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CHAPTER |

INTRODUCTION

Important and rationale

Osteoarthritis (OA) has widely known as the most prevalent arthritic disease in
dogs and cats. It is considered to be a common cause of chronic pain, leading to
physical disability when the progression is occurred. The previous studies demonstrate
that OA is characterized by destruction of articular cartilage, inflamsnmation of synovial
membrane, subchondral bone sclerosis and osteophyte formation (Johnston, 1997;

Burnett et al., 2006).

The varieties of medical therapies and physical managements for OA patients
have been increasingly established and developed including long term usage of non-
steroidal anti-inflammatory drugs (NSAIDs) or nutraceutricals, weight management and
physical rehabilitation. Curtis et al., (2000), Jamikorn and Yibchok-anun, (2014) and
Kwananocha et al., (2016) have been reported that nutraceuticals especially in PCSO-
524, a New Zealand green-lipped mussel extract, omega-3 polyunsaturated fatty acids
(n-3 PUFAs) supplement can reduced inflammation and articular cartilage degradation
without any adverse effects. The clinical outcome of the application of PCSO-524 has
been evaluated in many different ways such as the use of force plate gait analysis,
lameness score, pain score, orthopedic assessment score (OAS), radiographic findings
and owner preferences (Mongkon and Soontornvipart, 2012; Kwananocha et al., 2016).
Unfortunately, there is no clinical study address in the efficacy of PCSO-524 on the

articular cartilage. The degradation of articular cartilage during arthritis is the key point
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to indicate the early stage of OA signs using ultrasonography techniques, which is
recommended for detection an early OA signs in both humans and dogs (Okano et al,,
2016; Ramirez-Flores et al., 2017; Jain and Johar, 2018). Moreover, this technique is
desirable as a quick and easy screening method for diagnosis of human knee

osteoarthritis with its invasiveness and cost-effectiveness (Jain and Johar, 2018).

In Thailand, a large number of small breed dogs has been diagnosed with a
medial patellar luxation (MPL) disease. Many studies have indicated that MPL induces
OA in the canine stifle (Martinez, 1997; Alam et al., 2011). Surgical treatment is the best
way to cure this disease due to its stability and increasing progression of OA (Martinez,
1997). However, some owners may refuse to let their pets undergo the surgical
intervention due to being scared of the anesthetic risks and lack of notification of the
symptom as the clinical signs of OA secondary to MPL are not obviously detected. A
large number of clinicians also prefer an elective treatment to avoid the risks of

anesthesia.

The purpose of this study is to evaluate the chondroprotective effect of PCSO-
524, the n-3 PUFAs supplement, in dogs with osteoarthritis secondary to medial

patellar luxation by using ultrasonography (US).



CHAPTER Il

LITERATURE REVIEW

2.1 Osteoarthritis

Osteoarthritis (OA) is a common arthritic disease in dogs and cats. It is
characteristically a loss of balance between synthesis and degradation of articular
cartilage constituents. It subsequently leads to destruction of articular cartilage,
remodeling of the underlying bone, formation of osteophytes, and varying degrees of
synovitis (Fujita et al., 2005). There is a high prevalence as 20 percent of adult dogs,
which suffered from this symptom (Johnston, 1997). It has been identified as the most
important cause of chronic pain leading to physical disability at the final stage. This
disorder influenced by multiple factors such as genetics, aging, obesity, overuse, acute
trauma and diet (Burnett et al., 2006; Bell et al., 2014). In addition, it often occurs
secondary to underlying diseases involving the joint instability, joint incongruity and
abnormal loading via the joint such as hip dysplasia, cranial cruciate ligament rupture

and patellar luxation (Ramirez-Flores et al., 2017).

Osteoarthritis is a slowly progressive disease caused by different etiologies that
finally converge on the same pathogenic pathway. The pathological changes of OA are
usually initiated by a disruption of the articular cartilage matrix. Chondrocytes produce
several OA-associated cytokines such as interleukin-18 (IL-13) and tumor necrosis
factor-0t (TNF-QU), which stimulates the production of degradation enzymes.

Eventually, an imbalance between the synthesis and resorption activities of cartilages
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were occurred. These alterations lead to losing of hyaline articular cartilage, synovial
membrane inflammation, subchondral bone sclerosis and osteophyte formation

(Burnett et al., 2006).

Osteoarthritic dogs present variable clinical signs, depending on breeds, degrees
of the disease, and the particular joint affected. The clinical signs consist of inactivity,
stiffness, lameness, gait alterations, and behavioral changes. Moreover, exercise
intolerance, muscle atrophy, joint swelling, reduced range of motion, crepitus, and

pain on joint manipulation are presented.

Diagnosis of OA is traditionally made by radiographic imaging due to its features
on providing the information of bony changes such as osteophytosis and subchondral
bone sclerosis. However, it is not an ideal assessment method for soft tissue
construction and the OA changes related to bony construction occur rather late in the
disease processes. Early detection of OA may anticipate in good opportunities to
identify the underlying causes of the OA and reduce the progression of OA. There are
several reports on early diagnosis methods, including arthroscopy, ultrasonography
(US) and biomarkers in joint effusion (Fujita et al., 2005; Ramirez-Flores et al., 2017).
Other advanced imaging methods are used increasingly such as magnetic resonance
imaging (MRI) and computed tomography (CT). MRI can provide the information of soft
tissue such as cartilage, lisaments, tendon, menisci, synovium and bone. CT presents
less information about soft tissue abnormalities, it is useful for the stifle joint in
assessing the meniscus, and for more complex anatomy joints such as elbow joint,
carpus, and tarsus. Even so, both of them are limited in the available of the device

and cost-effective.

There is no clinical study completely proved in curing of OA. For a better living

of OA patients, a combination therapy such as medical management, weight
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management and physical rehabilitation, could be done (Impellizeri et al., 2000). The
treatment goals of OA are aim at reducing symptoms, as pain and inflammation,
maintain joint mobility and limit the loss of function. Moreover, another purpose of
OA management is to prevent the OA progression, which could be served by
pharmacologic management. To slow a severe stage of OA, especially as prevention
of cartilage damage, several drug classes could be prescribed in a longstanding
duration. Although, NSAIDs is the most common medication for OA treatment, its side
effects still exist, especially when using in long term. Therefore, nutraceuticals is now
widely recommended for OA patients (Henrotin et al, 2011). It can inhibit the
inflammatory pathways, which cause a reduction of cartilage degradation with reduced
side effects (Curtis et al., 2000; Jamikorn and Yibchok-anun, 2014; Kwananocha et al.,

2016).

2.2 Medial patellar luxation

Patellar luxation (PL) is one of the most common orthopedic diseases affecting
the stifle in dogs (Ness et al., 1996). It is termed as “congenital” due to it early occurring
in life and non-traumatic disease (Piermattei et al., 2006; Tobias and Johnston, 2012).
Many studies reported that medial patellar luxation (MPL) has been found more often
than lateral patellar luxation (LPL) when compare with different breeds and sizes.
Small breed dogs, especially in Pomeranian dogs, have been reported with a high
prevalence (Roush, 1993; Hayes et al.,, 1994; Soontornvipart et al., 2013). Wangdee et
al., (2005) has found the prevalence of MPL as 87 percent of small breed dogs. This is
in accordance with Soontornvipart et al., (2013) that the incidence of MPL is 64 percent
from 238 Pomeranians presented at the Small Animal Hospital, Faculty of Veterinary

Science, Chulalongkorn University during 2006-2008. However, in recent years, some
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reported found an increase prevalence of MPL in large and giant breeds, especially in

the Akita, Labrador, husky, and malamute (Piermattei et al., 2006).

Medial patellar luxation is characterized as a developmental orthopedic
disease in dogs while the traumatic luxation is less common (Slatter, 2003; Piermattei
et al,, 2006). The etiologies of MPL have not been elucidated; however, it have been
described as a cause of skeleton abnormalities, which include a shallow of trochlear
sulcus and medial displacement of the tibial tuberosity (Trotter, 1980; Hulse, 1981,
Piermattei et al., 2006; Tobias and Johnston, 2012). Putnam (1968) and Singleton (1969)
have indicated that the deformities of femoral head and neck as coxa vara (decreased
angle of inclination of femoral neck) and a diminished anteversion angle (relative
retroversion) were a commencement of the anatomical abnormalities of the stifle. The
degrees of severity of MPL can be classified clinically into four grades according to a

description of Singleton (1969) :

Grade I: The patella normally articulates in the trochlear groove. In full
extension of the stifle joint, it easily luxates by pressure manipulation and immediately

returns to the trochlear groove when released.

Grade II: The luxation of the patella can occur either extension or flexion of the
stifle joint. However, in most of the time, it spontaneously reduce to the trochlear

groove.

Grade lll: The patella rarely locates in the trochlear groove. Although it can be
reduced by manipulation, the patella often reluxates to the medial side of the
trochlear ridge when the manual pressure releases. This severity presents with shallow

trochlear groove, medial rotation of the tibia, and medial deviation of the tibial crest.
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Grade IV: The patella is permanently dislocated from the trochlear groove. It
neither reduced spontaneously nor manually. The trochlear groove is absent. The tibia

is twisted medially, and tibial crest presents more deviation than lesser luxation.

Clinical signs of medial patellar luxation vary depending on the severity of
luxation. Lameness signs also vary in each affected dogs in which it may be present
intermittently or continuously. Dogs with MPL grade | are typically asymptomatic and
incidental finding on routine physical examination. In grade II luxation, dogs show
intermittent lameness involved with a luxation of the patella. Dogs mostly present
abnormal gait termed “skipping lameness”, suddenly skips, frequently flexes and
extends the joint and then start to weight bearing without any lameness. In grade Il
luxation, semiflexion of affected stifle is usually seen while dogs are walking. A
crouched gait is presented with hyperflexion and internal tibial rotation of the stifle
joint. Dogs show a variety degree of lameness associated with the degree of cartilage
erosion at the articular surface of the patella and the medial trochlear ridge of the
femoral condyle. And in grade IV luxation, the most severe condition, a crablike
posture is found. Dogs cannot walk without a carrying by their owners. It commonly
presents marked conditions of femoral varus, proximal tibial valgus, and internal tibial
rotation (Tobias and Johnston, 2012). MPL caused disability, pain, and lameness leading
to a degenerative joint disease. Finally, secondary osteoarthritis is commonly occurred

(Roy et al., 1992).

Diagnosis of MPL in any severity is primarily based on physical examination.
Radiographic examination can be useful to identify the luxation and the degree of
degenerative changes in the stifle joint. However, in case of low degree of luxation,

radiographs may be result in normal appearances. In case of skeleton deformities is



21

presented, radiographic examination is necessary to quantify the deformities and

evaluate the operation plan (Tobias and Johnston, 2012).

For the treatment of MPL, there is an individual treatment in each patients. The
surgical techniques for correction of MPL can be mainly divided into two parts, osseous
and soft tissue techniques. All techniques are aim to realignment of the quadriceps
mechanism and stabilization of the stifle joint. In grade Il luxation dogs with significant
clinical signs, surgical procedure is considered. But in case of mild lameness signs and
OA degrees, a conservative treatment may be performed. Dogs with grade Il and IV
patellar luxation, surgical corrections are recommended in order to mitigate progressive

skeletal deformity and osteoarthritis (Hayes et al., 1994; Tobias and Johnston, 2012).

2.3 Nutraceuticals associated with osteoarthritis

A term “Nutraceuticals” is derived from “nutrition” and “pharmaceuticals” in
1989 by Stephen DeFelice, MD, founder and chairman of the Foundation for Innovation
in Medicine (FIM), Cranford, NJ. Nutraceuticals is a broad term to qualify any product
derived from food source, which provides extra health benefits. Though, it looks
similarly to a dietary supplement and drug, but it can distinguish by the oral
administrated and the bioavailability (Henrotin et al.,, 2011). The aim of using
nutraceuticals is to provide a treatment and prevention against any disorders,
especially chronic diseases. Additionally, it can be used for delaying the aging process
and improving health. In comparison to other therapeutic agents, nutraceuticals has
received considerable interest because of theirs desirable therapeutic outcomes with

few side effects (Kalra, 2003; Nasri et al.,, 2014).
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In the last twenty years, the omega-3 polyunsaturated fatty acids (n-3 PUFAs)
have had a major impact on medical treatment. It is mainly found in fish, fish oils and
from other marine organisms (Sinclair et al., 2000). There are many kinds of n-3 PUFAs,
such as eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and eicosatetraenoic
acid (ETA). Omega-3 polyunsaturated fatty acids have a highly potent anti-
inflammatory property. It decreases mainly inflammatory mechanisms, producing
proteoglycan degrading enzymes and inflammation-inducible cytokines such as
interleukin-10 (IL-100), tumor necrosis factor-0L (TNF-Ql) and cyclooxygenase-2 (COX-
2) (Curtis et al., 2000). One study reported a reduction in both inflammatory and
degradation effects in vitro chondrocytes model (Curtis et al., 2002). For this reason, n-

3 PUFAs can be used to treat OA patients.

Many clinical researchers revealed that a non-polar lipid extracted from a New
Zealand green-lipped mussel, Perna canaliculus, PCSO-524, are a rich source of n-3
PUFAs, including EPA and DHA. The unique PUFAs of PCSO-524 composes of 5,9,12,15-
octodecatetraenoic acid  (OTA), 5,9,12,16-nonadecatertraenoic acid, 7,11,14,17-
eicosatetraenoic acid (ETA), and 5,9,12,15,18-heneicosapentaenoic acid (HPA)
(Treschow et al., 2007; Zawadzki et al., 2013). These molecules are similar to
arachidonic acid (AA; 5,8,11,14-eicosatetraenoic acid), which is a precursor of the
inflammatory agents, prostaglandins and leukotrienes. Therefore, these n-3 PUFAs
account for the anti-inflammatory property by competitively inhibiting the active site
of enzymes that use AA as a substrate. The lipid extracted of P. canaliculus moderately
inhibits cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) (Zawadzki et al,,
2013). PCSO-524 has been proven in efficacy on inhibition of inflammatory and
degradation pathways. It has demonstrated as properties of gastroprotective,

antihistaminic, antioxidant, anticytokine, anti-inflammatory and antiarthritic affects
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(Gibson et al., 1980; Whitehouse et al., 1997). Stammers et al.,(1992), Lau et al., (2004)
and Vandeweerd et al., (2012) have demonstrated the reducing of inflammation, pain
and increasing joint mobility in OA patients. Several studies recommend this
supplement for the medical treatment of various osteoarthritic diseases, either in
animal studies or human trails, due to none of any adverse effects (McPhee et al,,
2007; Mongkon and Soontornvipart, 2012; Zawadzki et al., 2013; Jamikorn and Yibchok-
anun, 2014). Moreover, it has illustrated that these lipid extracted have more efficacy
than the lipid extracted from fish oil or other drugs (Whitehouse et al., 1997; Zawadzki

et al,, 2013; Soontornvipart et al., 2015).

2.4 Ultrasonography in osteoarthritic patients

Diagnostic methods of osteoarthritis are commonly determined by orthopedic
and radiographic examinations. Radiography has been used as a standard tool for
evaluation of OA joints due to its abilities of bone and soft tissue appearances (Innes
et al., 2004). However, there is study indicated the lack of agreement between clinical
signs and radiographic images of knee OA (Jain and Johar, 2018). It has limited in
diagnostic accuracy for soft tissue visualization in OA joints. In early OA patients, the
alteration of joint effusion is mostly occurred, which is difficult to detect in radiography.
Moreover, there are many changes in soft tissue structures occurred prior to a
detection of bony changes in radiographic findings (Chappard et al., 2006; Ramirez-
Flores et al., 2017). Over the last few decade, a method for diagnosing and monitoring
osteoarthritic disease in dogs has developed, including arthroscopy, magnetic
resonance imaging (MRI), computed tomography (CT), scintigraphy, biochemical

markers, synovial fluid analysis and ultrasonography (US). Arthroscopy and MRI have
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been known as quality imaging assessment methods for all tissues in the joints. Even
these techniques have a direct visualization of articular structures, their cost-effective
and invasiveness are still concerned. In recent years, many authors have discovered
that US is a desirable imaging method for diagnosing OA diseases (Reed et al., 1995;
Kramer et al,, 1999). Sonography has the abilities of soft tissue visualization without
those disadvantages. It reveals the appearances of hyaline cartilage, joint effusion and

also bony surface of the joints.

Ultrasonography, both in humans and animals, has been increasingly utilized in
aid the evaluation, diagnosing and monitoring of osteoarthritic diseases (Moller et al,,
2008). A number of rheumatologists have recommended to use US for assessing
several type of articular disorders, including OA (Okano et al., 2016; Jain and Johar,
2018). It allows detection of the pathology of OA joints such as articular cartilage, bony
cortex and synovial tissue. The advantages of US have been well described, which
involve its non-ionizing radiation, non-invasiveness and visualization of soft tissue
structures. Tarhan and Unlu, (2003) have demonstrated the validity of US when
comparison with MRI. Karim et al., (2004) indicated US as a valid and reproducible
technique for detecting knee synovitis when compare with clinical signs and
arthroscopy. In accordance with Keen et al., (2009) who indicated that US has more
sensitivity for detection of synovitis in OA than clinical examination, with reasonable
sensitivity compared with MRI or histology. Furthermore, in human, it is used as a
screening diagnosis of stifle disease, especially for assessing early changes of cartilage

in OA patients (Okano et al., 2016; Jain and Johar, 2018).

For osteoarthritic dogs, Ultrasonography has been proposed for detection a
subtle change in soft tissue structure in early OA joint (Moller et al., 2008; Arnault et

al., 2009; Nishitani et al., 2014). This early detection will help practitioners in curing the
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disease before it becomes complicated stage. Moreover, US was useful in evaluating

of the presence of fibrous tissue in chronic OA (Gnudi and Bertoni, 2001).

Many experimental studies of stifle OA in dogs recommend using of both
radiology and ultrasonography for OA diagnoses (Kramer et al., 1999; Goranov et al,,
2013). A clinical study of Ramirez-Flores et al,, (2017) found a good diagnostic
agreement between synovial fluid effusion and osteophytosis in stifle joint OA.
Nowadays, US has been recommended as a screening diagnostic technique for

detection of OA (Reed et al., 1995; Kramer et al., 1999; Ramirez-Flores et al., 2017).

2.4.1 Ultrasonographic findings of normal stifle joints

Recently, there are many evidences, indicating the visualization of US in stifle
dogs (Reed et al., 1995; Kramer et al., 1999; Penninck and d'Anjou, 2015). For assessing
all structures in the stifle joint, a high frequency linear tranSDucer (> 10 MHz) is usually
preferred (Reed et al, 1995; Penninck and d'Anjou, 2015). The standard of
ultrasonographic examination procedure of canine stifle has been established by
Kramer et al.,, (1999). They have described the ultrasonographic appearances of 58

normal stifle joints by using 7.5 MHz linear scanner.

For ultrasonography, stifle joint can be sectioned into five regions:
suprapatellar, infrapatellar, medial, lateral and caudal. The suprapatellar region can be
visualized at 45 degrees of the stifle flexion which the patellar is used as landmark. It
appears quadriceps tendon, femoral trochlear and proximal joint recess. The
suprapatellar recess is anechoic with thickness of 1-2 mm, located on the cranial
border of the femoral cortex (Figure 1A). The articular cartilage is anechoic band with

1-2 mm-thick and smooth hyperechoic margin. It is located above the curvilinear
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hyperechoic lining, which is a subchondral surface of the femoral trochlear. For the
infrapatellar region, stifle joint is flexed at 90 degrees to examine the patella, patellar
ligament, femoral condyles, infrapatellar fat body and cruciate ligament (Figure 1B and
10). The patella appears as hyperechoic-convex line with strong acoustic shadowing,
embeded in the patellar ligament. It presents a hyperechoic band with fibrillar
echotexture (Figure 1C and 1D). The infrapatellat fat body is presented beneath the
patellar ligament. It appears a triangular structure with hypoechoic and grandular in
echotexture (Figure 1C and 1D). For medial and lateral aspects of the stifle, the
collateral ligaments, menisci, joint capsule and synovial tissue can be visualized by
ultrasonography. Last region, the caudal approach is not used routinely due to low

visualization of intra-articular structures.
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Figure 1 Ultrasonographic images of the cranial aspect in normal stifle joint. (A)
Longitudinal view of the suprapatellar region. The suprapatellar recess (SPR) is
appeared at the proximal aspect of the femoral trochlea, cranial to the patella (P) and
underneath the quadriceps tendon (arrowheads). (B) Transverse view of the
suprapatellar region. The patella (P) and the medial and lateral ridges of femoral
trochlea (FT) are appeared. (C-D) Longitudinal sonographic images of the infrapatellar
region in the proximal (C) and distal aspects (D). The patellar ligament (arrowheads)
connects to the patella (P) and the tibial creast (TC). The infrapatellar fat body (Fat)
presented caudal to the patellar ligament. The cartilage is located on the surface of
the femoral trochlea (FT). The tibial plateau (TP) is seen caudal to the infrapatellar fat
body (From Penninck D and d'Anjou M-A 2015. Atlas of small animal ultrasonography.
In: 2nd ed. John Wiley & Sons, New York, United States. 512-516.)
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MATERIALS AND METHODS

3.1 Animals

Pomeranian and Chihuahua breed dogs, presented at the Small Animal
Hospital, Faculty of Veterinary Science, Chulalongkorn University, were examined for
MPL with any severity. The severities of MPL were classified base on Brinker et al,,
(1997) and Piermattei et al., (2006), which are shown in table 1. Dogs with the age of
over 5 years old and weight between 2-6 kilograms were included in the study. MPL
dogs (n= 21) were categorized into 2 groups, control and treatment groups. Moreover,
the normal group (n= 4), which had the same criteria as both groups except being MPL,

were selected in order to represent the normal appearances of the stifle joints.

All dogs were examined for both general physical and neurological examination
thoroughly. The body condition score (BCS) was determined based on nine-integer BSC
scale system (Laflamme, 1997) shown in table 2. All dogs were fed with commercial
standard food only, which did not have any special supplement. In control and
treatment groups, the selected patients must not be received NSAIDs, nutraceuticals
or pain control drugs at least two weeks before starting the treatment. Exclusion criteria
were patients with a history of neurological deficit, systemic diseases or any orthopedic
diseases except medial patellar luxation disease. Animal owners needed to sign a

consent form to attend the study (Figure 2).
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This study was approved by the animal care and use committee of the Faculty
of Veterinary Science, Chulalongkorn University Animal Care and Use Committee (CU-

ACUQ), Bangkok, Thailand. The approval number was 1831085.

Table 1 Classification of medial patellar luxation grades modified from Brinker et al,,

(1997) and Piermattei et al., (2006)

Grade Description

I At full extension of the stifle joint, the patella can be manually luxated
and spontaneously returns to the normal position when released.

Il The patella luxated more easily and frequently than grade | luxation.
It luxates during stifle joint flexion, extension or rotation of the limb
and spontaneously returns to the normal position.

Il The patella is permanently luxated, but can manually be reduced into
the trochlear groove when the stifle is extended. However, re-luxation
spontaneously occurs after the pressure is released.

\% The patella is permanently luxated and cannot be reduced into the

trochlear groove.
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Table 2 Classification of nine-integer body condition score scale system (Laflamme,

1997)

Score

Description

Ribs, lumbar vertebrae, pelvic bones and all bony prominences evident
from a distance. No observable body fat. Obvious loss of muscle mass.
Easily visible of ribs, lumbar vertebrae and pelvic bones. Some
evidence of other bony prominences. Minimal loss of muscle mass.
Easily palpation of ribs. Evidence of top of lumber vertebrae and
prominence of pelvic bone. Obvious waist and abdominal tuck.

Easily palpation of ribs with minimal fat covering. Easily noted of waist
from the top view. Abdominal tuck evident.

Ribs palpable without excess fat covering. Waist observed behind ribs
from the top view. Abdominal tuck up when viewed from side.

Ribs palpable with slight excess fat covering. Waist discernible from the
top view without prominence. Appearance of abdominal tuck.
Difficult palpation of ribs under excess fat covering. Noticeable fat
deposits over lumbar area and base of tail. Absent or barely visible of
waist. Abdominal distention may be presented.

No palpation of ribs without pressure. Heavy fat deposits over lumbar
area and base of tail. Absent of waist and abdominal tuck. Obvious
abdominal distention may be presented.

Massive fat deposits over thorax, spine and base of tail. Absent of waist
and abdominal tuck. Fat deposits on neck and limbs. Obvious

abdominal distention.
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3.2 Study designs

The dogs (n=25 dogs; 50 stifles) were divided into 3 groups which were control,
treatment and normal groups. In normal group, there were 4 dogs (n=8 stifles) with
the same criteria as treatment and control groups except being MPL. They were
performed the ultrasonographic and radiographic examinations to identify the
normality of stifles. In treatment and control groups, all dogs (n=22 dogs; 42 stifles)
with any severity of MPL were divided into two groups by double blind random

sampling technique.

In treatment group, 11 dogs (n=22 stifles) were treated with PCSO-524 at the
recommended dose as 50 mg per animal once daily for 16 weeks. Dogs in control
group (n=20 stifles) were fed with placebo once daily for 16 weeks. The animals were
evaluated for both stifle for clinical outcomes before treatment (D0) and post-
treatment program at week two (W2), four (W4), eight (W8), twelve (W12) and sixteen
(W16). The clinical evaluations included lameness score, blood profiles,
ultrasonographic findings, radiographic findings and owner questionnaires. In each visit,
these patients were assessed all the clinical evaluations except the blood profiles,
which examined only DO and W16 for evaluation of any adverse effects and health

status. The treatment was terminated at the end of the forth month.

3.2.1 Lameness score

All dogs in control and treatment groups were determined and recorded
abnormal gaiting in each appointment. Lameness was scored during walking and
trotting. The evaluation of lameness score was modified based on Impellizeri et al,,

(2000). Lameness scoring system is shown in table 3.
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Table 3 Lameness scoring system modified from Impellizeri et al., (2000)

Lameness score Description
0 Normal gait when walking and trotting
1 Slight algetic gait when walking and normal gait when trotting
2 Obvious algetic gait when walking and normal gait when trotting
3 Difficulty walking and algetic gait when trotting
4 Non weight bearing when walking and algetic gait when trotting
5 Non weight bearing when walking and trotting

3.2.2 Blood profiles

A total of approximately 2 ml of blood sample was collected from either
cephalic or saphenous veins. The blood sample was divided into two equal portion
(1 ml each). The first portion was filled into the tube with ethylenediamine tetraacetic
acid (EDTA) for determination of hematology (complete blood count, CBC). Another
portion was filled into heparin tube to determine the standard blood chemistry
parameters. The parameters of CBC included red blood cell (RBC), hemoglobin,
hematocrit, platelet, white blood cell (WBC), neutrophils, eosinophils, lymphocytes
and monocytes. The standard blood chemistry parameters were blood urea nitrogen
(BUN), creatinine (Cr), alanine transaminase (ALT) or serum glutamate-pyruvate

transaminase (SGPT) and alkaline phosphatase (ALP).

CBC and the standard blood chemistry of the dogs were evaluated before (DO)
and at the end of the study (W16) for health status and adverse effects of the

treatments.
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3.2.3 Ultrasonographic examination

To assess stifle joint alterations, ultrasonography was performed with real-time
10-MHz linear transducer (Mindray® Z5 Ultrasound Machine) (Kramer et al,, 1999,
Penninck and d'Anjou, 2015; Ramirez-Flores et al., 2017). It was used with 50 and 1.8
in gain and depth, respectively. Stifle joints were examined following to acoustic
approach modified from Kramer et al., (1999) and Penninck and d'Anjou, (2015). Some
standard views were listed appropriately according to the objective of this study
presented in table 4. The hair was clipped from the distal third of the femur to below
the tibial tuberosity 2-3 centimeters. The patients were placed in dorsal recumbent

position. The stifle joint was examined from proximally to distally.

The ultrasound evaluation were analyzed base on the modification of
ultrasonographic scoring system of Goranov et al, (2013). The evaluation scores
consisted of synovial fluid, articular cartilage and bone surface of femoral condyles
score (Table 5-7). In each stifle, the femoral condyles were evaluated into 4 parts
involving the proximal and distal of both medial and lateral femoral condyles
(Figure 3). Individual scores were ranged between 0 and 28 points which were
calculated for ultrasonographic score. Moreover, the articular cartilage thickness of the

femoral condyles were recorded in millimeters.



35

Table 4 Ultrasonographic standard views for evaluating the stifle joint modified from

Kramer et al., (1999)

Standard regions / views Implementation

Suprapatellar region

(A) Parallel view on the femoral Knee flexed at an angle of 45 degrees
trochlea Parallel sagittal image

(B) Suprapatellar views on the Knee flexed as far as possible
femoral trochlea Transverse image

Infrapatellar region

(© Infrapatellar view Knee flexed at an angle of 90 degrees

Sagittal image

Table 5 Ultrasonographic scoring system for OA stifle joint: Synovial fluid score

Synovial fluid score Description
0 Normal appearance of joint fluid; anechoic content
1 Mild increasing opacity of joint fluid
2 Obvious increasing opacity of joint fluid with slightly

heterogenous echogenicity

3 Slightly hyperechoic appearance of joint fluid with
heterogenous echogenicity

4 Obvious hyperechoic appearance of joint fluid; echogenicity

similar to bone
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Table 6 Ultrasonographic scoring system for OA stifle joint: Articular cartilage score

modified from Goranov et al., (2013)

Articular cartilage

Description
score

0 Normal appearance; anechoic band with smooth margin

1 Hypoechoic appearance of the hyaline cartilage with
irreagular margin

2 Hyperechoic appearance of the hyaline cartilage with
irreagular margin

3 Heterogeneous appearance of the hyaline cartilage with

irreagular margin

Table 7 Ultrasonographic scoring system for OA stifle joint: Bone surface score modified

from Goranov et al., (2013)

Bone surface score Description
0 Normal appearance; absent Irregular and/or rounded
1 Mild interruptions of the
2 Moderate hyperechoic boundary of
3 Severe bones
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Medial ridge ‘ ;L IJ; Lateral ridge

Proximal aspect

Distal aspect

Figure 3 Image of normal anatomy of left stifle in dogs. The evaluating areas of articular
cartilage and bone surface scores were divided into 4 areas, including proximal and

distal aspect of medial and lateral femoral condyles

To evaluate a suprapatellar region with parallel view on the femoral trochlea,
the stifle was flexed from its axis at an angle of 45 degrees by measuring with
goniometer. The ultrasound probe was placed on the femoral condyle in a sagittal
plane (Figure 4A, 5A and 5B). The synovial fluid, suprapatellar recess, the proximal
femoral condyles and the articular cartilage covering them become apparent (Figure
6). Then, synovial fluid, the articular cartilage and bone surface of medial and lateral

ridge of femoral condyle were determined and recorded.

When performing a transverse examination under maximal flexion of the stifle,

the ultrasound probe was placed up on the patella in a transverse plane (Figure 4B
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and 7). Articular cartilage thickness of medial, middle and lateral areas of the femoral

trochlea was determined and recorded (Figure 8) (Kramer et al., 1999).

Quadriceps
Femur
e

A C
Figure 4 Drawings of stifle flexion in each position. (A) Stifle flexion from its axis at an

angle of 45 degree. (B) Maximum stifle flexion. (C) Stifle flexion from its axis at an angle

of 90 degree with ultrasound probe

Figure 5 Measurement methods and the ultrasonographic performing of the stifle joint
at an angle of 45 degree for evaluating of suprapatellar region. (A) Goniometer were
used to measure the stifle joint at an angle of 45 degree before performing the
ultrasonography. (B) The ultrasound probe placed on the femoral condyle in sagittal
view for determining the appearances of synovial fluid and both aspects of the

proximal femoral condyles and the articular cartilage
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Figure 6 Ultrasonographic image of suprapatellar region with sagittal view of the stifle
joint shows: SF, synovial fluid; PMFC, surface of the proximal of medial femoral

condyle; P, surface of the patella; SPR, suprapatellar recess

Figure 7 Ultrasonographic performing on the stifle joint at maximum flexion. The
ultrasound probe placed on the patellar in transverse plane for determining a thickness

of the articular cartilage of the proximal femoral trochlea
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1 Dist 0.02 cm

2 Dist 0.02 cm

3 Dist 0.02cm

Figure 8 Ultrasonographic image of suprapatellar region with transverse view of the

stifle joint shows medial, middle and lateral areas of femoral condyle

For infrapatellar view, knee was flexed from its axis at an angle of 90 degree
and the ultrasound probe was placed on the femoral condyle in a sagittal plane (Figure
4C, 9A and 9B). This plane showed the patella, patellar ligament, joint fluid,
infrapatellar fat body, articular cartilage and bone surface of femoral condyles
(Figure 10). This view was used to evaluate a score of the articular cartilage and bone
surface of distal aspect of both ridges of femoral condyle. Synovial fluid was

considered in cooperate with the suprapatellar view.
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Fisure 9 Measurement methods of the stifle joint at an angle of 90 degree for
evaluating of infrapatellar region. (A) Goniometer were used to measure the stifle joint
at an angle of 90 degree before performing the ultrasonography. (B) The ultrasound
probe placed on the femoral condyle in sagittal view for determining the appearances
of synovial fluid and both aspects of the distal femoral condyles and the articular

cartilage

Figure 10 Ultrasonographic image of infrapatellar region with sagittal view of the stifle
joint shows: SF, synovial fluid; CA, articular cartilage of the femoral condyle; DMFC,
surface of distal of medial femoral condyle; TT, tibial tuberosity; FAT, infrapatellar fat

body; PL, patellar ligament
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3.2.4 Radiographic examination

In a period of the study, a conventional radiographs of interested stifle joints
were performed and recorded (FCR CAPSULA V VIEW workstation®) in each visit.
Patients were obtained the radiographic examination in two views: mediolateral and
caudocranial views for classification of osteoarthritis score. This osteoarthritis score was
evaluated based on the modification of Wessely et al., (2017) and Frost-Christensen et
al., (2008). There were 15 assessment points in the stifle radiographs, including 11
points in the mediolateral view (Figure 11) and 4 points in the caudocranial view (Figure
12). Each point were graded on a numeric scale from 0 to 3 (Table 8). The overall OA

scores were calculated in range between 0 and 45.

To retrieve the standard mediolateral view, dogs were positioned in lateral
recumbency with flexion the stifle joint at an angle of 90 degree. The radiographs were
accepted when the femoral condyles superimpose. To obtain the standard
caudocranial view, the sternal recumbency performed with the affected limb extended

along the long axis of the femur and also parallel to the long axis of the tibia.
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Figure 11 Radiographic image with assessment points in the mediolateral view of the
stifle joint: 1, patellar apex; 2, patellar base; 3, proximal trochlear ridge; 4, distal
trochlear ridge; 5, femoral condyle; 6, tibial tuberosity; 7, cranial aspect tibial plateau,
8, caudal aspect tibial plateau; 9, central aspect tibial plateau; 10, popliteal surface

femur; 11, sesamoid bones
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Figure 12 Radiographic image with assessment points in the caudocranial view of the

stifle: 12, lateral tibial and femoral condyle; 13, medial tibial and femoral condyle; 14,

intercondylar notch; 15, patella

Table 8 The radiographic scores of radiographic changes modified from Wessely et al,,

(2017) and Frost-Christensen et al., (2008)

Grade Severity Radiographic changes

0 No Radiographically normal or no evidence of
osteophyte formation or subchondral sclerosis

1 Mild Mild osteophyte formation and/or mild subchondral
sclerosis (mild arthrosis)

2 Moderate  Moderate osteophyte formation and/or moderate
subchondral sclerosis (moderate arthrosis)

3 Severe Marked osteophyte formation and/or severe

subchondral sclerosis (severe arthrosis)
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3.2.5 Owner questionnaires

The owner will be requested to perform the questionnaires of Canine Brief Pain
Inventory (Canine BPI) by University of Pennsylvania, which created by Dr. Dorothy
Cimino Brown aimed to detect of the severity of pain (Figure 13) (Cleeland, 1990;
Cleeland, 2006). The evaluations of Canine BPI’s questionnaires were divided into two
parts, including the degree of pain and the satisfaction of life quality in last 7 days. The
determination of degrees of pain composed of ten questions. Each question had a
total of 10 points therefore the total score of pain degrees was ranged between 0 to
100 points. The degree of life quality was recorded as 1=poor, 2=fair, 3=good, 4=very

good and 5=excellent.
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Figure 13 Questionnaires of Canine BPI aimed to evaluate the severity of pain modified

from Cleeland, (2006)
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3.3 Data presentation and statistical analysis

The parameters of breed, gender, age, body weight and the severity of MPL
grades were reported as descriptive statistic. D'Agostino & Pearson omnibus and
Kolmogorov-Smirnov normality test with Dallal-Wilkinson-Lilliefor P value were used
to determine for normal distribution of age and body weight, respectively. Age, body
weight, lameness score, CBC, blood chemistry parameters, ultrasonographic score,
synovial fluid score, articular cartilage score, bone surface score, cartilage thickness
and radiographic OA scores were reported as mean + SD. Ordinary one-way analysis of
variance (ANOVA) was used for analyze age, body weight and cartilage thickness among
normal, control and treatment groups. Kruskal-Wallis test was used for analyze gender
among groups. Mann-Whitney U test was used for assess the differences of the severity
of MPL, lameness score, CBC, blood chemistry parameters, ultrasonographic score,
synovial fluid score, articular cartilage score, bone surface score and radiographic OA
scores between control and treatment groups. Friedman test were used for assess
within groups of lameness score, degree of pain, degree of life quality, ultrasonographic
score, synovial fluid score, articular cartilage score, bone surface score and radiographic
OA score. Repeated-measure one-way ANOVA was used for analyze the differences of

cartilage thickness in each visit within group.

Graphpad Prism 8 (version 8.1.0) was used for the statistical analysis. The results

were considered statistically significant at a p-value < 0.05.



CHAPTER IV

RESULTS

Twenty-five dogs (50 stifle joints) were enrolled in this study. They were
classified as 42 medial patellar luxation and 8 normal stifles. Forty-two stifles with MPL
were divided into control and treatment groups. These stifles were collected from 21
dogs, which were 13 Pomeranians (61.9%) and 8 Chihuahuas (38.1%). Of 21 dogs, 12
(57.14%) were female and 9 (42.86%) were male. The control group composed of 10
dogs (20 stifle joints) from 7 Pomeranians and 3 Chihuahuas, which were 4 males and
6 females. The mean + SD of age was 6.40 + 1.27 years and body weight was 3.49 +
1.04 kilograms. The treatment group comprised of 11 dogs (22 stifle joints) from 6
Pomeranians and 5 Chihuahuas, including 5 males and 6 females. The mean + SD of
age was 6.36 + 1.8 years and body weight was 3.27 + 1.08 kilograms. In normal group,
there is 8 normal stifles collected from 4 dogs. Each two dogs were Pomeranians and
Chihuahuas, including 3 males (75%) and 1 females (25%). The mean + SD of age was
5+ 2.31 years and body weight was 3.72 + 0.91 kilograms. Mean + SD of age and body
weight of dogs and the number of gender among all groups were not found significant
difference, which are shown in table 9. Stifle joints with MPL in control and treatment
groups were classified into theirs severity shown in table 10. The severity of MPL was

not significantly different among the groups.
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Table 9 Mean + SD of age and body weight and the number of gender of dogs in

control, treatment and normal groups

Treatment
Control group Normal group
Demographic data group p-value
(N =10) (N =4)
(N =11)
Age (year) 6.40 + 1.27 6.36 + 1.80 5.0+ 2.31 0.34%
Body weight (kg) 3.49 + 1.04 327+ 1.08 373+ 091 0.74%
Gender (N)  Male (N) 4 5 3
0.498**
Female (N) 6 6 1

*p-value is obtained from ordinary one-way ANOVA.

**p-value is obtained from Kruskal-Wallis test.

Table 10 Number of dogs categorized from severity of MPL in control and treatment

groups
Groups MPL Il MPL IlI MPL IV p-value
Control group (6/20) (13/20) (1/20)
(n= 20) 30 % 65 % 5%
0.37*
Treatment group (3/22) (19/22) (0/22)
(n= 22) 13.64 % 86.36 % 0%
(9/42) (32/42) (1/42)
All stifles
21.43 % 76.19 % 2.38 %

*p-value is obtained from Mann-Whitney U test.
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4.1 Lameness score

The evaluation of lameness score was performed in all dogs for 6 times within
16 weeks. Results revealed that the lameness score in treatment group showed
significant difference (p < 0.05) at W8 to W16, while in control group showed no
difference in any week of the study. There were significant difference among groups
after 12 weeks of the treatment (p < 0.05). Mean + SD of lameness score in control
and treatment groups are illustrated in figure 14 and 15, respectively. The
improvement of lameness score at least one degree between each visit are shown in

table 11.

Control group
WK16

Wk12
Wk8
Wk4

Wk2

S B B O

DO

Lameness score
'—\
1
—
—_

0 T T T T T T
DO Wk2 Wk4  Wk8 Wk12 WK16

Figure 14 Mean + SD of lameness score of control group in each monitoring week.
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Treatment group

3_
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o - \Wk2
8 — k
2 2= Wk4
9 - \Wk8
@
5 —— Wk12

1-
% -—- \Wk16
-

0 T T T T T T
DO Wk2 Wk4  Wk8 Wk12 Wk16

Figure 15 Mean + SD of lameness score of treatment group in each monitoring week.

Table 11 Percentage of the improvement of lameness score at least one degree

between adjacent visits: DO-W2, W2-Wd4, W4-W8, W8-W12 and W12-W16

Groups DO-W2 w2-w4 wa-ws W8-W12 W12-W16
(1/10) (0/10) (1/10) (1/10) (1/10)
Control group (n=10)
10 % 0% -10 % 10 % -10 %
(9/11) (1/11) (1/11) (1/11) (0/11)

Treatment group (n=11)
81.82 % 9.10 % 9.10 % 9.10 % 0 %
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4.2 Blood profiles

All dogs in control and treatment groups were evaluated CBC and the standard
blood chemistry parameters before treatment (D0) and after treatment (W16). Each
parameter in both groups was not found significant difference between DO and W16.
Mean =+ SD of these parameters in both groups are shown in table 12. Though most of
the parameters were in normal range at both DO and W16 in the two groups, the value

of ALT, the liver parameters, were mild increased in some week of both groups.
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4.3 Ultrasonographic examination

From eight normal stifles, the ultrasonographic findings showed in figure 16 to
19. The characters of the normal stifle joint were as describe as Moller et al., (2008)
and Penninck and d'Anjou, (2015). In suprapatellar region, the suprapatellar recess was
seen above the femoral condyle which the average thick was 2.4 mm
(Figure 16). Synovial fluid was found as anechoic content with homogeneous
echogenicity in infrapatellar region (Figure 17A and 17B). Along the aspects of the
femoral condyle of suprapatellar and infrapatellar regions, the hyaline cartilage
appeared as an anechoic band with smooth and sharp hyperechoic margin (Figure 178,
18 and 19). The bone surface presented with the uniformity of bone profile and
smooth boundary (Figure 178, 18 and 19). In transverse view of suprapatellar region,
medial and lateral femoral condyle were appeared, the average of cartilage thickness
of medial, middle and lateral areas were 0.204 + 0.013, 0.217 + 0.026 and 0.213 +

0.025 mm, respectively (Figure 19).

1 Dist 0.24cm

Figure 16 Longitudinal view of suprapatellar region of normal stifle joint. Suprapatellar
recess (arrows) was seen over the proximal of medial femoral condyle (PMFC). Patella

(P) was used as landmark
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Figure 17 Ultrasonographic images of infrapatellar region with sagittal view of the
normal stifle joint. (A) Patella (P) and tibial tuberosity (TT) were used as landmark of
this view. Synovial fluid (SF) showed anechoic opacity underneath the patellar
ligament (arrowheads). (B) This region appeared distal aspect of medial femoral
condyle (DMFC). Anechoic band with smooth margin of the articular cartilage (arrows)

was seen over its bone surface which appeared as hyperechoic smooth lining
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Figure 18 Ultrasonographic image of suprapatellar region with sagittal view of the
normal stifle joint. Proximal aspect of medial femoral condyle (PMFC) was shown. Bone

surface (arrowheads) and the articular cartilage (arrows) covering them were seen

Figure 19 Ultrasonographic image of suprapatellar region with transverse view of the
normal stifle joint. Thickness of the articular cartilage of medial and lateral femoral

condyles were determined
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The evaluations of ultrasonographic scores and the thickness of articular
cartilage are calculated in mean + SD shown in table 13 and 14, respectively. The
ultrasonographic scores of treatment group were significantly different between pre-
treatment and W4 to W16 post-treatment (p < 0.05) while no significant difference of
these parameters was observed in control group. Furthermore, a significant difference
was observed between two groups of treatment after 4 weeks post-treatment

(p < 0.05).

Lesions of the articular cartilage and bone surface were found in all medial
ridge of femoral condyles, while there were not detected on both proximal and distal

aspects of lateral femoral condyles.
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Results revealed that the synovial fluid scores in PCSO-524 group were found
a significant difference between pre-treatment (D0) and post-treatment at W4 to W16
(p < 0.05) while there is no significant difference observed in control group. Synovial
fluid score was significant different between two groups of treatment after 4 weeks
post-treatment (p < 0.05). Mean + SD of synovial fluid scores of both groups are shown

in figure 20.

Control group ~ Treatment group
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Figure 20 Mean + SD of the synovial fluid score of the control and the treatment groups

in each monitoring week

In treatment group, the articular cartilage scores of proximal aspect of medial
femoral condyle found significant decreased (p < 0.05) between pre-treatment (D0)
and post-treatment at week 4 to 16 while in control group were not significant
difference. There were significant difference after 4 weeks post-treatment between
control and treatment groups (p < 0.05). The improvement of the articular cartilage
lesion between pre-treatment (D0) and post-treatment at week 4 are shown in figure
21. Mean =+ SD of articular cartilage score of proximal aspect of medial femoral condyle

of control and treatment groups are shown in figure 22.
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(B) TG19-Wk4; AC = 1, BS =1

Figure 21 Ultrasonographic images of suprapatellar region with sagittal view between
pre-treatment (D0) and post-treatment at week 4. (A) The articular cartilage (arrows)
showed heterogeneous opacity with irregular margin (AC = 3) and bone surface
(arrowheads) was moderate irregular hyperechoic lining (BS = 2). (B) The articular
cartilage (arrows) was hypoechoic appearance with irregular margin (AC = 1) and bone

surface (arrowheads) presented mild irregular hyperechoic lining (BS = 1)
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Figure 22 Mean + SD of the articular cartilage score of proximal aspect of medial

femoral condyle of the control and the treatment groups in each monitoring week

The eroded cartilage of distal part of medial femoral condyle were found in 10
and 8 stifle joints from control and treatment groups, respectively. There is 42.8
percent of MPL stifles found the erosion at distal portion of medial femoral condyle.
The articular cartilage scores of distal aspect of medial femoral condyle showed a
significant decrease (p < 0.05) between DO and post-treatment at week 12 and 16 while
in control group were not significant difference. There were significant difference after

8 weeks post-treatment between two groups of treatment (p < 0.05).

The bone surface scores of both proximal and distal parts of medial femoral
condyle were not significant difference in both control and treatment groups. This

score was not significant difference between control and treatment groups.
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4.4 Radiographic examination

Radiography of stifle joints were performed in two standard orthogonal views,
including the mediolateral and the caudocranial views. The OA scores were calculated
in range between 0 and 45. The OA scores of control group were a significant increase
at W12 and W16 when compare with  pre-treatment at DO
(p < 0.05). In treatment groups, the OA scores found a significant decrease at W12 and
W16 when compare with pre-treatment at DO (p < 0.05). Mean + SD of the radiographic

OA score of control and treatment groups are shown in figure 23.

Control group ~ Treatment group
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Figure 23 Mean + SD of the radiographic OA score of the control and the treatment

groups in each monitoring week.
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4.5 Owner questionnaire

The degrees of pain and life quality were statistically significant difference both
in control and treatment groups. In control group, the difference of pain degrees
showed between DO and W12 to W16 and the satisfaction of life quality found the
difference between DO and W4, W12 and W16. In treatment group, the degrees of pain
and the satisfaction of life quality were found significant increased after 4 weeks of the
administration. There were not significant different when comparison between control
and treatment groups. Mean + SD of pain and life quality degrees are compared
between groups in figure 24 and 25, respectively. Mean + SD of these degrees in control

and treatment groups are illustrated in table 15.

80
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Figure 24 Comparison of mean + SD of the pain degrees in both control and treatment

groups
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Figure 25 Comparison of mean + SD of the life quality degrees in both control and

treatment groups
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CHAPTER V

DISCUSSION

Medial patellar luxation (MPL) has been known as one of the most common
developmental orthopedic disease in dogs, particularly in small and toy breed dogs
(Roy et al., 1992; Alam et al., 2007; Wangdee, 2014). The abnormality of biomechanics
and repeated mechanical trauma to the articular cartilage are the main problem of
this disease. It commonly leads to secondary OA of stifle joints due to the permanent
joint instability and malalignment of the extensor mechanism (Hayes et al., 1994; Alam
et al,, 2011). Restoring normal stifle function is recommended to prevent the
progressive degeneration (Roy et al.,, 1992). However, a number of dogs suffering from
MPL cannot admitted the operation. Therefore, the conservation treatment has been
established. This study focus on PCSO-524, nutraceuticals which has potential in

relieving OA pain, in the effectiveness in protection of the articular cartilage.

In this study, age, body weight and gender among the normal, the control and
the treatment groups were not significantly different. Of all MPL dogs in the study,
grade Il MPL was mostly found as 76.19% and grade Il luxation was secondary found
as 21.43%. The distribution of the luxation grades was not in accordance with the
recent studies, with grade Il of MPL being the most prevalent luxation grade (Daems et
al., 2009; Wangdee, 2014). The contrasting reports may be due the differences in the
breeds and age of dogs between these studies. The study conducted by Daems et al.,
(2009) included dogs with any breeds and ages in the range of 0.67-11.17 years (the
mean age is 4.08 years), while this study included only Pomeranian and Chihuahua

breeds and ages in the range of 5-10 years (the mean age is 6.36 years). The results of
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this study can be implied that Pomeranian and Chihuahua over five years visiting at
the Small Animal Hospital, Faculty of Veterinary Science, Chulalongkorn University,
have a higher prevalence with MPL grade Ill more than others grade of MPL. Moreover,
this study found only one stifle with grade IV luxation. The reason is that dogs with
MPL grade IV mostly show more clinical signs; lameness and pain, which make more
concern to owners. The conservative treatment or surgical correction are widely
needed. Some of them may develop to secondary diseases such as hip joint luxation,

cranial cruciate ligament rupture (CCLR) or meniscal tear.

The results of lameness score in treatment group were statistically found to
have a significant improvement within 8 weeks after administration of PCSO-524.
However, all owners had observed an enhancement of dog’s life quality since the
second week. This is in accordance with the lameness score results. Over eighty
percent of dogs (9/11 dogs) in treatment group were found a better gaiting after two
weeks of PCSO-524 administration. The previous studies have also observed the
improvement of lameness score and peak-vertical force gait analysis after taking the
supplement within 2 weeks in dogs with shoulder and hip OA (Soontornvipart et al.,
2015). This is in agreement with the study of Kwananocha et al., (2016) who has
reported the effects of PCSO-524 in hip and stifle OA. Since our study was breed
specific, the number of patients in this study might not be large enough to obtain the

significant difference within 2 weeks.

Regarding the questionnaire of Canine BPI, a significant difference was observed
in both groups. In control group, pain degrees were significantly improved after 12
weeks of placebo administration. On the contrary, the statistically significant results of
dog’s life quality were quite fluctuated. Better results in some visits may be explained
by the placebo effects and the other conservative management such as training
quadriceps muscle and restriction of over exercise on the slippery floor, which have
been recommended to all owners. Furthermore, dogs with MPL show the variety

degrees of clinical signs from asymptomatic, mild to moderate lameness, which can
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be occurred intermittent or continuous (Wangdee, 2014). A statistically significant
improvement of both degrees of pain and life quality, in treatment group, were found
after 4 weeks of the administration of PCSO-524. The results are in accordance with
the study in human. Zawadzki et al., (2013) had found that PCSO-524 effectively cure
the disease within 4 weeks by using visual analogue scale (VAS) for pain determination.
However, as mentioned earlier, the owner opinions on dog’s life quality had become

a better improvement since the 2" week.

After administration of PCSO-524 at the recommended dose for 16 weeks, there
was no significant change in CBCs, liver and kidney function values. In accordance with
the previous studies, there are no change in these parameters when treated with the
supplement for twenty-four weeks (Soontornvipart et al., 2015). The experiment of
Jamikorn and Yibchok-anun, (2014) had observed the same results, even though the
dogs were treated with tenfold of the recommended dosage in healthy Beagles for
eight weeks. This study has also reported that some of the mean values of ALT in both
treatment and control groups are higher than the normal range. However, mild
increasing of these liver function enzymes could be found in aging patients without

any observable changes in feed intake, clinical sings and behaviors.

From the ultrasonographic findings, normal articular cartilage is characterized
as thin anechoic band with sharp margin. The heterogeneous or hypoechoic
appearance with irregular surface of articular cartilage have been found at the medial
femoral ridge. In this study, all MPL stifles were particularly noticed of the cartilage
erosions on the proximal part of medial femoral ridge. Of 42 MPL stifles, 18 stifles (42.8
%) found the cartilage erosions on the distal part of the medial femoral condyle. There
were no pathological findings on the lateral ridge of femoral condyle. In agreement
with the previous studies, the most area of eroded cartilage on femoral condyle were
found on the medial trochlear ridge performing by gross examination (Alam et al., 2011;
Boonsri et al., 2016; Jahrupatrakorn, 2017). Cartilage lesions are subsequently appeared

due to the luxation of patella (Daems et al., 2009; Vollnberg et al.,, 2012). When stifle
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is extended, the patella slides proximally on the trochlear sulcus and glides out of the
medial trochlear ridge. During in and out luxation of patella, force is occurred between
articular patellar surface and medial ridge of femoral trochlear. Recently, there is high
prevalence of patellar erosion found in dogs and humans with MPL. The eroded lesions
were mostly presented on the articular surface of the patella (Nomura and Inoue,
2005; Daems et al., 2009; Vollnberg et al., 2012). However, the lesion on the articular

surface of the patella could not be observed in this study due to the limitation of US.

According to analyzed data, the ultrasonographic score in treatment group
found significant improvement after 4 weeks of PCSO-524 administration. Additionally,
significant difference of ultrasonographic score was found between control and
treatment groups after 4 weeks of the treatment. Synovial fluid and articular cartilage
score of proximo-medial femoral condyle were also statistically significant difference
after 4 weeks post-treatment. The disorder of synovial fluid always occurs in
osteoarthritic dogs. It impairs in balancing between synthesis and degradation of
articular cartilage constituents. This leads to articular cartilage destruction, underlying
bone remodeling, osteophytes formation, and varying degrees of synovitis (Johnston,
1997, Fujita et al., 2005). A reduction in degrees of synovial inflammation after treating
with PCSO-524 has been reported in many studies (Mongkon and Soontornvipart, 2012;
Soontornvipart et al., 2015). Mongkon and Soontornvipart, (2012) reported that serum
|L—1B level, a popular biomarker to detect joint inflammation, had been slowly
declined during 14 days. Similar to the study of Soontornvipart et al., (2015), level of
OA biomarkers (chondroitin sulfate WF6 epitope) was lower within 14 days. The
articular cartilage score of distal aspect of medial femoral ridge was found significant
difference in treatment group after twelve weeks of PCCSO-524 administration. This is
not in accordance with the result in the proximal aspect of medial femoral ridge.
Eroded cartilage on distal portion of medial femoral condyle was found in 18 stifles
(42.8 %) of all MPL stifles. The lower quantity makes the results to be not statistically

significance at the same week as the results of the proximal part.
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All dogs were evaluated for cartilage thickness of femoral condyle. The position
in cartilage measurement composed of 3 points, involving medial, middle and lateral.
After 16 weeks of treatment, there were no change in thickness of the cartilage when
comparison to pre-treatment. On the contrary, in surgical-induced OA model in rats
have been found significant histological changes of cartilage thinning between 6 and
10 weeks post-surgery (Hayami et al,, 2006). However, the difference of species is
accountable. It have been taken more than a year to develop cartilage degradation
and osteophyte formation in dog model, while disease progresses at a faster rate in
the rat models. According to the results, this study revealed that the average of
cartilage thickness of femoral condyles in Pomeranion and Chihuahua dogs with MPL
was 0.223 + 0.092 mm. The average of cartilage thickness of distal femoral condyle at
medial, middle and lateral areas were 0.225 + 0.051, 0.227 + 0.112 and 0.228 + 0.102

mm, respectively.

The clinical evaluations of the articular cartilage destruction in OA patients can
be detected from magnetic resonance imaging (MRI), computed tomography (CT) and
arthroscopy. These techniques are invasive, expensive and radioactively dangerous
especially to operators. Our results reviewed that US can be used for diagnosis and
monitoring of the cartilage destruction. However, the error in sonographic evaluation
can be occurred. The scanning techniques and normal sonographic anatomy of the
stifle joint should be learned and understood. To diminish misinterpretation, using
bone prominence as landmark and positioning of the patients are mainly conducted.
Moreover, preparation of the patients, restraint patients by the assistance and

appropriated setting of the US should be performed.

In ultrasonographic evaluation, the bone surface of medial femoral condyle
showed no significant change between before and after treatment in both groups.
From the ultrasonographic findings, all MPL dogs were found subchondral lesions on
the medial femoral condyle. It presented as irregular hyperechoic lining with

interrupted points.



72

After twelve weeks of the treatment, the radiographic OA scores in control
group were significant progression while a significant improvement were observed in
treatment group. Mongkon and Soontornvipart, (2012) have reported that dogs with
hip, shoulder and stifle OA were little improvement in radiographic OA evaluation after
administration of PCSO-524 for 12 weeks. This controversy can be explained by MPL
model of this study. MPL dogs always encounter with repetitive luxation of patella,
which contributes to abnormal joint motion and cartilage loading. The instability of
joint is subsequently developed to OA (Roy et al.,, 1992). Therefore, MPL is identified

as a low grade of OA progression.

The study revealed that ultrasonographic findings of the stifle joint have some
advantages over the radiographs. It showed the abnormal characteristics of soft tissue
and bone structures in the joints involve synovitis, articular cartilage lesion and bone
surface destruction. In medial patellar luxation, mild degree of synovitis are always
found, which is difficult to detect from the radiographs. In the experiment of Ramirez-
Flores et al, (2017) reported that US gives a better result than the radiography when
usage for diagnosis of joint effusion. Ultrasonography has been suggested to investigate
the lesions of early OA joints. Nevertheless, the estimation of the articular lesion using
US is a novel method in dogs. There is also limit in the information and techniques of
US in dog stifles. To archive this technique, a knowledge of the joint anatomy, an ansle

of the stifles, an angle of the ultrasound probe should be carefully understood.

In conclusion, this present study demonstrated that PCSO-524 has an
effectiveness of cartilage protection in dogs with OA secondary to MPL. The cartilage
lesion and synovial fluid were improved within 4 weeks of PCSO-524 administration.
After 2 weeks of the treatment, a better gaiting of dogs were observed by their owner
with satisfaction. The radiographic OA evaluation were improved after 12 weeks of the
treatment. In MPL dogs, the surgical correction is suggested, otherwise it probably lead
to the development of progressive OA. MPL induces joint instability, which can leads

to cranial cruciate ligament rupture (CCLR), meniscal tear and finally to chronic OA.
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Dogs with MPL are reluctant to stride with the stifle joints, they compensated by
overusing of hip and hock joints, which result in hip joint luxation. Unexpectedly, none
of these secondary abnormalities were found during four months of the study.
However, Pomeranian and Chihuahua over five years old with MPL, which cannot admit
the surgical procedures should be recommended for other managements. They were
suggested for training quadriceps muscle and environmental managements with

administration of PCSO-524 for better quality of life.

For further study, increasing of the sample size is recommended for more
significance and accurate results. Other techniques for determining of pain and
inflammatory status such as platform gait analysis or biomarkers, are suggested to bring

more reliable of the data analysis.
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