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The aim of this study was to see if there is an association between nutrition at young age and the dog’s
hip screening results of either severe canine hip dysplasia (CHD) or healthy hips at the age of 18
months. This study was part of a wider CHD study in Finland which aim is to locate genes affecting
development of CHD in different breeds and to find environmental factors influencing the development
and the clinical sings of CHD. The literature review consists of a general overview on canine hip
dysplasia and an overview on nutritional substances that have or might have an influence on the
development of CHD. The clinical study part was conducted as an epidemiological explorative case-
control study. The hypothesis in this study was that feeding raw food could protect large-breed dogs
from CHD. This hypothesis was based on results from a pilot questionnaire that was done earlier.

Canine hip dysplasia is one of the most common orthopaedic problems seen in small animal practice. It
is an inherited, developmental condition leading to osteoarthritis. Additionally to genetic factors, there is
also evidence that several environmental factors such as nutrition are contributing to the development of
the disease. Especially overfeeding has been shown to increase the risk for CHD. In general, the feeding
of commercial food for growing large-breed puppies is advised, but there is only a minimal amount of
information available about the influence of other feeding methods on developmental orthopaedic
diseases, even though it nowadays is more common among dog owners to choose to feed their dogs
with more unconventional diets such as the bone and raw food (BARF) and home prepared diets.

The DOGRISK gquestionnaire database was used and all German Shepherd Dogs with official hip
screening results and adequate reported diet data were eligible for the statistical analyses. The time
windows of interest in this study were the feeding at the age of 2-6 and >6-18 months. Results were
analyzed by cross tabulating using Pearson Chi-square test, Mann-Whitney U-test and the Principal
component analysis.

This study suggest that feeding a bone and raw food diet (BARF) or raw meat, raw offal, raw bone and
raw cartilage, raw fish, raw egg and raw tripe as a supplementation to other diets or as a part of the
BARF diet showed protective effect vis a vis CHD. The study also suggests that feeding cooked meat,
bone and cartilage might increase the risk of CHD. Feeding of dry commercial food was common in both
the case and control groups and did not show any association to CHD in this study. The proportion of
BARF food fed in puppyhood, on the contrary, showed a significant difference between hip dysplastic
and non-dysplastic dogs in both age groups, indicating that even if only a part of the dog’s diet is raw
food, it could already help protect puppies from CHD. Further analyses as well as clinical trials should be
done next to test these results.
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1 INTRODUCTION

Canine hip dysplasia (CHD) is one of the most common orthopedic diseases in fast

growing large-breed dogs *

. It is an inherited, developmental condition leading to
osteoarthritis 2. CHD is diagnosed radiographically and it involves a lack of conformity
between the head of the femur and the acetabulum 2. In Finland the prevalence of CHD
is over 30 % in many large-breed dogs and despite the selective breeding that has been
done based on radiographic screening, no clear progress has been reported in screening
results . Additionally to genetic factors, there is also evidence that several environmental
factors such as nutrition are contributing to the development of the disease *. The aim of
this study was to see if there is an association between nutrition at young age and the
dog’s hip screening results of either severe CHD or healthy hips at the age of 18 months.
The data was collected between December 2009 and October 2012 using an online
questionnaire (appendix 1). The nutritional questions were asked as widely and accurately
as possible to get precise information about how puppies are fed in Finland and to be able
to study the possible influence of specific food items on CHD. In this study we evaluated
only one breed to reduce bias. The German Shepherd dog was chosen as this work was
part of a larger German Shepherd study, as it is a common breed in Finland, and as the
breed has a high prevalence of CHD *®. The hypothesis was that feeding raw food could
protect large-breed dogs from CHD. This hypothesis was based on results from a pilot
questionnaire that was done earlier. The bone and raw food (BARF) diet also contains
high quality nutrients in their natural form, and in right proportion, and it is also closer to
the diet that ancestral canines consumed in the wild. Additionally raw bones and
cartilages contain lots of compounds that are already defined as chondroprotective
substances and used commonly as supplementations in prevention and treatment of
osteoarthritis due to CHD. This study was part of a wider CHD study in Finland which
aim is to locate genes affecting development of CHD in different breeds and to find
environmental factors influencing the development and the clinical sings of CHD. The
literature review consists of a general overview on canine hip dysplasia and an overview
on nutritional substances that have or might have an influence on the development of
CHD. The clinical study part was conducted as an epidemiological explorative case-

control study.



2 LITERATURE REVIEW

2.1 Synovial joints

2.1.1 Structure of the synovial joint

The synovial joint is formed by the articulating bony parts, a joint capsule and supporting
ligaments. The articulating bone parts are coated with articular cartilage °. The joint
capsule is surrounding the joint cavity filled with synovial fluid. The synovial fluid acts
as a lubricant and together with the articular cartilage it reduces friction between the
articulating bony ends, whereas the ligaments and muscle tendons function in balancing
and stabilizing the joint °. The outer part of the joint capsule is fibrous and the inner
surface is covered by a thin synovial membrane. Synovial joints provide movement and

shock-absorption °.

2.1.2 Articular cartilage

The articular cartilage maximizes the contact area of the joint and it is thicker at the
weight bearing sites. Under load the cartilage functions as a bearing substance when
mechanical forces focus on the joint surfaces °. Right under the cartilage there is
subchondral bone which acts as a supporting material °. Appearance of the cartilage is
normally whitish or mild grey-white, uniform and smooth *. There are no blood vessels,
nerves or lymphatic tissue in the articular cartilage, which means that it is dependent on
diffusion from the synovial fluid for nutrition 2. Only in the deepest layers, the capillaries
derived from bone marrow sinusoids are nourishing the cartilage °. The lack of own blood

supply also limits the maximum thickness of the cartilage 2.

Approximately 70% to 80% of the weight of the articular cartilage is water which enables
equal distribution of nutrients around the cartilage. In addition to water there are two main
components in articular cartilage: chondrocytes and matrix °. Despite the lack of an own

blood supply, cartilage is a metabolically active tissue and there are ongoing processes of



remodeling and reorganizing of matrix by chondrocytes ‘2. Chondrocytes are mainly
responsible for production, maintenance and turnover of intercellular substances found in

the matrix. The matrix consists of collagen fibers, noncollagenous proteins, and
proteoglycan aggregates °.

The largest proteoglycan aggregate in cartilage is aggrecan, and it is responsible for the
high osmotic swelling pressure of the cartilage °. Aggrecan is composed of core proteins
that are linked to a long nonpolysulfated glyconaminoglycan (GAG), hyaluronan.
Additionally there are smaller, negatively charged and polysulfated glycosaminoglycans,
chondroitin sulfate and keratin sulfate, attached to the core proteins. °. The amino sugar

glucosamine is a precursor for GAGs ' 4, The structure of articular cartilage is shown
in the Figure 1.

Proteoglycan aggrecan
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Figure 1. Structure of articular cartilage. Modified from Richardson et al 2010 2.



2.1.3 Joint capsule and the synovial fluid

The normal joint capsule is supplied with blood vessels, lymphatic tissue and nerves and
it is formed by two layers: the peripheral fibrous layer and the thin inner layer; the
synovial membrane °. The peripheral fibrous layer continues from the periosteum and
consists of loose fibrous connective tissue and some adipose tissue 2. It contributes to the
joint stability °. The synovial membrane surrounds the entire joint cavity from the inside,
except the articular surfaces. The inner layer of the synovial membrane consists of
synoviocytes type A and B. Type A synoviocytes are magrophages responsible for
removal of microbes and repairing the capsule after injuries, whereas type B synoviocytes
produces synovial fluid °.

The synovial fluid contains hyaluronic acid, glycoprotein lubricin, proteinases and
collagenase. It functions as a lubricant and takes care of the nutrition and metabolism of

the chondrocytes of the articular cartilage °.

2.1.4 Structure of the canine hip joint

The canine hip joint (articulation coxae, coxofemoral joint) is formed by the acetabulum
and the head of the femur. The acetabulum is formed by the three bones of the pelvis: os
ilium, os pubis, and os ischium. In the center of the canine acetabular cavity there is an
additional bone, the small acetabular bone (os acetabula). The spheroidal shape of the
joint is deepened by a fibrocartilagious band, the acetabular lip (labrum acetabulare),
which is attached to the acetabular rim. The head of the femur is round-shaped and it is
supposed to be congruent with the acetabulum. In addition to the bony parts, there is a

joint capsule and ligaments, forming the functional hip joint *°.

One of the participating ligaments is the intraarticular ligament of the head of the femur
(ligamentum capitis ossis femoris, ligamentum teres), which extends from the head of the
femur to the acetabular fossa. The other ligament, the transverse acetabular ligament
(ligamentum transversum acetabuli), bridges the acetabular notch. The joint cavity is

surrounded by a joint capsule, which is attached to the acetabular lip, to the acetabular



rim and the femur. The ligament of the head of the femur is also covered by the joint
capsule . The hind legs are primary responsible for propulsion. In normal quadruped
animals the hind legs bears approximately 20% of the body weight each . The anatomic
relationships of the bony components as well as the integrity of the ligaments, tendons
and muscles are crucial for the motion and the weight bearing capability of the hip joint

7 The schematic presentation of the canine hip joint is shown in the Figure 2.
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Articular cartilage
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Labrum acetabulare
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Figure 2. Schematic anatomy of the canine hip joint



2.2 Skeletal growth

In large- and giant breed dogs the longitudinal skeletal growth is fast and takes place
during the first 18 months of life. It is important that the there is no disturbances during
this growth phase; then congruity between the articulating bone parts of the joints can be
accomplished 12,

In adult dogs there is a calcified disk of cartilage called the metaphyseal growth plate,
between the shaft (diaphysis) and the ends (epiphysis) of the long bones, persisting from
the embryonic cartilaginous scaffold. In puppies these metaphyseal growth plates are still
cartilaginous and are primarily responsible for the lengthening of bones. The growth
plates are divided in three zones: resting zone, proliferative zone and hypertrophic zone.
In these zones the differentiation, proliferation, maturation and hypertrophy of the
chondrocytes and the mineralization of the matrix takes place in a process called
endochondral ossification. In the metaphysis there is also an ongoing process of modeling

and remodeling of new formed bone, accomplished by osteoblast and osteoclast * 1°.

The longitudinal skeletal growth at the metaphyseal growth plates contributes to both the
length and the shape of the bone ends. The growth plates are thickest when the growth is
fastest and towards maturity the growth plates become thin and are replaced by bone when
no ossification longer takes place. Also at the site of the articular cartilage, the

endochondral ossification stops, even though the cartilage remains and does not calcify *
10

Both the physeal growth which elongates the bone and the modeling and remodeling of
the metaphyseal bone are strictly regulated. Substances that are involved in regulating the
longitudinal bone growth are hormones and growth factors like growth hormone (GH),
parathyroid hormone (PTH), calcitonin, vitamin D and insulin-like growth factors (IGFs).
In the growth plate GH stimulates chondrocyte differentiation, whereas PTH, vitamin D,
and calcitonin, have an influence on skeletal mineralization. Maintaining the calcium
homeostasis is important as calcium is a main component of the mineralized osteoid

produced by the osteoblasts and chondroblasts *2.



2.3 Canine hip dysplasia

2.3.1 General information

Canine hip dysplasia (CHD) is a common orthopedic disease in large- and giant-breed
dogs and has been reported as a hereditary malformance of the hip joint developing during
the rapid growth period of puppyhood * 8. It is considered a polygenic multifactorial
disease with quantitative trait inheritance leading to osteoarthritis 28, LaFond et al. (2002)
found that especially large-breed dogs such as German Shepherd Dogs, Golden retrievers,
Labrador retrievers and Rottweilers have an increased risk of developing CHD *°. When
the inheritance of CHD was studied in four Finnish dog populations: German Shepherd
Dogs, Rottweilers, Labrador retrievers and Golden retrievers, they were able to prove that
the mode of inheritance of CHD was quantitative also in Finnish dog populations ’.
Additionally, it was suggested that a major gene with multiple minor genes affected the
trait.

CHD is diagnosed radiographically and it involves a lack of congruity between the head
of the femur and the acetabulum 2. Despite the selective breeding that has been conducted
based on radiographic evaluation, CHD is still a common orthopedic disease especially

in fast-growing large-breed dogs 2 *°.

2.3.2 Etiology

The hereditary estimates of CHD in German Shepherd dogs varies between 0.19 and 0.27
in Germany ?° and 0.306 to 0.354 in Finland ©. The hereditability of CHD has been

considered to be high enough to breed the trait according to phenotype 2.

In a study of Guo et al (2011) it was suggested that prediction of CHD could be done
from genomic data before maturity, which would be advantageous to the breeding
programs and then more effective in the prevention of CHD. However, the genetic
prediction is not yet cost effective and therefore not available for public use; it is still

awaiting to become a routine part of the breeding selection 22, At the moment the so called



BLUP-values (Best Linear Unbiased Prediction) are used when breeding German
Shepherd dogs in Finland, and also some other large breed dogs. The idea of the BLUP-
values is that not only the individual phenotype of the dog, but also the phenotypes of the

relatives are taken into account when choosing a suitable dog for breeding 2.

Additionally to genetic factors, it is known that nutrition through balanced energy,
calcium, phosphorus and vitamin intake, food electrolyte content as well as gut
microbiota and immune system interaction, all play a key role in the development of joints
412,24 25 Also increased body weight, obesity or a higher body condition score might
contribute to development of CHD 2. Smith et al (2006) found that during growth,
restricted-fed Labrador retrievers had lower prevalence and later onset of hip joint
osteoarthritis, compared to ad libitum fed Labrador retrievers: median age of onset of hip
joint osteoarthritis was significantly lower in the ad libitum fed group (6 years) than in
restricted-fed group (12 years) . Also, the symptoms of osteoarthritis have been noticed

to decline after weight reduction 2829,

In a study of Boxer dogs’, risk factors for developing clinical signs related to CHD
included aging, high birth weight, slippery pre-weaning floor cover, and neutering *.
Also, dogs born in spring or summer have shown to have better hip screening results
compared to puppies born in fall and winter °. In the study of Krontveit et al. (2012)
puppies at the age of 12 months that had the opportunity to exercise off-leash compared
to puppies with no chance to exercise off-leash were less likely to develop signs of CHD
early in life 3L, Itis also suggested that abnormalities in pelvic muscle mass are associated
with development of CHD 32,

2.3.3 Pathogenesis

At birth, dogs with CHD have normally developed hips, but with time they develop sings
of hip join laxity, which is the main structural risk factor for development of CHD *. The
lax hip joint leads to subluxation and uneven distribution of weight in the joint, later
leading to abnormal development of the head of the femur and the acetabulum 3. When

the hips are evaluated later by radiographs, the acetabulum is characteristically flattened



and there is incongruity between the articular surfaces **. Other joints might be affected

as well %,

Fast growth rate of large- and giant-breed dogs is considered to cause extra biomechanical
stress to the joints, leading to dysplastic changes 2°. Compared to small breed dogs the
articular cartilage of large rapidly growing dogs is less well supported by solid bone plates
and the giant-breeds dogs also have less dense physeal spongiosa which is therefore
assumed to be weaker 1 2°, However, it is still unclear whether the biomechanical stress
itself causes the lesions to the articular cartilage % or if small local cartilaginous lesions
occur first, leading to disability to protect the joint surfaces later from weight bear and
muscle pull %. Determining the precise pathogenesis behind CHD is difficult, because
CHD leads to degenerative joint disease and osteoarthritis, which are common also in
other joint diseases 3’. Even though the complete sequence of events in the development
of CHD is unclear, it is known that instability in the joint leads to degenerative joint

disease (DJD) with osteoarthritic changes 2 .

The dogs with a genetic predisposition to CHD develop increased hip joint laxity as early
as in the age of 0.5 to 2 months of age 3. Subsequently to hip joint laxity, proliferative
synovitis starts to occur, causing extra secretion of synovial fluid and stretching of
ligamentum teres, still increasing the laxity, which then predispose the joint to
subluxation %, Before CHD causes any clinical sings, the sequel leading to cartilage
damage, starts slowly from the weight bearing areas 2 3. The early stage changes include
changes in the homogeneity of the articular cartilage 2. There are fissures and roughening
of the surface of the femoral head and acetabulum, which are later causing most of the
clinical signs in young growing dogs, together with the stretching of the ligamentum teres
234 \When CHD is progressing, there is marked loss of articular cartilage and exposure
of the subchondral bone 2. Also, the colour of cartilage turns from whitish to red or red-
brown. In severe lesions there might also be sclerosis of the subchondral bone, osteophyte
formation and manifestation of new periosteal bone 2. Quite severe changes may occur in
the articular cartilage before it causes any pain perception, because articular cartilage

itself lacks nerve tissue and blood vessels 2.

These changes are characteristic of osteoarthritis, which is described as a progressive
disease of synovial joints, with degeneration of articular cartilage and new bone formation

at the joint margins, irritating the joint 34. Osteoarthritic changes can develop as early as



in the age of 4 to 6 months, but the onset and progression of the disease may vary between
individual dogs 3. As well as the articular cartilage, also the joint capsule undergoes a
variety of changes 2. Gross changes of the joint capsule may include thickening of the
capsule and proliferation of the fibrous connective tissue, which extends over the articular
cartilage surface. Sometimes synovial villous hypertrophy can also be seen, but it is not

often seen on CHD 2.

On the cellular level, there is localized loss of matrix proteoglycans, glycosaminoglycans,
and collagen, which result in free radical formation. Free radicals together with cartilage
break down products provoke a cytokine response by synovial cells, leading to
inflammation. Additionally to the release of cytokines, the damage to the synovial cell
membranes itself can induce the synthesis of arachidonic acid, which furthermore can
lead to production of many mediators of inflammation such as prostaglandins and
leukotrienes, both capable of maintaining inflammation and causing pain perception. This
makes CHD an extremely painful disease, which may lead to immobility and disability

and loss of ability to cope with normal life 3439,

2.3.4 Symptoms

Clinical signs of CHD vary depending on the degree of joint destruction, the severity of
the disease and the age of the dog. Young, less than 1 year old dogs have a tendency to
have acute episodes of unilateral or bilateral lameness in hind legs whereas older dogs
usually have intermittent or continuous hind leg lameness with a tendency to put more
weight to the front legs *°. Subsequent to degenerative joint disease, also other symptoms
than lameness are common in more severe cases. Dogs might have problems in rising,
exercise intolerance, lameness after exercise, atrophy of the pelvic musculature, and/or
wobbliness in gait due to an abnormal movement of the hind legs 34. General soreness of
hind legs is also common and it is a disease of undulating symptoms. Older CHD dogs
can sometimes be spotted as having well developed musculature in the fore legs compared

to hind legs due to weight transfer %°.
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2.3.5 Diagnosis of CHD

Diagnosing of CHD is most commonly done by radiographs. Many organizations such as
The Orthopedic Foundation for Animals (OFA), Fédération Cynologique Internationale
(FCI) and the British Veterinary Assosiation/ Kennel Club (BVA/KC) have their own
scoring systems to evaluate CHD. Additionally, specific programs have been developed
to evaluate CHD: e.g. the Pennsylvania Hip Improvement Program (PennHIP) and the

Dorsolateral Subluxation Score (DSL) .

The OFA, FCI and BVA/KC use standard ventrodorsal hip-extended radiographs taken
in sedation. The hips are scored by descriptive grading methods. Radiographic evaluation
criteria focus on signs of incongruence, degenerative joint disease and hip joint laxity.
Differences between the programs are in evaluation methods and grading. Additional tests
such as the Norberg angle measurement (NA) in the FCI can be added. The NA represents
the angle of the line between the femoral head centers and the line from that center to the
cranial lateral margin of the acetabulum. There are some differences in screening age

recommendations, and they vary from 1 to 2 years *.

In Finland the official scoring system is based on the FCI program, where the hips are
scored by a 5-point grading system from A to E. Grades A-B are considered nondysplastic
and grades C-E are considered dysplastic *>. Recommended screening age is over 12
months or even over 18 months in large and giant breeds #*. Currently 71 breeds in Finland
are using the hip-dysplasia-control program under the Finnish Kennel Club. The
effectiveness of control programs has been widely discussed and the slow progress of the

program in reducing the prevalence of hip dysplasia has been criticized 3.

2.3.6 Prevalence of CHD in Finland

According to Leppanen and Saloniemi (1999) the screening prevalence for CHD in
Finland varies between 18 — 64 % depending of the breed 2. In their study they found
great differences in CHD prevalence between breeds: all from 2 % in smooth collies to

80 % in long-haired Saint Bernard 3. Significant changes in CHD prevalence were
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detected in nine dog breeds when they compared the years 1988 — 1995 to the situation
before year 1988. The prevalence increased in four breeds — boxer, Doberman, German
Shepherd dog and rough collie, whereas the prevalence decreased in five breeds — English
cocker spaniel, flat-coated retriever, golden retriever, Labrador retriever and Rottweiler
3. They also stated that the prevalence of CHD in Finland between the years 1988 — 1995
was over 30 % in 10 breeds including the German Shepher dog having a CHD prevalence
of 46 % 3. The prevalence of severe CHD (hip score D or E) in all breeds was 17-27 %
between the years 1988 — 1995 *°,

According to the Finnish Kennel Club’s database the overall situation is now slightly
better for the German Shepherd dog. The prevalence of CHD has been 32-37% between
the years 2007-2010 and the prevalence of severe CHD (hip score D or E) has been 9 -
14 % in the German Shepherd Dogs. *.

2.4 Influence of nutrition on CHD

2.4.1 Energy intake

2.4.1.1 General about energy and over feeding

One of the nutritional theories behind developmental orthopedic diseases is that a high
calorie diet, regardless of the calorie source, leads to an excessive growth rate, excessive

body weight, potentially hip joint laxity and finally to hip dysplastic changes * 2°.

It is stated that overfeeding is one of the most important nutritional risk factors for
development of CHD, and a balanced overall energy intake during growth is crucial in
preventing developmental orthopedic diseases 2* 27 4446 Obesity increases forces
affecting the joints and increase the risk of developmental orthopedic diseases in young
growing animals 3. Respectively, it has been shown that limited food consumption
during growth reduced significantly prevalence of CHD #’. The high energy content of
food has a direct effect on growth rate due to increased nutrient supply and an indirect
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effect by affecting concentrations of growth hormone, IGF-1, triiodothyroine (T3),

thyroxine (T4) and insulin 3.

The excess energy intake due to free choice feeding might lead to incongruence between
bone growth and body growth resulting in inadequate diaphyseal shaft cross-sectional
area compared to body weight and also a less dense epiphyseal cancellous bone 3.
Dammrich (1991) studied the influence of ad libitum feeding on fast growing large- and
giant-breed dogs. In the study unrestrictedly fed dogs were predisposed to disturbances
in skeletal growth. Overnutrition was found to overstimulate skeletal growth and
cancellous bone remodeling in breeds that have an inherited tendency for rapid skeletal
growth. Furthermore breeds with high BMI (Body Mass Index) are known to have a high
prevalence of CHD % %8,

So is there any evidence on any energy source being superior to another? Different
sources of energy are discussed in the following chapters, and listed in Table 1 together
with the NRC recommendations for growing large-breed puppies *°, and the approximate

nutritional content of ancestral diet of canines, according to Brown (2010) *°.

Table 1. Summary of energy sources and their effect on skeletal growth

Diets containing large amounts of carbohydrates NA*
Carbohydrates  might influence negatively on absorption of other (42-68) 6
nutrients.
It is important that carnivors get sufficient
f high quali ins. Diet high i
Proteins amou.nts 9 [s] qua_lt)_/ proteins. Diet high in 9932 49
protein might result in increased lean body mass
and later onset of osteoarthritis.
The high energy content of food has a direct
10-25 44

Fats effect on growth velocity due to increased
nutrient supply, and weight gain.

*NA= NRC has no recommendation on this, but as they recommend a min-max of proteins and fats, it will be about
42-68%.
**All values have been rounded to the nearest whole number and therefore the total number may not equal 100%.

NRC recommendations 4°. Ancestral canine diet according to Brown (2010) *°.
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2.4.1.2 Carbohydrates

Carbohydrates are considered to have only minimal influence on CHD, except when
dealing with overall reduction of food consumption, but when fed excessively they might
influence negatively on absorption of other nutrients like Cu and Zn * 23, The diet of an
ancestral canine was low in carbohydrates and it is estimated that only 6 % of the energy
content of the diet was carbohydrates *°. Dogs are very adaptive, and as a result of living
with humans, they have adapted to higher carbohydrate level in their diet. It is still a
matter of discussion, how much carbohydrates should be in canine diet. According to
Axelsson et al. 2013, only few genes that are involved in starch digestion and glucose
uptake were under selection pressure during domestication, which indicates that the dog’s
digesting physiology is close to ancestral dogs and wolves, but the dogs have adapted to

ingest more starch 1.

2.4.1.3 Proteins

Proteins are the main structural components of the body °2. It has been estimated that 49
% of the energy content of the ancestral canine diet was protein, and because the dog is a
carnivore it is important that they get sufficient amounts of high quality proteins >°. Higher
protein intake has been studied as a potential preventative factor for CHD, but feeding
diets with different protein levels, e.g. a low protein diet (14.6 %) and a high protein diet
(31.6 % protein of dry mater), did not demonstrate differences in calcium metabolism or
skeletal development 3. Based on this, it is currently thought that high protein intake is
not so important for normal development of the joints if all the essential amino acids are
found in the diet * 13, However, excess protein intake has not been shown to affect skeletal
development negatively >,

There are, however, some specific proteins that are found to be important for the normal
functioning of the cartilage tissue. Matrix GLA proteins and osteocalcin are both calcium-
binding proteins that take part in the mineralization and differentiation of chondrocytes
% Both of these proteins bind calcium ions and hydroxyapatite via their glutamic acid

residues (GLA —residues) in a reaction that requires vitamin K >4, Studies done in mice
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suggest that matrix GLA protein is an important inhibitor of cartilage matrix
mineralization and that is why it is taught to be important in regulation of matrix

mineralization °°.

2.4.1.4 Fats, Omega-3 and Omega-6 fatty acids

Lipids serve as an energy source for the body and are the most concentrated form of
energy in pet foods. Lipids are fundamental in stabilizing all cell membranes and for
hormonal synthesis. They also take part in the absorption of fat soluble vitamins.
Members of the omega-3 family, such as a-linoleic acid, eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) are required for brain and retinal function. The omega-

6 fatty acid family includes linoleic acid, y-linoleic acid and arachidonic acid 2.

Omega-3 fatty acids are naturally found both in fish and krill as well as in some plants **
14, Omega-3 fatty acids are desaturated in the body to form EPA and DHA, which are
analogs to the arachidonic acid that is an endproduct of the omega-6 fatty acids 3. EPA
and arachidonic acid are precursors for the eicosanoids that are the immunoregulatory
molecules in the body; such as prostaglandins, thromboxanes and leukotriens.
Eicosanoids formed from EPA are less vasoactive and less proinflammatory than

eicosanoids formed from arachonoid acid 13 %6,

Omega-3 fatty acid supplementation has already been used in the prevention and
management of osteoarthritis in dogs with promising results * °’. The help for dogs
suffering from degenerative joint disease is theoretically achieved by decreasing
inflammation and reducing the occurrence of microthrombi 4. Some of the omega-3 fatty
acids have also been found to alter the gene expression in the genes that take part in the
progression of degenerative changes in the cartilage **. The ratio between omega-6 and
omega-3 fatty acids in the diet is recommended to be between 10:1 and 5:1 whereas it is
recommended to be 1:1 for osteoarthritic dogs > 4. To achieve this ratio the literature

recommends special diets rather than providing a supplementation 3.
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2.4.2 Calcium and phosphorus

Another nutritional theory behind developmental orthopedic diseases is imbalanced
calcium and/or phosphorus intake 3. Calcium is a main component of mineralized osteoid
and chondroitin-sulfate produced by the osteoblasts and chondroblasts and it is important
in blood clotting, muscle function, nerve transmission and sustaining cell membrane
permeability 12 13, After calcium, phosphorus is the second largest constituent of bone.
Additionally phosphorus is an important factor in muscle formation, it is a structural
component of nucleic acids (RNA, DNA), high-energy phosphate compounds like ATP,

and cell membranes 8,

Plasma calcium concentration is tightly regulated by three hormonal factors: parathyroid
hormone (PTH), calcitonin and calcitriol (1,25 dihydroxycholecalciferol, active vitamin
D). These hormonal factors have an important role in balancing new bone formation and
bone remodeling 4. PTH is a peptide hormone synthesized in the parathyroid glands and
its secretion is stimulated primarily by a reduction in plasma calcium concentration. PTH
mobilizes calcium from bone to maintain adequate plasma calcium concentrations 2 13,
Calcitonin is produced by the thyroid and the parathyroid gland C-cells. Calcitonin is also
released to maintain adequate plasma calcium concentration, but it is secreted in case of
hypercalcaemia to increase mineralization of bone 2. Calcitonin and PTH have an
antagonistic action in bone resorption, but they both decrease the renal tubular

reabsorption of phosphorus and stimulate the calcitriol synthesis 2.

Vitamin D3 is metabolized to calcitriol (active vitamin Ds) in the kidneys when there is
an increase in plasma PTH, decrease in Ca®* or decrease in phosphate. In bone tissue
calcitriol induce osteoclastic bone resorption and in the intestines calcitriol stimulates
active intestinal absorption of calcium and phosphorus. Calcitriol formation is inhibited
by hypercalcemia and hyperphosphatemia 1%,

During growth phase, most of the calcium is absorbed passively from the gastrointestinal
tract 3. Also both active and facilitated absorption takes place and the main hormonal
stimulating agent in calcium absorption is calcitriol *3. As most of the calcium is absorbed
passively from the gastrointestinal tract at young age, it is thought that young dogs might

be unable to control excess calcium intake from the food 3.

16



Calcium influences developmental orthopedic diseases directly by competing with other
minerals, and has an indirect influence through stimulating hormonal effect (PTH or
calcitonin) or acid-base balance. If large-breed dog puppies are fed with food high in
calcium or high in calcium and phosphorus during growth, it leads to disturbed

endochondral ossification and delayed skeletal maturation and growth of bone  length
12,13

In puppies of large-breed dogs chronic excess of calcium intake has led to hypercalcemia,
resulting in retarded bone maturation and remodeling, a higher percentage of total bone
volume, decrease in bone resorption cells, and retarded maturation of cartilage with
disturbances in endochondral ossification 8. According to earlier studies the amount of
calcium in the diet rather than the imbalance in the calcium phosphorus ratio, is thought
to be the main factor behind growth problems in large-breed dogs %2,

However, an insufficient or excessive phosphorus intake affects calcium homeostasis.
Chronic inadequate phosphorus intake may lead to increased calcitriol production
stimulating calcium and phosphorus resorption from bone and absorption from the
gastrointestinal tract, whereas excess phosphorus intake together with insufficient
calcium intake may lead to nutritional secondary hyperparathyroidism. Then calcium is
mobilized from bone, because excess phosphorus in serum leads to decreased ionized
calcium concentration in serum due to mass action equilibrium. Thus both excess and
insufficient phosphorus intake may lead to excessive osteoclasia and pathologic fractures
of growing bone, and it is why the calcium-phosphorus ratio of the food is recommended
to be kept between 1.1:1 to 2:1. To allow normal structural and physiologic functions it
is apparent that adequate but not excessive amounts of calcium and phosphorus are
required in the diet of growing young dogs 8. The influence of calcium and phosphorus
on joint development is summarized in Table 2 together with the NRC recommendations
for growing large-breed puppies “°, and the approximate nutritional content of the

ancestral diet of canines, according to Brown (2010) *°.
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Table 2. Summary of macrominerals and their effect on joint growth

Calcium influence directly developmental

Calcium orthopedic diseases by competing with other 39/ 5.7g/
minerals, and has an indirect influence through 1000kcal 1000kcal
stimulating hormonal effect (PTH or calcitonin)
or acid-base balance.

Both excess and inadequate phosphorus intake

Phosphorus can alter the calcium homeostasis and may lead 2.5¢9/ 3.3g/
to excessive osteoclasia and pathologic fractures 1000kcal 1000kcal
of growing bone.

Ca:P ratio 1.2:1 1.7:1

NRC recommendations 4°. Ancestral canine diet according to Brown (2010) %°.

2.4.3 Cation-anion balance

The synovial fluid of hip dysplastic joint has a higher osmolarity and there is an increase
in volume of the synovial fluid compared to disease-free hip joints 3. The dietary cation-
anion balance in foods fed to large-breed puppies during growth has been noticed to
influence the development of canine hip dysplasia *. Dietary cation-anion balance is
calculated by the formula: Na* + K* - CI". When the combination of dietary electrolytes
was kept below 23 mEqg/100g dry mater, it was associated with less severe hip joint laxity
13, The mechanism behind the preventative influence of a low cation-anion balance in
foods fed during growth is unclear, but when the cation-anion balance is increased the net
physiologic effect is alkalization whereas when the balance is lower the net effect is
acidification leading to calcium loss via urine. This results in intensified osteoclasia and
bone remodeling in young dogs 3. This might be related to regulation of acid-base

balance, calcium homeostasis and/or the osmolarity of synovial fluid % 3.
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2.4.4 Other important nutritional factors in bone and joint development

2.4.4.1 Hormonal functions

Other substances that are involved in regulating the longitudinal bone growth are
hormones and growth factors like growth hormone (GH), and insulin-like growth factors
(IGFs). GH is a peptide hormone secreted from the anterior pituitary gland. Secretion of
GH is pulsatile and the main stimuli of GH secretion include physical activity, stress,
fasting, catecholamines, hypoglycaemia, high protein intake and certain amino acids. The
main effect of GH on the growth plate is stimulating chondrocyte differentiation.
Disturbances in GH metabolism can lead to different kinds of diseases depending on the

age of the animal and secreted GH values *2.

The effect of GH on growth is mainly mediated by IGFs (IGF-I and IGF-II). IGF-I is
produced in the liver under the influence of GH, but it has also a paracrine effect and can
be produced locally in the tissues like growth plate cartilage. IGF-I effect on chondrocytes
results in increased longitudinal bone growth. The most important regulators of plasma
IGF-1 concentrations are GH and nutrition. Energy and protein are the main stimulators
of plasma IGF-I concentrations, whereas fasting is decreasing plasma IGF-I

concentrations. The role of IGF-11 in dogs longitudinal bone growth is still unclear *2.

Thyroid hormones T4 and Ts take part in skeletal growth by influencing normal
maturation of growth cartilage, penetration of capillaries, and mineralization of new
formed bone. Thyroid hormones increase the metabolic rate in many tissues including
bone that results in increased remodeling of bone. In the absence of thyroid hormones the
long bones remain short and there are disturbances of ossification and mineralization of

new formed bone %2

Sex hormones have been studied as contributors to development of CHD. Hip dysplasia
can be induced by estradiol injections to pups, but also if the bitch receives estradiol
injections, it has a long term negative effect on the development of the hip joints of their
offsprings . In an old study of Kasstrom et al. (1975) it was found that the plasma

estradiol concentrations were actually lower in hip dysplastic dogs compared to dogs with
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healthy hips, which does not support the idea that high estradiol concentrations could

cause hip dysplasia %.

2.4.4.2 Microminerals

Zinc takes part in over 200 enzyme functions and is essential for the body’s normal
metabolism %8, Zinc is an important cofactor in connective tissue metabolism and is of
practical relevance mainly with regard to skin diseases. During growth, an inadequate
zinc supply can cause growth depression and skeletal disorders 3. There are also some
inborn or genetically defined diseases described in Alaskan malamutes and bull terriers
that cause zinc deficiency leading to skeletal abnormalities and malformations together
with severe skin problems 3. A marginal zinc supply has been shown to result in a
decrease in the zinc concentration of metaphyseal bone, but it is still unclear how such a
marginal zinc supply contributes to developmental orthopedic disease 3. Zinc absorption
from intestines might be impaired if there is high dietary intake of phytic acid, calcium,

copper, or poorly digestible carbohydrates ©°.

Copper is also a component in several enzymes. Because of copper’s enzymatic activity,
copper deficiency disturbs hematopoiesis and the maintaining of the connective tissues
integrity °8. In cartilage and bone tissue copper is essential for collagen and elastin cross-
linking ** %6, Copper deficiency may lead to severe skeletal disease and in dogs the
inadequate copper intake during growth is related to severe deformities like
hyperextension of the forelegs ®’. To assure adequate copper intake from food, the
absorption from the gastro-intestinal tract should also be considered 2. It is known that
high dietary calcium and zinc may cause impaired copper absorption ** 8, Also poorly

digestible carbohydrates and fibers may reduce the copper absorption 5% 6°,

Manganese deficiency is not very commonly seen in dogs *8. Like copper, manganese is
essential for collagen and elastin cross-linking in cartilage and bone tissue ®. Together
with selenium manganese is an important cofactor for enzymes involved in biosynthesis
of glycosaminoglycans and proteoglycans © 0. Experimental dietary manganese
deficiency has led to development of disproportionate, shortened and thickened long

bones 13,
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Boron is an ultra-trace mineral and nutritional requirement for boron has not been
determined. Boron influences calcium, phosphorus, magnesium, and cholecalciferol
metabolism by indirectly influencing PTH activity . In osteoarthritis boron might play
arole in supporting and maintaining the structural and functional integrity of subchondral
bone . Helliwell et al (1996) found that the bone tissue of the femoral head tends to be
less mineralized in osteoarthrosis than in healthy bone tissue with significantly lower
concentrations of boron, lead, and zinc "*. This finding indicates that boron possibly has
a beneficial effect on osteochondral bone . The influence of microminerals on joint
development is summarized in Table 3 together with the NRC recommendations for
growing large-breed puppies *°, and the approximate nutritional content of the ancestral
diet of canines, according to Brown (2010) *°.

Table 3. Summary of microminerals and their effect on joint development

Zinc is important cofactor in connective tissue
metabolism and a marginal zinc supply results in

Zinc a decrease in the zinc concentration of
metaphyseal bone. The influence of zinc in
orthopedic diseases is unclear.

25mg/ 24mg/
1000kcal 1000kcal

In cartilage and bone tissue copper is essential
for collagen and elastin cross-linking. Copper
Copper deficiency may lead to severe skeletal diseases
and in dogs the inadequate copper intake during
growth is related to severe growth deformities.

2.7mg/ 6.0mg/
1000kcal 1000kcal

Manganese is essential for collagen and elastin

cross-linking in cartilage and bone tissue.

Manganese is also together with selenium an 1.4mg/ 3.1mg/
important cofactor for enzymes involved in 1000kcal 1000kcal
biosynthesis of glycosaminoglycans and

proteoglycans.

Manganase

Boron influences calcium, phosphorus,
magnesium, and cholecalciferol metabolism by
influencing indirectly on PTH activity. Boron
might play a role in osteoarthritis by supporting
and maintaining the structural and functional
integrity of subchondral bone.

Boron NA NA

*NA= Has not been established.

NRC recommendations 4°. Ancestral canine diet according to Brown (2010) %°.
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2.4.4.3 Vitamins and Antioxidants

Antioxidants are commonly used in treatment of osteoarthritis to prevent damage caused
by free radicals *. Antioxidants such as superoxide dismutase, bioflavonoids, glutathione,
dimethyl sulfoxide, vitamin C and E are advantageous, because of their ability to reduce
inflammation, and they are naturally found in raw berries, fruits, vegetables and vegetable

oils 1314

Free radical formation is a part of the aging process of cartilage and contributes to the
progression of DJD through their ability to damage cells by oxidative injury 314 Damage
results in depolymerization of the hyalyronic acid, destruction of the collagen, and
decreased production of proteoglycans 2 . Antioxidants are used as oral supplements
for growing dogs with the purpose of supporting growth. However, we were not able to

find any scientific evidence of the efficacy of such preventative use of antioxidants.

Regarding joints, vitamins are essential in normal enzyme functions and take part in
regulation of oxidative stress 8. They also support chondrocyte metabolism and the
integrity of the extracellular matrix . Oxidative stress is characteristic for diseases like
osteoarthritis where the reactive oxygen species overwhelm the endogenous defense
system sustained by vitamins and enzymes like glutathione peroxidase, superoxide
dismutase, and catalase °. Reactive oxygen species has shown to influence also to

reduction of collagen synthesis and cartilage metabolism 7.

Vitamins are determined as organic compounds that are not fats, carbohydrates or protein.
They are essential for normal physiologic function and will cause some deficiency
symptoms if not provided sufficiently in food. Vitamins are classified in two groups: fat-
soluble and water-soluble vitamins. Fat-soluble vitamins are vitamins A, D, E and K,
whereas water-soluble vitamins are Thiamin, Riboflavin, Niacin, Pyridoxine, Pantothenic
acid, Folic acid, Biotin, Vitamin B12, Choline and Vitamin C %,

Vitamin A is a group of compounds that are fat-soluble and are necessary for normal
vision, growth, reproduction, immune function and maintenance of healthy epithelial
tissue. Good sources of vitamin A include fish liver oil, liver, egg, and dairy products. 8.
Vitamin A is essential in bone metabolism, especially for osteoclastic activity. Both

deficiency and oversupplementation during growth may lead to severe metabolic bone
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disease in growing dogs. Excess vitamin A consumption may lead to narrowing of long
bone epiphyseal cartilage, ankylosis, new bone formation without osteolysis, and thin

bone cortices 3.

The vitamin B group is not known to effect joint development, and is there for not

discussed here.

Vitamin C in an antioxidant, and it also functions as a coenzyme in hydroxylation of
proline and lysine during synthesis of collagen fibrils in cartilage * 3. The influence of
vitamin C fed during growth on CHD has been studied without any clear results * 3.
Excess vitamin C supplementation during growth is generally considered to have a minor
or no effect on skeletal growth 3. One old study reported that high dosages of vitamin C
fed to the bitch during pregnancy and to offspring until adulthood, eliminated CHD ™. In
human medicine studies, a reduced risk of cartilage loss and osteoarthritis progression
after oral supplementation of vitamin C, is also reported '®. Knee osteoarthritis was
studied in humans by analyzing their eating habits and antioxidant consumption by a
questionnaire 7’. A higher vitamin C intake was associated with a reduced risk of bone
marrow lesions and with a reduction in the tibial plateau bone area, but no significant
association was found in cartilage volume or cartilage defects and antioxidant
consumption ’’. The study suggest that both vitamin C intake and fruit consumption could
be beneficial in osteoarthritis as they are associated with a reduction in bone size and the
number of bone marrow lesions ”’. However, more well-controlled studies are needed to
determine whether vitamin C supplementation is beneficial for growth and/or as a
treatment for osteoarthritis. It is also important to notice that excess vitamin C
consumption can perpetuate hypercalcemia, which might lead to delay of cartilage
maturation and have an effect on normal bone remodeling #. However, as vitamin C is not
on the list of essential nutrients for the dog, it is also very seldom added to commercial
foods . As long as there is no clear consensus about the benefits and/or disadvantages
of vitamin C in regard to CHD, Richardson et al. (2010) do not recommend vitamin C

supplementation for growing puppies 3.

D vitamins are fat-soluble compounds that can originate from plant sources (vitamin Do,
ergocalciferol) or from animal sources (vitamin Ds, cholecalciferol) 2. Cholecalciferol
can be synthetized in subcutaneous skin from provitamin D following the exposure to sun

light, but dogs seem to be unable to synthetize it in sufficient amounts to fulfill daily
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requirements 2. Good natural sources of vitamin D3 are marine fish and fish oils, but also
fresh water fish and eggs are sources of vitamin D3. Small amounts of vitamin D3 exist in
liver, beef and dairy products %8, Also in humans it has lately been noticed that vitamin D
deficiency is more common than it was thought to be 8. The D vitamins are later
metabolized in the body to active vitamin Dz, which influence the body’s calcium and
phosphorus homeostasis discussed already in chapter 2.4.1.2. Therefore D vitamins are
also important for skeletal growth 3. Severe deficiency of vitamin D3 is known to lead to
osteomalasia, and during the growth phase, to a disease called rickets in humans and dogs
13 In an experiment with Great Dane puppies, vitamin D3 excess was shown to cause
disturbances in endochondral ossification °. The active vitamin D3 has been noticed to
have immunomodulatory actions, and the researchers suggest that correcting vitamin D
deficiency should be an important part of the management of all human patients with joint

disease &,

Vitamin E is the term for a group of compounds that have the biologic activity of alfa-
tocopherol °8. Vegetable oils, seeds and cereal grains are good sources of vitamin E %8
Vitamin E functions as an antioxidant in the body and in the food. With glutathione
peroxidase vitamin E works protecting cells from free radicals. Vitamin E is also
important for reproduction and it takes part in cellular signaling, regulating gene
transcription, modulating immune function, and inducing apoptosis °8. Additionally
vitamin E has been shown to enhance growth of chondrocytes in cell culture, and it

reduced pain and stiffness in human studies on osteoarthritis % 82,

The two major naturally occurring forms of vitamin K are vitamin K1 (phylloguinone)
and vitamin K2 (menaquinone) 8. Vitamin K1 can be synthetized in the gut in small
amounts ®°, and natural sources of vitamin K are alfalfa meal, oilseed meals, fish meal
and liver %8, The most important role of vitamin K is to convert prothrombin to thrombin
in normal blood clotting *8. Vitamin K1 is also essential in the metabolism of glutamic
acid residues which are found in GLA-proteins and osteocalcin. Both affect chondrocyte
mineralization and differentiation positively, which is why vitamin K deficiency is also

considered to be related to development of osteoarthritis in humans >+ 8,

The influence of vitamins on joint development is summarized in Table 4 together with
the NRC recommendations for growing large-breed puppies *°, and the approximate

nutritional content of the ancestral diet of canines, according to Brown (2010) °°.
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Table 4. Summary of vitamins and their effects on joint development

Vitamin A is essential in osteoclastic activity.
Excess vitamin A consumption may lead to
narrowing of long bone epiphyseal cartilage,
ankylosis, new bone formation without
osteolysis, and thin bone cortices.

1263 1U 153751V

Vitamin C in an antioxidant that also function
as a coenzyme in hydroxylation of proline and
lysine during synthesis of collagen fibrils in
cartilage. There is no clear evidence on the
effect of oral vitamin C supplementation on
growth.

NA NA

D Vitamin D influences the body's calcium and
phosphorus homeostasis. Severe deficiency of
vitamin D3 leads to osteomalasia.

136 1U NA

Vitamin E functions as an antioxidant in the
E body. It enhances growth of chondrocytes in 11.31U 231U
cell culture.

Vitamin K1 is essential in the metabolism of
glutamic acid residues which are found in
K GLA-proteins and osteocalcin that both affect NA NA
positively on chondrocyte mineralization and
differentiation.

NA = Has not been established.

NRC recommendations 4°. Ancestral canine diet according to Brown (2010) *°.
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2.4.4.4 Chondroprotective substances

2.4.4.4.1 General information on chondroprotective substances

The chondroprotective substances are defined as various compounds that have a positive
effect on health and on the metabolism of chondrocytes and synoviocytes. The main
effects of the chondroprotective substances are to support or enhance the metabolism of
chondrocytes and synoviocytes and to inhibit catabolic enzymes within the synovial fluid
and cartilage matrix. They also have an antitrombotic influence inhibiting formation of
trombi in small blood vessels supplying the joints 4,

Chondroprotective nutraceuticals are considered non-drug substances that are
administered orally to provide compounds required for normal joint structure and
function with the intent to improve health and well-being ** 4. These nutraceuticals
include glucosamine, chondroitin sulfate, glycosaminoglycans (GAGs), omega-3 fatty
acids, antioxidants, MSM, and sources of them like Green lipped mussel, curcuma,
ginger, and uocca 4 Chondroprotective substances have been used to treat
osteoarthritis in dogs with good results, but they usually need a long treatment period
8, Many of them are mediators of pain, but most of the mechanisms of action are still
unknown or unproven *#. Orally administrated GAGs have a good bioavailability in dogs,
and an increase in plasma values of chondroitin sulfate can be measured after oral
administration 8 &, Orally administrated chondroitin sulfate shows a tropism for
cartilagineous tissues, and it is shown to have anti-inflammatory and chondroprotective
actions, which further on supports the use of orally administrated GAGs 88788 There are
also injectable chondroprotectants that are used in the treatment of osteoarthritis, and they
are also called slow-acting disease modifying anti-osteoarthritis drugs (SAMOAD): e.g.

Pentosan polysulphate, Hyaluronate and Polysulfated glycosaminoglycans 4.

Some of the chondroprotective substances are normal compounds of the articular
cartilage, and are given as supplements for the growing puppies to support skeletal
growth. Actions of chondroprotective substances are discussed in the following chapters

and summarized in Table 5.
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2.4.4.4.2 Glucosamine and GAGs

Glucosamine and GAGs can be provided for the dog as supplements, but they are also
available naturally in raw cartilage and in Green lipped mussel °. Glucosamine and GAGs
support the regeneration of cartilage, because they are the basic components used by
chondrocytes to produce the matrix of articular cartilage 2.

Glucosamine is an amino sugar. It is a precursor to GAGs and normal chondrocytes are
able to synthesize it ** 14, It has been shown that exogenous glucosamine stimulates
proteoglycan and collagen production in chondrocytes in cell culture 4. The results from
human chondrocyte cell cultures support clinical observations suggesting that
glucosamine may have a beneficial effect in the prevention of articular cartilage loss in

treatment of osteoarthritis 1% 8.

The predominant GAG in the extracellular matrix of the articular cartilage is chondroitin
sulfate, but also keratin sulfate is found there in lesser amounts ** 4. Chondroitin sulfate
has been shown to decrease interleukin-1 production, block complement activation,
inhibit metalloproteinases, inhibit histamine-mediated inflammation and stimulate GAG
and collagen synthesis 4 %1, Oral supplementation of GAGs has been used in treatment
of osteoarthritis with promising results 4. Also clinical studies in humans have shown
improvement of clinical signs in osteoarthritis after receiving chondroitin sulfate

supplementation %%,

Both glucosamine and GAGs has been shown to have chondroprotective actions, but there

are no studies available of their efficacy in preventative use.

2.4.4.4.3 Methyl-sulfonyl-methane (MSM)

MSM is derived from dimethyl sulfoxide (DMSQO) and because it anecdotally has a
positive effect and it contains sulfur needed for the formation of connective tissue, it has
been studied as a possible chondroprotective substance !4 The use of oral
supplementation decreased significantly the mean pain index in humans with

osteoarthritic symptoms 94,
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Table 5. Effect of chondroprotective substances on joint health

GAGs

Glycosaminoglycans (GAGS) are

main components of the articular

cartilage matrix. The predominant
GAG in the cartilage matrix is

chondroitin sulfate.

Chondroitin sulfate decreases
interleukin-1 production, blocks
complement activation, inhibits
metalloproteinases, inhibits histamine-
mediated inflammation and stimulates
GAG and collagen synthesis

Glucosamine

Glucosamine is an amino sugar that

is a precursor to GAGs

Glucosamine stimulates proteoglycan
and collagen production in
chondrocytes

Omega 3 fatty acids

Omega-3 fatty acids include: a-
linoleic acid and eicosapentaenoic

acid (EPA) from plants, and

docosahexaenoic acid (DHA) and
other fatty acids from animal

sources.

Decrease inflammation and reduce the
occurrence of microthrombi. Some of
the omega-3 fatty acids alter the gene
expression in the genes that take part in
the progression of degenerative
changes in the cartilage.

Antioxidants

Superoxide dismutase,

bioflavonoids, glutathione, dimethyl
sulfoxide, vitamin C and vitamin E
are compounds that protect cells

from oxidative injury.

Antioxidants reduce inflammation and
protect catrilage from free oxygen
radicals originating from cartilage
degradation.

MSM

MSM is derived from dimethy!l

sulfoxide (DMSO).

Can function as a sulfur donor in
formation of connective tissue.
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2.4.5 Association between puppyhood diet and orthopedic problems

Nutrition plays a key role especially in puppyhood during the first 12 months of life when
the dog is growing fast and before physeal closure. This might take place even later when
talking about large- and giant-breed dogs 1% 3. Large- and giant-breed dogs are most
susceptible to developmental orthopedic diseases because of their genetic propensity for
rapid growth 2. For the purpose of preventing orthopedic problems including CHD, by
nutrition, it is important to understand what kind of food people are providing to their

dogs and why.

When purchasing a puppy the owner nowadays has numerous sources of information
about nutrition and feeding methods *°. Many commercial foods, produced by various
manufacturers, are nowadays prepared especially for growing large-breed dogs, and it
seems that commercial foods are the most common way to take care of your dog’s
nutrition . A study done in Australia and USA revealed that over 90% of the dogs were
fed with commercial foods so that at least half of the intake was commercial, usually dry
food %. Even though the commercial foods are dominating, people have recently been
more interested in feeding their dogs more naturally and they more often chose to feed
their dog unconventional diets such as the bone and raw food (BARF) diet, home prepared

diets or even vegetarian diets %.

A general point of view has been that it is best for the puppies if they are fed with
commercial growth foods, as there then supposedly is only a minimal risk for dietary
deficiencies as the commercial foods should be so well balanced . The problem is
thought to be associated more with dietary excess than with dietary deficiencies as the
high-quality growth foods are supplemented with minerals, vitamins and contain a lot of
energy %. If growing dogs are fed home prepared or BARF diets, the risk of deficiencies

or oversupplementations is taught to increase *.

There is only a minimal amount of evidence based information on how different diets
influence the development of orthopedic disease. Generally commercial foods are
considered safe to use and according to some manufacturers unpublished research that
they use as announcements on the food packages, there is some evidence that dogs fed

commercial foods even have a decreased risk of suffering from numerous health
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problems, compared to dogs that were fed home prepared foods, but there is a lack of

objective studies about the issue %°.

In the following chapters there is some basic information about the ancestral diet of

canines and more modern feeding options.

2.4.5.1 The Ancestral canine diet

Dogs (Canis I. familiaris) started to divergent from gray wolfs (Canis lupus) about 12 000
years ago 1%, First they scavenged kills or took wounded animals that escaped from
nomadic hunter-gatherers, and later when humans became sedentary, the waste attracted
proto-dogs developed, which, at some level, lead to an adaptation towards the omnivorous
life style of humans %%, As a result of intense breeding, there is high prevalence of
different phenotypes in dogs, but these changes are located only in 4 quantitative trait loci
%1, Only three genes that are involved in starch digestion and glucose uptake were under
selection pressure during domestication, but other metabolic traits like capacity to down-
regulate animo acid catabolism and the synthesis of essential nutrients were unaffected
®1, These results indicate that the dog’s digesting physiology is still close to the ancestral
dogs and that of the wolves, but the dogs have adapted and are able to ingest more starch.
In nature the carnivore diet consist of raw food items: bones, meat, and offals including
partly digested content of intestines, as well as grass, vegetables and berries found in

nature °°,

Today the use of a raw food diet is considered as an alternative new diet option, but
actually it is exactly what the ancestors of modern dogs have been eating through
millennia in the wild. It is estimated that the ancestral canine diet consisted of about 85-
90% meat originating primarily from whole prey together with small amounts of fish and
eggs. 10-15% of the diet consisted of scavenged grasses, berries, nuts, and other
vegetation. When consuming an ancestral diet like the one described, about 49% of the
energy intake comes from protein, 44% from fats, and 6% from carbohydrates *°. It is
known that the nutrient intake of gray wolves can change markedly due to differences of
prey availability; when there is prey available their intake might exceed 22 % of their

body weight 1%2. They go first after internal organs like the liver then intestine, muscles,
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joints and tendons and lastly bones 12, But when times are hard, they go back to the prey
and ingest low-nutritious parts like the bones %2, Furthermore, during these times when
there is low availability of prey, wolves are required to conserve body proteins to maintain
a synthesis capacity for essential nutrients. This ability to adapt to surrounding conditions
also made it possible for dogs to adapt to human waste diets when prey availability was

low.

In a typical BARF diet it is recommended that 60 % of the food is offered as raw meaty
bones, 30 % of the food is vegetation, and 5-10% is offals, eggs etc 1%, From the raw
meaty bones dogs get high quality proteins, which is especially important for carnivores,
as their diet mainly should consist of protein and fats °°. In a typical frozen commercial
raw food in the states, there is 36% of protein, 59% of fat and 5% carbohydrates *°.
Wheras in a typical Finnish frozen raw food, there is 41% protein, 44% fat, no
carbohydrates and 15% crude ash %4, There are however many variations of raw food
diets. Schultze’s diet is based on a canine nutrition pyramid where the basis is raw meat
and eggs, after them comes raw bones and raw vegetables, and in a minor role in this diet
are alfalfa, fatty acids and vitamin C. Volhard’s diet feeds the dog porridge consisting of
grain, molasses, oil, eggs and vitamins in the morning, and in the evening a meal
consisting of raw meat, fresh and dry vegetables and herbs together with wheatgerm, bran,

bones, garlic, beer yeast, apple vinegar, cod liver oil and vitamin C 1%,

There are some concerns about feeding raw food diets to dogs. One is the possible
nutritional inadequacy, similar to that of any other home prepared foods. Another concern
is public health, because of the possible pathogens in raw foods. There have been claims
that even the commercial raw food diets do not fill the nutrient recommendations and that
there are clear health risks associated with feeding raw food diets for the dogs, because
of nutritional deficiencies and nutritional excess found in some raw food diets tested 1%
106 Billinghurst and Brown consider feeding raw food with bones a healthy diet for dogs,
whereas Freeman and Michelin state that feeding raw bones is dangerous and might cause
severe health problems including intestinal obstructions, perforations, gastroenteritis and

broken teeth 99 103105,
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2.4.5.2 Commercial dry foods

At the moment commercial food is the most common way to provide food for dogs *.

There are countless different brands and options where to choose from.

In a typical dry food there is 25% protein, 32% fats and 43% carbohydrates °. The
amount of carbohydrates in commercial foods is a constant subject of discussion.
However, even as the ancestral canine diet did not consist of that high amount of
carbohydrates, they are not considered harmful for the dogs and there are studies showing

that dogs are able to utilize them as a source of energy °L.

2.4.5.3 Home prepared diets

Home prepared diets mean foods that are cooked for the dog at home, but it also includes
all the ready meals sold for humans and dogs in grocery stores. Why choose to feed a
home prepared diet for a dog? The reason can simply be that some people desire to cook
food for their pets or they might question the wholesomeness of the commercial pet foods.
Home prepared food might be indicated also to diagnose allergies in elimination diets
when there is no suitable commercial diet available or the dog is refusing to eat the

appropriate diets available 1.

There are some drawbacks in feeding home prepared diets. First of all it takes more time
to prepare and it might not be as cost effective as commercial pet foods. Secondly, to
achieve a well-balanced diet, the owner must acquire sufficient amount of knowledge
about a dog’s nutritional requirements, to be able to make the food. In general it is harder
to achieve a balanced nutritional content when preparing the food oneself and if a dog is
fed with human meal remains it is unlikely that it will match nutritional requirements for
dogs 1%, Most human diets have a higher P content °’. This leads to a Ca:P ratio of 1:20
or even 1:100, when it should be between 1.2-2:1 %7, Also, most common ingredients are
rich in copper, but for instance some homemade unsupplemented foods made of rice,

dairy products, fat or starch may have low copper concentrations 3.
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2.4.6 Conclusions about different feeding methods

According to Brown 2010 the modern dog foods have three weaknesses: they do not
contain enough proteins, the fats are usually unbalanced or incomplete and some part of
the nutrition needs to be provided fresh *°. According to Billinhurst’s book (1993),
feeding raw food is recommended because cooking is destroying vitamins and enzymes,
among these many of the antioxidants 13, Cooking may also reduce the nutritional value
of the proteins and make them harder to digest *°. Amino acids lysine and methionine
are destroyed during heating and heating can also produce completely new substances 1%,
He also stated that when proteins, fats and carbohydrates are heated they change and new

substances may form 1%,

However there is only little evidence based information on how different diets influence
the development of orthopedic disease. In general it is thought that the diet of a growing
puppy should be balanced, include high quality proteins, and all the essential nutrients.

At this time, still there is no evidence of any diet being superior to another.

To this end we wanted to compare the diets of healthy dogs and dogs that were diagnosed
with CHD. We hoped that we at least would find some trends, that later can be tested in

clinical trials.
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3 MATERIALS AND METHODS

3.1 Study design

The study was conducted as an online questionnaire and it was advertised to dog owners
on the website of the University of Helsinki Veterinary Faculty, in veterinary clinics, in
pet food stores, in kennel journals and in newspapers. The questionnaire was available
online for all dog owners to complete. An announcement about the study was published
in the journal of the Finnish German Shepherd Club (Saksanpaimenkoiralehti 4/2012)
and on the website of the German Shepherd dog Club (www.spl.fi). To increase the study
material a personal letter was sent to German Shepherd owners known to have a
dysplastic dog (D or E hips). The link to the questionnaire was spread also through social
media. The study was designed as an epidemiological explorative case-control study and
the data was collected between December 2009 and October 2012.

3.2 The questionnaire and the data

The questionnaire (Appendix 1) questions were in Finnish. The questionnaire included
questions about the dog’s general descriptives, information about the dog’s living
environment, diseases, its mother’s diseases, its mother’s feeding during pregnancy, the
dog’s vaccinations, deworming and the dog’s nutrition. Nutritional questions were
distributed into four phases of life: 0-2 months, 2-6 months, 6-12 months (or 6-18 months
in large-breed dogs) and adulthood. To avoid completing the same answers twice the
owners could choose an option which indicated that the dog was fed like described earlier.
In the present study the point of interest was the feeding during puppyhood and as a
youngster, especially phases of life from 2-6 months and 6-12 or 18 months. In the
questionnaire there were drop-down menus for a lot of food groups, from which the
owners then were able to choose specific food items, dog foods, or human foods, as parts
of the dog’s diet. For each food item or nutrient there was a 5-point descriptive scale for
the owners to estimate how often it was given. The options were: 1 = never, 2 = a couple

of times per year, 3 = a couple of times per month, 4 = a couple of times per week and 5
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= daily or always, or nearly always. The answers were later categorized into only three

classes: “rarely/never (1+2), “seldom” (3), “often/always” (4+5).

In each phase of life the owners were also requested to estimate the proportion of different
diets that they were providing to their dog. The options were a) bone and raw food diet
(BARF), b) home prepared food, ¢) commercial dry food or d) other heated commercial
foods. As people had a hard time adding up the proportions to a 100%, a ratio was
calculated from each percentage value so that the answers above and below 100 % could
be used in comparison. Percentage values were then categorized into five classes: 0 — 20,
20.01 - 40, 40.01 - 60, 60.01 — 80 and 80.01 — 100%.

It was not necessary for the owners to answer every question in the questionnaire, leading
to a situation where some of the owners answered only what they were feeding to the dog
and left other parts empty. If the questionnaire was otherwise completed properly, the
parts left empty were completed with a number one (1), meaning rarely or never.

3.3 Subiject selection

The study population chosen for this study was German Shepherd Dog, partly because
this study was a part of a bigger GSD study, and partly because of the breed’s high
prevalence of the CHD 31°. Inclusion criteria were that the owner had properly completed
the feeding parts of the questionnaire and there was an official hip screening result
available. If an owner had completed the feeding parts properly, but the screening result
of CHD status was missing, it was verified from the Finnish Kennel Club’s database, if
possible. Dog’s elbow dysplasia screening status and sex, if missing, were also verified
from the Finnish Kennel Club’s database. The case group was chosen from the
questionnaire by including dogs with severe CHD indicated by a screening status of C/D,
D/C, DID, DIE, EID, C/E, E/C or E/E. Only dogs with the CHD screening result A/A
were included into the control group. Both the case group and the control group were
chosen separately for each phase of life because not all the owners had answered all

“phases of life” questions asked.

Exclusion criteria were an inadequate filling of the questionnaire or an absence of the

official hip screening result. Dogs were also excluded if both the official name of the dog
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and the registration ID were missing, leading to failure to verify the screening result from

the Finnish Kennel Club’s official database.

3.4 Statistical methods

Baseline bias for nonparametric variables was assessed by a Chi-Square test and cross
tabulation whereas a T-test was used for parametric variables 1. Associations between
the nutrition of puppyhood and CHD were analyzed using cross-tabulation. Test for
normality was performed using the Kolmogorov-Smirnov test. Because of the uneven
distribution of the data, a Pearson Chi-Square test and the Spearman’s correlation
coefficients (rs) were used to compare the questionnaire answers between the case and the
control groups 1%, The difference in percentage of given dry, other commercial, home-
cooked, or bone and raw food (BARF) diets per case or control group were analyzed using
the Mann-Whitney U-test., because of the uneven distribution of the data %, Principal
component analysis was done to describe correlations between food items provided to the
dog. In this test the rotation of the components was done by the Varimax equation. Only
the nutriment groups with an eigenvalue > 1, and loading values > 0.4 were interpreted
109,110 The association of the factors formed by the principal component analysis to the
CHD was studied using the T-test. Also a Cronbach’s alpha test was performed for each
component to interpret internal consistency. The internal consistency was good with
Cronbach’s alphas > 0.7. All tests were 2-tailed, and significance was set at P < 0.05.
The statistical tests were performed by IBM SPSS Statistics, version 20.0.0 for Windows
(SPSS Inc., Chicago, IL, USA).
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4 RESULTS

4.1 Descriptives of the dogs

In the age group of 2-6 months the total number of subjects was 157: 54 hip dysplastic
dogs and 103 nondysplastic dogs. In the age group of 6-18 months the total number of
subjects was 130: 49 hip dysplastic dogs and 81 nondysplastic dogs (Table 6). There
was no statistically significant difference between sex, body weight or number of dogs
with concurrent elbow dysplastic changes in the case and control groups (Table 6). The

total distribution of feeding habits in the current data is shown in the Tables 7 and 8.

Table 6. Baseline characteristics of the case and control groups where the P-value
signifies the difference between the two groups.

20/34 45/58 0.496 20/29 34/47 1.000

Male/Female
33.25 32.31 33.40 32.75
31 51
Mean bodyweight + SD, kg +52 +5.6 0-316 +54 +56 0519
No dysplastic changes in 39/13 85118 0292  34/13 66/15  0.270

elbows / Changes in elbows

4.2 Questions about feeding at the age of 2 - 6 months

In this study a negative correlation means that the food item has a protective influence on

CHD and positive correlation represents increased risk for the disease.

At the age of 2 — 6 months the frequency of feeding raw offals, raw fish, raw meat, raw
bone and cartilage, raw tripe and raw egg to the dog were significantly different between
the control group and the case group. Furthermore, these raw foods had a negative

correlation with CHD indicating that raw foods could protect the dog from CHD (P-
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values 0.000-0.024). Also oils and fats of animal origin showed a significant difference
between the study groups and the correlation to CHD was again negative (P-value 0.022).
Cooked meat and cooked bone and cartilage also had a significant difference between the
control group and the case group, but on the contrary to raw food items, they had a
positive correlation to CHD (P-values 0.005 and 0.037). At the age of 2-6 months 90.7%
of the case group and 83.5% of the control group received dry commercial food daily, but
this difference between the two groups was not significant (P-value = 0.117). Other
interesting food items were cooked tripe, cooked rice, potato, and dog biscuits with P-
values 0.139-0.177, but not significant. All the P-values and correlation coefficients for

each food item given to the dog at age 2 - 6 months are shown in Table 7.

Table 7. Associations between food items and CHD at the age of 2 - 6 months. The P-
value is the statistical difference between dysplastic and nondysplastic dogs.* =
significant on the level p £0.05,** = p <0,001. rs = Spearman’s correlation coefficient.
Statistically significant results are also written in bolded italics.

Raw offals* 90.7 3.7 5.6 69.9 18.4 11.7 -0.23 0.010
Raw fish * 88.9 5.6 5.6 69.9 19.4 10.7 -0.21 0.024
Raw meat * 55.6 20.4 24.1 32.0 14.6 53.4 -0.28 0.002
Raw bone and

cartilage ** 63.0 24.1 13.0 29.1 22.3 48.5 -0.38 0.000
Raw tripe * 77.8 13.0 9.3 55.3 20.4 24.3 -0.23 0.018
Raw egg * 74.1 16.7 9.3 51.5 27.2 21.4 -0.22 0.022
Raw vegetables 70.4 13.0 16.7 68.0 10.7 21.4 -0.03 0.754
Raw fruits 77.8 13.0 9.3 71.8 16.5 11.7 -0.06 0.730
Raw berries 79.6 14.8 5.6 718 14.6 13.6 -0.10 0.307
Fresh food for

dogs (only 50%

of the itemsraw)  59.3 16.7 24.1 49.5 14.6 35.9 -0.11 0.349
Cooked meat * 63.0 22.2 14.8 85.4 9.7 4.9 0.26 0.005
Cooked offals 90.7 5.6 3.7 88.3 8.7 2.9 -0.03 0.767
Cooked fish 77.8 18.5 3.7 87.4 11.7 1.0 0.13 0.200
Cooked bone

and cartilage * 75.9 18.5 5.6 89.3 5.8 4.9 0.17 0.037
Cooked tripe 87.0 13.0 0.0 93.2 4.9 1.9 0.10 0.146
Cooked egg 79.6 16.7 3.7 77.7 17.5 4.9 -0.02 1.000
Sausage 50.0 315 18.5 51.5 22.3 26.2 -0.02 0.380
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Blood crepe 90.7 9.3 0.0 89.3 10.7 0.0 -0.02 0.794
Liver casserole 79.6 16.7 3.7 85.4 10.7 3.9 0.07 0.507
Table scaps 44.4 37.0 18.5 56.3 24.3 194 0.08 0.235
Cooked

vegetables 70.4 111 18.5 78.6 12.6 8.7 0.11 0.237
Cooked rice 42.6 37.0 20.4 59.2 26.2 14.6 0.15 0.139
Other grain

products 75.9 111 13.0 77.7 12.6 9.7 0.03 0.839
Potato 72.2 24.1 3.7 83.5 15.5 1.0 0.14 0.162
Pasta 90.7 9.3 0.0 89.3 7.8 29 -0.03 0.545
Dry dog food 5.6 3.7 90.7 15.5 1.0 83.5 0.11 0.117
Bread 68.5 18.5 13.0 73.8 18.4 7.8 0.07 0.601
Gluten free

bread 98.1 1.9 0.0 97.1 2.9 0.0 -0.03 1.000
Dry dog food as

a treat 46.3 22.2 315 42.7 23.3 34.0 -0.03 0.908
Dog biscuits 59.3 24.1 16.7 72.8 18.4 8.7 0.15 0.177
Bones made of

skin 25.9 315 42.6 36.9 31.1 32.0 0.12 0.293
Tinned sausages

for dogs 81.5 111 7.4 77.7 16.5 5.8 -0.04 0.736
Therapeutic dog

feeds 100.0 0.0 0.0 99.0 0.0 1.0 -0.06 1.000
Yrjold's porridge  85.2 1.9 13.0 80.6 7.8 11.7 -0.05 0.338

Fermented

foods

Fermented meats

94.4

5.6

0.0

94.2

5.8

0.0

-0.01

1.000

Fermented
grains

98.1

1.9

0.0

99.0

0.0

1.0

0.04

0.571

Fermented
vegetables

100.0

0.0

0.0

98.1

1.0

1.0

-0.08

1.000

Dried animal

parts 42.6 35.2 22.2 49.5 30.1 20.4 0.06 0.723
Dried offals 74.1 16.7 9.3 82.5 12.6 4.9 0.10 0.368
Dried fish 92.6 3.7 3.7 95.1 3.9 1.0 0.05 0.633

Milk products

Milk 96.3 1.9 1.9 98.1 1.9 0.0 0.05 0.706
Icecream 94.4 5.6 0.0 91.3 8.7 0.0 -0.06 0.547
Milk products 241 25.9 50.0 26.2 21.4 52.4 -0.01 0.817
Cheese 59.3 27.8 13.0 73.8 194 6.8 0.15 0.160

Vegetable oil 55.6 16.7 27.8 41.7 18.4 39.8 -0.14 0.235
Qils, fats of

animal origin*  77.8 14.8 7.4 55.3 26.2 18.4 -0.22 0.022
Oil products 87.0 3.7 9.3 79.6 4.9 15.5 -0.09 0.545




Woden sticks 33.3 22.2 44.4 43.7 16.5 39.8 0.08 0.424
Carcasses 96.3 1.9 1.9 93.2 3.9 2.9 -0.06 0.762
Grass 35.2 38.9 25.9 40.8 29.1 30.1 0.01 0.495
Soil 90.7 5.6 3.7 83.5 10.7 5.8 -0.10 0.505
Clay and stone 83.3 11.1 5.6 82.5 7.8 9.7 -0.02 0.576
Water from

puddles 38.9 24.1 37.0 28.2 26.2 45.6 -0.11 0.386
Feaces 59.3 22.2 185 74.8 12.6 12.6 0.15 0.127

The mean proportion of BARF fed to the dog at the age of 2 — 6 months was significantly
different between hip dysplastic dogs and non-dysplastic dogs (P-value 0.021, N=150) so
that dogs in the healthy control group more often received BARF food that the dogs in
the case group (Figure 3). At this age the diet of 7 puppies (n=150) consisted of more than
70 % of BARF. From these puppies 6 belonged to healthy control group and 1 in to case
group. The mean BARF intake in the healthy group was 15 % of the diet whereas the
mean BARF intake in the case group was 5% of the diet. There was no significant
difference between the groups in the proportion of other types of foods fed to the puppy
at the age of 2 - 6 months.

%
100
90
80
70
60 - ]

50 -
40 - _ B Hip dysplastic dogs

30 - 1 | O Nondysplastic dogs
20 - T

Nl
o B N T
Commercial  Other Home BARF
dry food commercial prepared

food food

Figure 3 Mean portion of different foods fed to the dog at the age of 2-6 months and
statistic deviation inside the group (hip dysplastic dogs n = 52, non-dysplastic dogs n =
98). The one marked with * showed a statistically significant difference between study
groups, where the level of significance was p <0.05.
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4.3 Questions about feeding at the age of 6 - 18 months

All the P-values and correlation coefficients for each food item given to the dogs at the
age of 6 - 18 months are shown in Table 8. At the age of 6 — 18 months the frequence of
feeding raw offal, raw fish, raw meat, raw bone and cartilage and raw tripe to the dog
were significantly different between the control group and the case group. Furthermore,
these raw foods had a negative correlation to CHD. Cooked meat, cooked bone and
cartilage, sausage and table scraps also showed a significant difference between the
control group and the case group, but on the contrary to raw food items they had a positive
correlation to CHD. As mentioned earlier, in this study a negative correlation means that
the food item has a protective influence on CHD and positive correlation represents
increased risk for the disease. At the age of 6-18 months 81.6% of the case group and
77.8% of the control group received dry commercial food daily, and the difference
between the two groups was again not significant (P-value 0.833). However raw berries,
fresh food for dogs (where 50 % was raw and 50 % heated), cooked rice, therapeutic dog
feeds, and oils and fats of animal origin showed a trend towards being significant, so that
raw berries, fresh food for dogs, and oils and fats of animal origin (P-values 0.074-0.096)
seemed to have protective influence on CHD, whereas cooked rice and therapeutic dog
feeds (P-values 0.067, 0.098) seemed to have the opposite effect. Other interesting food
items in this age group were raw egg, vegetable oil (protective), cooked fish, liver
casserole and potato (associated with increased risk for disease) with P-values 0.100-

0.189, but again not significant.
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Table 8. Associations between food items and CHD at the age of 6 - 18 months. The P-
value is the statistical difference between dysplastic and non-dysplastic dogs.* =
significant on the level p <0.05, ** = p < 0,001. rs = Spearman’s correlation coefficient.
Statistically significant results are also written in bolded italics.

Raw offals ** 91.8 4.1 4.1 63.0 24.7 12.3 -0.31 0.001
Raw fish * 87.8 6.1 6.1 61.7 21.0 17.3 -0.27 0.006
Raw meat * 53.1 16.3 30.6 29.6 17.3 53.1 -0.24 0.019
Raw bone and

cartilage ** 61.2 22.4 16.3 23.5 29.6 46.9 -0.39 0.000
Raw tripe * 69.4 18.4 12.2 46.9 22.2 30.9 -0.24 0.024
Raw egg 65.3 24.5 10.2 49.4 25.9 24.7 -0.18 0.100
Raw vegetables 65.3 12.2 224 55.6 16.0 28.4 -0.09 0.582
Raw fruits 79.6 14.3 6.1 67.9 16.0 16.0 -0.14 0.237
Raw berries 83.7 12.2 4.1 67.9 17.3 14.8 -0.18 0.096
Fresh food for

dogs (only 50%

of the items raw)  61.2 10.2 28.6 40.7 13.6 45.7 -0.20 0.074
Cooked meat * 67.3 16.3 16.3 87.7 9.9 25 0.26 0.005
Cooked offals 89.8 6.1 4.1 85.2 9.9 4.9 -0.07 0.779
Cooked fish 75.5 22.4 2.0 88.9 9.9 1.2 0.18 0.124
Cooked bone

and cartilage * 75.5 245 0.0 88.9 7.4 3.7 0.16 0.007
Cooked tripe 91.8 6.1 2.0 92.6 7.4 0.0 0.02 0.563
Cooked egg 77.6 18.4 4.1 75.3 17.3 7.4 -0.03 0.849
Sausage * 49.0 36.7 14.3 53.1 17.3 29.6 -0.04 0.021
Blood crepe 85.7 14.3 0.0 88.9 9.9 1.2 0.04 0.734
Liver casserole 71.4 224 6.1 86.4 9.9 3.7 0.18 0.106
Table scraps * 38.8 42.9 18.4 55.6 22.2 22.2 0.10 0.044
Cooked

vegetables 735 8.2 18.4 81.5 9.9 8.6 0.11 0.275
Cooked rice 429 38.8 18.4 61.7 235 14.8 0.16 0.098
Other grain

products 735 20.4 6.1 79.0 12.3 8.6 0.05 0.430
Potato 71.4 22.4 6.1 85.2 12.3 2.5 0.17 0.189
Pasta 87.8 12.2 0.0 92.6 4.9 25 0.08 0.252
Dry dog food 16.3 2.0 81.6 21.0 1.2 77.8 0.05 0.833
Bread 63.3 245 12.2 76.5 16.0 7.4 0.14 0.297
Gluten free

bread 98.0 2.0 0.0 98.8 1.2 0.0 0.032 1.000
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Dry dog food as

a treat 55.1 18.4 26.5 50.6 21.0 28.4 -0.04 0.913
Dog biscuits 63.3 24.5 12.2 74.1 18.5 7.4 0.12 0.429
Bones made of

skin 28.6 38.8 32.7 40.7 33.3 25.9 0.12 0.379
Tinned sausages

for dogs 83.7 10.2 6.1 76.5 17.3 6.2 -0.08 0.548
Therapeutic dog

feeds 91.8 0.0 8.2 98.8 0.0 1.2 0.18 0.067
Yrj6la's porridge  91.8 2.0 6.1 91.2 3.8 5.0 -0.01 0.902
Fermented

Fermented meats  91.8 8.2 0.0 95.1 4.9 0.0 0.07 0.709
Fermented

grains 98.0 2.0 0.0 100.0 0.0 0.0 0.11 0.377
Fermented

vegetables 100.0 0.0 0.0 98.8 0.0 1.2 -0.07 1.000
Dried animal

parts 46.9 30.6 22.4 50.6 28.4 21.0 0.03 0.916
Dried offals 85.7 10.2 4.1 85.2 9.9 4.9 -0.01 1.000
Dried fish 95.9 4.1 0.0 92.6 6.2 1.2 -0.07 0.818
Milk 95.9 4.1 0.0 98.8 1.2 0.0 0.09 0.556
Icecream 93.9 6.1 0.0 93.8 6.2 0.0 -0.00 1.000
Milk products 36.7 18.4 44.9 28.4 25.9 45.7 -0.05 0.479
Cheese 59.2 28.6 12.2 72.8 19.8 7.4 0.14 0.281
Vegetable oil 53.1 20.4 26.5 37.0 18.5 44.4 -0.18 0.112
Oils, fats of

animal origin 73.5 14.3 12.2 54.3 25.9 19.8 -0.18 0.092
Oil products 83.7 8.2 8.2 80.2 4.9 14.8 -0.05 0.459
Outdoor

Wooden sticks 32.7 22.4 44.9 46.9 17.3 35.8 0.13 0.303
Carcasses 98.0 2.0 0.0 91.4 3.7 4.9 -0.14 0.219
Grass 38.8 40.8 20.4 40.7 33.3 25.9 -0.02 0.679
Soil 91.8 4.1 4.1 88.9 7.4 3.7 -0.05 0.822
Clay and stone 85.7 8.2 6.1 87.7 7.4 4.9 0.03 1.000
Water from

puddle 38.8 30.6 30.6 28.4 30.9 40.7 -0.20 0.389
Feaces 63.3 16.3 20.4 74.1 12.3 13.6 0.12 0.439

The mean proportion of BARF food fed to the dog at the age of 6 — 18 months again was
significantly different between the hip dysplastic and non-dysplastic dogs (P-value 0.006,
N=102). Dogs in the control group received BARF food more often that the dogs in the
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case group (Figure 4). At this age the diet of 12 puppies (n=102) consisted of more than
70 % of BARF. From these puppies 10 belonged to the healthy control group and 2 to the
case group. The mean BARF intake in the healthy group was 25 % of the diet whereas
the mean BARF intake in the case group was 8% of the diet. There was no significant
difference between the groups in the portions of any of the other types of foods fed to the
puppy at the age of 6 - 18 months.

%
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dry food commercial prepared
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Figure 4. Mean proportions of different foods fed to the dog at the age of 6 - 18 months
and statistic deviation inside the group (hip dysplastic dogs n=36, non-dysplastic dogs
n=66). The one marked with * showed statistically significant difference between study
groups, * = significant on the level p <0.05.

4.4 Principal Component Analysis

4.4.1 General about the Principal Component Analysis

The Principal Component Analysis (PCA) is used when there are a large number of
variables and it is assumed that there might be redundancy between those variables 1%°. It

means that some of the variables correlates with one another and might actually measure
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the same “thing” 1%°. The PCA combines all the variables that have a correlation to groups
called components that then can be used in further analysis 19110, In this study, the PCA
was used to analyse, if feeding of some of the food items or feeds correlated and if

components could be formed from them.

4.4.2 Choosing the components

In both age groups in this study the PCA suggested up to 16 components, that had an
eigenvalue of > 1, because also the components from the scree plot’s so called shoulder
(hill like pattern commonly seen right after vertical axel) can be chosen for further
examination 1% 119 If all the 16 components had been chosen, the total variance explained
would have been around 70 % in both age groups, but only the groups located on the

vertical portion in the scree plot were chosen 0% 110,

In the age group of 2-6 months all four components situating on the vertical axel of the
scree plot were chosen, then explaining only 35.3% of the total variance in the study
material (Figure 5). Again, in the age group of 6-18 months, all five components situating
on the vertical axel of the scree plot were chosen, however, explaining only 40.9% of the
total variance in the study material (Figure 6). On each component a Cronbach’s o test

was performed.

Dry commercial food was not included in any of the components, but it had a strong
negative correlation to both BARF food components shown in table 9. In the age group
of 2-6 months the negative correlation of dry food was -0.441 and in the age group of 6-
18 months -0.523.
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Figure 5 Scree plot of the eigenvalues of the components at the phase of life from 2-6
months. All the components from the vertical axel (4 components) were chosen to
further examination.
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Figure 6 Scree plot of the eigenvalues of the components at the phase of life from 6-18
months. All the components from the vertical axel (5 components) were chosen to
further examination.
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4.4.3 Principal component analysis for the age group of 2-6 months

In the principal component analysis in the age group of 2-6 months the first component
seemed to be a general raw food or a BARF diet component, having a strong negative
association to CHD and consisting of raw offals, raw tripe, raw fish, raw egg, raw bone
and cartilage, and raw meat, with good internal consistency (Table 9a). The 2"
component consisted of raw fruits, raw berries, raw vegetables and vegetable oil and its
internal consistency was acceptable. The 3™ component was likely to take in the
population of dogs that are at least partly fed with home prepared food and in this
component there were also fermented grain, pasta, potato, and cooked fish, but the
internal consistency of the component was questionable. The 4™ component consisted of
some of the outdoor eatables: grass, wooden sticks, water from puddles, clay and sand,

and soil. The Chonbach’s alpha value was acceptable for this group.

4.4.4 Principal component analysis for the age group of 6-18 months

The first component in this age group also seemed to be a raw food or BARF diet
component, having a strong negative association to the CHD and containing raw offals,
raw tripe, raw meat, raw fish, raw egg, raw bone and cartilage with a Chonbach alpha
value of 0.781, indicating good internal consistency (Table 9b). The 2" component
consisted of glutein free bread, fermented grain, fermented meat, cooked offals, and dried
offals with questionable internal consistency. The 3@ component consisted of different
kinds of dog’s treats: dry food as a treat, sausage, dog biscuit and bones made of skin and
had questionable internal consistency. The 4" component in this age group resembled the
4™ component in the age group of 2-6 months consisting outdoor eatables: soil, clay and
stone and blood crepes with an acceptable internal consistency. The 5 component
consists of cooked egg, cooked rice, and fresh food for dogs with poor internal

consistency.
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Table 9a and b. Food items in different components according to the principal
component analysis. Cronbach’s alpha values were calculated to each component to
estimate internal consistency. Statistically significant Cronbach’s alpha values were
written in italics and bold.

Table 9a (2-6 months, n = 157).

2-6 MONTHS
2nd
1%t component component 34 component 4™ component
Raw offals Raw fruits Fermented grain  Grass
Raw tripe Raw berries Pasta Rods
Raw Water from
Raw fish vegetables Potato puddle
Raw egg Vegetable oil  Cooked fish Clay and stone
Raw bone and
cartilage Soil
Raw meat
Cronbach’
s alpha 0.840 0.786 0.656 0.706
Statistical
association
to CHD 0.000 0.135 0.468 0.731

Table 9b (6-18 months, n = 130).

6-18 MONTHS

1%t component 2" component 39 component 4" component 5" component

Raw offals Glutein free Dry food as a Soil Cooked egg
bread treat
Raw tripe Fermented grain  Sausage Clay and stone  Cooked rice
Raw fish Fermented meat Dog biscuit Blood crepe g(r;;ssh food for
Raw egg Cooked offals Bqnes made of
skin
RaV\_/ bone and Dried offals
cartilage
Raw meat
Raw berries
Raw vegetables
Dry food (-)
Cronbach’
salpha 0.781 0.603 0.697 0.781 0.569
Statistical
association
to CHD 0.000 0.302 0.886 0.739 0.954
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5 DISCUSSION

5.1 Results

All the analyses pointed to the same association; raw animal derived foods seemed to
reduce the incidence of CHD in German Shepherd dogs in this Finnish population. It is
known that nutrition plays a key role in development of joints but it is still unclear what
aspect of nutrition is the most important. This is the first time that the influence of food
eaten at young age (before official hip dysplasia radiographs are taken) on the

development of CHD has been studied.

There might be several reasons why a negative association was seen between raw food
and disease: a reason for this could be that the BARF diet contains high quality nutrients
in their natural form and that the diet is closer to the diet that ancestral canines consumed
in the wild. Although some recent articles of raw food diets for dogs did not recommend
them due to both badly balancing and public health concerns, raw bones and cartilages
contain lots of compounds that are already defined as chondroprotective substances and
used commonly as supplementations in prevention and treatment of osteoarthritis due to
CHD 1112 One theory might be that the microbiota of the gut is more physiologically
correct after ingestion of raw food and does not predispose for a chronic inflammatory
process in the gut. This would then lead to normal permeability of the gut barrier, normal
immunity, normal nutrient transport through the intestinal wall and normal nutrient
production in the gut (ie.Vitamin K). Vitamin K, C and D deficiency has been associated
with an inflammatory gut and with osteoarthritis in humans * 13114 Alsg, it is known
that the absorption of nutrients from the gut is impaired if the diet contains high amounts
of poorly digestible carbohydrates %, which might happen when manufacturers replace
animal protein by vegetal protein of low quality, to reduce costs of production and raise
profits.

To avoid excess energy intake large-breed dogs are not recommended to be fed ad libitum
during puppyhood. In the present study there was no dietary diary so it was not possible
to calculate the energy content for each dog and therefore it is not possible to say if the

dogs were over- or underfed.
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To keep calcium homeostasis in balance the Ca:P ratio of the food is traditionally
recommended to be kept between 1.1:1 and 2:1, and all other calcium supplementations
to the food are to be avoided ** 2% 2745 Even though calcium excess is thought to be
harmful, the practice of feeding raw bones in addition to commercial foods was shown to
be beneficial for joint health in this study. In raw bone the Ca:P ratio is from 2,3:1 to

2,5:1, which could explain why they are more safe to feed than excess calcium only.

In this study all the raw food items of animal origin that were asked about in the
questionnaire, fed to the growing puppy seemed to protect from CHD. The food item
“fresh food for dogs” was the only exception. It was first included into the raw food
section, but it cannot really be considered as raw, because some of the options were later
found to be industrial cooked foods, which also explains, why it was the only raw item
that did not show significant difference between the case and the control groups.

Raw food items of animal origin fed during growth together formed a component in the
PCA which had good internal consistency in both age groups. It was not possible to say
anything about the protective effects of individual raw food items on CHD (raw meat,
raw bones, raw cartilage, raw offals, raw tripe, raw fish and raw egg), because feeding of
individual raw food items had a high positive correlation together. Nevertheless, it is
known that the raw cartilage itself contains glycosaminoglycans and other substances
with chondroprotective actions ° * and when combining this information and the highly
significant p-values (P<0.0001) of protective influence of feeding raw bone and cartilage
in both age groups, it supports the idea that raw bone and cartilage fed to the German
Shepherd dogs at young age could prevent CHD. Also, together with bone and cartilage
material, raw meat is usually fed. This practice is called “feeding meaty bones” and
contains lots of high quality proteins that according to Brown (2010), is one of the most
important factors of the canine diet *°. Because the raw food items correlated together it
might also be that some of these food items do not have a real protective influence on
CHD, but are shown to be protective, because they are fed together with food items that

protect from CHD.

Feeding of frankfurters at the age of 6-18 months also seemed to protect from CHD. This
is hard to explain based on current knowledge and can of course be because of chance.
But, it might also be that the sausage correlates with something else that protects from

CHD and is because of that seen here as a protective food item. Frankfurter pieces are
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quite commonly used as training treats for dogs, so it might be that these dogs had been
exercising more and that this protected them from CHD. The dietary cation-anion balance
in foods fed to large-breed puppies during growth has been noticed to influence the

development of canine hip dysplasia *

, and keeping the combination of dietary
electrolytes below 23 mEq/100g dry mater was associated with less severe hip joint laxity
13, Feeding sausages that usually are high in salt could increase the dietary electrolyte
balance and thus be harmful to the joint development, but the outcome was actually the

opposite in this study.

Oils and fats of animal origin are usually fish oils and when fed during the age of 2-6
months of age they also had a protective influence on CHD, in this study. This might be
due the fact that the fish oils contain high amounts of omega-3 fatty acids that are known
to have chondroprotective actions ** 4 %, This could maybe also be a reason why raw
fish could protect from CHD in both age groups; because it is a good source of omega-3

fatty acids.

During the age of 2-6 months of age there was also a component that included raw berries,
raw vegetables, raw fruits and vegetable oil. This looks like something that most likely
would be a group of food items fed to dogs that are on the BARF diet. Raw berries and
raw vegetables were included in the BARF diet component at the age from 6-18 months.
These raw fruits, berries, and vegetables contain lots of antioxidants, that have
chondroprotective actions and could be beneficial for joint development >4, and a weak
trend (p=0.119) was seen in this study. The outdoor eatable component formed in both
age groups might tell about the dogs living environment, because eating wooden sticks,
grass, clay, stone, and soil material is more likely for dogs spending lots of time outdoors,
or eating outdoor eatables might also tell us about gastrointestinal problems, as dogs have
been noticed to eat odd things because of intestinal discomfort. As dogs still seem to look
for certain things to eat, it is also possible that dogs still can crave things that they need,
meaning that these dogs maybe were deficient in some minerals or trace-elements that
they were looking for in this way. At the age of 2-6 months also blood crepes were
included in the outdoor eatable component which is hard to explain and may be only a
coincidence. It is, however, also a good source of iron. Not any of the raw berries, fruits

or vegetables or any of the outdoor eatables were shown to correlate separately with CHD.
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On the contrary to raw food items (and frankfurters and animal oils), cooked meat and
cooked bone and cartilage showed a significant positive correlation to CHD in both age
groups. They were not included any of the components formed by the principal
component analysis to help explain why feeding of them increase the risk for CHD. The
fact that they did not seemed to protect from CHD may be explained by the harmful effect
of heating to nutritional values of the food, but it is harder to explain is why they seem to
increase the risk for CHD. According to Billinghurst (1993) heating is destroying
vitamins and enzymes among many of the antioxidants, bringing down the nutritional
value of the proteins and amino acids, and also when proteins, fats and carbohydrates are
heated they change and even new substances can be formed 1%, Based on this information
it could be thought that the harmful effect of cooked meat and bones on joint development
might be related to the reduction of the quality of the proteins provided and/or loss of
important vitamins and enzymes. Furthermore Brown (2010) stated that the quality of the
proteins is one of the most important factors when feeding dogs by the ancestral diet *°.
Studies how proteins change by heating should be conducted to evaluate this.

Feeding the remains of a human meal showed a positive correlation with CHD, which
could possibly be explained by that human leftovers usually are cooked or that they are
high on phosphorus and very low on calcium, resulting in an unbalanced Ca:P ratio. If
the dog gets a lot of leftovers, it might also correlate with overweight that is known to be
harmful for joint development.

Feeding a dry commercial food was common in all the case and control groups and did
not show any clear association to CHD in this study, although there was a weak trend
(p=0.117) in the younger age class. The proportion of BARF food fed in puppyhood, on
the contrary, showed a significant difference between hip dysplastic and non-dysplastic
dogs in both age groups, indicating that even if only a part of the dog’s diet is raw food,
it could already protect puppies from CHD.
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5.2 Bias

There are lots of other environmental factors than food, influencing skeletal growth that
was not possible to rule out in this study > %3031 The dogs taking parts in this study
might also have had differences in genetic predisposition to CHD, but most probably
genetic factors influenced more or less equally both case and control groups. It is also
very common that breeders recommend certain type of feeding to the owners that might
contribute to the distribution of genetic predisposal for CHD. Also, this study did not look
if there were differences in breed lines (working line and show line) inside the German
Shepherd breed, between the case and control groups. The control group was chosen to
be twice as big as the case group intentionally to increase the statistical power of the

study.

Limitations of the questionnaire also need to be considered: owners were able to leave
some parts of the questionnaire empty, leading to a situation where not all of the answers
were completed completely. This lead to a situation where some dog owners answered
only what they were feeding to the dog and left other food item questions empty. Those
parts left empty we assumed that meant that the owners did not feed it to the dog. This
might cause some bias, if the answers that were partially filled, were not completed

totally, resulting in false one-sided diets.

5.3 Future studies

As this preliminary study showed that there is a positive influence of feeding raw food
at young age, to test the hypothesis further more studies are needed. In the future it

would be interesting to test matched groups, eg. dogs from the same litters that would
be fed using either raw or dry food in a randomized controlled setting. These different

fed groups could also be tested for nutritional deficiencies.
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6 CONCLUSION

This study suggest that feeding a bone and raw food diet (BARF) or raw meat, raw offals,
raw bone and raw cartilage, raw fish, raw egg and raw tripe as a supplementation to other
diets or as a part of the BARF diet showed protective effect towards CHD. The study also
suggests that the feeding cooked meat, bone and cartilage should be avoided, because
they might increase the risk of CHD. To assess the true benefit of serving dogs raw food,

the pros and cons, such as zoonotic risks, should also be critically assessed.
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9 APPENDIX

9.1 Appendix 1
.

Kyselylomake koiranne nuoruusidstd ja ruokinnasta

Rastittakaa sopivalt) vaihtoehto, kittos.

Jos olettz jo vastanneet kyselyyn toisen keiran osalta ja halustte t8yit33 seursavan lomakkeen _
toisen koiranne tiedeilla niin painakaa "Seuraava koirz” nappia. Muistakaa kuitenkin tallentza ja

|&hetdsd kysely lomakkeen lopussa clevasta "Lihed valmis kysely" -napista tai ainakin

vilitallentza edellizen koiran tiedot painamalla "Tallenna vasmuksst" -napista.

Hyva koiranomistaja!
Lukekaa tam3 ensin!

Kiitos osoittamastanne kiinnostuksesta koiran ruckinta- ja hyvinvointikyselydmme kohtaan. Kyselyssd keritS3n tietoa ruokinnan
lis2ksi koirien sairauksista ja mahdellisista sairastumiseen vaikuttavista tekajdistd, Jokainen koiranomistaja voi vastata tihin
kyselyyn, riippumatta koiran rodusta tai idstd, olipa kyseess3 & kk vanha sekarctuinen lemmikki tai 16-vuotias rotukeoira Voitte
antaa meille tedot myds koirasta, joka on jo siirtynyt wonpucleisesn.

Kysalyyn voi vastata useassa erdssa kunhan valinnat on tallennettu vastauskertojen valilla. Olemme kiinnostuneita koiranne
emastd ja koiranne pentusjasta kasvatzjan luona (alle 8 viikkoa &li alle 2 kk) ja tivemme, etd teilld on mahdollisuus kysyd
kasvattajalta pentuzjan tetoja. Nin selvidd mahdollisia syy-yhteyksid koirien sairauksien ja elinclojen valilld, Olisi myés
ensiarvoisen Erkedd, ettd vastaatte mahdollisimman rehellisesti. Minimoimalla vasmamattomien kysymysten mdird ja
vasmamalla tunnollisesti kysymyksiin, toivomme |Gytdisimme sairauksien ja syiden yhteyksis, Emme etsi syyllisid vaan
vastauksia!l

Jos koiranne on esim, |&ytSkoira tai olette saanest koiran sen ollessa jo aikuinen, tai ette tunne kasvattajaz tai jos ette ted3
mitZ3n koiranne pentu- tai nuoruwsidsts, voitte rastittaa kyselyss3 "En ted2” -kohdan ja siirtyd kyselyss3 eteenpdin. Tams =i
estd ozallistumasta kyselyyn. Kyselyn kysymysten yhteydess3 chjsistetzan vastzamists.

Miksli kysymiyksess3 i ole mahdaollisuutta vastata "En tied3”, kirjoittakaz kyselyn loppuun kysymyksen numers ja selitys. Jos
kairanne on ainz sydnyt samallz tavalla, voitte myds ruksata isojen rucking kysymysten ensimmzisissd laussizsa taulukoiden
yl3padss3 ja jawa3 isot ruokinta osiot vastaamatta,

Koska on Erkedd saada mahdollisimman paljon vastauksia, voitte myds antaa vastauksia ussammasta koirastanne e

lomakkeille. Olemme myis iloisia, jos ldhette timdn linkin mahdollisimman laajalle kaverijoukelle (kennel-, harraste-,
rotupiirien yms. intermet listoille) ja yrititte meotivoida heitikin vastaamaan.
Kyselyssd kiytetidn seuraavia termeja:
# Teollisella rucalla tarkoitamme seka keiran kuivaruckaa, koiranmakkarcita, s3ilykepdthdjd ja sailykkeita,
® Kotiruokaa on kaikki rucka, joka tehd32n itse sekd eineksset tai pdtkdissa myytEvat pakastetut "koiran kotiruoat”.
# BARF (=Bone And Raw Food) ruoka on tuoreruoka, johon sisdltyy luie tai luumassaa ja voi olla kotona tehtyd tai
pakastettua,
L] ﬂuﬁmua on vehnZss3, chrassa sekd rukiissa. Glutesnittomis raaka-aineita ovat esim. riisi, kaurs, maissi, peruna, =tan
ja hirssi.
Kysalyss3 on paljon automasttisesti aukeavia listoja (pudotusvalikeitz) tai pienid pydreitd valintalaatikoita, joista voitte Mikata
hiirell3 yhden vaihtoehdon vastaukseksi. Jos vastausvaihtoshdot ovat nelidn muotoisia pienis lastikoita, voitte laittaa rastin niin
moneen kohtaan kuin tarvitsette. Jos jokin asia puutuu kysymyksen3 tai valinlistoilta, palaute on tervetulluta s3hkipostitse i
voitte sitd antaa listietoja ruwdussa lomakkeen lopussa, Jos kyselyssd on tyhjd laatikko, voitee vastata vapaamuotoisest
annettuun tilaan. Mikali ette liydd wulukoiden pudotusvalikoista kaikkia rucka-aineita, joita syitite koirallenne i joista
haluaisitte valita useamman vaihtoshdon kuin joku kysymys antaa mydden, kdyttakasd ko, mulukon lopussa olevia "Muu" - kohtia
tigtojen ant@miseean,

Kun oletze vastanneet kysymyksiin, painakaa mid tahansa lomakikeella olevista "Tallenna vastaukset" -nappeista [(niitd on
useampiz eri kohdissa lomaketta). Voitte myds keskeynt33 vastaamisen ja jatkaa mydhemmin, mutta painakaa t3ssakin
tapauksessa "Tallennz vastaukset” -nappia ennen kysalysts roistumisla. Saatte ilmoittamaanne sdhkipostiosoittesseen linkin,
jonka avullz padsette palaamaan aiemmin vastattuun kyselolomakkesseen,
Sahkipostosoite *:
Kun oletze saaneet vasauksenne kokonaan valmiiksi eteks halua ends tiydentds sidd mydhemmin, painakaa aivan lomakkeen
lopussa clevaa "Tallenna vastzus valmiiksi" - nappia.
Jos haluate lisStietoa kyselyn taustasta ja kyselyprojektista, katso lisdad viopiston sivuilm,

Olkaa ystavallinen ja vastatkaa ensin taustakysymyksiin

Tshdells (*) merkityt ovat pakollisia tistoja

Koiran kutsumanimi * Koiran virallinen nimi Koiran rekisterinumera

1. Minks ikdisend koiranne tuli teilla?
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Moin Valke kuuksutta vanhana

Moin Valse vuotiaana

Onko taloudessanne muita elaimia?

Waltse kpl muita koiria
2. Koiranne ik nyt:
Pentu [0-8kk) Muor [7-12-18kk)
3. Milloin koiranne syntyi?

Talvella (kk: 12-2) Kevaalld (kk: 3-3)
4. Koiranne rotu?

Walitae

Jos koiranne on vain kahden rodun sekoitus

5. Koiranne paino
Paino nyt Velse

6. Koiranne sukupuoli
Uros Nartiu

Odotettu sikuispaino Valss

Walte kpl muita eldimis,  mita?

Aikuinen Valse vuotts

Syntynyt meilld

En tied3

Kesalld (kk: 6-8) Syksylla (kk: 9-11)
Maonirotuinen
Valitse alilse

Kastroitu tai steriloitu

Rodun edustajan ihannepaing Valtse

7. Koiranne varitys (meitd kiinnostaa tissi kysymyksessi vain valkoiset (=valk.) karva-aluest)?

Koko valk.|=90%)

Paljon valk. [=30%)

Vahemman valk.

Hyvin vEhdn/ei ollenkaan valk.

8. Koiranne ravitsemustila normaalisti (normaali alla = kylkiluut tuntuu muttei selkiranka selists)

Hyvin hoikka Hoikka

9. Koiranne luonne normaalisti
Hywin ylivilkas jaltai

hyvin hermostunut hermostunut

10. Koiranne aktiivisuus normaalisti
Hyvin aktiivinen Aktiivinen
11. Koiranne piikiytts

HNormaali

Vilkas ja ftai hieman

Lihava

Normazli

Mormaali Laiskahka

Kotikoira Metsdstys Nayttely- ja siitoskeoira
Rajakeira Valitse Huumekeira Pelastuskeira
Toko Palveluskoira ' Valise Avustzjakoira | Valiss
12. Jos koiranne metsistas
Metsdstasd valme kk [ vuosi Ajava Moutava Lucla 1zl
13. Rokotukset
Pentuna normaalit zai rokotukset suositusten mukaan & saanut
perusrokotukser efi 2-4
rokotusta ennen vuoden ika3:
Alkuisena: suositusten mukaan (1-3 vuoden vilein harvemmin
riippuen rokoteesta)
14. Madotus
Mormaalit pentu- & saanut en tedd
madotuksat &li alls
vuoden ik3E 2-10
madotusa;
L joka vuosi 2 kertaa @i yli joka vuosi kerran
Alkuisena:

harvemmin

gi ole iking saanut en tiedd

Aika leppoisa

Hyvin lihava

Hyvin rauhallinen

Hyvin "laiska"
Poliisikoira

Agility
Muuta

WValitza

i ollenkaan

joka minen vuesi

15. Tupakoiko joku/jotkut teidin talossa sisill3 niin ett3 koira on samoissa tiloissa?

Meilld poltettin aiss savuketta pdivassd

Meilld poltetaan Valse savuketta pdivisss

16. Miss3 koirasi asuu nyt?

Kerrostalossa Rivitalossa
Onkeo tzidin kotinne:

erittdin puhdas hywin puhdas
Keira kulkee rappusissa:

paivitEin monta kertaa 1 kerranfvrk

Koira on aiemmin asunut myids:
Kerrostalossa Rivitalossa

17. Onko teilla paaasiassa

Keskusldmmitys PuulZmmitys

Harvoin sisalls

Harvoin sisalls

Omakotitalo, puutalo
normaalin puhdas i miin puhdas
1 kerran/viiklko 1 kerran/kk

Omakotitalo, puutalo

GljylSmminys
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PE3asiasss sizill3

PE3asiasss sizill3

Vain ulkona

Vain ulkona

Omakotitalo, ei puutalo

ei ollenkaan puhdas

1 kerran/vuosi

Omakotitalo, ei puutalo

Maaldmp&lammitys



Keskusil mastoint Iima-lZampdpumppu Painoveimail mastoint

18. Onko koirallasi piha

Ei ole tarhaa/pihaa On piha, jossa voi olla irallaan &1 On tarha, jossa voi olla irallaan
Ei ole ikind pihalla On ketjussa pihallz Walitma  On pdivittdin pihalla tai tarhassa vapaana
tuntiafwrk Valtse tuntiafwrk

19. Miten koirasi on vapaana (ilman hihnaa)

Miss3 koirasi on vapaana?

Ei ole ikind vapaana On miltein aina vapaana
On vapaana tarhassa [ pihalla On vapaana metsakavalyill 3
On vapaana mékilld On vapaana muualla, missa?

Millgin koirasi on enemmsn vapaana?
Lomilla Makilla Touko-lokakuun

Viikonloppuisin Ei ole eroa lomilla tai viikonloppuisin yms.

20. Kayttiiks koirasi

Kaulapantaz Valitze Valjaita Valitze
leveys noin Valise cm tyyppi  Valitse
materiaali Valtss materizali Valilze

On vapaana koirapuistossa

Talwella

Kuonopantaa tarvitaessa

Kaytin flaxid

21. Onko koirallanne ollut seuraavia sairauksia? valitse 1-4 rastia per rivi + alkamisiki, jos sairastanut

) . Alko i2s=3 . Lopous En ole huomannut,
S ikl I sl O S (o
islkeen autEnUT

Sairauksia

|E5irr|. sairaus s 8 2 & ? 4
[korvatulehdusta Walite Valite

Eﬂﬂ?uma [esim. ihottumaa, Valie Vbt

IDemu-diku-::Sia Walie Walite

:f::f:u"la;::;ilﬁdu‘csm (= Vel Walit:

I"Allen;iaa". atopiaa, [iho-oireita) Valie Walite

Ikhanmsis nigrificans Valie Walite

ISE':IDI'I‘hEE Vel \alite

;ﬁu”?!gim". vatsan yliherklyyts, Vake Vel

|THI._|ri:IEualisb:|-ﬂngelrria i Vabe Vel

Hammaskivesd Vel \alite

Keuhkosairauksia Vel Valie

Anaalirauhastulehdusta Wale \alite

Rasvapatteja Wale Walits

okt = velte Val

Epilepsiaa Wale \alite

ATHAZ Valie \Valitz

Cushingin tauti Walie Walite

Addisonin taut Valie Walitz

Haiman vajaatoiminta Valie Walits

IH.ilpilal..lhaﬁen vajastoimintaa Walie Valie
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SilmEsairautta

Diagnocsi Vililis Valite " alt
I'u"l risatiewlehduksia Walite  Valite
I'u"l rsankarkzilua Walite  Valits

Virtsakivitautia

fati ] aTac
Diagnoosi Vel Valite &

Munuwais-sairautta ——
Diagnoosi "l Vel Yait
|Dizbetests (sokerimut) Walit Walis
.
Luusto-ongalmia

- Osteckondrosis dissecans (OD) Walie \alite
- HOD Walz Walits
- panostitis Walz Walits
- murtuma Walz  Walits
I- Luusydpa Vali Valite

Nivelengelmia

- lonkkavika, -dysplasia, -nivelrkko

T e
Diagnoosi alilis Valil &l

- kyynarpdan dysplasia, - nivelrikko

) : Vel v
Diagnoosi “alilas Valite " alte

I- risdsiteen ongelmat Walite Walits
I- polvinivel rikko Vel Walits
I- patella luksaatic Valie Walite
I- Léysat rantest Walite Walite
I- Mivelriklo/muut nivelet Walte Valitz
Selki-ongelmia

|- sillottumat &li spondyloosi Walite Valits
- degeneratiivinen myelopatia Walts Walis
- mayrakoirahalvaus/vililevysairaus Valie Walite
I- ambalus walite Walite
Onko koiraltanne leikattu g; On Valine Muu, miks?

vierasesine suolistosta?

22. Sairastaako koiranne jotain muuta kroonista sairautta?
Sairaus Valise Jos ei ollut luettelossa, miks

Alkoi Valtze sitten, Ei sairasta

23. Onko koiranne jatkuvalla laskityksells, milla?

Kysymyksia koiranne emasta:

Joudutte ehkd ottamaan koiranne kasvattajaan yhieytta. Jos osaatte vastata osaan kysymyksistd 24-28 niin olemme jo
kiizollisia. Jos ette milli3n s2a tetoonne vastauksia emdstd ja ette itse ded3, rastittakaa 8hin | ja siiryka3 sitten
kysymykseen 29,

24. Rokotettiinko EMA tiineyden aikana tai juuri ennen?

Kylla Ei En tied3 / en muista

25. Madotettiinko EMA tiineyden aikana tai juuri ennen?
kylla Ei En tied3 / en muista
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26. Muistathko ftieditkd mitd koirasi EMA sdi koirasi tiineyden aikana?
Lihinnd kotiruckaa Lahinni tecllista muonaa Sekoitus molemmisa En tiedd / en muista

Muistatko mit3
Arvioitko ettd se oli gluteenitontz? Kylld E En tieds / &n muista

27. Muistathko ftiedithkd mits koirasi EMA sdi koirasi imetysajan aikana?
Lihinnd kotiruckaa Lahinni tecllista muonaa Sekoitus molemmisa En tiedd / en muista

Muistatko mits
Arvicitko ettd se oli gluteeniton? Kylla E En tiedd / &n muista

28. Tieditteks, onko koiranne EMA sairastanut seuraavia sairauksia? valitse 1-4 rastia per rivi + alkamisiks, jos
sairastanut

[SairasEnut|0n sairas@nut kol 2ss3 Sairastaa ﬁglzlliﬂan En .F'IE |'|u_cman|_1ut.
Ei On|Harvoin  Usein v kkledelleen  vaihdoksen E:&kma alis
ljdlkeen

Sairauksia

|Ezim. =airaus s s 2 6 ‘ ‘
Korvatulehdusta Valite Walie

H;E:Pn?:l"lt::llulﬁ a [esim. ihottumaa, Vel Valit

IDemcdikGDSia Walie Walite

|EJE:I::::ED::U;I|E"IdUkSIa (= Vel Valite

| “Allergiaa”, atopiza, (iho-cireita) Walte Valite

Ikﬁanmsis nigrificans Walite W alite

ISEbDI'I"‘rEE Walie Valite

Ig.g?‘giaa". vatsan yliherkkyyts, Vale Vaite

gui;z:-li;cal sto-ongelmia = Ve Valie

IH.a mmaskived Valiz Walite

IKEU"uk-: sairauksia Valie Walite

IP.na-a rauhastulehdusta Waltz Walite

IRaivapa:Eja Walie Valit

pre

IF_"uila'usiaa Vel Walie

IAZHP.a Waliz Walite

IC,ugh ngin tauti Waliz Walite

Iﬁddimn n tauti Waliz Walite

IH-a man vajaatoiminta Valie Valie

IH.il:nila.Jhaﬁen vajaatoimintaa Valie Valie

Silmasairautta —
Valite " afits

Diagnoos’ Valiles

I'u"llzatemlehdu-;sia Walite Valite

I'I.I"IIEEI'I karkailua “alie \alite

|'\I"IIEEk vitautia Vel W afite

Diagnooss Waliles

Munuais-sairauta ——
Vel " alite

Dizagnoosi Wulike

IDia:neEﬁ [ sokerizuti) Walitt Walite
Sydansairauksia T
|Dia-gn:u:5 “lie ikl | ale
Luusto-ongelmia

|- Osteckondrosis dissecans (OD) Walte Valite
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|- HoD Vel Valie

I- panostitis Vale \Valite
I- murtuma Walitt Valite
I- Luusydpd Vel Yalie

Nivelongelmia

- lonkkavika, -dvsplasia, -nivelrikko

e R
Diagnoosi *alitve valie " ale

- kyynarpdan dysplasia, - nivelrikke

[T} W
Diagnoosi “uliks Vil " aine

- ristisiteen ongelmat el Valite
- polvinivel rikko Vel Valite
- patella luksaatio Valit: Walite
- Léysdt rantest Vale \Valite
- Mivelrikko/muut nivelet Walit: VYalite
Salki-ongalmia

I- sillottumat eli spondyloosi Valie VYalie
I- degeneratiivinen myelopatia Valie Vali:
I- mayrakoirahalvaus/vililevysairaus Vel \Valite
I- embolus Wale Valite
Onko koiranne emalts g on Walitas Muu, mika?
leikattu vierasesine

suolistosta?

Kysymyksia koiranne alku-pentuajasta (0-2 kik):

Jos osaatte vastata osaan kysymyksistd 29-32, niin olemme jo kiitollisia. Jos ette mill3&n saa tietoonne vastauksia pentuidss
ja ette itse teds, rastittakaa Shan ja siirtykda kysymyksesn 33,

290, Tieditkd miten usein koirasi oli ulkona PIKKU PENTUNA (alle luovutusikdisen 2 kk)?

Montz kertaa paivissa Kerran paivissa Muutaman kerran vitkossa Muutaman kerran kuukaudessa

Ei ollenkaan En teds
Arvioi pennun aika auringonvalossa (ulkona, ei lasin [3pi), Valse tuntia / pdiva

30. Millainen koirasi alusta oli PIKKU PENTUNA (alle luovutusikiinen 2 kk)? (liukas= esim. parketti,
lakattu puu, liukas muowvi, kivilaatta)

Pidasiassa liukas latia Padasiassa ei-liukas latha Ulkona liukas jaa Maalattia/nurmikko
Sanomapaperia Pehmed alusta, mataja En tied3

31. Tieditkd miten usein koirasi lepdsi PIKKU PENTUNA (alle luovutusikiisen 2 kk)?
Arvioi pennun lepoaika (sis3ltSd seka paiva- etd younen), wntia / vuorckausi: Valse En tied3

Millainen pentu han oli:
hyvin pullea pullea normaali haikka hyvin hoikka

32. Muistatko /voitko selvittaa mita koirasi s6i ensimmaiset 2 kuukautta eli ennen kuin se tuli teille
(em3n maidon lisiksi)?
Lihinng kotiruckas Lzhinn3 teollistz muonaz Sekoitus molemmista En tied3 / &n muista

Muistatko mitd

Arvioitko ettd se oli glutesniton=? Kylla Ei En tiedd / en muista

Kysymyksid koiranne pentuajasta (2-6 kk):

Jos osaatte vastata osaan kysymyksista 33-39, niin olemme je kiitollisia. Jos ette omistaneet keiraa sillein kun se oli 2-6 kk
vanha ja jos ette mill33n saa tietonne vastauksia pentuiSstd ja ette itse tied3, rastittakaa t=hin ja siirtykdd sitan
kysymyksean 40.

33. Minkilaiset chjeet saitte kasvattajalta liikunnan suhteen?
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Koiraa ei saa liikuttaa vapaasti ennen valse kkon ikai
Moudatin tEydellisests Moudatin osittain En noudattanut ollenkaan En saanut t3t3 ochjetta
Koiraa =i saa kdvelytt3s rappusissa ennen Vaitse kken ik3a

Moudatin tBydellisest Moudatin osittain En noudattanut ollenkaan En saanut titd ohjetta

"Keoiraa saa liikuttaa miten vain™

Moudatin tBydellisest Moudatin osittain En noudattanut ollenkaan En saanut titd ohjetta

Sain tallaisen chjean: (kirjoitz)

Moudatin tSydellisesti Moudatin osittain En noudattanut ollenkaan

34. Miten paljon vuorckaudessa liikutitte /lenkititte pentua idssa 3-7 kk?
3 kk:n ikidisend: Alle 20 min./ pdiva 30-60 min./ p3iva 60-120 min./ pdiva

¥li 2 tuntia pSivassa Valese tuntia / pdiva

Arvioi pennun aika auringonvalossa (ulkeona, ei lasin l3pi), Vallss tuntia / pdiva

4 klk:n ikiiseni: alle 30 min./ pdiva 30-60 min./ paiva 60-120 min./ pdiva
¥li 2 tuntia pSivass3 Yaltse tuntia / pdiva

Arvici pennun aika auringonvalossa (ulkona, ei lasin lpi), Vakse tuntiz / pdiva

5 kk:n ikiiseni: alle 30 min./ pdiva 30-60 min./ paiva 60-120 min./ pdiva
¥li 2 tuntia pSivassa Walese tuntia / pdiva

Arvioi pennun aika auringonvalossa (ulkona, ei lasin l&pi), Valks tuntia/ pdiva

6 kk:n ikidisend: Alle 30 min./ pdiva 30-60 min./ paivd 60-120 min./ pdivd
¥li 2 tuntia pSivassa “alise tuntia / pdiva

Arvioi pennun aika auringonvalossa (ulkona, i lasin [3pi), Vakse tuntia / pdiva

35. Millainen koirasi alusta oli ISOMPANA PENTUNA (2-6 kk)? (liukas= esin. parketti, lakattu puu,
livkas muovi, kivilaatta)
Padasizssa liukas |attia PdSasizssa ai liukas latia Ulkana liukas j&3 Mazlattianurmikko

Sanomapaperia Pehmea alusta, mattoja En tied3

36. Tiedithd miten usein koirasi lepisi ISOMPANA PENTUNA (2-6 kk vanhana)?
Arvici pennun lepoaika [sis3lt53 seka paiva- etiE younen), tuntia / vuorckausi: Valsse En tieds

Millainen pentu han oli:
hyvin pullea pullea normaali hoikka hyvin hoikka

37. Mink3laiset chjeet saitte kasvattajalta penturuckinnan suhteen?
"Koiralle si saa antaa mitdin kotiruckaa, ainoastaan tiettyd kuivamuonaa™

Moudatin Bydellisests Moudatin osittain En noudattanut ollenkaan En saanut t3t3 ohjetta

"Koiralle saa antaa vain tiettyd kuivamuonaa plus piim33"
Moudatin Bydellisests Moudatin osittain En noudattanut ollenkaan En saanut t3t3 ohjetta
Keoiralle tehddin sekoitus kotiruuasta ja tecllisesta ruuasta sisiltien esim.

Moudatin tSydellisesti Moudatin osittain En noudattanut ollenkaan En saanut titd ohjeta

Sain tillaisen chjeen: (kirjoitz)
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Moudatin tHydellisest MNoudatin osittain

En noudattanut ollenkaan

38. Mit3 koiranne s5i ISOMPANA PENTUNA (2-6 kk)?
Lisdchjest: Jos ette esim. sySta jotakin allz olevaa cllenkaan, niin "Valitse"-valikosta ei tarvitse valita mikaan, vaan laitatie

vain merkin ensimmdisen nappi-rivin 1-kohtaan. Jos taas sybtite esim, kuivamuonaa mutta etme muista mikd se oli nimelEan,

2 jos sybtitte juustoa mutta ette muista mits, niin ei tarvitse valita mikddn "Valitse"-valikosta mutta tiytitte aina kuitenkin

nappi-rivin. Kirtos,

Tarkenina, mink3 ikSinen koira ofi kun se s&i kuten alla: noin Vales - Valms kuukautta vanha

En muista ollenkaan Koira ei ollut silloin meill3

Rastittakaa yksi sopiva vaihtoshto per rivi: 1 = ai koskaan, 2 = muutaman kerran vuodessa, 3 = muutaman
kerran kuukaudessa, 4 = muutaman kerran viikossa, 5 = aina / miltei aina / pSivittSin)

1

Kuivamuonaa
Valitee

Valitee

ISairauksien erikoisruuat
Valitze

Valitee

1

kvpsennyrtyd lihaa
Valitee

Valitee

k',lpsa'mettyja' sisdelimid
Valitze

Valitze

1

kvpsennettyd kalaa
Valitee

Valitee

ypsennettyja luita tai rustoluita
ypsennettyd naudan mahaa

kvpsennettyd kananmunaa

Valitze
1

akki, lenkiimakkara yms.

aksalaatikko

i:a'mantaima lihaa
alitea

aitoa

aitotuotteet
Valitze
Valitee
L('.lpsa'unett'ria' vihanneksia
Valitee
Valitae
b:a'rruam:uima viljaa
Valitze
L(vpsa‘ﬁ'rrﬁtbirnié hedalmis
Valitse
Valitee

reiteltyﬁ riisia

2

3

4
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5

i 2 3 4 5
[Koirille tarkoitettua sdilvkeruckaa tai koiramakkaraa
Valitee

alitse
koirille tarkoitettua tuoreruokaz
Walitae
Valitee

1

vpsentimatints lihaa
Valitee

Valitee
kypsmﬁrrﬁtbimiﬁ sisZelimid
Valitse

Valitee

1

vpsentimatints kalaa
Valitee

Valitee

[Kypsentimattdmis |uita tai rustoja
[Maudan mahaz raakana

Kypsentdmatintd kananmunaa
Valitee

Verildtyt

Ruoantihteitd tai ihmisille arkeitettua ruckaa (esim. kaikki
k2hteet, sineksid, laadkeita)

[Kuivattuja eldintencsia (esim sian tai lampaankorvia, hiran
hantid, kuivamua kanaa)

35telas

[Juustot

Valitee

Valitee

k\-'psmﬁrrﬁtbimiﬁ vihanneksia
Valitee

Walitae

h—'mteituja kazviksia
Valitse

k\-'psmu?rrﬁtbimia? marijoia
Valitse

Valitee

ruim viljawotteita




naa
ipa3

rui\amuonaa makupaleina

Kuivattuia siselimis

Valitze
Valitze

Puruluita {nahasta valmistettuja)
Ulkona raatoja yms.

Multzz

Ulkonz vetts [#2kdists yms.

Kasvisdljya
Valitze
Valitze

Gliytuotteet
alitse
W alitze

Muu

Mita?

3, CousCousia
luteenitonz leipsa
irankekseja
Kuivattua kalaa

Valite
Valite

Ulkona keppejid
Ulkona ruchoa
[Savea, kivia
Ulkona ulosweis

Walite
il

[ElSinperdizat dljyt ja rasvat

Yalilze

Yalilae

[¥ijalan puuroa, merkitse myds kaytetyt viljat:
[durra =/ hirssi - intiaaniriisi
jalianpantaheing - kaura ' chra

risi 7 ruis 1 spaelt
kattari | tefheind 1 vehna

Muu

Taytitkd varmasti kaikki? Tarkastathan vield kemran? Kiitos!

Voisitteko arvicida miten iso osuus 2-8 kk ikdisen koiranne ruuasta on kuivamuonaa? WValise %
Voisitteko arvicida miten iso osuus 2-8 kk ikdisen koiranne ruuasta oli muuta tecllista ruckaa? vaise %
Voisitteko arvicida miten iso osuus 2-8 kk ikdisen koiranne ruuasta oli kotiruockaa? valse %

Voisitteko arvicida miten iso osuus 2-8 kk ikdisen koiranne ruuasta oli BARFia? valtse %

39. Jos et vastannut kysymykseen 38. niin vaikka et muista kaikkea niin muistatko/tiedatko mita
koirasi padasiassa sii noin 2-6 kk:n iSss3?
Lahinnd kotiruokaa Lzhinné teollistz muonaa

Sekoitus molemmista En tiedd / en muista

Muistatko mita

Arvioitko ettd se oli glutesnitonm? Kylla Ei En tiedd / en muista

Kysymyksia koiranne nuoruusajasta (pieni rotu 6-12kk, iso rotu 6-18kk):

Jos osaatte vastate osaan kysymyksists 40-41, niin olemme jo kiitollisia. Jos ette omistaneet koiraa silloin kun s oli 6-18 kk
vanha ja jos ette mill33n saa tietoonne vastauksia pentuissi3 ja ette itse tied3, rastittakaa t3han ja siiryka3 simen
kysymykseen 42,

40. Mit3d koiranne s6i noin 6-12 (-18) kk vanhana?

Tarkenna, minkd ikdinen koira oli kun se s8i kuten alla: noin Yalise - Valtse vanha

Koira on aina sydnyt samalla mvalla kuin kysymyksessd no, 38 En muista ollenkaan Koira & ollut silloin meilla
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Rastittakaa sopiva vaihtoehto: 1 = ei koskaan, 2 = muutaman kerran vuodessa, 3 = muutaman kerran
kuukaudessa, 4 = muutaman kerran viikossa, 5 = aina / miltei aina / paivittdin)

Kuivamuonaz

Valitae

Valitee

Eairaul:sien erikoisruuat
Walitee

Valitae

l('.lpsa'um.-tt','a' lihaa
Valitae

Walitse

L('.'u'sa'unett\-'iﬁ sisaelimid
Valitae

Walitme

k',lpsa'unettya' kalaa
Walitee

Valitae
1

r(',lpsa'unettyjﬁ luita tai rustoluita
ypsennettyd naudan mahaa

kypsennettyd kananmunaa
Walitme

akki, lenkkimakkara yms.

aksalaatikko

armentoitua lihas
WValites

raim

Maitotuottest
Walite
Valitae

k','psa'unettyjﬁ vihanneksia
Valitze

Walitee

1

Fermentoitua viliaa

Valitae

k'.lpsa'ﬁ'rrﬁtt-imii hedelmiz
Valitae

Valitee

1
reiteltyé riisia

-
r_a H

[u ivamuonzaz makupaloina

uivattuia sisdelimia
Valitee
Walitee

ruluita {nahasta valmistettuja)

r.lllmna raatoja yms.

4
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i 2 3 4 35
[Koirille tarkoitettua sdilvkeruckaa tai koiramakkaraa
Valitze
Valitze
kairille tarkoitettuas tucreruckaa
Valitse
Valitze
k\-]:rsa'lm'méﬁnﬁ lihaa
Valitze
Valitse
kwsa‘ﬁrrﬁtbimié sisaelimia
Valitze
Valitse
kypsa‘lﬁm&hﬁnﬁ kalaa
Valitse
Valitze

1
rypsa'lﬁmé‘mimiﬁ luita tai rustoja
r\budan mahaa razkana

[Kyvpsentimattnt kananmunaa
Valitse

erildnyt

antahteitd tai ihmisille @rkoitetua ruckaa [esim. kaikki
shtest, eineksia, laatkeoita)

ivattuja eldintznosia (esim sian tai lampaankeordia, hiran
antid, kuivamua kanaa)

Puustot
Valitse

Valitze

kypsa'ﬁrrﬁtbimié vihanneksia
Valitze

Valitse

1

[Fermentoituia kasviksia

Valitze

k\-]:rsa'lﬁrnﬁmimiﬁ maricia
Valitze

Valitze

rduim viljatuotteita
3, COUSOoUsia
luteenitonta leipaa
irankekseja
ivattua kalza

Valitze
Valitse

lkona keppejd

rjllmna ruchea




Multaa awea, kivis
lkona ulosteim
Valitee
Ulkona vettd l3t3kaists yms. Valitaa
Mits?
Kasvisiljya ElZinperdiset dljyt ja rasvat
Valitee Valitee
Valitse Valitse
l¥rjglan puurca, merkitse myds kaytetyt viljat:
B durra ™ hirssi - intiaaniriisi
Dljytuotteet jtalianpantaheing ©' kaura = ohra
Valitse
Valitze risi = ruis | speltti
kattari | tefheind [ wehna
Muu Piuu
Mita? Mit3?

Taytitkd varmasti kaikki? Tarkastathan viel3d kerran? Kiitos!

Voisitteko arvicida miten iso osuus 6-18 kk ikdisen koiranne ruuasta oli kuivamuonaa? Valse 3%
Voisitteko arvicida miten iso osuus 6-18 kk ikSisen koiranne ruuasta oli muuta teollista ruckaa? Valse %
Voisitteko arvicida miten iso osuus 6-18 kk ikdisen koiranne ruuasta oli kotiruokaa? Vaise %

Voisitteko arvicida miten iso osuus 6-18 kk ikdisen koiranne ruuasta oli BARFia? alme %

Millainen koirasi alusta oli 6-18kk ikaisena? (livkas= esim. parketti, lakattu puu, liukas muowi, kivilaatta)
Pédasiassa liukas lattia Péfasiassa ei liukas |attia Ulkona liukas jaa Maalattia’nurmikko
Sanomapaperia Pehmed zlusta, mamoja En tied3

Tieditkd miten usein koirasi lepasi 6-18 kk ik3iseni?

Arvici pennun lepoaika (sis3ltE3 seka pSiva- etd younen), twntia / vuorckausi: Valse En tied3

41. Jos et vastannut kohtaan 40 niin muistatko/tieditkd mitd koirasi piiasiassa s6i nuorena koirana?
L3hinn3 kotiruckaa Lshinnd teollise muonaa Sekoitus molemmista En tied3 / en muista

Muistatko mits

Arvicitko ettd se oli glutesnitontz? Kylla Ei En tieds / en muista

Kysymyksia aikuisen koiranne ruokinnasta ja terveydesta ( > 1 v):

Jos aikuinen koiranne on aikasisemmin sydnyt eri lailla kun se syd nyt, tiyeakas silloin kysymys 42, Jos aikuinen koiranne on
aina sydnyt suunnilleen samalla wvalla, taytEkas silloin vain kysymys 46, Tayttakad Bma osio ajatellen mits teidan ATKUINEN
koiranne syd nyt. Jos sikuinen koiranne on aiksizernmin sy@nyt eri lailla kun se syd nyt voitte yritt33 ssada sen selitettyd
kysymyksis=3 43-44.

42. Miti koiranne on sydnyt viimeisen vuoden aikana?

Merkitse minkd ikainen koira ofi kun se s8i kuten alla: noin Valiss - Vaitse wuoma vanha

Koira on aina synyt samalla avalla kuin kysymyksessd no. 38 U @i kuin kysymyksess3d no. 40 1 . Tatd kohtaa ei tanvitse
tHytzEE, jos koira vield pentu- tai kasvuidssa,

Rastittakaa sopiva vaihtoehto: 1 = =i koskaan, 2 = muutaman kerran vuodessa, 3 = muutaman kerran
kuukauwdessa, 4 = muutaman kerran viikossa, 5 = aina / miltei aina / pdivittiin)

1 2 3 4 5 i 2 3 4 5
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Kuivamuonaz
Valitse

Valitee

1

Eairauksien erikoisruuat
Valitse

Walitse

1

Kyvpsennyiyd lihaa
Walitse

Valitse

L('.'psa'unett\-'iﬁ sis3elimia
Valitee

Valitse

1

kvpsennetys kalaa
Valitse

alitee

ypsennettyjd luita @i rustoluita
ypsennettyd naudan mahaa

ypsennettyd kananmunaa

Walitse
1

Fakki. lenkkimakkara yms.

zksalaatikko

ermentoitua lihaa

Valitha
|
zitoa

aitotuotiest
Valitse
Valitse

L('.'u'sa'unett\-'iﬁ vihanneksia
W alite

Valitse
b:mima viljaa

Valite

k‘.lpsa'ﬁ'rrﬁtt-imii hedelmia
Walitse

Valitse

sitettyS riisis

uivamueonaa makupalcina
Kuivattuia sisdelimiz
Valitse
Salitae

Puruluita {nahasta valmistettuja)
Uikana rastojz yms.

Multaz

Wlkona vetts |3t2kaista yms.
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[Koirille tarkoitettua sdilvkeruckaa tai koiramakkaraa
Valitse

Valitse

1

[Kairille tarkoitettua tuoreruckaa
Valites

Valitee

1

[Kypsentimatints lihaa

Valitee

Valitee

k\«pﬁ&'ﬁrrﬁttﬁmié siszelimid
Valitse

Valitse

1

[Kypsentimatints kalaa

Valites

Walitse

ypsentEmattimia luita tai rustoja
udan mahaa raakana

ypsentimatint kananmunaa
alitae

'r-raw'la'm

antahteitd tai ihmisille @rkoitettuz ruckaa (esim, kaikki
ahtest, eineksid, laatkeita)

ivattuja eldintencsia (esim sian tai lampaankorvia, haran
antid, kuivatuz kanaa)

F5telda

uustot
Valitee
Valitee
k\«l:rsenﬁrrﬁtbimié vihanneksia
Valitee
Valitee
h—'mituja kasviksia
Valitse
kwsa‘ﬁrrﬁtbimiﬁ maricia
Valitee
Valites

uita viljaottsita
3, COUSCOoUsia
luteenitontz leipaa
irankeksejz
[Huivattua kalaa

Valitze
Valitee

lkona keppejd
Ikona ruchoa
kivid
lkona ulosteit

Valitse

W alitse
|




Mits?

Kasvisdljya El Zinperdiset dljyt ja rasvat
Valitze Valitze
Valitze Valitze

[¥ij8lan puuroa, merkitse myds kaytetyt viljat:
_ [durra ' hirssi - intiaaniriisi
Olivtuotteet jitalianpantaheing ' kaura - ohra
Valitze
Valitze riisi ' ruis - speldi

kattari | tefheind ) wehna

Muu Muu

o]

Mits? i3

Taytitkd varmasti kaikki? Tarkastathan vield kerran? Kiitos!

Voisitteko arvicida miten iso osuus aikuisen koiranne ruuasta on kuivamuonaa? Vaise %
Voisitteko arvicida miten iso osuus aikuisen koiranne ruuasta on muuta teollista mokaa? Vales %
Voisitteko arvicida miten iso osuus aikuisen koiranne ruuasta on kotiruckaa? Valse %

Voisitteko arvicida miten iso osuus aikuisen koiranne ruuasta on BARFia? Y alts %

Millainen aikuisen koirasi alusta on? (livkas= esim. parketti. lakattv puu. livkas muowi, kivilaatta)
Paaasiassa liukas lattia Pa3asiassa ei liukas latha Ulkana liukas jaa Maalattia/nurmikko

Sanomapaperia Pehmes alusta, mamoja En tiedd

Miten usein koirasi lepaa?
Miten paljon aikuinen koirasi lepdd, tuntia / vuorckausi: Valss En tied3

halua vastata tihan kysymykseen, siitykii kysymykseen 44 tai 45.

Ensimmaiisen kerran kun keira oli noin Valse wuotta, silloin vaihdein:

a) Miltzi tai SHysin teollisesta vaihdoin ¥z koti + ¥: teclliseen ruckaan
b) Miltei tai tSysin teollisesta kokonaan kotiruckaan

c) Miltei tai tdysin teollisesta ruuast= BARFiin

d} Kotiruuasta tSysin teclliseen

2] Kotruuasta tiysin BARFiin

f] Barfista teollisean

g) Barfista kotiruokaan

k) Tecollisesta weolliseen ruckaan

i) ¥z koti = ¥z tecllisesta ruuasta teolliseen ruckaan

Mik3 oli syy, ettd vaihdoitte dieettid?

Hinta Sastavuus Jonkun suosittelema Sairaus Valike Lihoi
Vaihtelua koiralle Iimavaivat Haiseva henki Ruckahaluttomuus

Etsinyt parempaa ruuansulatuksen suhteen Luustovaivoja nuorena Mivelrikkoruckaan
Ruuat vaihdettin toisen koiran takia Koiralla sina eri ruuat Vaihdan ruckamerkkis valill3
Muu syy, miks

Jos syy oli sairaus, auttoiko ruckinnan muutos siihen? Kylla Ei En dedd / en muista

Jos syy oli sairaus, mika vaihto auttoi? Valitss joku vaihtoehdoisza (a-i): Valse

Toisen kerran kun koira oli noin Valsse vuotta, silloin vaihdoin:
a) Miltei tai tysin tecllisesta vaihdoin ¥z koti + ¥2 teolliseenruckaan

b) Milesi tai tBysin teollisesta vaihdoin ¥z koti + ¥z teolliseenruokaan
c) Miltei tai taysin teollisesta ruuasta BARFiin
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d) Kotiruuasta tiysin teollisean

&) Kotiruuasta tiysin BARFiin

f) Barfista teclliseen

g) Barfista kotiruokaan

b} Teollisesta teolliseen ruckaan

i) ¥z koti = ¥z tecllisesta ruuasta teolliseen ruckaan

Mik3 oli syy, ettd vaihdoitte diesttid?

Hinta Saztavuus Jonkun suositielema Sairaus Valike Lihoi
Vaihtedua koiralle Iimavaivat Haizeva henki Ruckahal uttomuus

Etsinyt parempaa ruuansulatubsen suhteen Luustovaiveja nuorena Mivelrikkoruckaan
Ruuat vaihdettin toisen koiran takia Koiralla aina eri ruuat Vaihdan ruckamerkkia valilla
Muu syy, mika

Jos syy oli sairaus, auttoiko ruckinnan muutos sithen? Kyllz Ei En Bed3 / en muista

Jos syy oli sairaus, mikd vaihto auttoi? Valitss joku vaihtoghdoista (a-i): Valise

Kolmannen kerran kun koira oli noin Vase wuotta, silloin vaihdoin:

a) Miltei tai @ysin teollisesta vaihdoin ¥z koti + ¥: teclliseenruckaan
b Miltei tai t3ysin teollisesta kokonaan kotiruokaan

c)) Miltad tai tiysin teollisesta ruuasta BARFiin

d) Kotiruuasta tiysin teollisean

e) Kotiruuasta tiysin BARFiin

f) Barfista teclliseen

g) Barfista kotiruokaan

h} Teollizesta teolliseen ruckaan

i) ¥z kot + ¥: teollisesta ruuasta teolliseen ruckaan

Mik3 oli syy, ettd vaihdoitte disettid?

Hinta Saatavuus Jonkun suosittelema Sairaus Valitee Lihoi
Vaihtelua koiralle Iimavaivat Haizeva henki Ruckahal uttomuus

Etsinyt parempaa ruuansulatubsen suhteen Luustovaiveja nuorena Mivelrikkoruokaan
Ruuat vaihdettiin toisen koiran takia Koiralla zina eri ruuat Vaihdan ruckamerkki3 vlill3
Muu syy, miks

Jos syy oli sairaus, auttoiko ruckinnan muutos siihen? Kyll3 Ei En tiedd / en muista

Jos syy oli sairaus, mikd vaihto auttoi? Valitss joku vaihtoghdoista (a-i): Valme

44. Ep3iletkd, tt3 koirallasi on rucka-allergia?
Mille rucka-aineelle epdilet ettd koira on vliherkks tai allerginen (antaz iho-, korva, silmé, ja/tai mssucireita)?
alilse Muu

Mik3 ruoka-ainetta epdilet, ettei koira pysty kunnolla sulattamaan &li aiheuttaa ilmavaiveja, ripulia i muita suolisto-
ongalmia? Valitse Muu

Tahan voit vield kirjeittaa, jos edelliset kysymykset eivat salitd koko tapahtumaketjua koiran ruvan ja sairsuden valilla.

45, Dletteko itse huomanneet, etti ruckinta vaikuttaisi koiran terveydentilaan jollakin lailla?
Vaikuws Valitse Muu vaikutus

46. Onko koiranne BARF dieetillz?
On, ollut jo Vaike Ei ole En tiedd, miks se on

On ollut, lopetimme sen Valse sitten, koska

47. Kuinka ussin annatte koirallanne ruckaa?

1 kertaz/wrk 2-3 kermalvrk Ruokaz on jatkuvasti tarjolla
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Mappulat annan kuivana kostutettuna

48. Mit3 lisdravinteita (pillersitsd, pulvereita, liuoksia...vitamiineja, kondroitiineja, glukosamiineja,
miaitchappobakteersita yms. ) koiranne syd nyt? veit halutessasi valita viisi erilaista

Valitsz listasta Valitse

Valitse listasta Valitsa

Valitsz listasta Valitss

Valitse listasta valitse

Valitsz listasta Valitse

Muu, mitd?

49, Teemme yhteistyoti Hannes Lohen geenitutkimusryhmin kanssa. Pystymme ki3yttimaan niits
tietoja tissa yhteistydssa vain, jos annatte meille joko koiran koko virallisen nimen + syntymapaivan
tai rekisterinumeron. Jos ette kuitenkaan halua, tihin kysymykseen ei tarvitse vastata mitidan. Tassa
meidan tutkimuksessamme antamianne tietoja pystytaan kayttamaan ilman naita tietoja.

Omistajan nimi Koiran nimi
Koiran syntymdaika Koiran rekisterinumero
Olen jo antanut Lohen ryhmalle koirastani verindytteen En ole En tieda

Voitte kuitenkin pyytd3 elZinl3gkarinne ottamaan koirastanne verta ja ldhettdmain sen Lohelle kun kiyite &lEinlddkinssad muun
toimenpiteen vuoksi.

50. Haluatteko kommentoida lisas?

Saatte tisti lomakekoodin joka on koirakohtainen eli jos taytitte timan lomakkeen monelle eri
koirallenne saatte jokaiselle oman koodin. Tille koiralle koodi on "12712274355002", Koodin avulla
voimme kohdentaa mychemmin mahdollisesti esitettivat kysymykset juuri teidin koirallenne. Syksylla
ilmoitamme teille kun seuraava kyselymme on valmis, se tulee olemaan seurantakysely jolloin viikon
aikana mittaatte kaiken mitd annatte koirallenne. Kivaa!!!

KIITOS VASTAUKSISTANME!

Lisdtietoja tutkimuksesta antaa ELT Anna Hielm-Bjérkman, [anna.hielmbjorkman@gmail.com). Tutkimus julkaistaan
kansainviliziszs3 julksisuizsa sekd Koiramme lehdess3, Omat tiedot sivat ole pakollisia, mutta szatamme ottaa teihin yhteytts,
jos meilld on teidin tietonne. Saatamme myds pyytdd witd osallistumaan johonkin twtkdmukseen.

Mirmi:

Osoite:

Postinumero:

Postitoi mipaikka:

Puhelin:
Ja viimeiseksi, saako teihin ottaa yhteynd mahdollisen wkimuksen tiimoila?
Kyl Ei
Jos oleste vastanneeat kaikkiin haluamiinne kysymyksiin Jos aiotte vield tiydentdd vastaustanne mydhemmin,
ettekd aio endd Hydentid vastaustanne mydhemmin, inakza "Tallenna vastauksat" - nappia.
peinakaa "Lhets valmis kysely” - nappia, _
Lihetd vaimis kysely
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