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Abstract

Arthritis is a commonly occurring chronic
illness in human and animals alike. Among all
domestic and pet animal species, dogs suffer
from arthritis more often because of excessive
running or exercise, injury, and/or genetic pre-
disposition. Presently, one in four of 77.2 mil-
lion pet dogs in the United States are diag-
nosed with some form of arthritis. In dogs,
osteoarthritis is more common than rheuma-
toid arthritis and pain is the number one
observation. Osteoarthritis, also known as
degenerative joint disease, is a slowly progres-
sive inflammatory disease, which is character-
ized by degeneration of the cartilage, hypertro-
phy of bone at the margins, and changes in the
synovial membrane, and that eventually
results in pain and stiffness of joints.
Alterations in joint structures, decreased flexi-
bility, and severe pain ensues, due to lack of
hydration and inflammation. Cells within the
damaged joints release pro-inflammatory
cytokines, which further the inflammatory
process. This causes more breakdown of the
cartilage collagen type II and proteoglycans,
which results in a perpetual destructive cycle.
This perpetuating cycle ultimately results in
cartilage destruction, subchondral bone thick-
ening, and synovial membrane inflammation.
This review focuses on osteoarthritis, the dis-
ease, causes, treatments, and presents a
glimpse of some new therapies under study.  

Introduction

Osteoarthritis, also known as degenerative
joint disease (DJD), is a chronic inflammatory
joint disease, which causes pain/soreness,
stiffness, swelling, and lameness due to the
diminished cushion and changes in the syn-
ovial fluid.1-3 Osteoarthritis affects the entire
synovial joint including the cartilage, synovial
fluid, and bone. This disease is characterized
by degeneration of the cartilage and soft tis-
sues, hypertrophy of bone at the margins, and
changes in the synovial membrane.1-3
Mechanical stress is thought to induce
changes in biochemical factors within affected
joints, leading to articular cartilage degrada-
tion.4 The disease process limits the amount of

protein, released from the cartilage’s cells, to
repair cartilage in the joints; this is referred to
as pitting and fraying of cartilage.5 This pitting
and fraying results in the cartilage losing its
elasticity and protective surface due to enzy-
matic cleavage of proteoglycans.6 As the carti-
lage continues to break down and deteriorate
completely, it causes friction between the
bones, which leads to inflammation, thicken-
ing of soft tissues, and loss of mobility of the
joint.7 Trying to maintain its normal balance of
injury and repair, as the cartilage wears away
the joints begin to lose its normal shape and
the space between the joints narrow.
Osteophytes (spurs) formation begins where
the ligaments and joint capsule attach to the
bone. In addition, fluid filled cysts form and
fragments of bone and cartilage can be found
floating in the joint space.5 All of the changes
in the joints and bones can cause pain,
swelling, and the joint may even appear
enlarged.

Disease overview

Osteoarthritis is a disease that has been
described for over a hundred years.8 Currently
there are about 27 million Americans diag-
nosed, but is expected to reach 67 million by
2030.9 Osteoarthritis is the most common form
of arthritis in humans and in dogs. In almost
every form of arthritis there is a loss of bone or
cartilage that results in changes in the shape
of joints.10 There are three different types of
joints; fibrous, cartilaginous, and synovial.
Fibrous and cartilaginous joints consist of
fibrous tissues or hyaline cartilages, which
allow little or no movement. Synovial joints are
made up of synovial fluid and dense irregular
connective tissue, which creates a synovial
joint capsule allowing the joints to freely
move.3 The main focus will be on the synovial
joint, especially the ball and socket (hip and
shoulder) and hinge joints (elbow), because
these joints are most commonly affiliated with
osteoarthritis, especially in canines.3 The syn-
ovial fluid in the synovial joint capsule pro-
vides nutrients, lubrication, and a cushion for
articular cartilage.1-3 Articular cartilage, which
is composed of hyaline cartilage, is avascular
tissue consisting of chondrocytes embedded
within an extracellular matrix of collagens,
proteoglycans, and non-collagenous proteins.
Articular cartilage reduces friction and makes
movement of the synovial joints painless.11
The hyaline cartilage, which has a high con-
tent of collagen type II, serves as a shock
absorber by distributing pressure from the load
over the subchondral bone. In healthy joints,
there is a fine balance between injury and
repair amongst chondroblasts and chondro-
clasts.5 However, in osteoarthritis this balance

is disrupted by an overproduction of
osteoblasts that can cause pain and swelling.
Osteoarthritis has multiple causes and risk
factors; however, once the cartilage is lost, the
joint fails.12
Osteoarthritis is a progressive disease that

consists of four stages. In stage one of
osteoarthritis, minor bone spurs begin to
develop. The cartilage matrix begins to break
down due to chondrocyte’s metabolism being
affected and increasing the production of
matrix destroying enzymes, metalloproteinas-
es (MMPs). The severity of cartilage lesions
can be correlated with the levels of collagenase
present (MMP-1).13 Cartilage lesions disrupt
the function of cartilage, increasing friction
and inflammation in the joints, resulting in
pain. Stage two of osteoarthritis is considered
the mild stage. This stage involves erosion of
the bone due to the cartilage lesions. This can
cause new bone growth, osteophyte, also called
bone spurs, which affect normal joint move-
ment. In this stage, proteoglycan and collagen
fragments are released into the synovial
fluid.10 In the adult dog, protecoglycan turnover
is quicker (300 days) than estimated collagen
turnover (120 years). Marked protecoglycan
loss of articular cartilage is irreversible and
results in joint degeneration.4 Stage three is
considered moderate osteoarthritis. The carti-
lage, in-between the bones, thins out and loses
cushion. The space between the bones is also
narrowing, causing grinding between the adja-
cent subchondral bones.10 During stage three,
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symptoms are more severe and inflammation
begins to occur. Production of synovial
macrophages occurs, including MMP,
cytokines (interleukin 1), and tumor necrosis
factor-alpha.4,6 Once the synovial macrophages
are produced they can destroy tissues by dif-
fusing back into the cartilage and can also
stimulate chondrocytes. The fourth and final
stage of osteoarthritis is considered severe
osteoarthritis. In this stage the joint space is
dramatically reduced, the cartilage is almost
gone, and joint mobility is reduced greatly.4,10
Early diagnosis of osteoarthritis is key to pre-
vent further damage to the joint and alleviate
symptoms.

Diagnosis of canine
osteoarthritis

Osteoarthritis is the most common type of
arthritis in dogs and is the most common
source of chronic pain in older dogs.7 This is
due to the constant wearing away of the carti-
lage from dogs running, jumping, and other
strenuous exercise. Arthritis commonly affects
large breed dogs, i.e. German Shepherds,
Labradors Retrievers, Siberian Huskies, and
Rottweilers, more than small breed dogs.
Prevalence of osteoarthritis can be as high as
20% in dogs more than a year old, with middle-
aged and older dogs being at higher risk. Dogs
that are diagnosed with arthritis tend to be
lethargic, have difficulty moving from a sitting
or lying position, cracking joints, stiffness,
muscle wastage, and visible pain.7 Diagnosing
osteoarthritis in dogs begin with owners
observing the pain and stiffness while the ani-
mal is running, walking, jumping, or rising
from a lying or sitting position. Radiographic
evidence, patient symptoms, and osteoarthritis
risk factors such as age, gender, and body mass
index, can all aid in predicting the risk of
rapid, highly predictable joint degradation.
During physical exams, the patient may show
signs of pain, including whining, biting, or try-
ing to move away. Radiographic evidence can
show the breaking down of cartilage between
bones and inflammation in the joints. By prop-
erly diagnosing patients with osteoarthritis,
this will help establish a future plan to help
ease pain, prevent further damage, and overall
increase the quality of life. 
Canine hip dysplasia
Along with osteoarthritis, dogs may also suf-

fer from hip dysplasia, a form of osteoarthritis
present in the ball and socket joints. Hip dys-
plasia can be a genetically inherited condition
from improperly formed hip joints typically
seen in large breed dogs.14 Dogs that suffer
from inherited hip dysplasia, show signs with-
in the first year and should be spayed or

neutered to avoid passing this genetic tenden-
cy to malformation to offspring. Bulldogs, St.
Bernard’s, Blood Hounds, and Boykin Spaniels
are a few examples of breeds that are at a
higher risk factor for developing hip dysplasia.
Dogs can also be at risk for hip dysplasia if
there is excessive weight gain during the early
stages of growth, typically 3-8 months of age,
and from putting excessive pressure on the hip
joint from strenuous exercise. Hip dysplasia is
caused from an abnormal development of the
hip joint, leading to excess laxity in the hip
joint. Laxity in the hip joint can cause stretch-
ing of the supporting ligaments, joint capsules,
and surrounding muscles, leading to perma-
nent damage to the anatomy of the hip joint.15
The permanent damage to the anatomy causes
the poorly developed head of the femur to
loosely fit into a shallow acetabulum.16
Orthopedic Foundation for Animals (OFA)
radiographs can also be done to diagnose hip
dysplasia. According to the Orthopedic
Foundation for Animals, OFA radiographs must
be performed with the animal in dorsal recum-
bancy with rear limbs extended parallel. The
stifles are rotated inward and the pelvis is sym-
metric. This type of radiograph allows veteri-
narians to assess how the femoral head fits
into the acetabulum, which aids in the diagno-
sis of hip dysplasia.16

Measuring joint mobility
Osteoarthritis patients struggle with limited

range of motion (ROM), a reduction in the
ability to move one’s joints. Pain, stiffness, and
swelling, all symptoms of osteoarthritis, can
hinder mobility. Measuring the range of
motion can help identify what condition the
articular surface, joint capsule, ligaments, and
muscles, are in.17 Assessing the range of
motion is widely used in human medicine and
is becoming more popular in canine veterinary
medicine, as more patients are being diag-
nosed with arthritis (Table 1). Universal
Goniometry is a commonly preferred way to
measure range of motion in humans and other
species.18 A goniometer is an affordable, reli-
able, commonly used, non-invasive tool used to
measure flexion and extension degrees of joint

mobility in the forelimbs and hind limbs in
canine, as well as humans during physical
therapy sessions. When using a goniometer,
place the tool over the fulcrum of the joint,
aligning the stationary arm with the stationary
line of the body. Move the desired joint, either
flexed or extend, and follow the moving line of
the body with the moving arm of the goniome-
ter; look at the readings on the goniometer for
the degree of range of motion. 

Erythrocyte sedimentation rate 
In addition, a multitude of blood tests can be

used to determine the degree of inflammation
in the joints from arthritis, aiding in the diag-
nosis. One test used to assess inflammation is
the erythrocyte sedimentation rate test along
with complete blood counts and chemistry pan-
els. The erythrocyte sedimentation rate (ESR)
test, also known as the sed rate, sedimentation
rate, and Westergren sedimentation rate, is a
quick and simple test that has been used for
many years to detect inflammation associated
with infections, autoimmune diseases, and
arthritis. A Polish pathologist, Edmund
Biernacki, invented the ESR test in 1897. In
1918, two Swedish pathologists, Robert Sanno
Fahraeus and Alf Vilhelm Albertsson
Westergren used sodium citrate-anticoagulant
specimens. This method of the test is widely
used today and known at the Westergren
method.19

Due to the ESR test not being specific, it is
used in addition to other blood tests including
c-reactive protein, antinuclear antibody (ANA),
and rheumatoid factor. Typically, ESR tests are
ordered when a condition or disease is sus-
pected to cause some form of inflammation in
the body. For example, people who suffer from
arthritis may have an ESR test run to detect
the amount of inflammation in the joints. ESR
is the rate at which red blood cells sediment in
a period of one hour. The test is performed by
anticoagulated blood, typically in an ethylene-
diaminetetraacetic acid (EDTA) tube that is
placed in an upright 150mm tube, also known
as a Westergren tube. After an hour, the rate at
which the red blood cells have fallen is report-
ed in millimeters of plasma per hour
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Table 1. Maximum joint range of motion in canine.

Joint                               Extension                                                Flexion

Shoulder                           142 degrees-ground                                           125 degrees-ground
Elbow                                 124 degrees-ground                                            98 degrees-ground
Carpus                               124 degrees-ground                                            97 degrees-ground
Hip                                      141 degrees-ground                                           115 degrees-ground
Stifle                                  141 degrees-ground                                           109 degrees-ground
Hock                                   135 degrees-ground                                           115 degrees-ground
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(mm/hr).20 Normal ranges for canine and
feline ESR are listed in Table 2. The ESR test
works by a precise balance of pro-sedimenta-
tion factors, specifically fibrinogen, and resist-
ing sedimentation factors, such as the nega-
tive charge of erythrocytes. During a state of
inflammation, the fibrinogen increased caus-
ing the red blood cells to stick together in a
stacked pattern known as rouleaux. The
stacked erythrocytes are denser and cause the
cells to settle faster than normal.21

Drugs and disease manage-
ment

Animals with osteoarthritis are treated with
various approaches, involving invasive and
non-invasive measures. The objectives in
managing osteoarthritis include minimizing
joint pain by reducing the inflammation and
slowing the progression of the cartilage dam-
age, resulting in increased joint flexibility and
ultimately improving quality of life. To achieve
these goals, a variety of conventional pharma-
ceuticals, experimental treatments, nutracetu-
icals and supplements, and life change, such
as stem cell therapy, physical therapy with
acupuncture, and weight loss and exercise pro-
grams.

Conventional treatments

Non-steroidal anti-inflammatory
agents 
Pharmacological management of

osteoarthritis includes steroidal or non-
steroidal anti-inflammatory (NSAID) agents.
These drugs do not address the underlying
issue; they just control pain and inflammation.
NSAIDs work against prostaglandins, which
are a family of chemicals that are produced by
cells and promote inflammation. Their inflam-
mation properties also result in pain, fever,
and increased platelet clumping.1,7 The cells
that produce prostaglandins are called
cyclooxygenase (COX). There are two forms of
COX enzymes, COX-I produces prostaglandins
that support platelet clumping and protect the
stomach, and COX-II enzymes produce
prostaglandins that are responsible for pain
and inflammation. Since NSAIDs inhibit both
forms of COX enzymes, NSAIDs can result in
gastrointestinal side effects, including ulcera-
tion, vomiting, anorexia, melena, and abdomi-
nal pain.1,17
Acetylsalicylic acid was the first NSAID to be

used in modern medicine and still is widely
used. Acetylsalicylic acid, despite its side
effects, is commonly recommended in veteri-

nary medicine for dogs that suffer from
osteoarthritis due to it being relatively inex-
pensive. However, studies have shown that it
can decrease chondrocyte production of colla-
gen and proteoglycans and can enhance carti-
lage degradation over time.1 Acetylsalicylic
acid is also a unique NSAID in the fact that it
prolongs blood clotting for 4-7 days. This
makes in an ideal drug for preventing blood
clots that cause heart attacks and strokes,
rather than an osteoarthritis event.1,7 Since
there are many problems associated with
acetylsalicylic acid for osteoarthritis treat-
ment, other NSAIDS are becoming more popu-
lar. The six types of NSAIDs that are commonly
prescribed by veterinarians, other than acetyl-
salicylic acid, for osteoarthritis patients
include: carprofen, deracoxib, etodolac,
meloxicam, tepoxalin, and firocoxib.7

Corticosteroids
Corticosteroids and gluccorticosteroids,

often referred to as steroids, may be lifesaving
and certainly increase the quality of life of
dogs and humans.22 Cortisone is a hormone
that naturally occurs in the cortex of the adre-
nal gland. This is where the cortico prefix
comes from. Corticosteroids are produced from
the same chemical base that produces the sex
hormones.23,24 Cortisol is naturally produced
when an animal gets stressed; however, man-
made cortisol is 5-6 times stronger than natu-
rally produced cortisol. Any production, natural
or drug induced, of cortisol has a negative
feedback and slows or stops natural produc-
tion. Suppression of naturally produced corti-
sol typically occurs within 12-48 hours and
takes a few days to start the process back up.25
Stopping the use of steroids quickly can result
in a withdrawal syndrome, which includes
fatigue, joint pain, stiffness, tenderness, and
fever.26
Corticosteroids are the most used, and mis-

used, pharmaceuticals in veterinary
medicine.22 Steroids, generally in an oral
tablet, are used for stress response, immune
system issues, inflammation, nutrient metabo-
lism, and maintaining electrolyte levels in the
blood.22 Corticosteroids are a popular treat-
ment plan for patients suffering from arthritis
because they are extremely effective in reliev-
ing pain and inflammation.23 Steroids inhibit
the production of arachidonic acid, which can
stop the inflammation and stop the production
of prostaglandins, similar to NSAIDs.26
However, when using steroids the body cannot
separate the anti-inflammatory properties

from the immunosuppressant properties.26
Therefore, low doses of steroids are used to
suppress inflammation and high doses of
steroids are used as immunosuppressants.22
Since steroids affect nearly all cells of the body,
their benefits are widespread, however, their
side effects can be long lasting and devastat-
ing.26 The side effects, which vary depending
on the dose and duration of steroid use,
include sore mouth, weight gain, osteoporosis,
high blood sugar levels (diabetes), cataracts,
insomnia, gastrointestinal bleeding and
ulcers, suppressed immune systems, fluid
retention, atherosclerosis resulting in
increased risk of heart disease, and aseptic
necrosis. To reduce the probability of side
effects from steroid use, one must avoid using
steroids on a daily basis and no longer than 3-
4 months without re-evaluating organ func-
tions. Due to the devastating side effects of
steroid use, alternative medicine such as
acupuncture, nutraceuticals, and therapy can
be used to treat osteoarthritis patients. 

Experimental treatments

Insulin growth factor-I
Insulin growth factor-I (IGF-I) is peptide

produced by the liver that promotes growth by
reaching the articular cartilage through the
synovial fluid. IGF-I can also be synthesized by
chondrocytes.27 This peptide is vital for child-
hood growth, but continues to have anabolic
affects in adults. IGF-I is stimulated by growth
hormones and helps cartilage maintain struc-
tural and functional integrity by inhibiting
interleukin-1’s ability to stimulate proteogly-
can degredation.27 However, under malnutri-
tion conditions, hormone and receptor insen-
sitivity, and failure to downstream signaling,
can affect growth and stimulate damage to car-
tilage health. Past studies have shown that
IGF-I can be important to the development of
osteoarthritis and osteoporosis due to IGF-I
being abundant in the cartilage and bone;
therefore, it is suggested that it can prevent
cartilage damage and the progression of
osteoarthritis.27 This is because IGF-I plays a
role in the regulation and homeostasis of nor-
mal cell growth and cartilage. In adults, if dam-
age occurs, i.e. tumors, this can lead to over-
growth of bony tissue, which can cause
osteoarthritis.28 However, due to many incon-
clusive studies, more work needs to be done to
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Table 2. Erythrocyte sedimentation rate normal ranges.

Species                                                                    Normal range (mm/hr)

Feline                                                                                                                   0-12
Canine                                                                                                                   0-5



                              [Veterinary Science Development 2015; 5:5931]                                                [page 87]

understand the mechanism and to what extent
IGF-I has on osteoarthritis. 

Oral doxycycline
Doxycycline, broad spectrum, bacteriostatic

antibiotic, is commonly used for bacterial
infections and to treat malaria. However, pre-
liminary studies on animals have been con-
ducted to study the effects of doxycycline on
osteoarthritis. It is speculated that low dosages
of tetracycline analogue, specifically doxycy-
cline, can inhibit the MMPs, which play an
essential role in cartilage degradation. Due to
doxycycline being more lipid soluble it is able
to penetrate areas such as the synovial joint,
which in the main site of damage in dogs with
osteoarthritis. In one study conducted by the
Johns Hopkins’ Arthritis Center (1995), oral
administration of doxycycline showed to pre-
vent narrowing of the knee joint in subjects.
Studies have also shown that oral administra-
tion of doxycycline can reduce the severity of
articular cartilage, which plays a vital role in
the process of osteoarthritis.29 In
Nganvonpanit et al., the therapeutic effect of
oral doxycycline on canine hip osteoarthritis,
by reducing the rate of joint pathology in
osteoarthritis, was studied. Overall, after a six-
month period, dogs showed significant signs of
improvement in joint mobility, pain upon limb
manipulation, lameness, and were able to bear
more weight on their hips. Signs of improve-
ment were shown as early as two months.30
However, the results were not consistent and
further studies should be conducted at the
therapeutic effects of oral doxycycline and
canine osteoarthritis and lameness. In addi-
tion, the overuse of doxycycline can result in
microbial resistance; therefore, long-term side
effects and dosage recommendations need to
be further studied.   

Sodium pentosan polysulfate
Originally made for humans who suffer from

interstitial cystitis, sodium pentosan polysul-
fate is a semi-synthetic, poysulphated polysac-
charide that has anti-inflammatory and anti-
arthritis properties and is classified as a dis-
ease modifying osteoarthritis drug (DMAOD).
Sodium pentosan polysulfate is structurally
similar to glycosaminoglycans. Sodium pen-
tosan polysulfate is also similarly structured to
the anti-coagulant, heparin; however, does not
have the same strength. Sodium pentosan
polysulfate has been studied in Europe for over
40 years, but only recently has been combined
with calcium to increase its anti-arthritic prop-
erties.31 These properties are due to it being
able to stimulate chondrocytes to synthesis
cartilage, stimulate synoviocyte biosynthesis,
and inhibit degradation of cartilage matrix and
acrachidonic acid, which promotes an inflam-
matory cascade.32 Sodium pentosan polysul-
fate is recommended to be injected into the

joint in 5-7 day intervals with provided three
months of relief.32 Currently, it is leading
experimental treatment for osteoarthritis in
canines and other animals by inhibiting MMPs
and maintaining the cartilage structure and
biochemistry.32 Other than mild gastrointesti-
nal upset, not other side effects have been
noted. Therefore being relatively safe, even at
three times the recommended dose and having
minimal side effects, sodium pentosan polysul-
fate is becoming a more popular alternative
treatment for canine osteoarthritis.31 However,
more in vivo studies need to be performed to
evaluate the bioavailability of oral route versus
intramuscular. 

Glycoaminoglycans: glucosamine
and chondroitin sulfate
As the body ages the production of glu-

cosamine slows down; therefore, it is impor-
tant to supplement glucosamine to avoid joint
issues.37 Glucosamine (2-amino-2-deoxy-D
glucose), the most abundant monosaccharide,
is a naturally occurring compound composed of
sugar and amino acids. Glucosamine has been
used for nearly 40 years in human medicine.25
It is strictly used as a dietary supplement in the
United States, but is a regulated pharmaceuti-
cal throughout Europe.16 There are three dif-
ferent types of glucosamine; glucosamine sul-
fate, glucosamine hydrochloride, and N-acetyl-
glucosamine. However, glucosamine sulfate
may be more effective for arthritis treatment
because sulfate is needed to produce cartilage
and the other two forms of glucosamine do not
contain sulfates.25 Glucosamine supplements
are extracted from crustacean exoskeletons or
from fermentation of grains such as corn or
wheat.21 Glucosamine is one of the most com-
monly used nutraceuticals, especially for
arthritic patients, due to it being involved in
the body’s production of joint lubrication and
shock absorption and maintaining healthy car-
tilage and joint function.25 Glucosamine is the
precursor in the biochemical synthesis of gly-
cosylated proteins and lipids, glycosaminogly-
cans. Glycosaminoglycans are a major compo-
nent of joint cartilage and the extracellular
matrix of articular cartilage.25 Glucosamine
also aids in the rebuilding of damaged carti-
lage and is a building block for articular carti-
lage.25 Glucosamine has anti-inflammatory
properties by inhibiting synthesis of degrada-
tion enzymes, increasing synthesis of extracel-
lular matrix, and reduces apoptosis of articular
chondrocytes.25 Glucosamine is also good for
nail growth, tendons, skin, eyes, synovial fluid,
ligaments, heart valves, and mucous secre-
tions of the digestive, respiratory, and urinary
tract.21 Glucosamine supplements have little to
no side effects when used at the recommended
dose; however, if taken above the recommend-
ed dose, it can cause damage to pancreatic
cells and increase the risk of diabetes. Short-

term side effects include stomach upset, con-
stipation, diarrhea, headaches, and rashes.16
In recent years, in a series of preliminary
experiments, researchers have evaluated sev-
eral nutraceuticals individually and in combi-
nation with several other supplements, and
found that they are significantly effective in
ameliorating arthritic pain.
Glucosamine supplements are often com-

bined with chondroitin sulfate. Chondroitin
sulfate, a type of gylcoaminogycan, addresses
the disease process of arthritis by aiding in the
repair of damaged connective tissue.
Chondroitin sulfate is one of the most abun-
dant glycoaminoglycans in joint cartilage,
bones, tendons, cornea, and heart valves.21 It is
also beneficial to stress injuries, by keeping
joints hydrating and protecting existing carti-
lage breakdown.21 Studies has theorized that
supplementation of chondroitin sulfate will
maximize blood circulation to subchondral
bone and synovial joints. Chondroitin sulfate is
vital for articular cartilage and joint structure
because it can bind collagen fibrils and is used
as a chondroprotective agent by inhibiting the
degradations of cartilage matrix and synovial
fluid.21 Supplementation of chondroitin sulfate
is important because as the body ages, less
chondroitin sulfate is produced and other gly-
coaminoglycans, such as keratin sulfate, are
produced which predisposes the joint to
osteoarthritis. In addition to the joint benefits,
chondroitin sulfate supplements are noted to
have up to 70% bioavailability when taken oral-
ly, this is significantly more than the bioavail-
ability of other supplements and nutraceuti-
cals. Overall, glucosamine chondroitin sulfate
and other joint related glycosaminoglycans,
seem to be relatively safe and do not display
any long term side effects. Therefore, making
glycoaminoglycans a popular alternative treat-
ment for osteoarthritis in canines.21,25

Stem cell therapy

Stem cell therapy, acupuncture, and mas-
sage therapy are all becoming popular ali-
ments used to treat dogs that suffer from
osteoarthritis symptoms. While most
osteoarthritic treatments are the same for
humans and dogs, stem cell therapy is only
available for dogs. When anti-inflammatory
agents are no longer improving the quality of
life for arthritic dogs, stem cell therapy can be
the next option. First discovered in 2005, by Dr.
Brian Voynick of the American Animal
Hospital, this therapy is an option for dogs
with osteoarthritis or hip dysplasia. Stem cells
are platelet rich plasma that can help inhibit
the inflammatory process and repair damaged
tissue.33 Currently, several therapeutic regen-
erative strategies have investigated whether
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autologous mesenchymal stem cells (MSCs)
have significant effects on regeneration and
maintenance of articular cartilage.33 Stem cell
therapy is based on the isolation of these cells
from fat or bone marrow tissues and then after
culture expansion, they are injected back to
the patient’s damaged joints.33 Veterinarians
claim that harvesting stem cells from fat is less
invasive than a spay. A positive aspect to this
therapy is that it is the dog’s cells and there-
fore the risk of rejection is lower.
Mesenchymal stem cells are responsible for
releasing anti-inflammatory chemicals, which
are speculated to repair damage in the joint.33
However, little is known about the mode of
action when injected into the damaged joint.
While stem cell therapy is still relatively new
and seems to have promising effects for treat-
ing and preventing osteoarthritis in canines, it
is a relatively expensive treatment, averaging
around $3,000, and results may vary from indi-
vidual and severity of osteoarthritis. 

Nutraceuticals and natural
products

Pharmaceuticals have a high risk of toxicity
and adverse side effects, because of this; there
is push for alternative treatments in the form
of food supplements. A nutraceutical is defined
as a food, typically plant based, which provides
medical or health benefits including the pre-
vention and treatment of a disease.13 Stephen
DeFelice, MD, the founder and chairman of the
Foundation for Innovation in Medicine, coined
the word nutraceutical in 1989 from the words
nutrition and pharmaceutical.34 However, the
use of food supplements to treat diseases dates
back to Hippocrates, the father of medicine,
(460-377 BC) when he predicted the health
benefits of foods.35 Since certain foods play an
important role in maintaining normal func-
tions in the human body, nutraceuticals are
gaining popularity with health professionals
and the public. Currently, there are over 470
nutraceuticals with documented health bene-
fits.13,15 Nutraceuticals are classified into two
types; traditional foods and non-traditional
foods. Traditional food is defined as natural,
whole food with new information about poten-
tial health qualities. For example, omega-3
fatty acids in salmon and other seafood help
reduce undesirable cholesterols. Non-tradi-
tional foods result from agriculture, crop and
animal breeding or adding nutrients and
ingredients to boost traditional food’s nutri-
tional value. Examples include orange juice
that is fortified with calcium; milk fortified
with vitamins; crops fortified with vitamins,
minerals, and omega 3s. However, to date few
focus directly on osteoarthritis. 
Unlike pharmaceuticals, there are no FDA

regulations for the health claims of nutraceuti-
cals or non-traditional foods.13 Even though
there are few regulations on the health claims
of nutraceuticals, safety must be assured in
advance. Therefore, extensive, independent,
testing must be reported on a nutraceutical
before health professionals recommend it to
their patients. During the research process,
nutraceuticals can be classified as potential or
established nutraceuticals. Nutraceuticals pro-
vide a promising approach towards a particular
health or medical benefits, while established
nutraceuticals have multiple, independent,
peer-reviewed, research reports backing up
their claimed benefits.31,36
Herbal medicine is increasing its popularity

in veterinary medicine.7 Popularity may be due
to low cost and a belief it has minimal to no
side effects. Herbal medicine is becoming a
common treatment for mastitis occurrences,
foot-and-mouth disease outbreaks, skin aller-
gies, food poisonings, tympany, and expulsion
of placentae. In the past, nutraceuticals were a
common therapy for livestock in treating a
variety of diseases including hepatitis, chronic
heart disease, skin disorders, wounds, and
arthritis.24 Some nutraceuticals affect the pro-
gression of arthritis by preventing degradation
and enhancing the repair of joint cartilage.37

Weight control, exercise, and
physical rehabilitation

When treating osteoarthritis the main goals
are to reduce pain and inflammation, improve
joint function, eliminate or control the cause
of arthritis, and even halt the process.
Treatment can either occur through therapy or
through medication. Osteoarthritis is more
common in overweight dogs, so by putting the
dogs on a strict diet to promote weight loss it
can decrease mechanical stress that is placed
on the joints. Obesity, and inactivity, which
leads to obesity, can cause the joint to wear
away faster due to extra pressure that is exert-
ed on a joint.1,38 According to the Arthritis
Foundation, for every pound gained, three
pounds of pressure are added to the knees and
six pounds of pressure are added to the
hips.1,38 By incorporating a weight loss pro-
gram into the treatment plan this can lower
the amount of medication the dog will need to
take.  Females, older dogs, and specific breeds,
such as Beagles, Dachshunds, Collies, and
Labrador Retrievers, are more prone to obesity.
Therefore, a diet plan should be enforced to
prevent and control body weight. Diets should
be high protein and low fat, with a negative
energy balance. Along with strict dieting, a
modified exercise plan should also be estab-
lished for the dog. An exercise program can
help in reducing weight while maintaining

range of motion and muscle mass. Modified
exercises, low-impact like walking or swim-
ming, can also strengthen joint supporting
structures, muscles, ligaments, tendons, and
joint capsules.1,7 Animal hospitals and rehabil-
itation facilities are starting to promote under-
water treadmill therapy. This provides exercise
with the lowest possibly impact due to the dog
being in water. Overall, to create a successful
treatment program the pet owner must be
committed and willing to learn, the diet and
exercise must be monitored, and post-diet
weight monitoring by a veterinary should be
done on a monthly basis. 

Future perspectives

Currently, osteoarthritis is treated or man-
aged by invasive as well as noninvasive
means.24 In the recent past, the treatment
options for arthritis were typically non-
steroidal anti-inflammatory drugs (NSAIDs)
given alone or in combination with other dis-
ease-modifying agents. NSAIDS (COX
enzymes inhibitors) eliminate pain, but do not
eliminate the signs and symptoms of active
disease nor do they repair cartilage. In recent
years, chronic use of NSAIDs has been linked
to numerous side effects, including gastroin-
testinal (GI) bleeding, and renal and hepatic
dysfunction. Anti-inflammatory drugs such as
aspirin and ibuprofen are non-specific
inhibitors of COX enzymes (COX-I and COX-
II).37 They inhibit the production of inflamma-
tory prostaglandins, resulting in their thera-
peutic effect, but also inhibit the production of
constitutive prostaglandins, resulting in side
effects, such as GI bleeding.37 Therefore, under
these circumstances, a safe therapy is war-
ranted for arthritic dogs. Nutraceuticals are
also gaining popularity due to being readily
available, inexpensive, and having minimal to
no side effects.34,37-41 Nutraceuticals, such as
type-II cartilage, shilajit, 5-loxin, avocado/soy-
bean unsaponifiables, and curcumin have
gained immense popularity for their anti-
arthritic and anti-inflammatory uses in
humans and animals. However, with alterna-
tive medicine, there is no guarantee that the
condition will improve; therefore, further safe-
ty and efficiency tests need to be performed to
ensure the quality of these new treatments. 
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