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Objective—To identify housing- and exercise-related risk factors associated with the devel-
opment of hip dysplasia (HD) as determined by radiographic evaluation in Newfoundlands,
Labrador Retrievers, Leonbergers, and Irish Wolfhounds in Norway.

Animals—501 client-owned dogs from 103 litters.

Procedures—Dogs were assessed from birth until official radiographic screening for HD at
12 (Labrador Retriever [n = 133] and Irish Wolfhound [63]) or 18 (Newfoundland [125] and
Leonberger [180]) months of age. Information regarding housing and exercise conditions
during the preweaning and postweaning periods was obtained with questionnaires. Multi-
variable random effects logistic regression models were used to identify housing- and exer
cise-related risk factors associated with the development of radiographically detectable HD.

Results—Puppies walking on stairs from birth to 3 months of age had an increased risk
of developing HD. Factors associated with a decreased risk of developing HD included off-
leash exercise from birth to 3 months of age, birth during the spring and summer, and birth
on a farm. Significant clustering of dogs with HD was detected within litters.

Conclusions and Clinical Relevance—Results indicated that puppies < 3 months old
should not be allowed access to stairs, but should be allowed outdoor exercise on soft
ground in moderately rough terrain to decrease the risk for developing radiographically de-
tectable HD.These findings could be used as practical recommendations for the prevention
of HD in Newfoundlands, Labrador Retrievers, Leonbergers, and Irish Wolfhounds. (Am J
Vet Res 2012;73:838-846)
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Hip dysplasia is an inherited developmental ortho-
pedic disease in dogs.! Major genes and quantita-  yp
tive trait loci associated with HD have been identified  |cc
via segregation analysis and molecular genetic analy- | RT
sis, respectively.*® The expression of these genes might
be influenced by environmental factors.* Although the
etiopathogenesis of HD is not completely understood, 2
pathways have been proposed: coxofemoral (hip) joint
laxity that results in hip joint instability and abnormal

endochondral ossification that affects various joints, in-
cluding the hip joints.»*® Hip joint instability in young
puppies alters mechanical forces on the growing femo-
ral head and acetabulum, which affects bone growth
and remodeling and can result in joint deformity and
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osteoarthritis.”® Edema and torn fibers of the ligament
of the femoral head are the first observable changes as-
sociated with HD and have been detected in the hip
joints of puppies as young as 30 days of age.”!°

The incidence of HD is unknown. Several dog
breed registries in various countries have reported" "
the prevalence of HD for their respective breeds, which
range from 2% to 67%. Large- and giant-breed dogs
generally have a higher prevalence of HD than do
smaller-breed dogs, although exceptions do exist.'®*
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In a recent study?! conducted in Norway, the incidence
risk of HD in 4 kinds of large-breed dogs ranged from
10% in Irish Wolfhounds to 36% in Newfoundlands.

The Norwegian Kennel Club has a screening pro-
gram for HD in certain breeds, which includes a stan-
dardized radiographic evaluation of hip joints at 12
or 18 months of age. For each dog screened, the HD
status as determined via radiographic evaluation (ra-
diographic HD) is recorded in a central registry. Inves-
tigators in multiple studies** that used information
(individual dog pedigree and radiographic HD status)
obtained from breed registries have reported moder-
ate to high estimates for the heritability of HD. Vari-
ous breed registries have tried to reduce the incidence
of HD by requiring all registered dogs to be screened
for HD via radiographic evaluation at a certain age and
then imposing breeding restrictions on dogs with evi-
dence of HD.!>!72835 Several studies'*!>19293¢ have been
conducted to evaluate the effect of selective breeding
on the reduction of HD incidence and have yielded
mixed and sometimes disappointing results for some
breeds. Mixed linear regression models to predict the
HD status of progeny of a prospective mating have been
developed, and these models include variables for the
HD phenotype of relatives of the sire and dam and may
help improve the effectiveness of selective breeding for
the reduction of HD incidence.?**"

Risk factors for HD that have been most commonly
studied include those associated with a dog’s growth rate,
body size and conformation, and food consumption and
the composition of the diet.?"**** The development of HD
has also been associated with estrogens and relaxin, which
aid in the relaxation of the pelvic ligaments around partu-
rition and are excreted in the milk of lactating bitches.**
Results of 1 study" indicate that confinement of puppies
predisposed to HD in small areas where activity was re-
stricted decreased the risk of HD development, whereas
results of another study™ indicate that restricted activity of
puppies did not influence HD development. Even though
certain types of housing- and exercise-related variables
have been associated with the development of HD,*# to
our knowledge, an extensive study of environmental risk
factors associated with the development of HD in client-
owned dogs managed under standard domestic condi-
tions has not been performed.

The purpose of the study reported here was to
identify housing- and exercise-related risk factors as-
sociated with the development of radiographic HD in 4
kinds (Newfoundland, Labrador Retriever, Leonberger,
and Irish Wolthound) of large-breed dogs. A cohort of
client-owned dogs that were managed under standard
domestic conditions was monitored prospectively from
birth until radiographic screening for HD at 12 or 18
months of age. The hypothesis was that housing and
exercise variables for growing dogs would be associated
with an increased risk of developing HD. Results could
then be used when making recommendations regarding
housing and exercise for the prevention of HD in young
puppies predisposed to developing HD.

Materials and Methods

Animals—The study reported here was part of
a larger study (main study) designed to identify risk

factors associated with the development of HD, elbow
joint dysplasia, panosteitis, and osteosarcoma in New-
foundlands, Labrador Retrievers, Leonbergers, and
Irish Wolfthounds. The sampling procedure and inclu-
sion criteria for dogs included in the main study have
been described.?* Briefly, Newfoundland, Labrador Re-
triever, Leonberger, and Irish Wolfhound puppies born in
Norway between November 1998 and June 2001 were eli-
gible for inclusion in the main study. All puppies were reg-
istered with the Norwegian Kennel Club, and dogs from
all geographic areas of Norway were included in the study.
All dogs were client-owned animals, and the housing, ex-
ercise, and feeding regimen for each dog was determined
by its breeder and subsequently its owner.

For the study reported here, a cohort of puppies
from the main study was used to investigate environ-
mental factors that may affect the development of HD
in growing dogs. A total of 647 dogs from 106 litters
(which represented 23.2% of the total litters of New-
foundland, Labrador Retriever, Leonberger, and Irish
Wolfhound puppies born in Norway between Novem-
ber 1998 and June 2001) from the main study were
considered for inclusion. To be included in the present
study, each dog had to be officially screened for HD via
radiographic evaluation, and a questionnaire regarding
housing and exercise conditions had to be completed
by the dog’s owner at least once during the observa-
tion period, which was from birth to HD screening at
12 or 18 months of age. All dogs initially enrolled in
the study did not continue until study completion. Rea-
sons a dog was lost to follow-up included, but were not
limited to, the death of the dog, relocation of the owner
and dog, and exportation of the dog.?"* Information for
501 dogs from 103 litters was included in the study re-
ported here.

The present study was performed in accordance
with provisions established and enforced by the Na-
tional Animal Research Authority of Norway. Each
breeder, dog owner, and veterinarian associated with
dogs included in the present study signed an agreement
of cooperation to comply with the study plan.

Radiographic screening for HD—For each dog
in the present study, radiographic screening for HD
was conducted in accordance with standards estab-
lished by the Fédération Cynologique Internationale
at the age recommended by the Norwegian Kennel
Club for each breed. Thus, Labrador Retrievers and
Irish Wolthounds underwent radiographic evalua-
tion at 12 months of age, and Newfoundlands and
Leonbergers underwent radiographic evaluation at
18 months of age. Each dog was sedated to achieve
complete muscle relaxation and then was positioned
in dorsal recumbency with the hind limbs extended
and abducted such that the patellae were superim-
posed over the femora. The pelvis, femora, and patel-
lae were included on each radiographic image, and
images were obtained at a film-to-focus distance of
100 cm. Each radiograph was uniquely identified
with the dog’s Norwegian Kennel Club registration,
tattoo, or microchip number and was then developed.

All radiographic images were sent to the respec-
tive national kennel club in the country where the dog
resided for evaluation by an experienced veterinary
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radiologist. Greater than 90% of the radiographs were
evaluated by a veterinary radiologist at the Norwegian
Kennel Club. However, some of the dogs had been re-
located to Sweden or Denmark; therefore, radiographs
for those dogs were evaluated by an experienced veteri-
nary radiologist at the Swedish Kennel Club or Danish
Kennel Club, respectively. For all dogs, the Fédération
Cynologique Internationale 5-class grading scale was
used to classify hip joints: A (excellent), B (normal), C
(mild dysplasia), D (moderate dysplasia), and E (severe
dysplasia). The HD grades are defined descriptively
on the basis of the size of the Norberg angle, degree
of subluxation of the hip joint, shape and depth of the
acetabulum, and radiographic evidence of secondary
joint disease.” For each dog, each hip joint was classi-
fied separately, and the final classification for a dog was
that of the most severely affected hip joint. Dogs that
had a final hip joint classification of C, D, or E were
considered affected with HD.

Questionnaires—For each dog, housing and ex-
ercise information was obtained by the use of writ-
ten questionnaires” that were administered to the
breeder of the litter and the owner of the dog. The
questionnaires were bound into a booklet, and each
sheet of the booklet had a carbonless copy so that
1 copy could be mailed to the investigators at the
appointed times and 1 copy was retained within the
booklet. There was 1 booklet for the breeder and 1
booklet for the owner. The questionnaires consisted
of open- and closed-ended (multiple choice) ques-
tions. Breeders were responsible for providing infor-
mation about dogs from birth until weaning (approx
8 weeks of age); information obtained included dog
identification, date of birth, breed, sex, litter size, re-
gion where birth took place, type of housing (single-
family home or farm), type of bedding in whelping
box, type of surfaces to which puppies were exposed
indoors and outdoors, and whether dogs were ex-
posed to snow and ice. Owners were responsible for
providing information about dogs at 3, 4, 6, and 12
months of age; information obtained included region
where a dog resided, type of housing (single-fami-
ly home, farm, or apartment building), presence of
children and other animals in the household, type
of surfaces to which dogs were exposed indoors and
outdoors, whether dogs were exposed to snow and
ice, and amount and type of daily exercise. Prelimi-
nary analyses revealed bias in the owners’ recording
regarding exercise. The exercise variables were there-
fore reclassified from categorical to dichotomous
variables.

Risk factor analysis—Commercially available soft-
ware® was used for all analyses. Data obtained from the
questionnaires were separated into 1 of 3 categories:
preweaning variables, postweaning housing-related
variables, and postweaning exercise-related variables.
A complete list of the variables obtained from the
questionnaires and used in statistical modeling was
compiled (Appendix). To evaluate the association of
weather conditions during the preweaning period with
the development of HD, season of birth was evaluat-
ed via 2 different categorizations: meteorologic®>? (in

which winter was defined as December through March,
spring was defined as April through May, summer was
defined as June through August, and fall was defined as
September through November) and calendar (in which
each season consisted of 3 months; thus, March was
included in spring instead of winter). However, the
meteorologic categorization for season of birth was the
a priori categorization chosen for season of birth, and
the meteorologic categorization for season of birth was
used for all multivariable analyses.

Because of the large number of variables that were
considered at each time (0 to 8 weeks and 3, 4, 6, and
12 months of age), the data were analyzed separately at
each time to identify key variables that were then con-
sidered in a final multivariable model.”>>* The outcome
of interest, or dependent variable, for all models was
HD status; dogs that were assigned a hip joint grade A
or B on radiographic evaluation were classified as HD
free, and those that were assigned a hip joint grade of
C, D, or E were classified as HD affected. Given that the
dependent variable was dichotomous, a mixed logistic
regression model was used to determine risk factors
that were associated with HD-affected dogs. Because
study dogs were clustered in litters, litter was included
in all models as a random effect.

For each respective time, univariable logistic regres-
sion models were considered for each independent vari-
able. Independent variables that had a Wald x?* value of
P < 0.20 on univariable analysis were eligible for con-
sideration in multivariable models. Before multivariable
models were constructed, collinearity between indepen-
dent variables was evaluated by the use of a Goodman and
Kruskal v for dichotomous and ordinal variables and a phi
coefficient for nominal variables. Collinearity was consid-
ered to exist if r was = 0.7 or £ —0.7. When collinearity
was detected between 2 independent variables, the vari-
able with the least amount of missing data was selected for
further analyses. Also, variables that had missing values
for > 20% of the observations were not considered in mul-
tivariable analyses.

Multivariable logistic regression models were ini-
tially constructed by backward elimination. Additional-
ly, a causal diagram was created as an aid for evaluation
of potential confounding and intervening variables.
On the causal diagram, a confounding or interven-
ing variable was one that was included on the causal
pathway between another independent variable and
the dependent variable. A variable was differentiated as
a confounding or intervening variable on the basis of
the magnitude of change in the regression coefficients
and the significance of the effects for other independent
variables in models with and without the confounding
or intervening variable of interest. A confounding vari-
able was defined as a variable that resulted in a change
of > 20% in the regression coefficient of at least 1 other
independent variable in the model. An intervening vari-
able was defined as a variable that eliminated the effect
(Wald y* value of P > 0.05) of at least 1 other variable in
the model. Once identified, intervening variables were
eliminated from further multivariable regression analy-
ses. During that initial phase of multivariable model
construction, only those variables with a Wald 2 value
of P < 0.05 were retained.
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Following the initial phase of multivariable logistic
regression model construction, all possible interactions
among the remaining independent variables were con-
sidered in the model. Interactions were maintained in
the model only if the LRT for the comparison of the
full model (model containing the interaction term)
with the reduced model (model without the interaction
term) had a value of P < 0.01.

Once interaction terms were identified, indepen-
dent variables that had been eliminated but were not
classified as intervening variables were forced back into
the multivariable model 1 at a time. Only variables with
a Wald x* P < 0.05 were retained in the final multivari-
able model at each time point.

The significance of the random effect of litter was
evaluated by means of an LRT that compared a multi-
variable model that included litter as a random effect
with a multivariable model that did not include litter
as a random effect, but which otherwise contained the
same fixed effects. The random effect of litter was con-
sidered significant if the 1-sided LRT had a value of P
<0.05.

For all time points combined, a final multivariable
model was constructed in a manner similar to that for
each individual time point, except only variables that
were found to have a significant effect at each respective
time point were considered. From that model, the be-
tween-litter variance was calculated via a latent variable
approach® with the assumption that dog-level variance
was constant at /3 such that ICC = 6>, /(6> + 0%, ),
where 6%, is the between-litter variance and ¢ is the
dog-level variance. To evaluate the goodness of fit of
the final multivariable model, residuals were estimated
for individual dogs as well as for litters. Litter-level re-
siduals were plotted against predicted and fitted values
to assess the assumptions of homoscedasticity and nor-
mality.” Also, model fit was evaluated for multivariable
regression models with and without breed and season
of birth by means of a Wald test and LRT.

Results

Animals—A total of 501 of 647 (77%) dogs from
103 litters were officially screened for HD and had a
housing and exercise questionnaire completed at least
once during the period from birth until 12 months
of age. The 103 litters were the offspring of 94 dams
owned by 86 breeders. The most common reasons that
a dog was not screened for HD (n = 146) were death
of the dog and unwillingness of the owner to pay for
the radiographic evaluation. The distribution of dogs
among breeds was 125 Newfoundlands, 133 Labra-
dor Retrievers, 180 Leonbergers, and 63 Irish Wolf-
hounds. On the basis of radiographic evaluation, 123
(24.6%) dogs were classified as HD affected (received
a hip joint grade of C, D, or E). The distribution of
HD-free and HD-affected dogs by breed was summa-
rized (Table 1). The radiographs for the majority (n =
491) of dogs were evaluated by a veterinary radiolo-
gist for the Norwegian Kennel Club; radiographs for
8 dogs were evaluated by a veterinary radiologist for
the Swedish Kennel Club, and radiographs for 2 dogs
were evaluated by a veterinary radiologist for the Dan-
ish Kennel Club.

Questionnaires—A total of 457 questionnaires re-
garding preweaning housing and exercise conditions
were returned by the breeders to the study investiga-
tors, whereas owners returned 478, 460, 443, and 397
questionnaires at 3, 4, 6, and 12 months, respectively.
Unfortunately, not all questions on the questionnaires
were answered at each time point; therefore, the num-
ber of responses differed among variables.

Risk factors—Breed and litter size were included
in all multivariable models to control for differences
in litter size among the breeds. No collinearity was de-
tected between any of the variables, and none of the
interaction terms were found to have a significant as-
sociation with the development of HD.

Variables during the preweaning period (birth to 8
weeks of age) that had a significant association with de-
velopment of HD included breed, season of birth, and
type of housing (single-family home or farm). Variables
during the period from weaning to 3 months of age that
had a significant association with HD included breed,
exercise in a run with a soft surface (ground or grass),
daily use of stairs, and off-leash exercise in a park-like
terrain. The final multivariable regression model in-
cluded breed, litter size, type of housing (single-family
home or farm) at the breeder, daily use of stairs from
weaning to 3 months of age, and daily off-leash exercise
in a park-like terrain from weaning to 3 months of age
(Table 2). Significant clustering of HD-affected dogs
within litters (ICC, 0.183; P = 0.006) was also detected.
Goodness of fit for the final overall multivariable re-
gression model was deemed to be adequate because the
assumptions of homoscedasticity and normality were
met as determined by evaluation of litter-level residu-
als, and no extreme residual values were detected at the
dog level.

The Wald test and LRT were performed to com-
pare multivariable models with and without breed and
season of birth, and the results of both tests were sig-
nificant, which suggested that breed and season of birth
were important factors in the development of HD. To
evaluate the effect of the classification system used for
season of birth, the categorization of season of birth
was changed such that winter was defined as December
through February, spring was defined as March through
May, summer was defined as June through August, and
fall was defined as September through November. With

Table T—Number (percentage) of dogs classified as HD free and
HD affected on the basis of radiographic evaluation at 12 (Lab-
rador Retriever and Irish Wolfhound) or 18 (Newfoundland and
Leonberger) months of age in a cohort of 501 dogs in Norway.

Total
Breed HD free HD affected dogs tested
Newfoundland 80 (64.0) 45 (36.0) 125
Labrador Retriever 106 (79.7) 27 (20.3) 133
Leonberger 135 (75.0) 45 (25.0) 180
Irish Wolfhound 57 (90.5) 6(9.5) 63

The Fédération Cynologique Internationale grading scale was
used to classify the hip joint status of the dogs: A (excellent), B
(normal), C (mild dysplasia), D (moderate dysplasia), and E (severe
dysplasia). For each dog, each hip joint was graded separately, and
the dog was classified as HD free (grades A and B) or HD affected
(grades C, D, and E) on the basis of the most severe hip joint grade.
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Table 2—Final multivariable random effects logistic regression
model for determining the association of housing- and exercise-
related risk factors with HD (as determined by radiographic evalu-
ation) in a cohort of 501 large-breed dogs in Norway.

95% confidence

Variable OR interval Pvalue
Breed
Newfoundland Referent — —
Labrador Retriever 0.26 0.10-0.66 0.005
Leonberger 0.59 0.26-1.36 0.213
Irish Wolfhound 0.16 0.05-0.58 0.005
Litter size 0.91 0.79-1.04 0.170
Season of birth*
Winter Referent — —
Spring 0.54 0.21-1.36 0.188
Summer 0.62 0.25-1.54 0.303
Fall 213 0.92-4.96 0.078
Type of housing at breeder
Single-family home Referent — —
(urban or suburban)
Farm (rural area) 0.34 0.15-0.78 0.010
Daily use of stairs from 1.96 1.14-3.35 0.015
birth until 3 months of age
Daily off-leash exercise 0.31 0.15-0.65 0.002
in park from birth until
3 months of age
Overall Pvalue (final model)f  — — < 0.001

The LRT for the random litter effect was significant (ICC = 0.183;
P =10.006).

*Season of birth was categorized as follows: winter, December
through March; spring, April through May; summer, June through
August; and fall, September through November. tFinal model had
a 3, of 0.810.

— =Not applicable.

See Table 1 for remainder of key.

this categorization for season of birth and winter used
as the referent group, the odds of a dog being classified
as HD affected were 1.3, 0.9, and 3.2 if it was born dur-
ing the spring, summer, and fall, respectively.

Discussion

In the present study, dogs born during the win-
ter (December through March) and fall (September
through November) and that used stairs daily during
the period from weaning to 3 months of age had an
increased risk for developing radiographic HD. In con-
trast, dogs that were born during spring (April through
May) and summer (June through August) and spent
their preweaning period on a farm and were allowed
off-leash exercise in a park-like terrain during the pe-
riod from weaning to 3 months of age had a decreased
risk for developing radiographic HD. These findings
supported our hypothesis that housing and exercise
conditions for growing large-breed dogs affect the de-
velopment of HD. There was also significant clustering
of HD-affected dogs within litters, which indicated that
heredity as well as housing and exercise conditions af-
fects HD development.

For the study reported here, exercise-related vari-
ables were associated with radiographic HD develop-
ment, but only during the period from weaning until 3
months of age. Investigators in 1 study'® recommended
that puppies predisposed to developing HD be confined
in a cage to restrict exercise. Confinement in a small

area increases the amount of time a puppy spends in a
sitting position, which maintains an abduction-flexion
position in the hip joint and supports a forced hip joint
congruence.' However, confinement is not currently
recommended for the prevention of HD because pup-
pies will not develop socially,* and it is not practica-
ble for most breeders. Moreover, restricted exercise of
growing puppies was not associated with the develop-
ment of HD in another study.*

Results of a retrospective case-control study* of
adult Labrador Retrievers (12 to 24 months old) with
known radiographic HD status indicated that regular
exercise by running after a ball or stick thrown by the
owner increases the risk of developing HD. The protec-
tive effect of off-leash exercise for puppies < 3 months
old in the present study might indicate increased mus-
cle development and strength in the hip area. Dogs with
high pelvic muscle mass are more likely to have normal
development of the hip joints.”>® Results of kinematic
analysis studies®”® of healthy adult dogs indicated that
controlled descent on stairs and walking uphill improve
flexion and range of motion of the hip joints and thus
are beneficial therapeutic exercises for dogs with mus-
culoskeletal disorders affecting the pelvic limbs. Inves-
tigators who conducted a kinematic study™ of puppies
with hip joint laxity reported gait inconsistencies that
they suspected were caused by a lack of development
of neuromuscular function and coordination. Under-
development of neuromuscular function and coordina-
tion may explain the increased risk of HD development
in puppies that walked up and down stairs daily from
weaning to 3 months of age. However, the frequency
with which dogs climb stairs and the rates of ascent
and descent might also influence that association and
should be studied further. Some exercise-related activi-
ties in the present study (ie, running alongside a mov-
ing bike and running after balls or sticks thrown by
the owner) were not commonly performed, which may
have resulted in an insufficient number of observations
for those particular variables for the detection of a sig-
nificant association with the development radiographic
HD.

In the present study, exercise-related variables for
dogs > 3 months old were not associated with an increased
risk of developing radiographic HD. In foals, results of
studies®®! indicate that the first months after birth was
the period during which the musculoskeletal system was
most vulnerable to injury and the development of ortho-
pedic disease. Rapid growth and development might make
the musculoskeletal apparatus more susceptible to envi-
ronmental influences. In the cohort of large-breed dogs
in the present study, average daily weight gain peaked at
approximately 3 months of age.?*** In dogs, hip joints are
typically normal at birth, and the most critical time for the
development and stability of the hip joint is from birth
to 60 days of age.”'* Therefore, the beneficial and nega-
tive effects of various kinds of exercise might be most pro-
nounced during this time. The cohort of dogs used in the
present study will be studied further to evaluate the effect
of various exercise conditions soon after birth on the de-
velopment of clinical signs of HD and long-term survival.

The only housing-related variable that was retained
in the final multivariable regression model was the type
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of housing at the breeder. If puppies were born on a
farm or in a rural area, the risk of HD was decreased
(OR, 0.34), compared with that for puppies born in a
single-family home in an urban or suburban area. The
most probable explanation for this association is that
puppies born in rural areas have more opportunities for
unrestricted exercise outside than those born in urban
or suburban areas. Box stall rest and irregular exercise
were associated with increased severity of osteochon-
drosis lesions in foals.® In regard to HD development
in dogs, housing conditions have not been extensively
studied, but exposure to a slippery floor surface prior
to weaning increased the risk of developing clinical
signs of HD in a cohort of Boxers.” In the study re-
ported here, none of the variables related to resting or
indoor or outdoor floor surfaces were associated with
HD development. However, the HD status in the pres-
ent study was determined by radiographic evaluation
of the hip joints, whereas that of the other study* was
determined by the presence of clinical signs of HD.

In the present study, dogs born in the fall had twice
the risk of developing HD, compared with that for dogs
born in the winter. For dogs that were born during the
spring and summer, the risk of being classified as HD
affected was approximately half that of dogs born dur-
ing the winter. Other studies’”*~® have found similar
associations between season of birth and HD. A pos-
sible explanation for the observed seasonal effect is that
housing and exercise conditions change with the sea-
son, such that puppies born during the spring and sum-
mer get more unrestricted exercise on soft ground than
puppies born in the fall and winter. This may have a
beneficial impact on muscle development and strength,
although other unmeasured variables may have altered
or biased our results. For the analysis in which pup-
pies born during March were classified as being born
in the winter, the protective effect of spring was lost
(OR, 1.3), and the risk of developing HD among dogs
born during the fall increased (OR, 3.2). By meteoro-
logic definition, spring begins when night temperatures
are > 0°C for 7 consecutive nights; therefore, March is
a winter month in most parts of Norway.’"** Including
dogs born in March in the spring category diminished
the difference in the odds of being classified as HD af-
fected between dogs born in the winter and spring and
provided support for the hypothesis that the effect of
season of birth on HD is mediated by outdoor climate
and dogs exercising less during winter months.

In the study reported here, there was significant
clustering (ICC, 18.3%) of dogs affected with HD with-
in litters, which indicated that HD had genetic com-
ponents and some other litter-related components that
were not measured. The magnitude of clustering was
similar to that (22.6%) calculated in another study? in
which investigators evaluated growth-related risk factors
for HD in the same cohort of dogs used in the present
study. In a study® conducted to evaluate the association
of preweaning mortality rate in puppies with additive ge-
netic, between-litter, and within-litter factors, litter factors
were responsible for most of the variation.

The results of the present study may have been af-
fected by interpretation of hip joint radiographs that
resulted in misclassification of dogs as HD free or HD

affected. The evaluation of conventional radiographs of
hip joints to diagnose HD may result in a false-negative
diagnosis; whereas evaluation of distraction index ra-
diographs of hip joints may result in a false-positive
diagnosis of HD.®” Most of the radiographs in the pres-
ent study were evaluated by 1 radiologist; thus, interob-
server variation and misclassification should have been
minimized.®® Also, consolidating the hip joint status of
dogs into 2 categories (HD free and HD affected) from
the 5-class grading scale reduced variation and resulted
in some loss of information. Results of radiographic
screening for HD are affected by the age of the dog at the
time of screening. Secondary changes in the hip joint
are more likely to become evident over time; therefore,
older dogs generally receive more severe grades than
do younger dogs.?*?*"% In the present study, the fact
that Newfoundlands and Leonbergers were 6 months
older at screening than were Labrador Retrievers and
Irish Wolfhounds may have been a source of differential
misclassification.

Selection bias would have been possible if the dogs
not screened for HD and excluded from the present
study were more or less likely to be affected by HD.
However, the 2 primary reasons for dogs being exclud-
ed from the study were death of the dog and the owner’s
unwillingness to pay for the radiographic evaluation.
It seems unlikely that either of those reasons would be
associated with a dog’s HD status.

In the study reported here, there were a number of
missing observations for some of the variables, which may
have reduced the power to detect potential associations
with HD, particularly at the older ages. Reclassification of
exercise variables from categorical to dichotomous vari-
ables also resulted in some loss of information, although
it likely reduced information bias from the questionnaires.
When large numbers of variables are investigated, a vari-
able might have a significant effect by chance alone. In
the present study, efforts to reduce the number of inde-
pendent variables were made by selecting variables on the
basis of a causal diagram, considering variables that had
liberal P values (P < 0.20) on univariable analyses eligible
for multivariable analyses, and then building multivari-
able models by use of logical subsets of variables (from the
preweaning period and the different observational ages) to
identify key variables at each time.”>* These key variables
were then retained for consideration in the final multivari-
able model.

Cohort studies are generally considered to have
high external validity.”® Most studies conducted to in-
vestigate the development of HD have been controlled
studies or performed in populations of dogs preselected
for certain purposes (eg, guide dogs). In such studies,
dogs are often the offspring of parents with HD and are
raised in kennels where feeding, exercise, and housing
regimens are controlled and standardized and are not
representative of client-owned dogs that have more di-
verse husbandry. The present study was a large-scale
prospective cohort study in which dogs used for breed-
ing purposes as well as dogs maintained only as pets
were included. Therefore, the results should be exter-
nally valid for the 4 kinds of large-breed dogs studied in
Norway and perhaps for large-breed dogs with similar
husbandry in other countries.
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In the study reported here, type of housing, exer-

cise conditions, and season of birth were significantly
associated with the risk of an HD diagnosis at radio-
graphic screening in a cohort of large-breed dogs. How-
ever, the effects of these risk factors were limited to the
first 3 months after birth. Thus, efforts to prevent the
development of HD via housing and exercise should be
initiated early in a puppy’s life. Results indicated that
puppies < 3 months old should not be allowed access
to stairs, but should be allowed outdoor exercise on soft
ground in moderately rough terrain to decrease the risk
for developing HD. Unfortunately, a recommendation
on the amount of exercise could not be made because
it was not analyzed in the present study.

Trangerud C. Growth patterns and metaphyseal irregularities in
dogs: a study of 4 large breeds with emphasis on irregularities in the
distal metaphysis of the radius and ulna. PhD thesis, Norwegian
School of Veterinary Science, Oslo, Norway, 2008.

A booklet containing the questionnaires is available from the
corresponding author upon request. Questionnaires are written
in Norwegian.

Stata, version 11, Stata Corp, College Station, Tex.
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Appendix

List of variables used for statistical modeling of the association of housing- and exercise-related risk factors with HD (as determined via
radiographic evaluation) in a cohort of 501 large-breed dogs in Norway.

Variable Type of data
Preweaning variables (information obtained from breeder during period from birth to 8 wk of age)
Breed (Newfoundland, Labrador Retriever, Leonberger, or Irish Wolfhound) Categorical
Sex (male or female) Categorical
Litter size Continuous
Season of birth (categorized on the basis of meteorologic definitions of seasons and determined by month in which Categorical

a puppy was born): winter (December through March), spring (April through May), summer (June through August),
fall (September through November)

Type of community of birth (country, city, or suburban) Categorical
Type of housing (single-family home [urban or suburban] or farm [rural areal]) Categorical
Padding in whelping box

Newspaper (yes or no) Dichotomous

Sawdust (yes or no) Dichotomous

Carpet (yes or no) Dichotomous
Inside environment

Parquet or wood (yes or no) Dichotomous

Linoleum (yes or no) Dichotomous

Carpet (yes or no) Dichotomous

Tile (yes or no) Dichotomous
Outside environment

Soft (grass, dirt, and gravel [yes or no]) Dichotomous

Hard (wood, asphalt, and concrete [yes or no]) Dichotomous

Snow and ice (yes or no) Dichotomous

Postweaning housing variables (information obtained from owner at 3, 4, 6, and 12 mo of age)

Type of community of residence (country, suburban, or city) Categorical
Type of housing (single-family home [urban or suburban], farm [rural area], or apartment building) Categorical
Were children in the household? (yes or no) Dichotomous
Were other dogs in the household? (yes or no) Dichotomous
Inside resting surface

Soft: bed, mattress, pillow, quilt, and sofa (yes or no) Dichotomous

Hard: wood, parquet, linoleum, tile, concrete, or thin carpet (yes or no) Dichotomous
Outside resting surface

Soft: grass, dirt or sand (yes or no) Dichotomous

Hard: wood, asphalt, concrete, or gravel (yes or no) Dichotomous

Snow and ice (yes or no) Dichotomous

Postweaning exercise variables (information obtained from owner at 3, 4, 6, and 12 mo of age)

Daily use of stairs (yes or no) Dichotomous
Daily walks on leash on asphalt or paved surface (yes or no) Dichotomous
Daily walks on leash on gravel surface (yes or no) Dichotomous
Daily walks on leash in forest, mountain, or other rough terrain (yes or no) Dichotomous
Daily exercise in graveled run (yes or no) Dichotomous
Daily exercise in run with soft (grass or dirt) surface (yes or no) Dichotomous
Daily exercise in run with hard (concrete or asphalt) surface (yes or no) Dichotomous
Daily exercise off leash in garden or yard (yes or no) Dichotomous
Daily exercise off leash in park terrain (yes or no) Dichotomous
Daily exercise off leash in forest, mountain, or other rough terrain (yes or no) Dichotomous
Daily running alongside a moving bicycle (yes or no) Dichotomous
Other daily exercise or activities (yes or no) Dichotomous

For each dog, information was obtained from written questionnaires completed by the breeder and owner.
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