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Abstract

:

Simple Summary


Hip dysplasia, patellar luxation and lumbosacral transitional vertebra are not well described in cats, most likely because cats can often much better compensate for pelvic limb lameness and hide their pain and, as a result, owners are less likely to notice this condition. Pedigree cats at least 10 months old were recruited prospectively in this study to find the prevalence of feline hip dysplasia, patellar luxation and lumbosacral transitional vertebra. The prevalence of hip joint dysplasia in all pedigree cats was 46.7%, of which 78% of cats had bilateral dysplasia. Dysplasia was mainly from mild (grade 1) to moderate (grade 2); however, 6.1% of hip joints showed signs of severe hip dysplasia (grade 3) in Maine Coon and Siberian cats. Patellar luxation was noted in 32.7% of the pedigree cats, was present bilaterally in 91.4% and was grade 1 or 2 in most cats. The presence of lumbosacral transitional vertebra was noted in 7.5% of the pedigree cats. The high prevalence of hip dysplasia in pedigree cats should be considered and screening pedigree cats for hip dysplasia is recommended before they are used in breeding programs.




Abstract


(1) Background: The aim of this study was to find the prevalence of feline hip dysplasia (HD), patellar luxation and lumbosacral transitional vertebra (LTV) in pedigree cats in the Czech Republic. (2) Methods: 107 pedigree cats at least 10 months old were recruited prospectively at the Small Animal Clinic at the University of Veterinary and Pharmaceutical Sciences Brno, CZ, between April 2019 and July 2020. (3) Results: The prevalence of hip joint dysplasia in all pedigree cats was 46.7%, of which 78% of cats had bilateral dysplasia. The HD was mainly from mild (grade 1) to moderate (grade 2); however, 6.1% of hip joints showed signs of severe HD (grade 3) in Maine Coon and Siberian cats. Patellar luxation was noted in 32.7% of the pedigree cats, was present bilaterally in 91.4% and was grade 1 or 2 in most cats. The presence of LTV was noted in 7.5% of pedigree cats. (4) Conclusions: The high prevalence of HD in pedigree cats should be considered and screening pedigree cats for HD is recommended before they are used in breeding programs.
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1. Introduction


Hip dysplasia (HD) is a very well described condition in dogs, especially among certain breeds [1,2,3,4]. However, HD is much less described in cats, most likely because cats can often much better compensate for pelvic limb lameness and hide their pain and, as a result, owners are less likely to notice this condition. The reported prevalence of HD varies, among different studies, from 6.6% [5] to 32% [6], as well as among breeds, with the incidence being higher in purebred cats (12.3%) [5] than in Domestic Shorthair cats (5.8%) [6]. One study showed that Maine Coon (MCO) cats were most likely to be affected with up to 21% prevalence of HD [5]. Recently, a large study of 2708 MCO cats in the Orthopedic Foundation for Animals (OFA) registry showed a prevalence of HD in MCO of 24.9%, slightly higher in males (27.3%) than females (23.3%) [7]. In this study, bilateral HD was more severe than unilateral and overall prevalence increased with age [7]. A recent study using 20 years of data from a radiographic health screening program of 5038 pedigree registered MCO cats showed a prevalence of 37.4%, with no sex predilection, but the severity of HD increased with age and body mass [8]. Other larger body type breeds, such as Persian cats, have also been reported to be more likely affected due to their large body type [5]. Studies showing the prevalence among larger breeds, such as Norwegian Forrest (NFO) cats, Siberian (SIB) cats and British Shorthair cats, are missing.



The clinical signs associated with HD in cats are usually gradual in onset, mild and easily missed by owners [9]. The main clinical signs are decreased activity and reluctance to jump on higher places, reluctance to use stairs and to squat when defecating and defecation outside of the litter box; signs of pelvic limb lameness are rare. Performing a thorough feline orthopedic exam can be challenging and attention should be paid to, for example, resentment to handling and showing signs of aggression when being touched [10,11].



The diagnosis of HD in cats is mainly based on the physical exam, including the assessment of coxofemoral laxity (Ortolani sign) and hip radiographs [7,12]. The evaluation of feline pelvic radiographs for the presence of HD differs from those in dogs. Cats have physiologically shallower acetabulum and the degenerative changes of the femoral head and neck are less marked and develop later than in dogs [12].



Patellar luxation has been reported in cats less frequently than in dogs, where Devon Rex, Siamese, British Shorthair and Abyssinian cats are overrepresented [13,14,15,16]. It has been reported as both a congenital condition and a result of trauma [13,17]. Both unilateral and bilateral patellar luxation have been reported and are most commonly occurring medially [13,15,17]. Concurrent HD and patellar luxation have also been reported in cats, with a weak association between these conditions [17,18,19,20].



The clinical signs of patellar luxation in cats are similar to those of HD. Additionally, the animal may display an abnormal gait with external rotation of the stifle or occasional locking of the joint [12,17]. Patellar luxation in cats is often diagnosed based on the palpation of the stifle joints [21].



A lumbosacral transitional vertebra (LTV) is a congenital spinal anomaly (abnormal vertebral segment possessing both lumbar and sacral morphological characteristics), located between the last lumbar vertebra and the first sacral vertebra with normal morphology [22,23,24,25]. The prevalence of LTV in a population of 405 cats, investigated in the absence of spinal disease, was 5.9% [26]. In dogs, LTV has been reported to be a risk factor for the development of degenerative lumbosacral stenosis and with possible biomechanics alteration of the lumbosacral junction, accelerating degenerative changes [22,23,27]. There are three types of LTV, lumbar (type 1), intermediate (type 2) and sacral (type 3). In symmetric LTV, both transverse processes are of the same type, while, in an asymmetric LTV, they are not; however, the classification of LTV types is inconsistent in veterinary literature. A link has been described between asymmetrical LTV and severe hip dysplasia in dogs [24] and a similar tendency has been found in cats [25]. However, the frequency of hip dysplasia in both dogs and cats with LTV was very similar to those without [25,28]. A recent study showed that LTV in cats could be considered a risk factor for developing lumbosacral stenosis [26].



The main objective of this study was to find the prevalence of feline HD, patellar luxation and LTV in pedigree cats in the Czech Republic. It might be useful when deciding if pedigree cats should be screened before their use in breeding programs as it is commonly done in Scandinavia (PawPeds https://pawpeds.com/healthprogrammes/hd.html (accessed on 17 August 2021)) [29] and North America (OFA, https://www.ofa.org/diseases/hip-dysplasia#screeningprocedures (accessed on 17 August 2021)) [30].




2. Materials and Methods


Cats were recruited prospectively at the Small Animal Clinic at the University of Veterinary and Pharmaceutical Sciences Brno, CZ, from April 2019 to July 2020. All cats had to be pedigree cats and at least 10 months old to be recruited for the study. Cats were excluded from the study if they were pregnant, nursing, had a history of trauma or any contraindications for sedation. Sedation was obtained using 0.3 mg/kg of butorphanol (Butomidor, Richter Pharma, Wels, Austria) and 8 mcg/kg of dexmedetomidine (Dexdomitor, Zoetis, Charles City, IA, USA) and/or 2 mg/kg of alfaxalone (Alfaxan, Jurox, Rutherford, Australia) intramuscularly (IM) as needed. In all cats sedated with dexmedetomidine, reversal was achieved using atipamezole (Antisedan, Zoetis, USA) IM at half the total volume. All sedated cats had blink and swallowing reflexes, as well as regular respiration and did not require intubation. All cats had three-view radiographs of the hips: ventrodorsal in both extension and flexion and a laterolateral projection. For a lateral image of the pelvis, the cats were positioned on the table with the right side down for a right lateral image. For ventrodorsal extended leg radiographs, the cats were placed in dorsal recumbency in a V-trough to keep the vertebral column and sternum aligned and the pelvis in a straight position with legs extended (Figure 1). For ventrodorsal flexed leg radiographs, V-trough was used to help keep the patient’s vertebral column and sternum aligned with legs in flexed position.



All cats had their hips evaluated for an Ortolani sign to assess the coxofemoral laxity and both stifles for the presence of patellar luxation. The examination and palpation were performed prior to sedation by the same person (PP) throughout the study. The former was considered either negative or positive and the latter was graded based on the severity of luxation. Radiographs were taken using the radiography system Proteus XR/a (GE, Boston, MA, USA) and computed radiography Capsula XL (Fuji, Tokyo, Japan). All radiographs were made using an 18 × 24 cm2 cassette with a resolution of 1770 × 2370 pixels and saved in the PACS system in DICOM format.



All radiographs were evaluated at the end of the study by the Department of Diagnostic Imaging at the Small Animal Clinic at the University of Veterinary and Pharmaceutical Sciences Brno, CZ in JiveX DICOM Viewer (VISUS Technology Transfer, GmbH, Bochum, Germany). Evaluation of the hip joint radiographs was performed according to the published grading protocol by Paw Peds (https://pawpeds.com/healthprogrammes/hd.html (accessed on 17 August 2021)) [29] and individual hip joints were assessed based on the degree of subluxation and osteoarthritic changes into four grades (Figure 2) as described by Low et al., 2019 [8].



The Norberg angle (NA) was also assessed in a template with circles of varying diameter superimposed on the radiographs to determine the center of each femoral head with a line being traced through the centers of the femoral heads. The center of each femoral head was connected to the cranial–dorsal rim of the acetabulum. The NA was calculated at the medial side by the intersection of the two lines in both extended (Figure 3) and flexed view [6]. Originally, the measurement of NA was developed for VD flexion in dogs and later adopted for VD extension view [31].



All cats had their patella examined by manual palpation prior to sedation and the degree of patellar luxation was graded on a scale from 0 to 4 based on the criteria, as described by Loughin et al., 2006 [21], and LTV was characterized based on the appearance of the transverse process and divided into three groups, as described by Fluckiger et al., 2006 [23].



All pedigree cat owners had to fill in a questionnaire on the day of the examination with the following questions:




	
Has your cat had any mobility problems, e.g., with jumping or climbing in the past 6 months?



	
Have you noticed any decreased or other changes in activity in your cat in the past 6 months?



	
Have you noticed any increased vocalization when you touched your cat in the past 6 months?



	
Has your cat had any problems or changes in defecation in the past 6 months?








Statistical analysis of the NA was performed using the paired t-test and p-values ≤ 0.05 were considered significant.




3. Results


A total of 107 pedigree cats were prospectively enrolled in this study (71 females and 36 males). There were 85 MCO, 13 NFO, 5 Burmilla cats (BML), 3 SIB and 1 Oriental Shorthair cat (OSH). The mean age of the pedigree cats was 35 months (SD ± 22.4). The mean bodyweight was 5.59 kg (SD ± 1.47).



The prevalence of HD in all pedigree breeds was 46.7% (50/107 cats), with 39.3% (42/107) being in the right hip joint and 37.4% (40/107) in the left hip joint (Table 1). In 36.4% (39/107) of cats with HD, the dysplasia was bilateral. In most cases, the hip dysplasia was classified as grade 1 (17.8% (19/107) in the right hip joint and 18.7% (20/107) in the left hip joint), or grade 2 (16.8% (18/107) in the right hip joint and 11.2% (12/107) in the left hip joint). However, 4.7% (5/107) of the right hip joints and 7.5% (8/107) of the left hip joints showed signs of grade 3 HD. Bodyweight did not influence the prevalence of feline HD (p = 0.28).



The mean NA in the extended view of pedigree cats was 96.87 (±3.45) in grade 0, 87.82 (±3.24) in grade 1, 80.20 (±6.02) in grade 2 and 74.20 (±8.50) in grade 3 (Table 2). The mean NA in the flexed view of pedigree cats was 97.99 (±3.36) in grade 0, 91.38 (±3.72) in grade 1, 87.06 (±6.23) in grade 2 and 84.64 (±5.85) in grade 3. There was a significant difference between the NA measurement in extended and flexed views (p < 0.0001). The mean number of radiographs that were needed to be taken for good diagnostic quality was 2.8 (SD ± 1.1) in extended view and 1.3 (SD ± 0.5) in flexed view.



Medial patellar luxation was noted in 32.7% (35/107) of the pedigree cats and was bilateral in 29.9% of the cases (32/107). In most cases, patellar luxation was only grade 1 (26.2% (28/107) in the right patella and 25.2% (27/107) in the left patella) and grade 2 (5.6% (6/107) in the right patella and 4.7% (5/107) in the left patella). Grade 3 luxation was only observed in the right patella in 0.9% (1/107) of cases. The contralateral limb was not affected and no patients were classified as grade 4 (Table 3). Nineteen pedigree cats were affected by both feline HD and patellar luxation (17.8%).



The presence of LTV was noted in 7.5% (8/107) of the pedigree cats, four in MCO, three in NFO and one in BML. Out of the eight LTVs, four were type II and four were type III (Figure 4).



Only in 1/107 cats, the breeder noticed an increased vocalization when touching their cat. No other changes in activity, defecation or movement were noticed.




4. Discussion


The reported prevalence of feline HD varies from 6.6% [5] to 32% [6] among different studies. There is also a large difference between breeds, with MCO being the most affected with a reported prevalence of 21–37.4% [5,7,8]. The prevalence of hip joint dysplasia was 46.7% in our study, which is much higher than previously reported. The majority was ≤ grade 2; however, 4.7% of the right hip joints and 7.5% of the left hip joints were classified as grade 3. Bilateral HD was seen in 78% (39/50) of cats with HD. The higher prevalence of HD in our study could be influenced by our breed bias, as most of the cats in this study were MCO cats, that seem to have higher prevalence of HD, based on previous reports.



The mean number of radiographs that were needed to be taken for good diagnostic quality was 2.8 (SD ± 1.1) in extended view and 1.3 (SD ± 0.5) in flexed view. In the VD flexion “frog leg position”, the femoral head is forced deeply into the acetabulum and, in cat with hip joint laxity, can lead to diminished NA. Standard positioning is required for HD grading in cats. The ventrodorsal flexion view is an alternative position suitable especially for old animals in which severe coxofemoral degenerative joint disease is expected or where anesthesia is not allowed. It can mask hip joint laxity, but it is excellent for the early detection of osteoarthrosis on femoral head and neck [31,32]. There was a significant difference between the NA angle in the extended and flexed views (p < 0.0001). These findings suggest that there is a need for extended views for hip radiographs and that cats require heavier sedation to accomplish good diagnostic quality radiographs to assess HD. It also highlights the importance to mention which view was used to obtain pelvis radiographs.



Hip dysplasia was reported in three DSH littermates, showing that genetics likely plays a role [33]. HD has been recognized as an inherited disease with a polygenic mode of inheritance [5]. Therefore, screening of HD in pedigree cats before their use in breeding programs should be considered. Moreover, the effect of environment and nutrition on the development of HD in cats requires further studies.



Interestingly, despite the high prevalence of HD and patellar luxation in these cats, no changes in movement, activity and defecation habits were noted by the breeders in 6 months prior to the study. Only in 1/107 cats, the breeder noticed an increased vocalization when touching their cat. The reasons could be that cats are much better at hiding their pain, their owners cannot notice the clinical signs, or both. This suggestion is supportive of a previous study, suggesting that the clinical signs associated with HD in cats are usually gradual in onset, mild and easily missed by the owners [9].



Patellar luxation was noted in 32.7% of the pedigree cats and was present bilaterally in 91.4% of the cats. It was classified as grade 1 or 2 in most patients. Nineteen pedigree cats were affected by both feline HD and patellar luxation (17.8%), which is similar to previously reported results [20].



The presence of LTV was noted in 7.5% (8/107) of the cats. It has been previously reported that the frequency of hip dysplasia in cats with LTV was very similar to those without [25]. The prevalence of LTV in our study was low and the frequency of LTV and HD was therefore not looked at.




5. Conclusions


The prevalence of HD in all pedigree cats was 46.7%, of which 78% of cats had bilateral dysplasia. The dysplasia was mainly from mild (grade 1) to moderate (grade 2); however, 6.1% of hip joints showed signs of severe hip dysplasia (grade 3) in MCO and SIB cats. Patellar luxation was noted in 32.7% of the pedigree cats, was present bilaterally in 91.4% and was grade 1 or 2 in most cats. The presence of LTV was noted in 7.5% of the pedigree cats. The high prevalence of HD in pedigree cats should be considered and screening pedigree cats for HD is recommended before they are used in breeding programs.







Author Contributions


Conceptualization, P.Č. and P.P.; methodology, P.Č.. and P.P..; validation, P.Č., J.T. and P.P.; formal analysis, P.Č.., J.T. and P.P; investigation, P.Č., J.T., D.K., I.N. and P.P.; resources, P.Č., J.T. and I.N.; data curation, P.Č., J.T., D.K., I.N. and P.P.; writing—original draft preparation, P.Č. and J.T.; writing—review and editing, P.Č., J.T., D.K., I.N. and P.P. visualization, P.Č., J.T. and P.P.; supervision, P.P.; project administration, P.Č. and P.P.; funding acquisition, P.Č. and P.P. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the institutional project of the University of Veterinary Sciences Brno no. IGA VFU Brno 101/2020/FVL.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethical committee of the University of Veterinary Sciences Brno.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data can be found in PACS at the Department of Diagnostic Imaging at the University of Veterinary Sciences Brno.




Acknowledgments


The authors would like to thank all of the breeders and owners of the pedigree cats involved in this study for making this study possible.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Lust, G.; Geary, J.; Sheffy, B. Development of hip dysplasia in dogs. Amer. J. Vet. Res. 1973, 34, 87–91. [Google Scholar] [PubMed]

	



Riser, W. Canine hip dysplasia: Cause and control. J. Am. Vet. Med. Assoc. 1974, 165, 360–362. [Google Scholar] [PubMed]

	



Lust, G.; Rendano, V.; Summers, B. Canine hip dysplasia: Concepts and diagnosis. J. Am. Vet. Med. Assoc. 1985, 187, 638–640. [Google Scholar] [PubMed]

	



Lust, G. Joint laxity and its association with hip dysplasia in Labrador retrievers. Am. J. Vet. Res. 1993, 54, 1990–1999. [Google Scholar] [PubMed]

	



Keller, G. Hip dysplasia: A feline population study. Vet. Radiol. Ultrasound 1999, 40, 460–464. [Google Scholar] [CrossRef]

	



Langenbach, A. Relationship between degenerative joint disease and hip joint laxity by use of distraction index and Norberg angle measurement in a group of cats. J. Am. Vet. Med. Assoc. 1998, 213, 1439–1443. [Google Scholar]

	



Loder, R.T.; Todhunter, R.J. Demographics of hip dysplasia in the Maine Coon cat. J. Feline Med. Surg. 2018, 20, 302–307. [Google Scholar] [CrossRef]

	



Low, M. Demography, heritability and genetic correlation of feline hip dysplasia and response to selection in a health screening programme. Sci. Rep. 2019, 9, 1–9. [Google Scholar] [CrossRef]

	



Lascelles, B.D.X.; Robertson, S.A. DJD-associated pain in cats: What can we do to promote patient comfort? J. Feline Med. Surg. 2010, 12, 200–212. [Google Scholar] [CrossRef]

	



Perry, K.L. The lame cat: Optimising orthopaedic examination and investigation. Companion Anim. 2014, 19, 518–523. [Google Scholar] [CrossRef]

	



Kerwin, S. Orthopedic examination in the cat: Clinical tips for ruling in/out common musculoskeletal disease. J. Feline Med. Surg. 2012, 14, 6–12. [Google Scholar] [CrossRef]

	



Grierson, J. Hips, elbows and stifles: Common joint diseases in the cat. J. Feline Med. Surg. 2012, 14, 23–30. [Google Scholar] [CrossRef]

	



Flecknell, P.A. Congenital luxation of the patellae in the cat. Vet. Rec. 1977, 100, 536–537. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J. Luxating patellae in Devon rex cats. Vet. Rec. 1985, 117, 154–155. [Google Scholar] [CrossRef]

	



Davies, M.; Gill, I. Congenital patellar luxation in the cat. Vet. Rec. 1987, 121, 474–475. [Google Scholar] [CrossRef] [PubMed]

	



Hamish, R.; Butterworth, S. A Guide to Canine and Feline Orthopaedic Surger; Wiley-Blackwell Company: Hoboken, NJ, USA, 2000; pp. 409–424. [Google Scholar]

	



Houlton, J.; Meynink, S. Medial patellar luxation in the cat. J. Small Anim. Pract. 1989, 30, 349–352. [Google Scholar] [CrossRef]

	



Patsikas, M. Hip dysplasia in the cat: A report of three cases. J. Small Anim. Pract. 1998, 39, 290–294. [Google Scholar] [CrossRef] [PubMed]

	



Hayes, H.; Wilson, G.; Burt, J. Feline Hip-Dysplasia. J. Am. Anim. Hosp. Assoc. 1979, 15, 447–448. [Google Scholar]

	



Smith, G. Evaluation of the association between medial patellar luxation and hip dysplasia in cats. J. Am. Vet. Med. Assoc. 1999, 215, 40–45. [Google Scholar]

	



Loughin, C.A. Clinical signs and results of treatment in cats with patellar luxation: 42 cases (1992–2002). J. Am. Vet. Med. Assoc. 2006, 228, 1370–1375. [Google Scholar] [CrossRef]

	



Damur-Djuric, N. Lumbosacral transitional vertebrae in dogs: Classification, prevalence, and association with sacroiliac morphology. Vet. Radiol. Ultrasound 2006, 47, 32–38. [Google Scholar] [CrossRef] [PubMed]

	



Flückiger, M.A. A lumbosacral transitional vertebra in the dog predisposes to cauda equina syndrome. Vet. Radiol. Ultrasound 2006, 47, 39–44. [Google Scholar] [CrossRef]

	



Flückiger, M.A. Asymmetrical lumbosacral transitional vertebrae in dogs may promote asymmetrical hip joint development. Vet. Comp. Orthop. Traumatol. 2017, 30, 137–142. [Google Scholar] [PubMed]

	



Newitt, A.L.; German, A.J.; Barr, F.J. Lumbosacral transitional vertebrae in cats and their effects on morphology of adjacent joints. J. Feline Med. Surg. 2009, 11, 941–947. [Google Scholar] [CrossRef] [PubMed]

	



Harris, G.; Ball, J.; De Decker, S. Lumbosacral transitional vertebrae in cats and its relationship to lumbosacral vertebral canal stenosis. J. Feline Med. Surg. 2019, 21, 286–292. [Google Scholar] [CrossRef] [PubMed]

	



Morgan, J.; Bailey, C. Cauda equina syndrome in the dog: Radiographic evaluation. J. Small Anim. Pract. 1990, 31, 69–77. [Google Scholar] [CrossRef]

	



Komsta, R.; Łojszczyk-Szczepaniak, A.; Dębiak, P. Lumbosacral transitional vertebrae, canine hip dysplasia, and sacroiliac joint degenerative changes on ventrodorsal radiographs of the pelvis in police working German Shepherd dogs. Top. Companion Anim. Med. 2015, 30, 10–15. [Google Scholar] [CrossRef] [PubMed]

	



PawPeds. Feline Hip Dysplasia. 2021. Available online: https://pawpeds.com/healthprogrammes/hd.html (accessed on 17 August 2021).

	



Animals, O.F.F. 2021. Available online: https://www.ofa.org/diseases/hip-dysplasia#screeningprocedures (accessed on 17 August 2021).

	



Olsson, S. Roentgen examination of the hip joints of German Shepherd Dogs. Adv. Small Anim. Pract. 1961, 3, 117–118. [Google Scholar]

	



Heyman, S.; Smith, G.; Cofone, M. Biomechanical study of the effect of coxofemoral positioning on passive hip joint laxity in dogs. Am. J. Vet. Res. 1993, 54, 210–215. [Google Scholar]

	



Rabin, K.; De Haan, J.; Ackerman, N. Hip dysplasia in a litter of domestic shorthair cats. Feline Pract. 1994, 22, 15–18. [Google Scholar]








[image: Animals 11 02482 g001 550] 





Figure 1. The cats were placed in dorsal recumbency in a V-trough with sternum aligned and the pelvis straight for obtaining ventrodorsal extended leg radiographs. 
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Figure 2. Examples of hip radiographs. (A) Grade 0—normal hip with no evidence of feline HD. (B) Grade 1—hip with acetabulum covering < 50% of the femoral head. (C) Grade 2—moderate radiographic signs associated with feline HD, including shallow acetabulum and deformation of the femoral head, with some evidence of new bone formation around the joint. (D) Grade 3—severe radiographic signs associated with feline HD with very poor joint congruency, deformation of the femoral head and major changes associated with new bone formation around the joint. 
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Figure 3. Measurement of the Norberg angle in the extended view. 
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Figure 4. The presence of an asymmetrical type III LTV on ventrodorsal and laterolateral projections. 
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Table 1. Prevalence of hip joint dysplasia in different pedigree breeds and total prevalence in pedigree cats.
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Breed

	
Right Hip Joint

	
Left Hip Joint




	
Breed

	
Grade 0

	
Grade 1

	
Grade 2

	
Grade 3

	
Grade 0

	
Grade 1

	
Grade 2

	
Grade 3






	
BML

	
2

	
2

	
1

	
0

	
2

	
2

	
1

	
0




	
MCO

	
50

	
15

	
16

	
4

	
52

	
17

	
9

	
7




	
NFO

	
11

	
2

	
0

	
0

	
11

	
0

	
2

	
0




	
OSH

	
1

	
0

	
0

	
0

	
1

	
0

	
0

	
0




	
SIB

	
1

	
0

	
1

	
1

	
1

	
1

	
0

	
1




	
Total

	
65

	
19

	
18

	
5

	
67

	
20

	
12

	
8




	
%

	
60.7

	
17.8

	
16.8

	
4.7

	
62.6

	
18.7

	
11.2

	
7.5








BML, Burmilla cats; MCO, Maine Coon; NFO, Norwegian Forrest; OSH, Oriental shorthair; SIB, Siberian cats.
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Table 2. Prevalence of hip joint dysplasia in different pedigree breeds and total prevalence in pedigree cats.
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	Norberg Angle
	Grade 0
	Grade 1
	Grade 2
	Grade 3





	VD extended view
	96.87 (±3.45)
	87.82 (±3.24)
	80.20 (±6.02)
	74.20 (±8.50)



	VD flexed view
	97.99 (±3.36)
	91.38 (±3.72)
	87.06 (±6.23)
	84.64 (±5.85)
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Table 3. Prevalence of patellar luxation in different pedigree breeds and total prevalence in pedigree cats.






Table 3. Prevalence of patellar luxation in different pedigree breeds and total prevalence in pedigree cats.





	
Breed

	
Right Patella

	
Left Patella




	

	
Gr. 0

	
Gr. 1

	
Gr. 2

	
Gr. 3

	
Gr. 4

	
Gr. 0

	
Gr. 1

	
Gr. 2

	
Gr. 3

	
Gr. 4






	
BML

	
2

	
1

	
2

	
0

	
0

	
2

	
2

	
1

	
0

	
0




	
MCO

	
59

	
21

	
4

	
1

	
0

	
60

	
21

	
4

	
0

	
0




	
NFO

	
9

	
4

	
0

	
0

	
0

	
11

	
2

	
0

	
0

	
0




	
OSH

	
1

	
0

	
0

	
0

	
0

	
1

	
0

	
0

	
0

	
0




	
SIB

	
1

	
2

	
0

	
0

	
0

	
1

	
2

	
0

	
0

	
0




	
Total

	
72

	
28

	
6

	
1

	
0

	
75

	
27

	
5

	
0

	
0




	
%

	
67.3

	
26.2

	
5.6

	
0.9

	
0.0

	
70.1

	
25.2

	
4.7

	
0.0

	
0.0








BML, Burmilla cats; MCO, Maine Coon; NFO, Norwegian Forrest; OSH, Oriental shorthair; SIB, Siberian cats. Gr., grade.
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