data sets supporting our results are included in the article. Row data are 
available upon request to any of the authors (AM: aymos​tafa@​cu.​edu.​eg; CB: 
crber​ry3@​ncsu.​edu).

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Scientific Committee of the Depart-
ment of Surgery and Radiology at the College of Veterinary Medicine, Cairo 
University, and the Department of Small Animal Clinical Sciences, University 
of Florida before investigation. No ethical approval was required because our 
investigation was based solely on reviews of medical records and radiographic 
images generated during routine veterinary care of the enrolled dogs.
The study was carried out in compliance with the ARRIVE guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing financial interests, and none of the authors 
have any conflict of interest or relation with a third party that may bias the 
publication of this report.

mailto:aymostafa@cu.edu.eg
mailto:crberry3@ncsu.edu


Page 9 of 9Nahla et al. Irish Veterinary Journal            (2023) 76:6 	

Author details
1 Department of Small Animal Surgery and Radiology, Faculty of Veterinary 
Medicine, Cairo University, Giza 12211, Egypt. 2 Diagnostic Imaging, Depart-
ment of MBS, College of Veterinary Medicine, North Carolina State University, 
Raleigh, NC 27606, USA. 

Received: 26 October 2022   Accepted: 14 February 2023

References
	1.	 Rocha BD, Tôrres RCS. Ultrasonic and radiographic study of laxity in hip 

joints of young dogs. Arq Bras Med Vet Zootec. 2007;59:90–6. https://​doi.​
org/​10.​1590/​S0102-​09352​00700​01000​16.

	2.	 Demko J, McLaughlin R. Developmental orthopedic disease. Vet Clin 
North Am Small Anim Pract. 2005;35:1111–35. https://​doi.​org/​10.​1016/j.​
cvsm.​2005.​05.​002.

	3.	 Skurková L, Ledecký V. Early diagnosis of canine hip dysplasia. Folia Vet. 
2009;53:77–82. https://​doi.​org/​10.​21608/​vmjg.​2021.​212217.

	4.	 Simeonova G. Hormonal and radiographic studies in German shep-
herd dogs with hip dysplasia. Trakia J Sci. 2007;5:59–64 http://​www.​
uni-​sz.​bg/.

	5.	 Kimeli P, Mbugua SW, Cap RM, Kirui G, Abuom TO, Mwangi WE, et al. 
A retrospective study on findings of canine hip dysplasia screening in 
Kenya. Vet World. 2015;8:1326–30. https://​doi.​org/​10.​14202/​vetwo​rld.​
2015.​1326-​1330.

	6.	 Corral C. Canine hip dysplasia: aetiology and treatment. Vet Nurse. 
2018;9:246–50. https://​doi.​org/​10.​12968/​vetn.​2018.9.​5.​246.

	7.	 Tomlinson JL, Cook JL. Effects of degree of acetabular rotation after triple 
pelvic osteotomy on the position of the femoral head in relationship to 
the acetabulum. Vet Surg. 2002;31(4):398–403. https://​doi.​org/​10.​1053/​
JVET.​2002.​33598.

	8.	 Janssens L, Ridder MD, Verhoeven G, Gielen I, Bree HV. Comparing 
Norberg angle, linear femoral overlap and surface femoral overlap in 
radiographic assessment of the canine hip joint. J Small Anim Pract. 
2014;55:135–8. https://​doi.​org/​10.​1111/​jsap.​12171.

	9.	 Soo M, Worth AJ. Canine hip dysplasia: phenotypic scoring and the role 
of estimated breeding value analysis. N Z Vet J. 2015;63:69–78. https://​doi.​
org/​10.​1080/​00480​169.​2014.​949893 Taylor and Francis Ltd.

	10.	 Butler JR, Gambino J. Canine hip dysplasia diagnostic imaging. Vet Clin 
Small Anim. 2017;47:777–93. https://​doi.​org/​10.​1016/j.​cvsm.​2017.​02.​002.

	11.	 Kealy RD, Fordyce H, Mayhew P, et al. Effects of limited food consumption 
on the incidence of hip dysplasia in growing dogs. J Am Vet Med Assoc. 
1992;201(6):857–63 https://​pubmed.​ncbi.​nlm.​nih.​gov/​13997​93/.

	12.	 Pereira F, Giles A, Wood G, Board TN. Recognition of minor adult hip dys-
plasia: which anatomical indices are important? Hip Int. 2014;24:175–9. 
https://​doi.​org/​10.​5301/​hipint.​50001​19.

	13.	 Mostafa AA, Lucas K, Nolte I, Wefstaedt P. Morphometric characteristics of 
the pelvic limbs of Labrador retrievers with and without cranial cruciate 
ligament deficiency. Am J Vet Res. 2009;70(4):498–507. https://​doi.​org/​10.​
2460/​ajvr.​70.4.​498.

	14.	 Mostafa AA, Drüen S, Nolte I, Wefstaedt P. Radiographic evaluation of 
early periprosthetic femoral bone remodelling and prosthetic stem align-
ment after uncemented and cemented total hip prosthesis in dogs. Vet 
Surg. 2012;41:69–77. https://​doi.​org/​10.​1111/j.​1532-​950X.​2011.​00931.x.

	15.	 Mostafa AA, Lucas K, Nolte I, Wefstaedt P. Radiographic evaluation of early 
periprosthetic acetabular bone contrast and prosthetic head acetabular 
coverage after uncemented and cemented total hip prosthesis in dogs. 
BMC Vet Res. 2016;12:271–9. https://​doi.​org/​10.​1186/​s12917-​016-​0900-8.

	16.	 Coopman F, Verhoeven G, Paepe D, Van Bree H, Duehateaw L, Saundene 
JH. Inter-observer agreement for radiographic assessment of canine hip 
dysplasia. Vlaam Diergeneesk Tijdschrift. 2007;76:417–22 https://​biblio.​
ugent.​be/​publi​cation/​397314/​file/​21284​93.

	17.	 Comhaire FH, Schoonjans FA. Canine hip dyslasia: the significance of the 
Norberg angle for healthy breeding. J Small Anim Pract. 2011;52(10):536–
42. https://​doi.​org/​10.​1111/j.​1748-​5827.​2011.​01105.x.

	18.	 Mostafa AA, Nahla MA, Ali KM, Berry CR. Modified FCI (Fédération 
Cynologique Internationale) scoring of the coxofemoral joint in Labrador 
retrievers without and with hip dysplasia. Front Vet Sci. 2022;9:800237. 
https://​doi.​org/​10.​3389/​fvets.​2022.​800237.

	19.	 Rendano VT, Ryan G. Canine hip dysplasia evaluation. Vet Radiol. 
1985;26:170–86. https://​doi.​org/​10.​1111/j.​1740-​8261.​1985.​tb014​05.x.

	20.	 Mostafa AA, Nolte I, Wefstaedt P. The prevalence of medial coronoid 
process disease is high in lame large breed dogs and quantitative radio-
graphic assessments contribute to the diagnosis. Vet Radiol Ultrasound. 
2018;59:516–28. https://​doi.​org/​10.​1111/​vru.​12632.

	21.	 Brass W, Paatsama S. Hip dysplasia - international certificate and 
evaluation of radiographs. Helsinki: Scientific Committee, Fédération 
Cynologique Internationale (FCI); 1983. p. 25.

	22.	 Meomartino L, Fatone G, Potena A, Brunetti A. Morphometric assessment 
of the canine hip joint using the dorsal acetabular rim view and the Cen-
tre edge angle. J Small Anim Pract. 2002;43:2–6. https://​doi.​org/​10.​1111/j.​
1748-​5827.​2002.​tb000​01.x.

	23.	 Hauptman J, Prieur WD, Butler HC, Guffy MM. The angle of inclination of 
the canine femoral head and neck. Vet Surg. 1979;8:74–7. https://​doi.​org/​
10.​1111/j.​1532-​950X.​1979.​tb006​12.x.

	24.	 Hauptman J, Cardinet GH III, Morgan JP, Guffy M, Wallace LJ. Angles of 
inclination and anteversion in hip dysplasia in the dog. Am J Vet Res. 
1985;46:2033–6 https://​pubmed.​ncbi.​nlm.​nih.​gov/​40620​03/.

	25.	 sarierler M. Comparison of femoral inclination angle measurements in 
dysplastic and nondysplastic dogs of different breeds. Acta Vet Hung. 
2004;52(2):245–52. https://​doi.​org/​10.​1556/​AVet.​52.​2004.2.​13.

	26.	 Doskarova B, Kyllar M, Paral V. Morphometric assessment of the canine 
hip joint using the acetabular angle of retrotorsion. Vet Comp Orthop 
Traumatol. 2010;23:326–31. https://​doi.​org/​10.​3415/​VCOT-​09-​08-​0086.

	27.	 Petazzoni M, Tamburro R. Clinical outcomes of double pelvic osteoto-
mies in eight dogs with hip dysplasia aged 10–28 months. Vet Surg. 
2021;51(2):320–9. https://​doi.​org/​10.​1111/​vsu.​13737.

	28.	 Tomlinson JL, Johnson JC. Quantification of measurement of femoral 
head coverage and Norberg angle within and among four breeds of 
dogs. Am J Vet Res. 2000;61(12):1492–500. https://​doi.​org/​10.​2460/​ajvr.​
2000.​61.​1492.

	29.	 Gaspara AR, Hayes G, Ginja C, Ginja MM, Todhunter RJ. The Norberg angle 
is not an accurate predictor of canine hip conformation based on the 
distraction index and the dorsolateral subluxation score. Prev Vet Med. 
2016;135:47–52. https://​doi.​org/​10.​1016/j.​preve​tmed.​2016.​10.​020.

	30.	 Wiberg G, Lund MD. Shelf operation in congenital dysplasia of the 
acetabulum and in subluxation and dislocation of the hip. J Bone Joint 
Surg Am. 1953;35:65–80 https://​pubmed.​ncbi.​nlm.​nih.​gov/​13022​708/.

	31.	 Fredensborg N. The results of early treatment of congenital dislocation 
of the hip. J Bone Joint Surg Br. 1976;124:18–28. https://​doi.​org/​10.​1302/​
0301-​620X.​58B3.​956242.

	32.	 Nicholas J, Michael P. Evaluation and treatment of borderline dysplasia: 
moving beyond the lateral center edge angle. Curr Rev Musculoskelet 
Med. 2020;13:28–37. https://​doi.​org/​10.​1007/​s12178-​020-​09599-y.

	33.	 Lequesne M. Coxometry. Measurement of the basic angles of the adult 
radiographic hip by a combined protractor. Rev Rhum Mal Osteoartic. 
1963;30:479–85 https://​pubmed.​ncbi.​nlm.​nih.​gov/​14088​029/.

	34.	 Bergmann G, Siraky J, Rohlmann A, Koelbel R. A comparison of hip joint 
forces in sheep, dog, and man. J Biomech. 1984;17:907–21. https://​doi.​
org/​10.​1016/​0021-​9290(84)​90004-6.

	35.	 Laursen MB, Nielsen PT, Søballe K. Bone remodeling around HA-coated 
acetabular cups: a DEXA study with a 3-year follow-up in a rand-
omized trial. Int Orthop. 2007;31:199–204. https://​doi.​org/​10.​1007/​
s00264-​006-​0148-1.

	36.	 Moores AL, Moores AP, Brodbelt DC, Owen MR, Draper ER. Regional load 
bearing of the canine acetabulum. J Biomech. 2007;40:3732–7. https://​
doi.​org/​10.​1016/j.​jbiom​ech.​2007.​06.​026.

	37.	 Flückiger M. Scoring radiographs for canine hip dysplasia - the big three 
organizations in the world. Euro J Comp Anim Pract. 2007;17:135–40 
https://​www.​seman​ticsc​holar.​org/​paper/​Scori​ng-​radio​graphs-​for-​canine-​
Hip-​Dyspl​asia-​The-​in-​Fl%​C3%​BCcki​ger/​011ee​8376b​d28c8​50cab​91c2f​
1b04c​accd3​45981.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1590/S0102-09352007000100016
https://doi.org/10.1590/S0102-09352007000100016
https://doi.org/10.1016/j.cvsm.2005.05.002
https://doi.org/10.1016/j.cvsm.2005.05.002
https://doi.org/10.21608/vmjg.2021.212217
http://www.uni-sz.bg/
http://www.uni-sz.bg/
https://doi.org/10.14202/vetworld.2015.1326-1330
https://doi.org/10.14202/vetworld.2015.1326-1330
https://doi.org/10.12968/vetn.2018.9.5.246
https://doi.org/10.1053/JVET.2002.33598
https://doi.org/10.1053/JVET.2002.33598
https://doi.org/10.1111/jsap.12171
https://doi.org/10.1080/00480169.2014.949893
https://doi.org/10.1080/00480169.2014.949893
https://doi.org/10.1016/j.cvsm.2017.02.002
https://pubmed.ncbi.nlm.nih.gov/1399793/
https://doi.org/10.5301/hipint.5000119
https://doi.org/10.2460/ajvr.70.4.498
https://doi.org/10.2460/ajvr.70.4.498
https://doi.org/10.1111/j.1532-950X.2011.00931.x
https://doi.org/10.1186/s12917-016-0900-8
https://biblio.ugent.be/publication/397314/file/2128493
https://biblio.ugent.be/publication/397314/file/2128493
https://doi.org/10.1111/j.1748-5827.2011.01105.x
https://doi.org/10.3389/fvets.2022.800237
https://doi.org/10.1111/j.1740-8261.1985.tb01405.x
https://doi.org/10.1111/vru.12632
https://doi.org/10.1111/j.1748-5827.2002.tb00001.x
https://doi.org/10.1111/j.1748-5827.2002.tb00001.x
https://doi.org/10.1111/j.1532-950X.1979.tb00612.x
https://doi.org/10.1111/j.1532-950X.1979.tb00612.x
https://pubmed.ncbi.nlm.nih.gov/4062003/
https://doi.org/10.1556/AVet.52.2004.2.13
https://doi.org/10.3415/VCOT-09-08-0086
https://doi.org/10.1111/vsu.13737
https://doi.org/10.2460/ajvr.2000.61.1492
https://doi.org/10.2460/ajvr.2000.61.1492
https://doi.org/10.1016/j.prevetmed.2016.10.020
https://pubmed.ncbi.nlm.nih.gov/13022708/
https://doi.org/10.1302/0301-620X.58B3.956242
https://doi.org/10.1302/0301-620X.58B3.956242
https://doi.org/10.1007/s12178-020-09599-y
https://pubmed.ncbi.nlm.nih.gov/14088029/
https://doi.org/10.1016/0021-9290(84)90004-6
https://doi.org/10.1016/0021-9290(84)90004-6
https://doi.org/10.1007/s00264-006-0148-1
https://doi.org/10.1007/s00264-006-0148-1
https://doi.org/10.1016/j.jbiomech.2007.06.026
https://doi.org/10.1016/j.jbiomech.2007.06.026
https://www.semanticscholar.org/paper/Scoring-radiographs-for-canine-Hip-Dysplasia-The-in-Fl%C3%BCckiger/011ee8376bd28c850cab91c2f1b04caccd345981
https://www.semanticscholar.org/paper/Scoring-radiographs-for-canine-Hip-Dysplasia-The-in-Fl%C3%BCckiger/011ee8376bd28c850cab91c2f1b04caccd345981
https://www.semanticscholar.org/paper/Scoring-radiographs-for-canine-Hip-Dysplasia-The-in-Fl%C3%BCckiger/011ee8376bd28c850cab91c2f1b04caccd345981

	Radiographic quantification of the normal and near-normal coxofemoral conformation in Labrador Retrievers and German Shepherds: a comparative study
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Subjects
	Radiographic procedures
	Statistical analysis

	Results
	Subjects
	Radiographic procedures
	Labrador Retrievers
	German Shepherds
	Labrador Retrievers versus German Shepherds


	Discussion
	Conclusions
	Acknowledgments
	References


