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ABSTRACT

This study aimed to compare the effectiveness of the treatment programs of
home-based exercise with and without self-manual therapy in individuals with knee
osteoarthritis (OA). Forty three participants with knee OA were randomly assigned into
groups. All participants received the same home-based exercise program with or without self-
manual therapy over 12 weeks. Outcomes measured were pain intensity, ranges of motion, six-
minute walk test distance, the Knee Injury and Osteoarthritis Outcome Score (KOOS), Short-
Form 36 (SF-36), patient’s satisfaction. The results showed that the self-manual therapy
program significantly decreased pain at 4 weeks and increased active knee flexion and
extension at 4 and 12 weeks. The home-based exercise group showed significantly increased
six-minute walk distance at 4 and 12 weeks. Both groups showed significantly improved
KOOS and SF-36 score. Overall, the findings of this study show that the combination of self-
manual therapy and home-based exercise showed better benefits in decreasing pain and
improving active knee ranges of motion while the home-based exercise program improved

physical activity in patients with knee OA.
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CHAPTER |
INTRODUCTION

Knee osteoarthritis (knee OA) is one of the most common rheumatic
disease as reported in the Community Oriented Program for Control of Rheumatic
Disorder (COPCORD) world studies (1). It was especially higher prevalence in Asia
region both rural and urban areas (2). The rural population of Thailand had 11.3%
prevalence (3). Knee OA affects all structures within the joint, characterized by
inflammation in the synovium and the cartilages. It contributes to the progressive loss
of articular cartilage, subchondral bone remodeling or osteophytes, capsular stretching,
weakness of periarticular muscles, synovitis and ligament laxity (4). These
pathological changes lead to pain, impaired mobility, poor function and frequent
absence from work. In the community population, it especially leads to poor quality of
life (5).

Physiotherapy is a non-pharmacological intervention for knee OA
recommended by the European League against rheumatism, the American College of
Rheumatology, The National Health and Medical Research Council (6) and The
Osteoarthritis Research Society International (OARSI) (6-9). The main objective of
physical therapy management is to improve patient’s understanding about their disease
and self-management capacities as well as to enhance the muscle performance and
joint movement. Therefore, therapeutic exercises, patient education and self
management supervised by physical therapists are recommended for treatments of
knee OA. In a survey study, the physical therapists utilized exercise program (100%),
electrotherapeutic modalities (66%), acupuncture (64%) and manual therapy (60%)
(10). Exercises, such as strengthening, aerobic or group and home exercises, were the
first and most recommendation of the knee OA treatments (7, 10-13). The home-based
exercise therapy is a part of conservative physiotherapy treatment of knee OA aimed
to reduce pain, improve strength, physical function, walking performance and quality

of life (14-17). The home-based exercise empowers individuals with knee OA to make
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decision about their care and treatment. It is proper for older people and can be
delivered individually in their homes. However, in the clinical settings, the physical
therapists also commonly use auxiliary procedures such as manual therapy to decrease
pain and improve knee joint mobility and function (5, 9-12).

The manual therapy is a physical treatment applied by physical therapist
with specific training. There is a fair evidence (B level) for manipulative therapy
(manipulation, mobilization, and/or manual or functional procedures) of the knee
and/or full kinetic chain combined with multimodal or exercise therapy for knee
osteoarthritis (18). Effectiveness of manual therapy was proved to decrease pain,
improve knee flexion and stair climbing performance in patients with anterior knee
pain (19) and improve knee function in patients with knee OA (20, 21). Accessory
mobilization of an osteoarthritic knee joint immediately produced both local and
widespread hypoalgesic effects which may be an effect of increasing pressure pain
threshold (22). This manual technique also decreased 3 meter ‘up and go’ time. A pilot
study of the manipulation of tibiofemoral joint was found to be as effective as
sacroiliac (SI) joint in increasing quadriceps strength (23). Massage therapy and
transverse friction to lateral retinaculum, which were safe and low cost techniques,
were effective for decreasing pain, increasing time to walk 15 meters and improving
the WOMAC scores (19, 24).

The National Institute for Health and Clinical Excellence (25)
recommended the clinical guideline for the care and management of osteoarthritis in
adults recommends that exercise and manual therapy (manipulation and stretching)
should be considered as a supplement to the core treatment (25). In recently conducted
randomized clinical trial, evidences of the efficacy of the manual therapy procedures
in patients with anterior knee pain and knee osteoarthritis were revealed (19-21).
Dolder et al studied the effects of manual therapy in patients with anterior knee pain.
They found that this procedure were effective in improving knee flexion and stair
climbing (19). Dele et al demonstrated that the effects of combination of manual
therapy applied by the physical therapists during 8 clinical visits and home exercise
for patients with knee OA produced 52% improvement in the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) scale and 12% improvement

in 6-minute walk test scores while the control group (subtherapeutic ultrasound)
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showed no improvement in both outcomes (21). Another report of this research group
demonstrated the reduction in WOMAC scores and improvement in 6-minute walk
test in both clinic treatment group and home exercise group. The subjects in the clinic
treatment group appeared to be more satisfied with the overall outcome than the home
exercise group. Therefore, it was suggested that the individual manual therapy with
home exercise program was more effective than a home exercise program alone for
increasing function and decreasing pain and stiffness over 8 week period and may
delay or prevent the need for knee surgical (20).

Benefits have been reported with home-based exercise with combination of
manual therapy procedures. However, the patients in the community have limited
accessibility to physical therapy. One of the alternatives for physical therapist is to
teach the patients to perform simple techniques of manual therapy by themselves.
However, there are no studies of the effectiveness of self-manual therapy in patient
with knee OA. Therefore, this study is aimed to find the evidence of this alternative

protocol.

1.1 Purposes of the study

General objectives

The primary purpose of this study is to compare the effectiveness of the
treatment programs of home-based exercise with and without the self-manual therapy
in the individuals with knee OA in community.

Specific objectives

1. To compare pain intensity between home-based exercise with and
without self-manual therapy treatments.

2. To compare range of motion of knee flexion and extension between
home-based exercise with and without self-manual therapy treatments.

3. To compare functional ability between home-based exercise with and
without self-manual therapy treatments.
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4. To compare physical activity performance between home-based
exercise with and without self-manual therapy treatments.

5. To compare quality of life between home-based exercise with and
without self-manual therapy treatments.

6. To compare satisfaction between home-based exercise with and without

self-manual therapy treatments.

1.2 Parameters of the study

1. Pain intensity measured by visual analog scale (VAS scale).

2. Flexibility measured by active knee flexion and extension range of
motion.

3. Functional activity measured by Thai version of KOOS.

4. Physical activity performance measured by six-minute walk test.

5. Quality of life measured by the Thai version of Short Form 36
questionnaire (SF-36)

6. Satisfaction measured by the satisfaction questionnaire

1.3 Scope of the study

To determine the effectiveness of home-based exercise with and without
self-manual therapy procedures in women with knee osteoarthritis in the communities
of in Samtum District, Ayutthaya province, and Thamai Distric, Samutsakorn,
Thailand.

1.4 Hypotheses of the study

The hypothesis was that there were differences between the effectiveness
of home-base exercise with self-manual therapy and only home-base exercise for the
outcomes of pain intensity, flexibility, functional ability, physical activity, quality of

life and patient’s satisfaction.
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1.5 Advantages of the study

This study would provide information of the effectiveness of self-manual
therapy with home-base exercise in women with knee osteoarthritis compared to
conservative program of solely home based exercises. This information would be an
evidence of the alternative physical therapy program for physical therapists and
patients with knee osteoarthritis to manage the condition.
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CHAPTER I
LITERATURE REVIEW

2.1 Knee joint structures

The knee is the biggest and one of the most commonly injured joints in the
body. Knee is relatively weak mechanically because of the incongruence of its
articular surfaces. The stability of the joint depends on both passive and active
stabilizers. The passive stabilizers include the ligaments that connect the femur and
tibia, the menisci and the osseous structures. The active stabilizers are the muscles and
tendons surrounding the knee joint (1). The knee joint is primarily hinge type of
synovial joint. Flexion and extension are the main movements. Knee consists of two
joints, the tibiofemoral and the patellofemoral joints. The function of patella is to help
distributing the compression forces of the quadriceps tendon, to prevent the friction of
tendon fibers and articular cartilage of the femur, and to lengthen the quadriceps so it
develop greater force (2, 3). The common dysfunction and injury of the patellofemoral
joint is excessive compression and external rotations. The patellofemoral joint
becomes excessive compressed because of increased knee flexion which caused by
sustained tension of the hamstrings, iliotibial band and gastrocnemius or shortened
joint capsule (1).

The menisci of the knee joint are plates of fibrocartilage on the aricular
surface of the tibia which contain the medial and lateral menisci. They play a role in
shock absorption and help to increase stability of the asymmetrical articulation. The
medial meniscus is less mobile than the lateral meniscus because of its firmly
widespread attachments laterally to the tibial plateau. As the result, the medial
meniscus is much more susceptible to injury than the lateral meniscus. The trauma
and injury usually involve a twisting motion on a weight-bearing knee. Any injury to

the meniscus increases greater load and increase the risk of degeneration (1).
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The knee ligaments control joint movement more than any other joint in
the body. They are also some of the most commonly injured structures. The joint
capsule is strengthened by the ligaments, which support the structures, stabilize the
knee joint and play an important neurosensory role. Ligaments provide signals about
joint position, pressure, pain and have reflex connections to the muscles (1).

Muscles are the dynamic stabilizers of the knee joint and movement
producer. The main movements of the knee are extension and flexion. However, when
knee joint is flexed, medial and lateral rotation is occurred. Quadriceps femoris
including rectus femoris, vastus medialis oblique, vastus lateralis and vastus
intermediate is the primary muscle producing extension movement, while tensor fasia
latae is the secondary. Hamstrings (semitendinosus, semimembranosus and biceps

femoria are primary and gracilis, satorius, gastrocnemis and popliteus are the secondary
flexors of the knee. Semitendinosus and semimembranosus are the main and gracilis
and satorius are the muscles producing medial rotation. Knee lateral rotation is
produced by the biceps femoris and at the end of rotation the tensor fascia latae assists

in maintaining position (1).

2.2 Knee osteoarthritis

2.2.1 Definition, etiology, and classification

Osteoarthritis (OA) is a metabolically active repair process that involves
localized loss of cartilage and remodeling of adjacent bone. Osteoarthritis refers to a
clinical syndrome of joint pain and is the most common form of arthritis. It leads to
pain, functional limitation, reduced quality of life and disability. Knees, hips and hand
are the most affected joints.(4) Osteoarthritis affects all structures within a joint not
only loss of hyaline articular cartilage. Capsular stretching with bony remodeling and
periarticular muscles weakness also occur. In some patients, synovitis and ligament
laxity are present. Localized area of the articular cartilage loss can increase stress
across the joint, leading to further cartilage loss. The expanded cartilage loss

accompanied with bony remodeling, the joint malalignment develops. Then the degree
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of focal loading is increase, generating the vicious cycle of joint damage that can lead
to joint failure (5).

Knee osteoarthritis can be primary or secondary. Since the articular
cartilage contributes the function of all knee structures, from the bony components
covered with hyaline cartilage to capsules, ligaments, menisci and the muscles of the
knee joint. Therefore, the hyaline cartilage damage would be the primary cause of
osteoarthritis. Etiologies of secondary knee osteoarthritis are past trauma, malposition
such as varus and vagus position and congenital malformation (6).

The typical x-ray imaging is used for the primary diagnosis and assessing
the progression of the disease. The typical radiological signs of knee osteoarthritis
which can be seen on plain films are incorporated in staging system purposed by
Kellgren and Lawrence as the following:-

Stage 0:  no abnormality of the radiological image

Stage 1: premier osteoarthritis, beginning of osteophytes formation on
eminence

Stage 2: moderate joint space narrowing, moderate subchondral sclerosis

Stage 3:  more than 50% joint space narrowing, rounded femoral condyle,
extensive subchondral sclerosis and osteophytes formation

Stage 4. joint destruction, destroyed joint space, subchondral cyst in the

tibial head and femoral condyle, subluxed position (7).

2.2.2 Signs and symptoms

The pain of knee osteoarthritis is usually related to activities such as
climbing the stairs, rising from chair and walking long distances (5, 6). The pain in
patella articulating with the femoral tracheal area during these activities is typically
originated in the patellofemoral joint. Bone, synovial inflammation, bursitis and a
stretched joint capsule filled with fluid are likely to be the sources of pain. Hyaline
cartilage is unlikely to be the source of pain because it contains no nociceptive fibers.
Knee pain at night reflects either severe symptomatic disease or pain from causes

other than osteoarthritis such as inflammatory arthritis, tumors or inflection (5, 6).
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Tenderness at the junction of the femur and tibia (the joint line) is present
(5, 8, 9). Morning stiffness usually lasts less than 30 minutes. Patients often complain
the instability symptom called “giving way”. A history of knee giving way may
indicate the internal derangement such as meniscal tear, anterior cruciate ligament tear
and muscles weakness (5, 8, 9). The legs are determined if there is alignment of varus
(bowleg) or valgus (knock-knee). Varus and valgus malalignment are strong risk
factors for worsening radiographic disease. These malalignment are associated with
functional limitation such as walking (5, 8, 9).

A relatively increase in strength (approximately 20% and 25% of the mean
for men and women, respectively) was predicted to results 20-30% decrease in the odds
prevalence of knee OA (10). Quadriceps dysfunction in knee OA includes impaired
proprioception, especially in the more extended knee joint positions and significantly
impaired ability to accurately and steadily control submaximal force, especially
impaired during eccentric contraction, less impaired during concentric and unimpaired
during isometric contraction. The impaired ability to accurately and steadily control
with the reduce ability to produce maximal eccentric force affect to generalized
impairment of generating and controlling maximal and submaximal eccentric
quadriceps force in knee OA patients (11). Quadriceps muscle weakness is common in

patients with knee OA that has been assumed to disuse atrophy and obesity (12).

2.2.3 Pathology of knee osteoarthritis

The dynamic equilibrium between ongoing formation and breakdown of
the cartilaginous matrix is regulated by interplay of anabolic and catabolic influences.
The catabolic influences are insulin like growth factors I and Il (IGF I, Il). The
catabolic influences are interleukin 1, tumor necrosis factor (TNF) and proteinases.
These mechanisms between anabolic and catabolic influences can eliminate or
compensate for the harmful influences that cause osteoarthritis by stimulating and
modifying the metabolic activity of chondrocytes. When knee joint is disturbed by the
etiological factors, the harmful influences exceed the ability of the system to
compensate, therefore the matrix degradation occurs. The joint repairing is
unsuccessful. Furthermore, matrix degradation is irreversible accompanying by the

synovitis. The loss of cartilage, sclerosis, subchondral cyst, osteophytes and
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misalignment are occurred, respectively. These become the cycle of progressive

osteoarthritis (6).

2.2.4 Factors influencing knee osteoarthritis

Risk factors for knee osteoarthritis are both systemic factors (genetics,
dietary, intake estrogen use and bone density) and local biomechanical factors (muscle
weakness, obesity and joint laxity). Modifying these risk factors may present
opportunities for prevention and decreasing of osteoarthritis-related pain and
disability. Systemic risk factors and local biomechanical factor for knee osteoarthritis

are as follows:

2.2.4.1 Systemic risk factors

The prevalence of knee osteoarthritis is found in women more
than men. Post menopause (estrogen deficiency) has suggested to plays a role in
causing disease. The current evidence is at best suggestive of a protective effect of
estrogen on osteoarthritis. Estrogen exposure for women with knee osteoarthritis could
slow the subchondral bone changes and bone turnover that are associated with
progression of the disease (12). An evidence suggests a relationship between
osteoarthritis and osteoporosis. Women with knee osteoarthritis appear to have
relatively high bone density (13) but low bone turnover (14).

2.2.4.2 Local biomechanical factor

Persons who are overweight have a high prevalence of knee
osteoarthritis and risk for radiographic progression. The increased risk for knee
osteoarthritis among overweight is stronger in women than men (5, 6, 12). The load
effect probably explains this increased risk. Overloading the knee and hip joints could
lead to cartilage breakdown and failure of ligamentous and other structural support.
The mechanical environment of the joint such as knee laxity, malalignment, varus-
vagus position adversely affects load distribution, joint stability and muscles work.
These factors appear to increase severity of knee osteoarthritis. The mechanical
environment of joint adversely affects load distribution that may be altered further

osteoarthritis. Knee laxity, displacement or rotation of the tibia with respect to the
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femur or varus-valgus laxity, may be increased in person with mild osteoarthritis and
declined with increasing severity of knee osteoarthritis (15, 16). Knee alignment is
knee position in reference to hip and ankle, adducted knee during the stance phase of
gait was correlated the knee osteoarthritis severity and may predict the natural rate of
disease progression (12, 17). Knee injury, repetitious tasks which overwork the joint
and fatiguing the muscles increase the risk for OA. Work in kneeling or squatting
along with heavy lifting, climbing stairs, walking on uneven ground were associated

with high rates of knee osteoarthritis (5, 6, 12).

2.3 Outcome measures of knee osteoarthritis

There are various outcome measures commonly used in knee osteoarthritis

patients. The following reviews the selected outcome of this study.

2.3.1 The Knee injury and Osteoarthritis Outcome Score (KOOS)

The Knee injury and Osteoarthritis Outcome Score (KOQS) is “a knee-
specific instrument developed to assess the patient’s opinion about their knee and
associated problems”. It was originally developed in 1995 in the US. The KOOS was
developed as an extension of the WOMAC for younger and/or several types of knee
injuries including knee osteoarthritis. The WOMAC is the most commonly used
disease-specific outcome instrument for the assessment of treatment effects in
osteoarthritis patients. However, it has focused only on the long-term consequences of
the condition (18, 19).

The KOOS measures five domains, containing 42 items assessing pain (9
items), symptoms (7 items), activities of daily living (17 items), sport and recreation
function (5 items) and knee-related quality of life (4 items) (19, 20). The range of 100
indicating no symptom and O indicating extreme symptoms is calculated for each
subscale. It has been formally validated in many languages such as American-English,
Swedish, German, French, Italian, Russian and Thai. It is a self-administered and
intended to be used over short and long time interval; to assess changes from week to
week induced by treatment or over the years due to a primary knee injury,

posttraumatic OA or primary OA. The KOOS has been used in men and women
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ranging from 14-79 years old with varying disorder resulting in knee complaints such
as anterior cruciate ligament tear, meniscus tear and mild, moderate and severe OA
(19).

Thai version of KOOS has been evaluated and approved by 3 Thai
physical therapists who have had clinical and research experiences in knee
osteoarthritis (OA). In a preliminary study in 19 thai knee OA patients, it was found
that the overall scales correlated well with each of 5 subscales (Spearman’s rho ranging
from 0.79 to 0.89, p<0.05). Thai version of KOOS has been used to evaluate the

improvement of home-based exercise program (21, 22).

2.3.2 Six - minute walk test

The six-minute walk test (6BMWT) is a functional walking test for
assessing the submaximal level of functional capacity and patient’s ability to perform
daily activities. The 6MWT is an objective and practical simple test that requires only
a 100-ft hallway. This test measure the distance that a patient can quickly walk on a
flat, hard surface in a period of 6 minutes. The patients choose their own velocity and
are allowed to stop and rest during the test. The 6MWT may better reflect the
functional exercise level for daily physical activities because most activities of daily
living are performed at submaximal level (23).

Absolute contradications for the 6MWT are unstable angina and
myocardial infarction during the previous month. Relative contraindications include a
resting heart rate of more than 120 beats per min, a systolic blood pressure of more than
180 mmHg, and a diastolic blood pressure of more than 100 mmHg. Reasons for
immediately stopping a 6MWT are chest pain, intolerable dyspnea, leg cramps,
staggering, diaphoresis and pale or ashen appearance (23).

2.3.3 Short form - 36 (SF - 36)

Quality of life assessment is an outcome measurement that has been
increasingly interested. Today, SF-36 is a standardized generic questionnaire and
widely used instrument which has been translated into Thai. The SF-36 questionnaire
consisted of 36 items covering 8 dimensions; physical function (10 items), role

limitations due to physical problem (4 items), bodily pain (2 items), general health
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perception (5 items), social functioning (2 items), vitality (4 items), role limitations due
to emotional problems (3 items), general mental health (5 items) and a health transition
question. Possible scores range from 0 to 100 and a higher score indicates better health
status (24-26). There were studies confirming the validity and reliability of the Thai

version of SF-36 for assessing overall health status (25, 26).

2.4 Management of knee osteoarthritis

The patients with knee OA are suffered from the symptoms of pain and
functional disability. These symptoms reduce quality of life and increase the risks of
morbidity and mortality. The goals of contemporary management of patients with knee
OA include control of pain and improvement of function and health-related quality of
life. The American College of Rheumatology and evidences based approach of
EULAR reccommends several non-pharmacological managements such as exercise,
education, weight reduction and pharmacological treatments such as paracetamol, non-

steroid anti inflammatory drugs; NSAID, as well as topical treatments (27, 28).

2.4.1 Physical therapy treatment

Most of patients with knee OA may have pain and limitations that impair
their ability to perform activities of daily living, such as walking, climbing, and
bathing so physical therapy play center roles in the management. Gro et al reported
systematic reviews of 23 studies published between 2000 and 2007 on physical
therapy interventions for patients with knee osteoarthritis. Exercise was covered in 9
reports because most patients with osteoarthritis received exercise as a part of their
treatment. Only exercise for reducing pain, improving functional, and weight loss in
obese patients was supported for improving self reported disability by a-high-quality
evidence. Acupuncture, transcutaneous electrical nerve stimulation and low level laser
therapy for pain reduction were graded as moderate-quality evidences. Other
interventions and outcomes such as ultrasound and electrical stimulation had low

quality evidence (29).
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A survey documenting physical therapy management of knee OA in the
UK showed that the aims of physical management were to encourage self-
management, increase strength and range of motion, reduce pain and improve
function. To achieve these, exercise was utilized by all practitioners, often
supplemented with electrotherapeutic modalities (66%), manual therapy (64%) and
acupuncture (60%). Therefore, it is encouraging that once referred to physical therapy
all therapists used exercise as a major part of their management accompanied with
patient education and self-management advice (30).

2.4.1.1 Exercise

Patients with knee OA who received exercise were shown to
derive uniform benefit to physical function with reduction of pain and disability. The
moderate exercise was associated with a decrease in the risk of knee OA and did not
lead to acceleration of knee OA, whether or not there was evidence of pre-existing
disease. Individuals without knee OA who exercised would not have increased
progression of joint degeneration as a result of their increased physical activities;
indeed they could expect reductions in knee pain and all-cause disability as the year
progressed. However, vigorous sports and activity leading to trauma should be
avoided (31, 32).

Many exercises are effective and commonly used for knee OA
management. Thus, Roddy et al identified 159 articles relating to exercise therapy for
hip or knee OA by the literature search to produce evidence-based recommendations
for the role of exercise in the management of hip and knee OA. These
recommendations related to aerobic and strengthening exercise, group versus home
exercise, contraindications and predictors of adherence (33).

There were reviews concluded that both aerobic and
strengthening or resistance exercises, as well as individual and group exercises, were
an essential, core aspect of management for knee OA patients and effective in
reducing pain, improving function and health status in patients with knee osteoarthritis
(29, 33). Both an aerobic and strengthening exercise program had modest but
consistent improvements in self-reported pain and disability and better scores on

performance measures of function compared with health education group (34). Baker
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et al found that the patients with knee OA in standardized home-based progressive
strength training intervention showed a 71% improvement in knee extension strength
while 3% improvement in nutrition education intervention. For pain and function
effects, this study showed 36% and 38% respectively improvement in strength training
group, 11% and 21% improvement in education group (35). Another study of the cost-
effectiveness of aerobic and resistance exercise, suggested that compared with
education control, resistance exercise is more economically efficient than aerobic
exercise in improving physical functions (self-reported disability, 6-minutes walk
distance, stair climb, lifting and carrying task and car task) and acception of pain (36).

The effect of dynamic and multiple angles isometric resistance
exercise in knee OA was shown equally effective in pain reduction, isometric
quadriceps strength and functional status improvement (37). A study compared high
and low intensity strengthening trainings in patients with knee OA. The results showed
that both exercise programs were equally beneficial for pain, function, walking time
and muscle strength over 8 weeks (38).

There are few contraindications to the prescription of
strengthening or aerobic exercise in patients with hip or knee OA. The British
Association for Cardiac Rehabilitation has produced guidelines for exercise therapy
and listed contraindications, including hypertrophic obstructive cardiomyopathy,
significant aortic stenosis, acute febrile illness, viral infection, acute myocarditis,
exercise-induced ventricular arrhythmia (39) and patients with unstable symptoms or
conditions (33).

Exercise is recommended as a part of the first-line care of OA.
It should to be progressed to more challenging functional exercise with increased
resistance as the patient improves. The physical therapist can adapt the exercise to the
individual patient and designs the appropriate exercises to suit a patient’s goal,
lifestyle and overall health condition and ensure that the exercise program is
progressive and challenge in order to deliver benefit (40). Thus the group exercise and
home-based exercise would be considered for management of knee OA. The systemic
reviews suggested exercise therapy for OA of the hip or knee should be individualized
and patient-center taking into account factors such as age, co-morbidity and overall

mobility. Group exercise and home exercise are equally effective (33).
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A study was done on the effectiveness of the unsupervised
exercise schedules which were booklet illustrating of exercise and a videotape (41).
The videotape presentation comprised of two parts including motivation of exercise
for patients with both hip and knee OA and 30 minute program of the 5 exercise
routines. All exercises were to be performed at home. The results indicated that
unsupervised exercise schedules were ineffective and the use of a motivation
videotape appeared in itself insufficient. Therefore, the researchers suggested that the
modalities of an exercise program should be improved to fit the need; efficacy and
generalisability. Two courses could be proposed were the use of a simple, easier to
perform exercise program and an increased level of supervision by physical therapist
to improve patient motivation and compliance (41). Another study used a guidance
manual for physical exercise at home, along with reassessment by physical therapist to
enabled improvement in pain, ROM knee flexion, muscle strength and functional
capacity of patient with knee OA (42). The guidance manual was 18 pages long,
including definition of knee OA, general anatomical aspects of the knee, the
importance of the daily exercise for improving the symptoms and functionality, self
simple management such as cryotherapy and exercise programs (stretching exercise,
strengthening exercise and isometric exercise). Total 20 exercises was explained in a
20-40 word passages and each exercise was illustrated with a photograph of a model
performing the proposed movement (42). Another preliminary study demonstrated that
in older adults with symptomatic knee OA, a home-based pedometer-driven walking
intervention with an education program effectively improvd walking performance and
muscle strength (43).

Although home-based and center-based exercise improve
the health and physical function of older adults; the center-based programs were
superior to home-based programs in patients with peripheral vascular disease and that
home-based programs were superior in term of adherence to exercise, especially in
long term period (44). On the other hand, the patients were given a simple booklet and
a videotape material outlining a standardized exercise programs, all exercises were to
be performed at home. The result showed that unsupervised exercises were ineffective

and a motivation videotape appears in itself insufficient (45). Therefore, the uses of
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exercise treatment programs with therapist supervision followed by a home program

showed improve effectiveness of the program.

2.4.1.2 Education

The EULAR recommendations for management of knee OA
summarized that education could reduce pain and improve function which should form
an integral part of the management of any chronic diseases (28). A meta-analysis
demonstrated the benefits of different educational techniques in reducing pain and
increasing coping skills, but no effect on function in patients with knee OA (46).
Education has been shown positive changes in pain, knee function and quality of life
and reduction in frequency and costs of primary care visits (47, 48). The education of
self management programs for knee OA aimed the patients to recognize the disease
specific self-management construction. It promotes behavior changes aiming to
optimize participant’s health status. Topics of the program including pain management
strategies, joint protection, fitness/exercise, correct use of analgesia/medications,
balance/falls prevention/propriception, cognitive techniques, pathophysiology,
nutrition/weight control, self-management skill, team approach to health care and
SMART (specific, measurable, achievable, realistic, time-framed). The program was
delivered by health professional including nurse, physiotherapist and occupational
therapist (49).

2.4.1.2 Weight reduction

A study involving weight loss as treatment for knee OA
symptoms in obese patients showed that an intensive low-energy-diet induced weight
loss, reduced pain over 1 year, however a separate report from the same study showed
that total body and leg lean mass were decreased. Thus, it indicated that weight loss
induced by a low-energy-diet led to reductions in both leg muscle tissues and knee
muscle strength (50, 51). Another study investigated the effect of lower extremity lean
body mass in obese women with knee OA undergoing diet-induced weight loss. The
authors concluded that strength training was important to minimize loss of lean muscle
mass that lead muscle weakness (52). Stephen et al showed that the combination of

modest weight loss with moderate exercise provided better overall improvements in
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self- reported physical function, pain and mobility performance in obese patients with
knee OA. However, dietary weight loss alone was not effective in term of mobility

improvement and self-reported function and pain (53).

2.4.1.3 Electrical stimulation, Electromagnetic field

A systematic review on physical therapy interventions for
patients with knee OA showed that the effect of electrical muscle stimulation was
unclear (low- quality evidence) and concluded that there was no difference between
electromagnetic field and placebo for pain and function (moderate- quality evidence)
(29). A Cochrane review of transcutaneous electrical stimulation for knee OA included
18 small trials, reported the similar effects that the use of electrical stimulation was not
effective in reduction of pain (54). A study by Fukuda et al applied pulsed shortwave
intervention 3 times per week over 3 weeks. The results showed the relieving pain and
improving physical function and quality of life in short term compared to sham

shortwave and control (55).

2.4.2 Pharmacological treatment

The self medication frequently used for the relief of mild to moderate joint
pain in knee OA patients is simple analgesic acetaminophen or paracetamol. It is
recommended of initial oral analgesic for knee OA in published guidelines (ACR,
RCP, EULAR) (28, 56). It has been extensively discussion about gastrointestinal
safety of acetaminophen, particularly as compared with NSAIDs and non-selective
NSAIDs (28, 57). Although it is one of the safest analgesics, acetaminophen can be
associated with clinical important adverse events, such as prolongation of the haft-life
of warfarin (58). The daily dose of acetaminophen should not exceed 4 g. This
therapeutic does rarely causes hepatic toxicity, but it should be cautiously used in
patients with existing liver disease and chronic alcohol abuse because of known
increased risk in these patients (59-61).

In patients with moderate to severe pain with knee OA, NSAIDs is an
alternative initial therapeutic approach (62). Trials comparing acetaminophen with
NSAIDs in patients with knee OA, had significantly greater relieve in pain (63, 64)
and functions (65), also it should be used in patients in whom paracetamol has failed.
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Risk factors for upper GI bleeding in patients treated with NSIADs include age > 65
years, use of oral glucocorticoids and anticoagulants, history of peptic ulcer disease
and upper gastrointestinal bleeding and presence comorbid conditions (66-68).

In patients with an increased gastrointestinal risk such as bleeding,
perforation or obstruction, non-selective NSAIDs or COX-2 specific inhibitor and
effective gastroprotective therapy were recommended (28, 56). In trials comparing
COX-2 specific inhibitor, celecoxib and refocoxib with conventional NSAIDs and
placebo, the COX-2 was superior over placebo and had similar efficacy to
conventional NSAIDs for pain relief but reduction in perforation, ulcers and bleeding
(69-71). Patients in whom NSAID, including COX2 selective inhibitor, are
contraindicated, ineffective, and continue to have severe pain, opioid analgesics, with
or without paracetamol are alternatively useful (28). SYSADOA which is a term for
symptomatic slow acting drugs for OA including glucosamine sulphate, chondroitin
sulphate, ASU, diacerein and hyaluronic acid, has its slower onset of action of
symptomatic effects (72-74) and may modify structure (28).

Intra-articular injection of long acting corticosteroid in knee OA have been
use to relieve pain and inflammation. It is indicated for flare of knee pain especially in
patients who have not responded to a program of nonpharmacologic therapy and
simple analgesics and have sign of local inflammation with joint effusion (28, 62).
However, it is an effective short-term method of reliving pain (75).

2.5 Manual therapy for knee osteoarthritis

2.5.1 Mobilization
Physical therapists usually use manual therapy in patient with knee OA.
Many terms of the manual techniques are used clinically. The following is the reviews

of a most the commonly use procedures; mobilization and massage.

2.5.1.1 Definitions and principles
The definitions of mobilization according to Maitland is

“passive movements performed in such a manner and speed that at all times they are
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within the control of the patient so that movement can be prevented if the patient so
chooses”(76). Mobilization is a treatment techniques used by physical therapist. This
technique is applied a force to mimic the gliding that occurs between bones which
included passive oscillatory movements (two or three per second) of small or large
amplitude which applied anywhere in a range of movement, depending on the
response and desired effects, or sustained stretching with or without amplitude
oscillations at the limitation of the range. The passive oscillations or sustained
stretches may consist of accessory movement, shaft rotation and physiological
movement. Mobilization is used to restore joint play that has been lost due to disease
or injury, thus mobilization treatment techniques will be chosen when range of motion
or mobility is lacking. Furthermore, the oscillations within available joint play range
are a technique used to decrease pain. The precautions of mobilization are severe
osteoarthritis or osteoporosis, tumor or malignancy in the area, bleeding in the joint,
loose joint, application near a growth plate and history of total joint replacement (76-
79).

2.5.2.2 Evidences of mobilization effects

The clinical desired effects of mobilization are restoring
structures within a joint to their normal position or pain-free status so as to recover a
full-range painless movement and relieving pain. The accessory mobilization of the
tibiofemoral joint in patient with knee OA that non-noxious accessory mobilization
could be immediately reduced hyperalgesia. Patients with mild and moderate knee OA
had immediate improvement in pressure pain threshold (PPT) of an average 27.3%
after 9 minutes treatment (80). A knee mobilization with conventional physiotherapy
in mild and moderate knee OA was significant reduction in pain compared to control
group (81). The pain reduction effect of mobilization has been proved in the animal
study which done in the ankle joint (82). Another animal study, found that joint
mobilization and quadriceps setting in knee OA rabbits could decrease the level of
nitric oxide (NO) and tumor necrosis factor (TNF) in synovial (83).

The passive mobilization is used to increase the flexibility of a
stiff joint to restore range and function by adapted connective tissues like capsule,

fascia, ligament and retinacula. Furthermore, it is used to restored neurodynamics to
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their ideal state to provide an proper environment of mobility within which the
nervous system can function optimally (76, 84). Van den Dolder and Roberts applied 6
sessions of manual therapy consisting of transverse friction of the lateral retinaculum
in the fully extended and fully flexed positions, tilt patellofemoral stretches and the
application of a sustained medial glide during repeated flexion and extension of the
knee in patients with anterior knee pain. The results showed significantly greater
improvement in active knee flexion and the ability to step up/down a step compared
with no intervention (85). Other studies of knee joint fracture and knee joint stiffness
reported that the applications of mobilization sustained statistically significant
increased ROM (86, 87).

In the knee OA patients, Fish et al studied the effect of
combining a topical capsaicin cream and knee joint mobilization in knee OA
treatment. They found that mobilization therapy combined with capsaicin group had
significantly and clinically meaningful changes WOMAC of 42.3%, a 22 point
decrease with NRP-101 pain scale (NPRS), decrease of 5.5 point with Short-Form
McGill Pain Questionnaire (SFMPQ) and increase 5 degrees ROM (88). Studies
confirmed effects of knee mobilization on decreasing pain and increasing range of
motion (89) and improving physical function (WOMAC questionnaire) in knee OA
patients (90). Yang and Zhou studied the adverse effect of mobilization therapy. They
found no adverse effect in the treatment group so they concluded that it is efficacy and
safety for knee OA (91).

Ottawa Panel recommended the use of therapeutic exercise
alone, or combined mobilization techniques for the clinical practice guidelines for
therapeutic exercises and manual therapy in the management of osteoarthritis (92).
The systematic review of manual therapy in hip and knee OA studies found only 4
randomized controlled trials (RCTs). French et al concluded that manual therapy was
more effective than exercise in pain reduction for those with hip OA in short and long
terms. Due to the small number of RCTs, this finding was fairly inconclusive
regarding the benefit of manual therapy on pain and function for knee and hip OA
(93). A case series study, found that early mobilization (compression and
decompression with glide) in knee OA patients was resulted in decreasing pain and

stiffness and improvement in functional capacity (94). In a RCT studies, a clinical



Kornkamon Cheawthamai Literature Review / 22

physical therapy program of manual therapy, consisting of passive physiological and
accessory movement, muscle stretching and soft tissue mobilization, were applied by
the physical therapist primarily to the knee and surrounding structures. The improving
function and decreasing self perception of stiffness and pain in subjects with knee OA
were found over a 4 week period (95, 96). The results observed compared supervised
exercise group (95) and placebo (placebo ultrasound) group (96). Another RCT study
supported the previous studies that manual physical therapy program consisting of
passive physiological, accessory movements and muscle stretching was more effective
in relieving pain and improving in six minute walk test distances and ROM over 3
weeks period (97).

Mariette et al performed a meta-analysis of randomized
controlled trials which compared between strength training alone, exercise therapy
alone (combination of strength training with active range of motion exercises and
aerobic activity), or exercise with passive manual mobilization by physiotherapist,
versus any non-exercise control. This review found that exercise therapy with manual
mobilization showed a more effect size on pain than exercise alone. The effect size on
pain was 0.38 for strength training, 0.34 for exercise and 0.69 for exercise with manual
mobilization. All interventions also improved physical function significantly (98).
However the combination of manual therapy and exercise have been shown early
improvement of the walking distance over 4 weeks and reduction of the need for total

knee replacement and steroid injections (94-96).

2.5.2 Massage

Massage is a technique which physical therapist used with aims for the
mechanical, reflexive and metabolic effects. Mechanically, pressure, friction and
manipulation techniques directly change the shape or condition of the skin, fascia,
muscle and connective tissues. Effects of the massage on the muscular and skeletal
system make the tissue supple and flexible, decreasing hypertonicity in muscles and
tendons, increasing muscle excitability and synovial production which making them

more sensitive to nerve impulse and acceleration muscle fatigue recovery (99).
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2.5.2.1 Massage and pain

One of the general benefits of massage is pain reduction.
Massage effects on increase dopamine, endorphins, enkephalins and oxytocin which
are pain-relieving chemical and the chemical that increases the pain threshold. At the
same time it results in increasing sedative effects, stimulating smooth muscle
contractions and decrease substance P that triggers the pain response, cortisol that is a
natural anti-inflammatory chemical and sympathetic nervous system activity (99).
The Gate control theory explained the pain mechanism effect of massage therapy.
Sensory or afferent nerve fibers transmit sensory nerve impulses from all over body,
through the spinal cord and up to the brain. Theoretically, light touch and pressure
from massage techniques interfere with pain by closing the gate, therefore the pain
impulses cannot pass though the brain. In other words, massage can reduce the
sensation of pain (100-103).

2.5.2.2 Massage therapy in knee osteoarthritis

The evidence regarding the effectiveness of massage therapy on
knee OA symptom reduction was inconclusive (104). However, a systematic review
and meta-analysis for the effects of massage on pain for knee osteoarthritis was
identified 6 Chinese classic massage therapy studies. Four studies were conducted in
western countries, one used Swedish full-body massage, one used aromatic essential
oil massage, one used Mcaquarie injury management and one used massage and knee
exercise. The meta-analysis results from 3 western studies showed that massage
therapy significantly decreased in pain. All 4 western studies reported an improvement
of overall health status and no adverse effects of patients with knee OA (105). Adam
et al supported the previous systematic review that used the massage therapy with
Swedish technique included petrissage (compression or manipulation of soft tissue
between finger and thumb), effleurage (gliding of hands over the skin or soft tissues)
and tapolement (percussion-based massage where hands strike soft tissue in repetitive)
demonstrated improvements in WOMAC global scores in pain, stiffness and physical
function domains. Thus, this study was concluded that massage therapy was safe and
effective for reducing pain and improving function in patients with knee OA who were

allowed to maintain their usual treatment (106).
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CHAPTER Il
MATERIALS AND METHODS

3.1 Subjects

Thai females with osteoarthritis of the knee living in communities in
Samtum District, Ayutthaya and Thamai Distric, Samutsakhon were included if they
fulfiled the criteria of the American College of Rheumatology classification for knee
osteoarthritis (31, 32). This criteria had 92% sensitivity and 75% specificity (31, 32).
The participants were able to walk in their daily living with or without aid. They were
instructed to keep taking any current medications and not to start taking new
medication for osteoarthritis and did not received physical therapy intervention for

their knees during enrollment in this study.

3.1.1 Inclusion criteria
- Knee pain for at least 3 months
- At least 3 of the following 6 characterestics
. Age > 50 years
. Morning joint stiffness < 30 minutes

. Crepitus on active motion

. Bony tenderness
. Bony enlargement
. No palpable warm of synovium

3.1.2 Exclusion criteria

- Rheumatoid, gout, or other systemic joint diseases

- Cerebrovascular conditions such as acute or recurrent myocardial
infarction (MI), unstable angina pectoris

- Neurological conditions such as Parkinsons’ disease.

- Undergone any lower limbs surgery
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- Received corticosteroid injection to the knee within previous 30 days
- Suffered an injury or accident at back and lower limbs within previous 6

weeks.

3.2 Outcome measures

3.2.1 Pain intensity

Pain was measured using 100 mm. visual analog scale (VAS scale) with
end-points marked ‘no pain (0)’ and ‘unbearable pain (10)’ (117) (Figure 3.1). VAS
scale was measured on the worse side of knee, if they had problem in both knees.
Participants were instructed to mark the level of pain that they had experienced in the

previous week on the scale.
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Figure 3.1 Visual analog scales (VAS scale)

3.2.2 Flexibility

Flexibility was measured by active knee flexion and extension using
goniometer with the participants in supine position. The greater trochanter of the hip,
the lateral epicondyle of the femur and the lateral malleolus of the ankle were the
landmarks (118). Participants were in supine position and instructed to move their
knee in flexion and extension directions as far as they could. The angles were
measured twice, and the average degree were used. The ROM were recorded at the
end point of movement when ROM was limited by pain or tightness of the soft tissues.

The decreasing angles indicated better flexion and extension improvement.

3.2.3 Functional activity
Functional activity was measured using Thai version of KOOS. The
KOOS was “a knee-specific instrument, develop to assess the patient’s opinion about
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their knee and associated problems” (42). It consisted of 42 items in 5 subscales
including pain (9 items), symptoms (7 items), activities of daily living (17 items),
sports and recreational activities (5 items) and knee-related quality of life (4 items).
All items had score 0 — 4 scale and the sum was transformed to 0 — 100 scale, 0

representing extreme knee problem and 100 representing no knee problem. Scoring

software was downloaded from http://www.koos.nu (41-43). Thai version of KOOS
had been evaluated and approved by 3 Thai physical therapists who had clinical and
research experiences in knee osteoarthritis (OA). In a preliminary study which it was
used by 19 Thai knee OA patients, it was found that the overall scales correlated well
with each of 5 subscales (Spearman’s rho ranging from 0.79 to 0.89, p<0.05) and had
been used in Thai OA knee patients studies (44, 45) (see appendix F).

3.2.4 Activity of daily life/physical activity performance

Physical activity performance was measured using six-minute walk test.
The six-minute walk test was a useful measure of functional exercise capacity and
activity performance that was a practical simple test and commonly used in OA-
related trials (20, 21, 63). This test measured the distance a participant could walk in 6
minutes. Participants of this study walked with or without aids along the straightway
30 meters in length that marked every 3 meters.

According to the protocol by the American Thoracic Society, the evaluator
instructed the participants in a standardized manner as follows:

“The object of this test is to walk as far as possible for 6 minutes. You will
walk back and forth in this pathway. Six minutes is a long time to walk, so you will be
exerting yourself. You will probably get out of breath or become exhausted. You are
permitted to slow down, to stop and to rest as necessary. You may lean against the
wall while resting but resume walking as soon as you are able.

You will be walking back and forth around the cones. You should pivot
briskly around the cones and continue back the other way without hesitation. Now I’m
going to show you. Please watch the way | turn without hesitation.” The researcher
then demonstrates by walking one lap. Walk and pivot around a cone briskly.

“Are you ready to do that? | am going to use this counter to keep track of

the number of laps you complete. | will click it each time you turn around at this
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starting line. Remember that the object is to walk AS FAR AS POSSIBLE for 6
minutes, but don’t run or jog.

Start now, or whenever you are ready.”

After the first minute, tell as follow: “You are doing well. You have 5
minutes to go.”

When the timer shows 4 minutes remaining, tell as follow: “Keep up the
good work. You have 4 minutes to go.”

When the timer shows 3 minutes remaining, tell as follow: “You are doing
well. You are halfway done.”

When the timer shows 2 minutes remaining, tell as follow: “Keep up the
good work. You have only 2 minutes left.”

When the timer shows only 1 minute remaining, tell as follow: “You are
doing well. You have only 1 minute to go.”

When the timer is 15 seconds from completion, say this: “In a moment I’m
going to tell you to stop. When | do, just stop right where you are and | will come to
you.”

When the timeout, say this: “Stop!” Walk over to the patient. Consider
taking the chair if they look exhausted. Mark the spot where they stopped on the floor

and recorded the distances a participant could walk” (46) .

3.2.5 Quality of life

Quality of life was measured using Thai version of Short Form 36
questionnaire (SF-36). The content of this questionnaire consisted of 8 dimensions, 35
items about physical functioning (10 items), role limitations due to physical problems
(4 items), bodily pain (2 items), general health perceptions (5 items), social
functioning (2 items), vitality (4 items), role limitations due to emotional problems (3
items) and general mental health (5 items) and reported health transition (1 item) so
the total item was 36 items (119). The SF-36 questionnaire was a standardized and
widely used instrument for assessing overall health status which the Thai version
reported the validity (47-49). The scores range from 0 — 100 scale, O representing poor
health status and 100 representing good health status (see appendix E).
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3.2.6 Satisfaction

Satisfaction questionnaire which was developed by Dumrongthai C is
filled in by the participants at the last follow up for assessing the patient’s satisfaction
with intervention programs (120). The content of questionnaire consisted of
satisfaction in group assigned, exercise prescription, recovery status and follow-up by

researcher (see appendix G).

3.3 Procedure

The procedure of this study consisted of 3 phases as follows

Phase 1: Randomization and assessment

Participants who met the inclusion criteria were randomly assigned to
either self manual therapy group or exercise group. All participants were instructed
about the research detail and process and signed the informed consent. They were
interviewed the demographic data for age, sex, height, weight, body mass index,
present symptoms in one or both knees, medication and underlying disease. Initially,
the participants were received a clinical examination that includes history,
characteristics of symptoms, active and passive ROM, palpation of the lumbar spine,
hip, knee and ankle. The neurological examination (muscle testing, sensory) was also
performed if there complained of weakness, radiating pain or impaired sensation in
lower extremities. Functional test and accessory movement that limited or reproduced

symptoms were used to guide the self manual therapy instruction.

Phase 2: Exercise program and self-manual therapy assignments

At pretreatment, participants from both groups were received knee OA
education (pathological of disease, signs and symptoms, self-management) and a
logbook (see appendix H). They were assessed the baseline outcomes including VAS
scale, ROM, Thai version of KOOS, 6-minutes walk test and SF-36 questionnaire. All
measurements were performed by a trained research assistance who was blinded to
group assignment and performed at the same time of the day to control the effect the

daily cycles in pain and stiffness.
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Standardized exercise program: Participants received verbal, hand-on
instruction and demonstration of home-based exercise program. The researcher
explained the detail and information of logbook, then asked about content of exercise
such as intensity, correction, frequency and precaution to check the participant’s

understanding. The participants could ask any question if they had.

Self manual therapy group: Participants were received the same exercise
program, a logbook and handout of self manual therapy. The joint mobilization was
applied primarily to the the patellofemoral and/or tibiofemoral joints and soft tissue
massage. The self manual therapy group received self manual therapy as indicated by
the results of individualized clinical examination. Similarly, the participants were
checked their understanding by asking the questions in content of exercise and self
manual therapy program.

Neither group of participants was awared of the intervention that the other
group received. Both groups were instructed to walk everyday at comfortable pace,

speed and gradually progressed distance.

Phase 3: Follow up

The follow up period in this study was 12 weeks. Both groups were
received the same follow up protocol as follows.

- After 2 weeks (post-test 1), the participants of both groups were assessed
VAS scale and ROM.

- At 4 weeks (post-test 2), the participants were assessed as post-test 1 and
the Thai version of KOOS and 6-minutes walk test.

- At 12 weeks (post-test 3) the participants were assessed of VAS scale,
ROM, Thai version of KOOS, 6-minutes walk test, SF-36 questionnaire (post-test 3)
and satisfaction questionnaire.

Participants were rechecked the intensity, correction, frequency and
precaution of the home-based exercise program and self-manual therapy program at
2" week. If the participants forgot and exercised ineffectively, researcher explained
and demonstrated again. Participants were contacted by telephone to ask about adverse

signs and symptoms such as increased pain, joint effusion and increase skin
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temperature over the knee joint at weeks 1%, 5™ and 8™. If the participants had no
difficulty performing the exercise and self manual therapy program, then the number

of repetitions was increased to five in each series.

3.4 Intervention

Standardized exercise program

This program consisted of active ROM exercise, muscle strengthening and
muscle stretching (shown in tables 3.1, 3.2, 3.3). This exercise program was
recommended in the literatures (20, 21, 121). Each participant received home-based
exercise instruction, manual and standardized exercise handout (see appendix C). The
number of exercise sessions decreased or increased based on participation response. If
no pain or discomfort, exercise repetitions or range of motion was adjusted.

Participants were instructed to avoid pain during exercise.

Table 3.1 Exercise program: stretching exercise (daily)

Stretching exercise Measures

Standing calf stretch Hold for 30 s
- stand with heel of the foot behind the body and the toes point Repeat 3 X
straight ahead, then lean forward until moderate pull at the calf.

- may use arms for support.

Supine hamstring stretch

- supine with contralateral limb maintained as straight as possible.

- the ipsilateral hip is flexed to 90 and straighten the knee,

dorsiflex until moderate pull at the thigh and calf.

Prone quadriceps stretch

- prone; a strap is placed around ipsilateral ankle and on the hand.

- then pull the strap and bends knee until moderate pull at the

anterior thigh.
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Table 3.2 Exercise program: range of motion exercise (daily)

Range of motion exercise Measures
Knee in mid-flexion to full-extension in supine position Hold for 3 s at
- supine, the ipsilateral foot sliding on the surface. end range

- knee flexion 45° to full extension.

Knee in mid-flexion to full-flexion in supine position

2 set 30 session

- supine, knee is brought to full flexion with assistance of the

: per set
upper extremity or a strap.
Table 3.3 exercise program: strengthening exercise (3 days/week)
Strengthening exercise Measures
Static quad sets in knee extension Hold each

- supine/supine supported on elbow with knee in full
extension.

- pushes the knee down, maintain full dorsiflexion.

Standing terminal knee extension

- stand with a resisted band behind a slightly flexed knee.

- full straighten hip and knee.

Seated leg presses

- seated with foot against the resisted band.

- straighten the knee by pushing the foot down and forward.
Partial squats weight-lessened

- stand, then perform partial squat, keeping the knee centered
over the foot.

- return to stand. (may use arm for support).

Step — ups

- Stand and place the involved foot on step then bring body
over foot to stand on step.

- Step down with contralateral foot

contraction 6s,

10s rest repetition
10 x

Hold each
contraction 3 s
repetition 10 x
Increase resistance
as tolerance

Hold each
contraction 3 s

30 repetitions

30 repetitions
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Self manual therapy group

This program complemented the same home-based exercise program with

self manual therapy including joint mobilizations applied primarily to the

patellofemoral and/or tibiofemoral joints and soft tissue massage (shown in table 3.4),

according to the results of clinical examination.

Table 3.4 Knee impairments and self manual therapy program (daily)

Impairment

Self manual intervention Measures

Loss of patella glides

Loss of tibiofibular joint

glides

Soft tissue tightness

Self manual mobilization of the Mobilization grades
patella in 5°-10° knee flexion Il to IV

- Medial displacement 10 times per 1 set

- Lateral displacement

- Elevation

- Depression

Self manual mobilization of the Mobilization grades
tibiofibular joint in through range 11l to IV

of motion (ROM) and end range 10 times per 1 set
of knee extension

Soft tissue massage Circular superficial
- Suprapatellar and peripatellar friction and/or
regions deep-fiber friction

- Medial and lateral joint capsule ~ 1-3 times of 30

- Popliteal fossa seconds per area

- Gastrocnemius muscle

- lliopsoas muscle

- tensor fascia latae and the

iliotibial band

3.5 Statistical Analysis

The Statistical Package for Social Science (SPSS) Software for Windows,

version 18 was used for analyzing the data in this study. The Kolmogorov-Smirnov
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Goodness of Fit test was used to analyze the data distribution. The two-way mixed
analysis of variance (ANOVASs) was evaluated the interaction and main effects for the
differences of all variables (VAS score, ROM, distance in six minute walk test, KOOS
score and SF-36 score,) between groups and among the baseline, 2", 4™ and 12" week
in each group. The Post hoc analyses were performed with the Bonferroni. The simple
effects (pair-wise comparisons) of both between and within effects were also

undertaken with the Bonferroni. The statistic significant level was set at p<0.05
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CHAPTER IV
RESULTS

Fifty four females with knee osteoarthritis from two communities,
Samphaolum district, Ayutthaya and Thamai district, Samutsakhon were recruited in
this study. Twenty seven participants were in home-based exercise group and twenty
seven were in self-manual therapy group. A total of forty three participants completed
the study. There were five dropouts in home-based exercise group, one participant
withdraw because moving from the area, one was disqualified after cerebrovascular
disease and three failed to return after baseline measurement for unknown reasons.
There were six dropouts in self-manual therapy group, one was disqualified after
receiving back surgery, two were not measured all outcomes completely at baseline
measurement and three failed to return after baseline measurement for unknown

reasons.

4.1 Characteristic of Subjects
All characteristics including age, BMI and the side of pain at baseline are
shown in Table 4.1. The variables did not reveal statistically significant difference

between groups.
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Table 4.1 Characteristics of subjects in home-based exercise group and self-manual

therapy group at baseline

Variables Home-based Self-manual therapy
exercise (n=22) (n=21)
Age (years) 64.05 + 7.86 66.62 + 8.77 316
BMI (kg/m?) 27.13 + 3.56 26.97 + 4.56 893
Side of pain 436
Left side 6 (27.3%) 4 (19%)
Right side 6 (27.3%) 5 (23.8%)
Both sides 10 (45.5%) 12 (57.1%)
Pain intensity (VAS) 5.15+2.37 4.67+2.73 549
Six-minute walk distance 347.40 + 68.97 352 £ 80.39 821
Range of motion
Flexion 141.20 £10.83 140.07 £ 13.00 .765
Extension 7.83+4.35 9.57 £6.55 323
KOOS
Pain 63.58 + 19.82 59.57 £ 21.77 .548
Symptom 64.95 + 18.46 57.43 £ 21.39 244
Activity of daily living 68.32 £ 18.83 64.71 £ 24.36 .607
Sport 39.21 +£29.60 41.81 + 28.57 779
Quality of life (QOL) 45.16 + 19.94 43.45 +17.17 721
SF-36
Physical functioning (PF) 58.50 £ 29.70 63.10 £ 22.83 581
Role-physical (RP) 90.63+21.79 91.67 + 18.47 .869
Social functioning (SF) 66.25 £ 20.32 56.55 + 18.38 117
Role-emotional (RE) 70.83 £27.37 76.19 * 26.65 529
Bodily pain (BP) 46.88 + 29.23 40.60 + 28.68 492
Mental health (MH) 49.00 + 15.99 45.33 + 13.88 437
Vitality (VT) 45.50 £ 16.05 41.43 +10.26 337
General health (GH) 49.25 + 14.26 54.76 + 14.36 225
Reported health transition (HT) 46.25 +31.70 36.90 + 28.08 323

* Values are means + SD
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4.2 Pain Intensity

As shown in Table 4.2, a 2 (group: home-based exercise and self-manual
therapy groups) x 4 (time: baseline, 2weeks, 4 weeks and 12 weeks) two — way
ANOVA was performed. There was no interaction of group and time [F (2.396,
62.287) = 1.824, p = .163)]. There was a significant main effect of time [F (2.396,
62.287) = 3.752, p = .022)] but no significant main effect of group [F (2.396, 62.287)
=.980, p = .331)].

Table 4.2 Two-way mixed ANOVA of visual analog score (VAS)

df Sum of Squares Mean Squares F p
Between Subjects
Group 1 13.580 13.580 .980 331
Error 26 360.232 13.855
Within Subjects
Time 2.396 58.670 24.490 3.752  .022*
Time X Group 2.396 28.527 11.908 1.824  .163
Error 62.287 406.554 6.527
*P<.05

As shown in Table 4.3, the post hoc comparisons conducted using
Bonferonni test showed significantly decreased pain at 4 weeks compared to baseline
(MD = 1.571 £ .449, p = .010). However, there were not different of pain intensity
between baseline and 2 weeks (MD = 1.821 + .672, p = .070), baseline and 12 weeks
(MD = 1571 + .552, p = .051), 2 weeks and 4 weeks (MD = 0.250 + .662, p = 1.000),
2 weeks and 12 weeks (MD = 0.250 + .662, p = 1.000) and 4 weeks and 12 weeks
(MD = 0.000 £ .504, p = 1.000). These results reflected that all participants both
home-based exercise group and self-manual therapy group had decreased pain at 4

weeks.
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Table 4.3 Post hoc comparisons (Bonferroni test) among means of VAS

Conditions VAS

Mean Difference (MD) SD p
Baseline vs. 2 weeks 1.821 672 .070
Baseline vs. 4 weeks 1.571 449 .010*
Baseline vs. 12 weeks 1.571 552 .051
2 weeks vs. 4 weeks 0.250 .662 1.000
2 weeks vs. 12 weeks 0.250 662 1.000
4 weeks vs. 12 weeks 0.000 504 1.000
*P<.05

As shown the Figure 4.1, the simple effect of between groups was
significant at 4 weeks (MD = 1.929, p = .048). This result reflected greater pain
decreasing for self-manual therapy group at 4 weeks. In the self-manual therapy group,
the simple effect between baseline and 4 weeks (MD = 2571, p = .002) was
significant. This result reflected that the patients in self-manual therapy group had

decreased pain at 4 weeks but the long term effect at 12 weeks was not found.
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8 Self-manual
! therapy group
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0 * |
Baseline 2 weeks 4 weeks 12 weeks

Figure 4.1 Mean and 95% CI of VAS at baseline, 2 weeks, 4 weeks and 12 weeks
* represents significant difference of the self-manual therapy group, A represents

significant difference between groups



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Physical Therapy) / 39

4.3 Flexibility
Flexibility was measured by range of motions of active knee flexion and
extension. The decreasing of range of motions was interpreted as improvement of knee

flexibility.

4.2.1 Flexion

As shown in Table 4.4, there was interaction of group and time [F (2.578,
105.681) = 3.828, p = .016)]. There was also a significant main effect of time [F
(2.578, 105.681) = 6.390, p = .001)] but no significant main effect of group [F (1, 41)
=111, p = .740)].

Table 4.4 Two-way mixed ANOVA of flexion

df Sum of Squares Mean Squares F p
Between Subjects
Group 1 503.603 503.603 A11 740
Error 41 185347.191 4520.663
Within Subjects
Time 2.578 52340.847 20306.168 6.390 .001*
Time X Group 2.578 31353.916 12164.073 3.828 .016*
Error 105.681 335856.406 3178.023
*P<.05

As shown in Table 4.5, the post hoc comparisons revealed significantly
increased flexion at 2 weeks (MD = 38.589 + 9.970, p = .002) and 12 weeks compared
to baseline (MD = 42.733 = 11.627, p = .004). However, there were no significant
differences between baseline and 4 weeks (MD = 15.157 +, p = .680), 2 weeks and 4
weeks (MD = 23.432 + 10.374, p = .176), 2 weeks and 12 weeks (MD = 4.144 +
13.927, p = 1.000) and 4 weeks and 12 weeks (MD = 27.576 £ 11.769, p = .144).
These results reflected that flexion improvement was found at 2 and 12 weeks in

participants both in the home-based exercise group and self-manual therapy group.
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Table 4.5 Post hoc comparisons (Bonferroni Test) among means of flexion

Flexion (degree)

Conditions
Mean Difference (MD) SD p

Baseline vs. 2 weeks 38.589 9.970 .002*
Baseline vs. 4 weeks 15.157 9.367 .680
Baseline vs. 12 weeks 42.733 11.627 .004*
2 weeks vs. 4 weeks 23.432 10.374 176
2 weeks vs. 12 weeks 4.144 13.927 1.000
4 weeks vs. 12 weeks 27.576 11.769 144
*P<.05

As shown in Figure 4.2, at 4 weeks, the simple effect of between groups
was significant (MD = 38.788, p = .017). This result indicated that improvement of
flexion of self-manual therapy group was greater for flexion at 4 weeks.

As shown in Figure 4.2, in the home-based exercise group, the simple
effect between baseline and 2 weeks (MD = 50.773, p = .004), 2 weeks and 4 weeks
(MD = 60.864, p =.001) and between 4 weeks and 12 weeks (MD = 49.318, p =.028)
were significant. In the self-manual therapy group, the simple effect between baseline
and 4 weeks (MD = 40.405, p = .026) and between baseline and 12 weeks (MD =
46.238, p = .049) were significant. These results indicated that the home-based
exercise group had increased flexion at 2 weeks but it was worse at 4 weeks. While,
the self-manual therapy group gradually increased flexion at 4 and 12 weeks.

However, the flexion similar improvement was found at 12 weeks in both groups.
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Figure 4.2 Mean and 95% CI of flexion at baseline, 2 weeks, 4 weeks and 12 weeks
* represents significant difference of the self-manual therapy group, ** represents

significant difference of the home-based exercise group

4.2.2 Extension

As shown in Table 4.6, there was no interaction of group and time [F
(2.072, 84.946) = 2.903, p = .058)]. There was a significant main effect for time [F
(2.072, 84.946) = 6.874, p = .002)] but no significant main effect for group [F (1, 41)
=.048, p = .828)].

Tablel 4.6 Two-way mixed ANOVA of extension

df Sum of Squares Mean Squares F p
Between Subjects
Group 1 3.697 3.697 .048 .828
Error 41 3159.207 77.054
Within Subjects
Time 2.072 385.6914 186.157 6.874  .002*
Time X Group 2.072 162.889 78.620 2.903 .058
Error 84.946 2300.300 27.079

*P<.05
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As shown in Table 4.7, the post hoc comparisons revealed significantly
increased extension by baseline when compared with 2 weeks (MD = 2.369 + .832, p
=.041) and by baseline when compared with 4 weeks (MD = 3.9063 + .891, p =.000)
and by baseline compared with 12 weeks (MD = 3.373 £ .003, p = .003). However,
there were no significant differences between 2 weeks and 4 weeks (MD = 1.537 %
912, p =.912), 2 weeks and 12 weeks (MD = 1.004 + 1.201, p = 1.000) and 4 weeks
and 12 weeks (MD = .533 £ .622, p = 1.000). These results reflected that extension
improvement was found at 2, 4 and 12 weeks in participants both home-based exercise

group and self-manual therapy group.

Table 4.7 Post hoc comparisons (Bonferroni Test) among means of extension

Extension (degree)

Conditions
Mean Difference (MD) SD p
Baseline vs. 2 weeks 2.369 832 .041*
Baseline vs. 4 weeks 3.906 891 .000*
Baseline vs. 12 weeks 3.373 891 .003*
2 weeks vs. 4 weeks 1.537 1.053 912
2 weeks vs. 12 weeks 1.004 1.201 1.000
4 weeks vs. 12 weeks 533 .622 1.000

*P<.05

As shown Figure 4.3, in the self-manual therapy group, the simple effect
between baseline and 4 weeks (MD = 6.357 p = .000) and between baseline and 12
weeks (MD = 4.905 p = .002) were significant. There was not significant in home-
based exercise group. These results indicated that only self-manual therapy group had

better increase extension at 4 and 12 weeks.
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Figure 4.3 Mean and 95% CI of extension at baseline, 2 weeks, 4 weeks and 12 weeks

* represents significant difference of the self-manual therapy group

4.4 Physical activity performance

The physical activity performance was assessed using six-minute walk
distance as shown in Table 4.8, the interaction of group and time was not significant
[F (1.561, 32.785) = 2.829, p = .085)]. There was a significant main effect for time [F
(1.561, 32.785) = 6.936, p = .006)] but no significant main effect for group [F (1, 21)
=.494, p = .490)].

Table 4.8 Two-way mixed ANOVA of six-minute walk distance

df Sum of Squares Mean Squares F p
Between Subjects
Group 1 8124.451 8124.452 494 490
Error 21 345064.593 16431.647
Within Subjects
Time 1.561 38691.949 24783.817 6.936  .006*
Time X Group 1.561 15780.937 10108.352 2.829 .085
Error 32.785 117145.217 3573.163

*P<.05
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As shown in Table 4.9, the post hoc comparisons revealed significantly
increased 6 minute distance at 12 weeks compared to baseline (MD = 56.917 +
17.609, p = .012). However, there were no significant difference between baseline and
4 weeks (MD = 38.385 £ 17.455, p = .118) and 4 weeks and 12 weeks (MD = 18.531
+ 10.687, p = .293). These results indicated that participants in both groups had better

physical activity performance at12 weeks.

Table 4.9 Post hoc comparisons (Bonferroni Test) among means of six minute

distance
o 6-minute walk distance
Conditions _
Mean Difference (MD) SD p

Baseline vs. 4 weeks 38.385 17.455 118
Baseline vs. 12 weeks 56.917 17.609 .012*
4 weeks vs. 12 weeks 18.531 10.687 .293
* P < .05.

As shown in Figure 4.4, in the home-based exercise group, the simple
effect between baseline and 4 weeks (MD = 64.702 p = .042) and between baseline and
12 weeks (MD = 92.696 p = .003) were significant. These results indicated that home-
based exercise group was increase 6-minute distance at 4 and 12 weeks but these effects

was not found in self-manual therapy group.
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Figure 4.4 Mean and 95% CI of six-minute walk distance at baseline, 2 weeks, 4

weeks and 12 weeks ** represents significant difference of the home-based exercise
group

4.5 Functional activity

The functional activity was measured by knee injury and osteoarthritis
outcome score (KOOS score). The statistical analysis was revealed as shown in Table
4.10. There were no interaction of group and time for all subscales as follows; the pain
items [F (1.898, 37.963) = .046, p = .949)], the symptom items [F (1.705, 34.093) =
1.024, p = .359)], the activity daily living (ADL) items [F (1.543, 32.400) = .096, p =
.860)], the quality of life (QOL) items [F (1.625, 32.502) = 1.886, p = .174)] and the
sport items [F (1.916, 36.408) = 2.134, p = .135)]. The main effects for group were
also not significant as follows; the pain item [F (1, 20) = .000, p = .984)], the symptom
item [F (1, 20) = .244, p = .627)], the activity daily living (ADL) item [F (1, 21) =
.002, p =.964)], the quality of life (QOL) item [F (1, 20) = .047, p = .830)], the sport
item [F (1, 19) = 1.168, p = .293)].

There were significant main effect for time in pain items [F (1.898,
37.963) = 9.031, p =.001)], symptom items [F (1.705, 34.093) = 9.229, p = .001)] and
quality of life (QOL) items [F (1.625, 32.502) = 3.742, p = .043)]. However, there
were no significant main effect for time in ADL item [F (1.543, 32.400) = 2.578, p =
.103)] and sport items [F (1.916, 36.408) = 2.067, p = .143)].
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Table 4.10. Two-way mixed ANOVA of knee injury and osteoarthritis outcome score
(KOOS)

df Sum of Squares  Mean Squares F p

Pain item

Between Subjects 1 316 316
Group 20 15484.472 774.224 000 .984
Error

Within Subjects
Time 1.898 2258.043 1189.605 9.031 .001*
Time X Group 1.898 11.437 6.026 .046 949
Error 37.963 5000.411 131.718

Symptom item

Between Subjects
Group 1 128.291 128.291 244 627
Error 20 10534.133 526.707

Within Subjects
Time 1.705 2447.503 1435.761 9.229 .001*
Time X Group 1.705 271.503 159.270 1.024  .359
Error 34.093 5303.800 155.566

ADL item

Between Subjects
Group 1 1.555 1.555 002  .964
Error 21 15581.518 741.977

Within Subjects
Time 1.543 1114.170 722.146 2578 .103
Time X Group 1.543 41.706 27.032 096  .860

Error 32.400 9077.308 280.163
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Table 4.10 Two-way mixed ANOVA of knee injury and osteoarthritis outcome score
(KOOS) (cont.)

df Sum of Squares  Mean Squares F p

QOL item

Between Subjects
Group 1 46.675 46.675 047  .830
Error 20 19817.522 990.876

Within Subjects
Time 1.625 1888.771 1162.258 3.742 .043*
Time X Group 1.625 952.043 585.842 1.886 .174
Error 32.502 10095.078 310.632

Sport item

Between Subjects
Group 1 1773.762 1773.762 1.168 .293
Error 19 28851.889 1518.520

Within Subjects
Time 1.916 1303.913 680.473 2.067 .143
Time X Group 1.916 1345.817 702.342 2.134 135
Error 36.408 11984.056 329.164

*P<.05

As shown in Table 4.11, the post hoc comparisons revealed significant
increased KOOS score of the pain item at 12 weeks compared to baseline (MD =
14.383 + 3.158, p = .001), but there were not significant between baseline and 4 weeks
(MD =6.908 + 3.756, p = .242) and 4 weeks and 12 weeks (MD = 7.475 + 3.209, p =
.091). There were significantly increase KOOS score of the symptom item at 4 weeks
(MD = 13.383£3.594, p = .004) and 12 weeks compared to baseline (MD = 12,517 +
4.013, p =.016), but there were not significant between 4 weeks and 12 weeks (MD =
867 = 2.728, p = 1.000). For the QOL item, the main effect for time revealed
statistical significant but the pos hoc comparisons did not revealed significant between
baseline and 4 weeks (MD = 7.817 £+ 5.198, p = .445), baseline and 12 weeks (MD =
13.075 £ 5.496, p = .082) and 4 weeks and 12 weeks (MD = 5.258 + 3.490, p = .442).
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These results indicated that the participants in both groups were improved self-
reported functional activity regarding pain level at12 weeks and symptom at 4 and 12

weeks.

Table 4.11 Post hoc comparisons (Bonferroni Test) among means of KOOS score

Conditions (OOS score
Mean Difference (MD) SD p

Pain item
Baseline vs. 4 weeks 6.908 3.756 242
Baseline vs. 12 weeks 14.383 3.158 .001*
4 weeks vs. 12 weeks 7.475 3.209 091
Symptom item
Baseline vs. 4 weeks 13.383 3.594 .004*
Baseline vs. 12 weeks 12.517 4.013 .016*
4 weeks vs. 12 weeks .867 2.728 1.000
QOL item
Baseline vs. 4 weeks 7.817 5.198 445
Baseline vs. 12 weeks 13.075 5.496 .082
4 weeks vs. 12 weeks 5.258 3.490 442
*P<.05

As shown in Figure 4.5, the simple effect of pain items between baseline
and 12 weeks were significant in both the home-based exercise group (MD = 13.667, p
= .013) and the self-manual therapy group (MD = 15.100, p = .012). These results
indicated that both groups were improved in the self-reported functional activity for
pain at 12 weeks.

As shown in Figure 4.6, for symptom items, in the home-based exercise
group, the simple effect between baseline and 4 weeks (MD = 14.667, p = .020) and
between baseline and 12 weeks (MD = 17.333, p = .013) were significant. While,
these simple effects were not found in the self-manual therapy group. These results
indicated that participants in the home-based exercise group were improved self-
reported functional activity for symptom.
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Figure 4.6 Mean and 95% CI of KOOS (symptom item) score at baseline, 2 weeks, 4
weeks and 12 weeks ** represents significant difference of the home-based exercise

group

As shown in figure 4.7, in the home-based exercise group, the simple
effect between 4 weeks and 12 weeks for QOL (MD = 14.417, p = .018) were
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significant. These results indicated that only home-based exercise group was improved

self-reported functional activity for QOL.

100 —o— Home-based
90 _ exercise group

80 Self-manual

70 T 1 therapy group

60
50 r
40

30 ok

20
10

K

KOOS(QOL item) score

Baseline 4 weeks 12 weeks
Figure 4.7 Mean and 95% CI of KOOS (QOL item) score at baseline, 2 weeks, 4

weeks and 12 weeks ** represents significant difference of the home-based exercise

group

As shown in figure 4.8 and 4.9, the simple effects for ADL and sport were
not significant. These results indicated that both groups were not improved in the self-

reported functional activity for ADL and sport in 12 weeks period.
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Figure 4.8 Mean and 95% CI of KOOS (ADL item) score at baseline, 2 weeks, 4

weeks and 12 weeks
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4.6 Quality of Life

Quality of live was measured by the Short Form 36 score (SF-36 score).
The statistical analysis was revealed as shown in Table 4.12. The interaction between
group and time were significant in Role-emotional items [F (1, 24) = 4.793, p = .039)]
and mental health items [F (1, 24) = 5.027, p = .034)], but the interaction effect in
physical functioning items [F (1, 24) = .610, p = .442)], general health items [F (1, 24)
= .074, p = .788)], bodily pain items [F (1, 24) = 1.080, p = .309)], reported health
transition items [F (1, 25) = .057, p = .813)], role-physical items [F (1, 24) = .778, p =
.387)], social functioning items [F (1, 25) = .965, p = .335)] and vitality items [F (1,
24) = 1.959, p = .174)] were not significant. There were significant main effect for
time in Role-emotional items [F (1, 24) = 9.493, p =.005)], mental health items [F (1,
24) = 7.703, p = .011)] and physical functioning items [F (1, 24) = 22.448, p = .000)].
The main effect for time were not significant in general health items [F (1, 24) =
1.100, p = .305)], bodily pain item [F (1, 24) = .169, p = .685)], reported health
transition items [F (1, 25) = 1.139, p = .296)], role-physical items [F (1, 24) = .025, p
= .876)], social functioning items [F (1, 25) = .218, p = .644)] and vitality items [F (1,
24) = 1.679, p = .207)]. The main effect for group was not significant in all items i.e.,
role-emotional items [F (1, 24) = 2.98, p = .590)], mental health items [F (1, 24) =
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373, p = .547)], physical functioning items [F (1, 24) = .000 p = .983)], general health
items [F (1, 24) = .099, p = .756)], bodily pain items [F (1, 24) = .106 p = .747)],
reported health transition items [F (1, 25) = 2.539, p = .124)], role-physical items [F
(1, 24) = .267, p = .610)], social functioning items [F (1, 25) = 1.049, p = .316)] and
vitality items [F (1, 24) = .271, p = .607)].

Table 4.12 Two-way mixed ANOVA of short form 36 (SF-36)

df Sum of Mean - )
Squares Squares

Role - emotional item

Between Subjects 1 208.620 208.620 298 590
Group 24 16826.636 701.110
Error

Within Subjects
Time 1.00 2132.968 2132.968 10.500 .003*
Time X Group 1.00 973.780 973.780 4793  .039*
Error 24 4875.579 203.149

Mental health item

Between Subjects
Group 1 90.264 90.264 373 547
Error 24 5805.429 241.893

Within Subjects
Time 1.00 699.495 699.495 6.733  .016*
Time X Group 1.00 522.264 522.264 5.027  .034*
Error 24 2493.429 103.893

*P<.05
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Table 4.12 Two-way mixed ANOVA of short form 36 (SF-36) (cont.)

df Sum of Mean - )
Squares Squares

Physical functioning item

Between Subjects
Group 1 286 286 .000 .983
Error 24 15432.887 643.037

Within Subjects
Time 1.00 5001.385 5001.385 22.448  .000*
Time X Group 1.00 136.00 136.00 610 442
Error 24 5347.173 222.799

General health item

Between Subjects
Group 1 23.180 23.180 .099 .756
Error 24 5632.589 234.691

Within Subjects
Time 1.00 240.671 240.671 1.138 297
Time X Group 1.00 15.671 15.671 074 .788
Error 24 5076.6370 211.527

Bodily pain item

Between Subjects
Group 1 131.055 131.055 .106 747
Error 24 29565.699 1231.904

Within Subjects
Time 1.00 48.363 48.363 109 745
Time X Group 1.00 481.055 481.055 1.080 309
Error 24 10690.699 445.446

*P<.05
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df Sum of Mean - )
Squares Squares

Reported health transition item

Between Subjects
Group 1 2153.356 2153.356 2539 124
Error 25 21203.125 848.125

Within Subjects
Time 1.00 880.208 880.208 1.069 311
Time X Group 1.00 46.875 46.875 .057 813
Error 25 20578.125 823.125

Role - physical item

Between Subjects
Group 1 66.553 66.553 267 610
Error 24 5988.886 249.537

Within Subjects
Time 1.00 2.164 2.164 .008 930
Time X Group 1.00 212.501 212.501 778 .387
Error 24 6558.082 273.253

Social functioning item

Between Subjects
Group 1 813.802 813.802 1.049 316
Error 25 19394.531 775.791

Within Subjects
Time 1.00 41.811 41.811 126 725
Time X Group 1.00 319.589 319.589 965 335

Error 25 8279.948 331.198
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Table 4.12 Two-way mixed ANOVA of short form 36 (SF-36) (cont.)

df Sum of Mean - )
Squares Squares

Vitality item

Between Subjects
Group 1 66.117 66.117 271 .607
Error 24 5851.190 243.800

Within Subjects
Time 1.00 271.474 271.474 1.402  .248
Time X Group 1.00 379.167 379.167 1.959 74
Error 24 4645.833 193.576

As shown in Table 4.13, post hoc comparison revealed significant increase
of SF-36 scores by baseline when compared with 12 weeks in role-emotional item
(MD = 12.847 £ 3.965, p = .003), mental health item (MD = 7.357 + 2.835, p =.016)
and physical functioning item (MD = 19.673 = 4.152, p = .000). These results
indicated that participants in both groups were improved self-reported quality of life

for role-emotional, mental health and physical functioning at 12 weeks.

Table 4.13 Post hoc comparisons (Bonferroni Test) among means of SF- 36 score

Conditions S 30 score
Mean Difference (MD) SD p

Role - emotional item
Baseline vs. 12 weeks 12.847 3.965 .003*
Mental health item
Baseline vs. 12 weeks 7.357 2.835 .016*
Physical functioning item
Baseline vs. 12 weeks 19.673 4.152 .000*
*P<.05

As shown in Figure 4.10 — 4.12, in the home-based exercise group, the simple
effect in role-emotional items (MD = 21.528 p = .001) and physical functioning items
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(MD = 22.917 p = .001) between baseline and 12 weeks were significant. In the self-
manual therapy group, the simple effect in mental health items (MD = 13.714 p =
.002) and physical functioning items (MD = 16.429 p = .008) between baseline and 12

weeks was significant.
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Figure 4.12 Mean and 95% CI of SF-36 (Physical function item) score at baseline and
12 weeks * represents significant difference of the self-manual therapy group,
** represents significant difference of the home-based exercise group

4.7 Participant’s satisfaction

As shown in Figures 4.13 — 4.15, most of participants in self-manual
therapy group and home-based exercise group had good level of satisfaction regarding
type of exercise and following-up. For the exercise program, most of participants in
self-manual therapy group had satisfaction in good level (40%) while for the home-
based exercise group, the participants had satisfaction in satisfactory (38.5%) and
good level (38.5%). For signs and symptoms after treatment programs, the participants
in self-manual therapy group seemed to be more satisfied than the home-based
exercise group, most of participants in self-manual therapy group rated in the excellent
level (40%) while home-based exercise group rated good level (38.5%). However, the
statistical analysis did not show significant differences between groups. As shown in
Figure 4.16, most participants in self-manual therapy group were satisfied of the self-
manual therapy procedures and rated in good level (53.5%).
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Figure 4.17 Satisfaction of self-manual therapy procedures at 12 weeks

4.8 Patient’s compliance

Patient’s compliance was measured by log-book and followed-up by
telephone data as shown in Table 4.14. In home-based exercise group, number of
participants performed the home-based exercise program six to seven days per week
was 10, 8, 8 and 7 at 2, 4, 8 and 12 weeks, respectively. The number of participants
performed three to five days per week was 2, 3, 3 and 2 at 2, 4, 8 and 12 weeks,
respectively. A participant performed zero to two days per week at 2 weeks. One of
participant in home-based exercise group exercised only seated leg presses and
another one just exercised standing calf stretch and prone quadriceps stretch.

In self-manual therapy group, number of participants performed the home
program six to seven days per week was 12, 11, 10 and 5 at 2 at 2, 4, 8 and 12 weeks,
respectively. The number of participants performed three to five days per week was 4,
6, 5 at 2 at 2, 4 and 8 weeks, respectively. The number of participants performed zero
to two days per week was 2, 4, 4 and 5 at 2, 4, 8 and 12 weeks, respectively. A
participant in this group exercised all home program except prone quadriceps stretch
and complained the difficulty of using elastic band and the one just exercised both

supine hamstring stretch and standing terminal knee extension positions. At 2 weeks
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follow-up, a participant of self-manual therapy group did not performed the self-
manual therapy program because pain. These results reflected that participants in self-

manual therapy group had decreased compliance at 12 weeks.

Table 4.14 Home program compliance of participants

_ Number of participants
Exercise frequency

Home-based exercise Self-manual therapy
At 2 weeks
6 — 7 days per week 10 12
3 — 5 days per week 2 4
0 — 2 days per week 1 2
Loss of data 9 3
At 4 weeks
6 — 7 days per week 8 11
3 — 5 days per week 3 6
0 — 2 days per week - -
Loss of data 11 4
At 8 weeks
6 — 7 days per week 8 10
3 — 5 days per week 3 5
0 — 2 days per week - 2
Loss of data 11 4
At 12 weeks
6 — 7 days per week 7 5
3 — 5 days per week 2 -
0 — 2 days per week - 5

Loss of data 13 11
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CHAPTER V
DISCUSSION

This study aimed to compare the effectiveness of two treatment programs
i.e., the home-based exercise with and without the self-manual therapy in the
individuals with knee OA in community. In addition, the effects of self-manual
therapy and home-based exercise program on pain intensity, range of motion of knee
flexion and extension, functional ability, physical activity and quality of life were

discussed, respectively.

5.1 Effects of self-manual therapy and home-based exercise program
on pain intensity

In this study, the patients with knee OA who were received self-manual
therapy and home-based exercise program had decreased pain at 4 weeks. This finding
supports other studies that knee mobilization could eliminate pain. Fish et al who
combined knee mobilization and topical capsaicin cream, found decreased of a 22
point with NRP-101 pain scale and a 5.5 point with Short-Form McGill Pain
Questionnaire (SFMPQ) (122). AZLIN and SuLYN who combined knee mobilization
with conventional physiotherapy that consisted of the thermal therapy with hot pack
and same exercise program of this study, found 44% pain reduction with VAS scale
(95). A meta-analysis of RCT found that exercise therapy with manual mobilization
had more effect size on pain than exercise alone (combination of strength training with
active range of motion exercises and aerobic activity) or strength training (109).

Pain reduction following joint mobilization has been described in previous
studies. Animal studies showed that joint mobilization and quadriceps setting could
decrease the level of nitric oxide and tumor necrosis factor (TNF) in knee OA rabbits
(97). After 24 hours of mobilization, the cellular prostaglandin (PGE_) level, a strong
inflammatory mediators causing hyperalgesia in arthritic joints presented 70% less
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than control (123). In the human study, the non-noxious accessory mobilization of the
tibiofemoral joint in patients with mild and moderate knee OA had both an immediate
clinically local 27.3% improvement in pressure pain threshold (PPT) after a 9-min
treatment and a more widespread hypoalgesic effects (22).

The long term effect of self-manual therapy with home-based exercise
program at 12 weeks was not found in this study. Other studies found the short term
effect on pain over 3 and 4 weeks period but they did not measure the long term effect
(95, 122). From the patient’s compliance results that showed participants in self-
manual therapy group had decreased home program compliance at 12 weeks.
Therefore, the compliance was explained this long term effect of the combination
treatments. The pain relief especially in long term is multifactorial and complex. The
mobilization may initiate local neurophysiological and peripheral mechanism but the
spinal and supraspinal mechanism may also be involved (124). The psychological

factors have been correlated with pain and disability in knee OA (125).

5.2 Effects of self-manual therapy and home-based exercise program

on range of motion of knee flexion and extension

Flexion

In this study, patients with knee OA in the self-manual therapy group
gradually increased flexion at 4 and 12 weeks. Improvement of knee joint motion
following manual therapy has been established for patients with anterior knee pain
(19) and unilateral tibiofemoral osteoarthritis (126). These findings supported the
previous study that demonstrated greater 10 degrees improvement in active knee
flexion (19). As the self-manual therapy group gradually increased from at baseline
40.41 to 46.24 degrees at 4 and 12 week, respectively. Therefore, the combination
self-manual therapy with home-based exercise seems to result in better improvement
than the manual therapy which consisted of transverse friction to the lateral
retinaculum in fully flexion and extension, tilting patellofemoral joint, sustained
medial gliding during flexion and extension of the knee in study by van den Dolder
and Roberts (19). Although, using the same body landmarks (118) and method, active

knee flexion and extension in supine position in this study but the previous study was



Kornkamon Cheawthamai Discussion / 64

assessed from photographs . This study also presented a statistically significant knee
flexion improvement in the home-based exercise group at 2 and 12 weeks as result of
the home-based exercise program, consisting stretching, ROM and strengthening
exercises. Prone quadriceps stretch and knee in mid-flexion to full-flexion in supine
position which were a part of home-based exercise program helped knee flexion
improvement. A greater knee flexion has also been reported by other studies (17).

Extension

In this study, patients with knee OA in the self-manual therapy group had
increase extension range of motion at 4 and 12 weeks. These results were not found in
the home-based exercise group. The mobilization was reportedly an effective method
treating joint dysfunction for patients with knee joint fracture (99), knee joint stiffness
(100) and knee OA (122). This study showed the combination self-manual therapy
with home-based exercise increased 6.36 and 4.91 degrees extension at 4 and 12
weeks, respectively. The RCT study by Fish et al demonstrated combination knee joint
mobilization with capsaicin increased 5 degrees ROM over 3 weeks (122).

According to the relationship between joint ROM and disability in patient
with knee OA, flexion of the knee and extension and external rotation of the hip were
found to be most strongly associated with disability (127) and restricted joint is an
important risk for the locomotor disability. HoeKsma et al suggested that manual
therapy should be the first choice of treatment modality for patients with severe OA
(128).

Joint mobility should be maintained or improved in patients with knee OA
because this condition usually causes joint stiffness and tightness of muscles. The
scientific information could explain the effects of mobilization and soft tissue massage
on joint mobility improvement. The mechanical strain applied during soft tissue
massage oriented in all directions of muscle fibers and several planes could rearrange
bundles of connective tissues which aid in the remodeling of immature and weak scar
tissue (129). The passive mobilization restored neurodynamics to their ideal state that
the nervous system could function optimally and adapted the biomechanics forces in
both intra-articular and periarticular tissues, therefore it was used to increase joint
flexibility (91) .
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5.3 Effects of self-manual therapy and home-based exercise program
on physical activity

From the result, patients with knee OA who received the home-based
exercise program increased 6-minute walk distance at 4 and 12 weeks. The improved 6
minute walk distances from baseline were 64.70 meters at 4 weeks and 92.70 meters at
12 weeks. Deyle et al demonstrated the control group that received same home-based
exercise intervention improved on average 40 meters (about 10%) at 4 weeks but no
significant change at 8 weeks (130).

Difficulty in performing physical activity in individual with knee OA can
be attributed by many factors such as quadriceps inhibitor, obesity, knee laxity, knee
alignment, fear of physical activity and self-efficacy (131). Quadriceps muscle
weakness is common in patients with knee OA due to natural decreases with age and
the disuse atrophy from pain and inactively making the patients to have difficulty
performing daily activities and a lack of physical activity (35). The strength of this
muscle which was a part of our home-based exercise program would affect theses
performances. The intramuscular adaptation gained in strength was obtained after 12
weeks of resistant exercise training (132). Our findings which measured at the 12
weeks follow-up period obtained the corresponding results. However, the muscle
strength was not monitored in this study.

These physical activity improvement effects were not found in the self-
manual therapy group. Contrary results in a case series study, application of
compression and decompression with gliding techniques in patient with knee OA
could increase a considerable distance without pain in 6 minute walk distance (107).
Recent studies, the combination of supervision clinical exercise and manual therapy
resulted in improvement of 6 minute walk distance 10% (130) and 12.3 % (133) at 4
weeks and still observed 13.1 % improvement at 8 weeks (133). The possible
explanation of contrary results of the self-manual therapy group is the exercise
compliance. Participants who received both interventions might perform exercise less

than participants who were assigned only home-based exercise program.
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5.4 Effects of self-manual therapy and home-based exercise program

on functional activity

In this study, patients in both self-manual therapy and home-based
exercise groups were improved in the self-reported functional activity for pain at 12
weeks. The KOOS scores improved 15.10 points for self-manual therapy group and
13.67 points for home-based exercise group which suggested to be a clinically
significant difference by Ewa M Roos and L Stefan Lohmander (42). The pain items
in this questionnaire were the frequency and the pain experiencing during the activities
such as twisting on the knee, straightening knee fully, bending knee fully, walking on
flat surface, going up or down stairs, at night while in bed, sitting or lying and
standing upright. The pain intensity results, also demonstrated that the patients with
knee OA who were received self-manual therapy and home-based exercise program
had less pain intensity at 4 weeks and 12 weeks. However, at 12 weeks both groups
had the reductions of self-reported functional activity for pain.

For the self-reported functional activity for symptom and QOL, the home-
based exercise group clinically improved KOOS scores at 12 weeks compared to 4
weeks. These results supported the flexion range of motion that the flexion
improvement in home-based exercise group was worse at 4 weeks but better at 12
weeks. In other words, patients reported the better QQL and symptoms such as
swelling, crepitus, stiffness, morning stiffness and joint flexibility.

KOOS was originally developed in 1995 by Ewa M Roos as an extension
of the Western Ontario and McMaster Universities (WOMAC) with the purpose of
evaluating both short-term and long-term symptom and function of knee injury and
OA (42). In comparison to the WOMAC, the KOOS improved validity and may be at
least as responsive as the WOMAC (41). Comparing functional activity to other
studies, Deyle et al demonstrated improvement of WOMAC scores in both clinical
treatment group (supervision clinical exercise and manual therapy procedures) and
home exercise group at 4 and 8 weeks but no significant change in placebo treatment
(130, 133). Abbott et al implied that the manual physiotherapy and exercise improved
WOMAC scores over usual care but the combination of two therapies did not provide
the benefits (134).
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5.5 Effects of self-manual therapy and home-based exercise program

on quality of life and patient’s satisfaction

The results showed that the self-reported QOL for role-emotional and
physical functioning scores after 12-week of the home-based exercise program were
statistical changed. This finding was corresponding to physical activity (6 minute walk
distance) and functional activity (KOOS questionnaire) results in the home-based
exercise group. The SF-36 questionnaires with physical functioning subscale inquire
about limitations while, the KOOS questionnaires with physical activity subscale
inquire about difficulty with the performance of activities. Therefore, the home-based
exercise program improved function in term of both limitations and difficulty. The
questionnaires of both role-emotional and physical functioning items were concern
about daily activities such as vigorous and moderate activities, climbing, kneeing,
walking, bathing or dressing including the amount of time, limitation and difficulty
performing for work or the activities. Thus, these findings seem that the daily
activities were related to the physical and functional activity, the patients also better
reported QOL for role-emotional and physical functioning scores.

The patients who received combination self-manual therapy with home-
based exercise program, was increased QOL and the patient’s satisfaction showed
excellent level in signs and symptoms after treatment programs and good level in the
self-manual therapy procedures. The self-report measures of physical functioning were
more influenced by pain experience than performance in knee OA (135). Our results
seem to support this hypothesis that the self-reported QOL for mental health findings
related to pain intensity and ROM results. Therefore, we might determined that the
improvement of pain intensity and ROM was related to the better reported QOL for

mental health and satisfie.

5.6 Clinical implications
The findings of this study provide the evidences that the combination of
self-manual therapy procedures and home-based exercise program in individuals with

knee OA can decrease pain, greater improve active knee flexion and extension,
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functional activity and quality of life. However, the home-based exercise program can
improve physical activity, improve active knee flexion, functional activity and quality
of life.

The combination self-manual therapy with home-based exercise may be
helpful in empowering and challenging patients to manage their own impairments on
the specific structures that produced pain and limited movement. Combination of
supervised manual therapy and exercise applied by skilled physical therapist has been
shown to improve physical activity, decrease stiffness and pain and reduce the need
for total knee replacement and steroid injection in patient with knee OA (130, 133).
The supervision clinical intervention was more expensive than home intervention, the
reimbursement were range from $83 - $ 129 per visit (130). Exercise physiotherapy
and manual therapy were the most cost effective treatment relative to usual care from
the perspectives of the New Zealand health system and society (136). Therefore, this
alternative treatment program has less cost and was the cost effective way. The cost
for two to three visits to assign the home program is minimal. It is also applicable for
community physical therapist who perform home visit for patients who have
difficultly commuting to receive treatment at the hospital.

Interestingly giving combined interventions might the patients make
concentrate to less on exercise and more on manual therapy since it is rather passive,
easier and has better effects on pain and mobility. For the program recommendation
and further study, we would suggest that the home program might start with home-
based exercise which would get the patient to be able to recognize and become
familiar with active program to improve their function. Then self-manual therapy
program could be added later.

This research is the first study that determines the self-manual therapy
performed by the patient at home. However, the physical therapist still play important
role for individually assessing the improvements, assigning the treatment program and
adjusting the intensity, frequency of the treatment procedures. Thus, this self-manual
therapy is an easier and effective alternative treatment for pain reduction and ROM

improvement in individuals with knee OA.
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5.7 Limitations of study

There were several limitations in this study that should be addressed. First,
the number of participants in each group was small. With more participants, the results
may show the effectiveness of self-manual therapy with home-based exercise program
in patients with knee OA. Therefore, the larger study populations are needed in the
future study.

Second, this study included only female knee OA patients to reduce
confounding results from gender differences. Further studies could focus on knee OA
patients in both genders.

Third, the muscle strength was not recorded in this study to monitors these
variables might show influence of these which might lead to the differences of the
improvement in pain, range of motion and physical activity.

Forth, the compliance data was limited by low return the logbook used for
participant’s self-reported compliance and the follow-up results by telephone.

Finally, other factors that influence functional activity performance and
quality of life, such as the need for joint replacement surgery and invasive treatment
such as injections and arthroplasties should be observed to ensure the effectiveness of

self-manual therapy procedure.
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CHAPTER VI
CONCLUSION

This study aimed to compare the effectiveness of the treatment programs
of home-based exercise with and without self-manual therapy in individuals with knee
OA in community. Forty three participants with knee OA were randomly assigned into
groups. All participants were received the same home-based exercise program with or
without self-manual therapy over 12 weeks. The results showed that the participants in
the self-manual therapy group significantly decreased pain at 4 weeks, gradually
increased flexion and extension at 4 and 12 weeks, improved the KOOS in pain item,
improved SF-36 in physical function and mental health items and satisfied excellent
level in signs and symptoms after treatment programs and good level in the self-
manual therapy procedures. The participants in the home-based exercise group
significantly increased six-minute walk distance at 4 and 12 weeks, improved the
KOOS in pain and symptom items and SF-36 in the physical function and role-
emotional items.

In conclusion, the combination of self-manual therapy procedures and
home-based exercise program in individuals with knee OA can decrease pain, greater
improve active knee flexion and extension, functional activity and quality of life.
However, the home-based exercise program can improve physical activity, improve

active knee flexion, functional activity and quality of life.
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APPENDIX B
INFORMED CONSENT FORM
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APPENDIX C
PARTICIPANTS EXERCISE AND SELF-MANUAL THERAPY
PROGRAMS
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APPENDIX D
SCREENING AND PHYSICAL EXAMINATIONS
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@1 3: 11315951978 (Physical Examination)

TNAOUAL oo
3.1 Pain pattern
AGETAVALION: ..eevviieiiieeieeieeieeteeteeteeteeteseesseesseesseenseeseenseenseensesnes
BaSe: .
/"‘1—
~ ~—
e
\PARY:
L .}
3.2 Palpation

L
L
L

Suprapatellar and peripatellar regions
Normal Ttenderness Other...........

Medial and lateral joint capsule

L
L
L

Normal Tenderness Other...........

L
L
L

Popliteal fossa
Normal Tenderness Other...........

Gastrocnemius muscle

L
L
L

Normal Tenderness Other...........

[liopsoas muscle

L
L
L

Normal Tenderness Other...........

L
L
L

Tensor fascia latae and the iliotibial

band Normal Tenderness Other...........
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3.3 Movement Tests (ROM, Smoothness, etc.)

3.3.1 Back (Flexion, Extension, lateral flexion and rotation to both sides)

I:I Full ROM of all directions I:I Limitation at.......coouueiiiiiiii e

Caused DY. ..o

3.3.2 Knee (flexion, Extension)

Left side: Right side:

D Full ROM of all directions D Full ROM of all directions

I:I Limitation at............ccoeeiiiiininenen... I:I Limitation at............ccoeeviiiinnenen...
Caused BY....coovecveeeiieiieececeee e Caused by....cooviiviiiiiiiii e,

3.3.3 Hip/ Ankle

Left side: Right side:

I:I Full ROM of all directions I:I Full ROM of all directions

I:I Limitation at.............cooeviiiiiiin.e. I:I Limitation at..........c..coceviiiiiiiinn.
Caused BY....ccceeveeveieiieieeeeeee e Caused by...cooovvvriiiiiiii e,

3.4 Accessory movement

Tibiofemoral joint

- AP movement -PA movemqlnt |
| 1 1
T T

Patellofemoral joint

- Medial displacement - Lateral displacement
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- Elevation - Depression
| | | | | ]
T T T T
I I i I I |

3.2 Other
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APPENDIX E
SHORT FORM - 36 (THAI VERSION)

4.4 Short Form 36 (SF-36)
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A v 3 v PRTPS ) s Y 39 PRTPS )
nuarun lanties 1fuan nuaanies nuaun

Ed
3. muaangumwvesmu lutigiuiinalimuininssuas q aellianawmse luiesdla?
anawnn  anadniioy Tianauas

O

3.1 PANTINNVDAUTINN 1FUII BAVDININ O

O

= Ay Y
aufmndealdusaun
a d‘ 1 d‘ [2)
3.2 fanssuneanussthunans sy Tas
Aty IudwI
Fa
3.3 gndeveaal I Fevealureassnaum
2, y y Y .
3.4 i lananasu 1nyu 1 Ty 3u3eu1nn)
2 y y y
3.5 ufu'le 1 ¥4 @1n5u 1 Tilsu 2)
< 1 @
3.6 AUAUNLVDY AN 9967
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APPENDIX F
KOOS (THAI VERSION)
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APPENDIX H
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Associate Professor Dr. Vimonwan Hiengkaew
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Affiliation; Faculty of Physical Therapy

Approval inclades: 1) MU-IRB Submissicn form version date 2 May 2013
2) Participant Information Sheet version date 7 May 2013
3) Informed Consent form version date 27 March 2013
4) Data Collection form version date 27 March 2013
5) Questionnaire for give One's Opinion version date 27 March 2013
6) Recruitment Material version date 27 March 2013
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