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THE ROLE OF NUTRITION IN 
CANINE HIP DYSPLASIA 

Daniel C. Richardson, DVM 

Canine hip dysplasia (CHD) has been48. 6O and continues to be one 
of the most common skeletal diseases seen in the practice of veterinary 
medicine. A review of medical records from 1985 through 1990 at a 
major university veterinary teaching hospital revealed that CHD and 
degenerative joint disease of the coxofemoral joint(s), account for 29% 
of the orthopedic cases. 52 The large and giant breeds are at greatest risk 
and have an increased incidence compared to the general 
population.9, 60 CHD is frequently associated with degenerative joint 
disease in joints other than the hip,44 raising questions regarding 
systemic factors in the disease process and the role of nutrition. 
Nutrition, particularly excesses of energy, protein, specific vitamins, 
and minerals affect bone development in a number of ways in many 
different species. Most of these affects are detrimental to normal skeletal 
growth.3! Similarly, nutrition has been incriminated specifically in the 
development of CHD, a developmental disorder of the coxofemoral 
joint. 3, 29, 35, 36, 51, 53, 60 

GROWTH RATE MANIPULATIONS 

A number of studies suggest an increased incidence of CHD in the 
rapidly growing large and giant breeds.9, 25, 35, 53 Both the frequency and 
severity of the condition can be mitigated by growth rate manipula
tions. 28, 35, 53 This has led to the belief that nutrition plays a key role in 
this disease process. Although supporting the clinical observation that 
rapid growth is associated with increased incidence of CHD in the large 
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and giant breeds, most studies fail to establish the specific role of 
nutrition in the pathogenesis of the disease.48, 60 Simple questions such 
as feed quantity, composition, and quality can be difficult if not 
impossible to extract from retrospectiv~ studies. These same questions 
are difficult to quantitate in prospective efforts. There is a lack of 
repeatable studies in which growth rate, feeding methods, or specific 
nutrients have been shown to influence the .disease, 

OVERFEEDING AND GROWTH RATE 

"Overfeeding" for maximal growth rate has been shown to be 
incompatible with optimal skeletal characteristics in rats, 54 children, 14 
poultry, 67 pigs,SO cattle,49 and horses.68 In dogs, an early study empha· 
sized the role of nutrition in the development of skeletal disease and 
demonstrated a relationship between growth, breed, and age. 23 Early 
findings of CHD, such as joint laxity and anatomic changes, were 
documented within 2 weeks of birth in other studies. 24, 26 Rapid weight 
gain in German Shepherds during the first 60 days after birth had been 
associated with CHD at a later ageY Furth~r evidence supporting this 
influential time period was demonstrated in a study comparing cesarean 
section, hand-reared puppies with normal birth, bitch-fed puppies. The 
incidence of CHD was reduced only by the severe growth reduction 
induced by cesarean section and hand-rearing. Vaginally delivered, 
bitch-fed puppies that grew "optimally" or somewhat "suboptimally" 
had a higher incidence of CHD.35 Furthermore, this artd other studies 
emphasized the importance of the period from 3 to 8 months of age in 
the development of CHD,28,35 with the first 6 months gerterally felt to 
be the most critical. 24 Further substantiatirtg these findings, the fre
quency and sev~rity of CHD was shown to be influenced by weight 
gain in growing dogs sired by parents with CHD or by parents with a 
high incidence of CHD in their offspring.28 Dogs with weight gain 
above the standard weight curve of the breed had a high~r frequency 
of CHD as well as more severe CHD than dogs with weight gain below 
the standard curve. This study further pointed out that palpation of 
the hip was of little to no value in predicting abnormal versus normal 
development of hip joints unless due consideration was given to 
nutrition during growth. A better correlation occurred between hip 
status at 30 weeks of age and weight gain from 12 to 30 weeks of age 
than occurred between hip status at 30 weeks and palpation findings 
at 7 to 12 weeks of age. 28 Similar lack of reliability in the subjective 
evaluation of hip joint laxity in puppies for predicting either normal or 
dysplastic hip joints in the adult dog has been noted.35 

DIAGNOSIS 

Determining the presence or absence of CHD is somewhat limited 
by diagnostic methodologies. Palpation in the very young is not an 
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adequate predictor of future disease,28, 35 and significant cellular changes 
in synovium, cartilage and other structures around the joint can take 
place prior to radiographic changes. IS, 34, 36, 44 Improved diagnostic 
techniques are needed to assist in pinpointing causative mechanisms 
and factors . Although there are many points of difference, all of the 
previously mentioned studies support the early, critical time period in 
the development of CHD. . 

FEED CONSUMPTION 

In an effort to study the influence of feed consumption on the 
incidence of skeletal disease, Hedhammer et aP performed an experi
ment comparing ad libitum versus restricted dietary intake in Great 
Dane puppies. The study was criticized for several factors: use of a 
breed expected to show an increased incidence of skeletal disease; the 
dogs were artificially reared in confinement with little or no exercise; 
their clinical behavior was dissimilar from naturally occurring cases of 
skeletal disease; and even though the diets were described as ad libitum 
versus restricted, both diets were in excess of the National Research 
Council's (NRC) 1974 recommendations in metabolizable energy, cal
cium, phosphorous, and protein. 43 Consequently, both diets repre
sented "overnutrition." However, the resultant skeletal pathology 
markedly increased awareness of the critical role nutrition plays in the 
disease process. A similar study to evaluate ad libitum versus restricted 
intake was performed by Lavelle, 31 taking into account some of the 
variables unaccounted for in the Hedhammer paper. This study again 
used Great Dane puppies. Attempts were made to pair littermates, the 
diet was a commercially available growth diet, and the dogs were 
housed to encourage exercise. The restricted intake group received 60% 
of the paired littermates' ad libitum diet intake. The unrestricted group 
showed consistently more advanced skeletal development throughout 
the study; however, ultimate long bone length was similar in both 
groups after 30 weeks. The incidence of skeletal ciisease as seen in the 
study by Hedhammer et al was not reproduced in the Lavelle study. 
In both studies, the unrestricted dogs overate relative to the NRC 
standards (1974). This is further emphasized when it is noted the 
consumption of the "restricted" dogs in the Hedhammer group (fed ¥3 
of the ad libitum group intake), relative to NRC, was as high as the 
Lavelle ad libitum dogs. The difference in activity levels may have 
resulted in significantly more energy availability for growth, and sub
sequent bone pathology, in the Hedhammer study as compared to the 
more active Lavelle study dogs. 31 Ad libitum versus time-restricted 
intake (2-30 minute daily feeding periods) was also evaluated in 
Labrador Retriever puppies. The restricted group consumed less (17%) 
of the caloric dense commercially available growth diet, had comparable 
growth (within 1.1 kg of ad libitum group at 34 weeks of age), and had 
less osteodystrophic changes. It was clear that more rapid growth in 
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the weeks following weaning does not necessarily assure a larger dog 
at maturity.! 

In one colony of rapidly growing Labrador Retrievers, the growth 
plates of the acetabula fused at 5 months as determined by conventional 
radiography. Closure of epiphyseal plates was delayed until 7 months 
of age in puppies growing at a restricted rate. It was reported that 
normal closure of these growth plates OCCllrs at 6 months in puppies 
growing at conventional rates. It was speculated that early fusion in 
the acetabulum may result in future bone and cartilage disparities and 
predispose to dysplastic changes.36 None of these studies completely 
answer concerns of overconsumption in large and giant breeds, but 
they d() point out the need to evaluate husbandry methods and observe 
potential overnutrition. 

NUTRIENTS 

It is extremely difficult to moderate anyone nutritional component 
within the diet (e.g., carbohydrate) and not impart an effect on the 
overall characteristics (e.g., energy density) of the diet. As a result of 
this complexity, very few specific nutrients have been identified as 
having direct influence on CHD. Excess intake of carbohydrates, pro
tein, and specific vitamins and minerals have been incriminated with 
anatomic changes compatible with CHD.23 Severe alterations in the 
protein to carbohydrate ratio can alter bone growth relative to body 
weightY' 65 The role of fat in CHD or skeletal disease has not been 
established. 

Carbohydrates and Calories 

Carbohydrates have minimal to no influence on the production or 
prevention of CHD except when associated with reduction of overall 
food consumption. In a study using female Beagles, no statistically 
significant effect was seen on the incidence of CHD whether carbohy
drate was included or excluded from an otherwise nutritionally ade
quate diet. 65 Radiographic evaluation in this study was performed at 10 
months of age. This potentially may underestimate the incidence of 
CHD in this population. Similarly, variation in Beagle colony incidence 
of CHD37, 4! may affect the statistical significance of presence or absence 
of the disease. Another study evaluated hip laxity prior to 12 weeks of 
age in purebred German Shepherd, Golden Retriever, and Labrador 
Retriever puppies. This study demonstrated that puppies without laxity 
in the hips at less than 12 weeks of age could develop CHD if kept on 
high caloric intake during growth. Conversely, puppies with hip joint 
laxity at less than 12 weeks of age could develop normal hip joints if 
kept on low caloric intake during growth. 28 Some studies would dispute 
that the diet fed is a significant influence on hip joint laxity.65 It is 
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possible that excessive growth rate and body weight on a high calorie 
diet, regardless of calorie source, would stress the hip, resulting in 
potential for increased laxity around the joint and subsequent dysplastic 
changes. 

Protein 

Investigators have attempted to produce normal hip growth and 
reduce CHD in mixed-breed puppies by feeding a high- or all-meat 
diet. 51 Subsequent studies in purebred, known dysplastic breeds (Ger
man Shepherd, Golden Retriever, and Labrador Retriever)28 and in 
female Beagles65 have not shown similar results . Again, similar concerns 
can be raised in the Beagle study concerning age of radiographic 
evaluation (10 months), appropriateness of the Beagle as a research 
model for CHD, and Beagle colony variation in incidence of CHD. It 
can be concluded that high protein intake is less important for devel
opment of normal hip joints than previous studies might indicate. 
Current thinking is that as long as the amino acid and fatty acid 
contents of a diet meet growth requirements and the diet is acceptable, 
the proportion of energy supplied by carbohydrate, fat, and protein 
becomes less important as a consideration in the growing dog. 33 How
ever, as we become more aware of dietary amino acid and endocrine 
interactions, such general statements may not hold true. 

Vitamin C 

L-ascorbic acid (vitamin C) plays an integral role in many of the 
body's homeostatic mechanisms. Probably its most important role is in 
hydroxylation of proline and lysine during biosynthesis of collagen, the 
most important structural protein in the body. Type I collagen is the 
most widely distributed in connective tissue, primarily in bone and 
ligaments. In 1976, an article3 reported that megadoses of ascorbate fed 
to the bitch during pregnancy and provided to the offspring until young 
adulthood eliminated CHD. Ascorbate therapy was based on its major 
biochemical functions of being an antistressor, detoxicant, and neces
sary metabolite for maintaining biochemical homeostasis in the body, 
especially as it relates to collagen metabolism in and around joints. 
Eight litters of German Shepherd puppies from known dysplastic 
parents or parents that had produced dysplastic offspring were used 
for the study. The bitch received 2 to 4 g sodium ascorbate crystals/day 
during pregnancy. The puppies received calcium and vitamin supple
ments from birth to 3 weeks, 500 mg/day ascorbate from 3 weeks to 4 
months, and 1 to 2g ascorbate/day from 4 months up to 2 years. No 
CHD was reported in any of the offspring. No radiographs were taken 
to document presence or absence of dysplastic changes, however, and 
no long term follow-up studies have been published. Neither this nor 
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any other study has verified ascorbic acid levels, much less deficiencies, 
in hip dysplastic dogs. One study measured vitamin C concentrations 
in the blood in a series of Labrador Retrievers. 59 They found higher 
(1.22 ± 0.05 mg/dL) levels of vitamin C concentrations in younger dogs 
than in adults (0.89 ± 0.03 mg/dL). If CHO were to be associated with 
a low vitamin C level, lower concentrations would be more likely in 
the younger animals undergoing the stressep of growth. Unfortunately, 
no mention was made of the presence or absence of CHO. No other 
studies have demonstrated a positive effect of oral supplementation of 
vitamin C in preventing CHO in growing dogs genetically at risk for 
the disease. Vitamin C supplementation in pigs has produced elevations 
in plasma levels; however, articular concentrations of hydroxyproline 
were unchanged. 42 Similar studies in dogs demonstrated transient 
elevation of plasma vitamin C concentrations with long-term supple
mentation not increasing concentrations much above normal. 11,59 

Vitamin C has been studied as a possible contributor to osteochon
drosis. Osteochondrosis of the acetabular rim has been proposed to 
lead to a shallow acetabulum and subsequent CHO.45 Most of the 
studies evaluating the effect of vitamin C on osteochondrosis have used 
the pig as a research model and agree that vitamin C supplementation 
has no effect on the incidence of osteochondrosis. 42,57,66 The relationship 
between vitamin C, osteochondrosis, joint laxity, and CHO in the dog 
is as yet unproven. 4 If a decrease in vitamin C levels could be docu
mented to produce joint laxity, it would be expected that other joints 
beside the hips would demonstrate laxity. There are reports relating 
CHO with degenerative disease in multiple joints. 44 However, joint 
laxity other than in the hips was not noted. 

Excess vitamin C supplementation generally is considered to have 
little or no effect on the skeleton. However, there is experimental 
evidence in chickens to support the role of vitamin C in bone mineral
ization and resorption.61, 62, 63, 64 Excess vitamin C has been shown to 
perpetuate hypercalcemia, 55 which may induce hypercalcitoninism, de
laying cartilage maturation, reducing bone resorption, and subsequently 
affecting normal bone remodelling. A recent study5 demonstrated a 
positive effect on the symptoms caused by chronic inflammation in the 
dog's various joints when treated with vitamin C (polyascorbic). 

Calcium 

Plasma calcium concentration is tightly regulated by the body and 
varies between 2.2 to 3.0 mmol/L in adult dogs56 and 2.4 to 2.9 mmol! 
L in the young, growing dog. 18 This regulation is needed for the many 
calcium-dependent biologic processes such as muscle contraction, hor
monal release, and blood coagulation. The three specific hormonal 
regulators of plasma calcium concentration (calciotropic hormones) are 
parathyroid hormone (PTH), calcitonin (CT), and 1,25 dihydroxycho
lecalciferol (1,25 vit 0 3), Their release is influenced by plasma calcium 
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concentration, which they modify through action on their respective 
target organs. The three systems most concerned with calcium regula
tion are the intestines, kidneys, and bone. 

Ingested calcium crosses the intestinal epithelium by active (carrier 
mediated) or passive transport.2 The principle hormonal regulator is 
1,25 vit 03' It is synthesized in the mitochondria of the renal tubular 
cells in response to plasma calcium concentration. 17 It stimulates syn
thesis of transport and enzyme proteins, which increase calcium and 
phosphorous passage through the intestinal wall. 27 

The kidney plays a minor role in the overall scheme of calcium 
metabolism.38 Under the influence of 1,25 vit 03' it decreases the 
excretion of calcium and phosphorous.27 Exposed to increased circulat
ing PTH, the kidney decreases calcium excretion and increases the 
excretion of phosphorous. 58 

Bone is closely linked to serum calcium regulation. In the adult 
dog, under balanced conditions, accretion (deposition into bone) and 
resorption (loss from bone) values are 0.1 to 0.2 mmollkg body weight/ 
day. 16, 40 In the young, growing dog, both values are increased at least 
100 times. 19, 22 Low calcium concentrations stimulate PTH synthesis and 
secretion, whereas high plasma calcium concentrations result in frag
mentation of PTH into biologically inactive components,39 PTH action 
on bone shrinks the osteoblasts, allowing the brush border of the 
osteoclast to contact the bone-matrix surface6 with resultant dissociation 
of mineral from the matrix, increasing calcium availability to the plasma 
circulation. Calcitonin (CT) a hormone produced in C-cells located in 
the thyroid and internal parathyroid glands7 and responding to in
creased intravenous or oral calcium load,19 decreases bone resorption 
by decreasing the size of the brush border, and the number and motility 
of the osteoclasts.6, 10 CT does not affect the kidney or intestine, 
However, it may influence the satiety centers and result in decreased 
food intake. 14, 32 1,25 vit 0 3 can act on bone to increase mineralization 
as well as increase resorption. 27, 46 

Chronic, high calcium intake in large breed dogs has been associ
ated with hypercalcemia, concomitant hypophosphatemia, rise in serum 
alkaline phosphatase, retarded bone maturation, higher percentage of 
total bone volume, retarded bone remodeling, decrease in bone resorp
tion cells, and retarded maturation of cartilage with disturbances in 
endochondral ossification (articular and epiphyseal).18 Clinical disease 
associated with these changes are osteochondrosis, retained cartilage 
cones, radius curvus syndrome, and stunted growth . 18, 23 Elegant studies 
performed by Hazewinkel conclude that these young dogs do not have 
a mechanism to protect themselves against excessive calcium intake.20 
Calcium excess, through the influence of the calciotropic hormones on 
target organs, is routed primarily to bone, Coupled with relatively little 
absorption from bone, severe pathologic changes occur in the young, 
growing skeleton that is unable to respond by normal remodelling and 
endochondral ossification. Refinement on earlier studies has helped 
define calcium as a major causative or contributing factor in the 
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pathogenesis of skeletal disease in the growing giant breed dog.18• 19 

Further studies implicate the level of calcium excess, rather than the 
imbalance in the calcium: phosphorous ratio, as the incriminating factor 
influencing skeletal disease. 21 Recent investigations produced osteo
chondrosis in the fetuses of ewes fed high levels of dietary calcium. 8 

The role of calcium in skeletal disease is becoming well-substanti
ated. Owing to their rapid and profound. growth, giant breed dogs 
become sentinels for nutritionally influenced skeletal disease such as is 
seen with excesses in dietary calcium. Although exaggerated in giant 
breeds, similar changes may be slower to surface and are not as easily 
identified in the smaller breeds. Regardless, dietary calcium is a highly 
influential nutrient for skeletal development. 

Electrolyte Balance 

Recent investigations have proposed the role of dietary electrolytes 
in CHD.30 This study assumed joint laxity is a major predisposing factor 
in CHD, and reducing this laxity in the early growth periods will 
minimize the potential severity of CHD. As stated previously, however, 
hip joint laxity in puppies may not be a significant indicator in predicting 
eventual abnormal development of the hip joint. 28 The study30 indicates 
that by controlling the balance of dietary electrolytes (Na +, K + and 
Cl - ) the severity of hip joint laxity can be reduced in dogs with a high 
incidence of CHD. Based on the formula: 

dietary electrolyte balance (DEB) (meq/100 g) sodium (meqllOO g) 
+ potassium (meqllOO g) - chloride (meq/100 g) 

if the combination of dietary electrolytes was kept below 20 meqllOO g 
(preferably below 10 meq/100 g) in a nutritionally balanced dog food 
composition, a reduction in the severity of hip joint laxity was noted 
in dogs fed the diet during their formative years. Hip joint laxity was 
determined using the Norberg hip score computed from radiographs. \3 

Significant correlation between radiographic findings (e.g., Norberg hip 
scores) and progression of hip dysplasia is not proven. All of the dogs 
in the dietary electrolyte studies had some degree of CHD when 
classified by the Norberg score. In one of the studies, 30 a DEB less than 
10 meqllOO g in English Pointers fed from 6 to 30 weeks of age indicated 
a trend towards reduced Norberg hip scores compared to diets contain
ing a higher DEB. Similar trends were seen in a group of St. Bernards 
during the same growth phase when low DEB diets were compared to 
a commercial diet with a DEB of 27 meqllOO g. A third study evaluated 
the effect of DEB on a group of St. Bernards fed from 8 to 10 months 
of age. The lower DEB diets again showed trends toward less of a drop 
in the Norberg hip score over the 2-month feeding trial. This was 
interpreted as a decrease in worsening of hip joint laxity. Other 
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investigators feel the degree of joint laxity is not significantly influenced 
by the diet fed. 65 These studies incriminating DEB with joint laxity did 
not prove a mechanism of action. There was speculation, however, that 
this electrolyte balance within the diet may, by some mechanism, 
influence the formation of hip synovial fluid with subsequent minimi
zation of joint laxity during critical stages of growth. 

CONCLUSIONS 

The role of nutrition in CHD is as multifactoral as the disease itself. 
Rate of growth, feeding methods, feed consumption, and specific 
nutrients as well as the electrolyte balance within the diet have all been 
shown to influence CHD. The large and giant breeds are the most 
susceptible to skeletal disease. This apparent increased sensitivity 
makes these breeds somewhat of a sentinel to monitor dietary influ
ences. We can assume similar processes are occurring in the smaller 
breeds, but they lack the tremendous growth rates seen in the large 
and giant breeds that probably magnify their presence. Maximizing the 
growth rate in young, growing puppies does not correlate to maximal 
adult size. It does, however, increase the risk of skeletal disease. The 
growth phase of 3 to 8 months, and possibly the phases prior to 
weaning, are integral to ultimate skeletal integrity. Dietary deficiencies 
are of minimal concern in this age of commercial diets specifically 
prepared for young, growing dogs. However, there is potential for 
harm resulting from oversupplementation with energy, vitamins, min
erals, and possibly acidlbase imbalance. The giant breeds may be limited 
in their ability to cope with excesses of minerals such as calcium, and 
the result is abnormal bone remodelling and skeletal disorders such as 
CHD. We leave a great many unanswered questions as to the role of 
nutrition in Cf-ID. Known nutritional risk factors such as growth rate 
and oversupplementation can be addressed through good husbandry 
practice. Continued investigation, especially from a dietary formulation 
perspective, needs to be performed in order to identify and control the 
various nutritional factors in the diet that influence CHD. 
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