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The common symptoms of knee osteoarthritis (OA) are mechanical knee pain,
decreased functional mobility, joint stiffness and mobility restrictions. Knee OA patients with obesity
may increase the risk of poor mobility and lower limb strength. This study aims to compare the
functional mobility and lower extremity strength and to compare the knee osteoarthritis outcome
scores between obese and knee non-obese OA. Method: There were 24 knee OA patients, divided
into obese (n= 12) and non-obese (n= 12) groups. The functional mobility and lower extremity
strength were measured by the timed up and go test (TUG) and the 30-second chair stand test (30s-
CST). The knee osteoarthritis outcome score was reported by a knee osteoarthritis outcome
questionnaire (KOOS). The independent t-test was used to compare the data between groups.
Results: The obese knee OA patients spent significantly more time in TUG test when compared to the
non-obese group (18.44 + 6.96 and 12.49 + 1.68 seconds, respectively (p = 0.009)). However, there
was not significant difference in 30s-CST between obese and non-obese knee OA groups (9.33 +
2.87 and 11.17 + 2.86 times, respectively (p = 0.131)). The obese knee OA group was significantly
less than those in non-obese knee OA group in KOOS-pain, -symptoms and -activity daily
living (ADL) subscale scores ((67.85 + 15.35, 84.81 £ 8.07, p=0.003), (66.37 £ 15.19, 81.85 + 11.84,
p=0.001), and (64.03 + 16.64, 89.13 + 10.17,p=0.0002), respectively)). Conclusion: The functional
mobility in obese knee OA patients was lower than those in non-obese knee OA whereas there was
not difference in lower extremity strength between groups. In addition, the opinion of obese knee OA
patients about the pain, symptoms, and ADL of their knee was worse than the opinion of non-obese

knee OA group.
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CHAPTER 1
INTRODUCTION

Background and significance

Knee osteoarthritis (OA) is a common deteriorating joint disease that may
eventually lead to disability'”. In 2020, the global prevalence of knee OA was 22.9% and
in Thailand, the prevalence of knee OA was 45%?. In 2008, the global incidence rate of
knee OA was 7.3 %". In 2020, Knee OA was found in the world population aged 40
years and over?. In Thailand, the prevalence of the population with knee OA in
Amphawa district, Samut Songkhram province was 33.3% in the age range 60 to 69
years and 37.8% in more than 70 years old “In Phra Nakhon Si Ayutthaya province, the
prevalence of population with knee OA was 17.3% in the age range 60-69 years(s).

In accordance with the international classification of functioning, disability and
health (ICF) model, this model is related to the body functions and structures, activities,
participation, environmental factors, and personal factors. The impairments in body
functions and structures due to knee OA are pain, stiffness, crepitus, joint instability,
joint deformity, swelling, and bony enlargement(e). These health problems can result in
disuse atrophy of quadriceps muscle"” that lead to muscle weakness®. Therefore, the
patients were not able to perform activities such as walking, going up and down stairs,
squatting, or sitting and standing up(8>. Globally, 80% of persons with OA have a few
movement limitations and 25% cannot perform the major activities of daily Iiving(g). Poor
physical performance was strongly associated with disability“o). Eventually, the patients
had limited participation such as reduced participation in physical activity, reduced
community engagementm), and reduced independence in self-care'" ', The 11% of
persons with OA need assistance with personal care and 14% need help with routine
requires”®.

The complex and multifactorial etiology of knee OA affects the wide variation in
symptoms manifestation and treatment response. The identification of clinical

phenotypes within knee OA patients is important for the enhancement of treatment

provision and the enhancement of new treatment approach. In a systematic review, the



identification of clinical phenotypes in knee OA was indicated by different disease
mechanisms. The clinical phenotypes of knee OA were identified to six categories:
chronic pain, inflammatory, metabolic syndrome, bone and cartilage metabolism,
mechanical overload, and minimal joint disease"?.

Obesity is one of the metabolic syndromes that is one of the clinical phenotypes
of knee OA"Y. It is a key factor or major risk factor for knee OA and is related to
musculoskeletal impairmentm). Knee OA was found that there was an associated with

obesity""?.

The prevalence of obesity is growing in many parts of the world and
increasing prevalence to various comorbidities''?. In 2018, the prevalence of obesity in
Thailand was 44.8 %" which based on body mass index (BMI) > 25 kg/m® cutoff point
of the world health organization, regional office for the Western Pacific region (WPRO)
(normal; BMI 18.5-22.9, overweight; BMI = 23, obese |; BMI 25-29.9, and obese |I; BMI
> 30 kg/m*)""?. The BMI 26 to 30 kg/m” and the BMI more than 30 kg/m” had odd ratios
(OR) of knee OA at 2.02 and 2.81 compared to BMI 20 to 25 kg/mz, respeotively(g).

The five performance-based tests of the physical function selected by the
Osteoarthritis Research Society International (OARSI)“g) were the recommended set for
people diagnosed with hip and knee OA which consisted of the 30-second chair stand
test (30s-CST), 4x10 meter fast-paced walk test (40m FPWT), stair-climb test (SCT),
timed up and go test (TUG), six-minute walk (6MWT). The first three tests were defined
as a minimum core set of performance-based measures in OA research and clinical"?.

The 30-second chair stand test (30s-CST) is one test of minimum core set that
is selected to represent the sit-to-stand activity in people with knee OA" which is the
fundamental movement of activity daily Iiving(zo). It is a measure of lower limb strength in
older adults®".

The timed up and go test (TUG) is one test of recommended set that contains
greater than one activity, including transitions from sitting to standing, short-distance

walking, and turning while walking. This test was recommended as an ambulatory



transitions test"”. It was often used to evaluate functional mobility and movement in the

22)

elderly“z' or walking ability(Zs), to assess patients in an inpatient orthopedics

rehabilitation ward®”, and for people with knee QAP 22220

The knee osteoarthritis outcome (KOOS) questionnaire is a reported outcome
measure to assess the patient’s perception about their knee and associated problems.
The KOOS is a 42-item questionnaire including 5 subscales: pain, symptoms, function in
daily living, function in sport and recreation, and knee-related quality of life.

One of the main symptoms of knee OA is physical function limitation,
particularly in mobility. Physical function can be evaluated using self-report
questionnaires, which evaluate a person's opinion of their level of mobility whereas
performance-based measures can be evaluated objectively mobility. In clinical and
research settings, self-reported measurements are often preferred due to ease of
administration and low cost””. However, using a self-reported questionnaire to assess
physical function still has limitations, particularly in the elderly with higher functioning
and no self-reported disability, which cannot provide information from self-report items
alone™. In a previous study, the physical performance tests were related moderately to

(29)
self-report measures” .

Therefore, both self-report questionnaires and physical
performance- based tests should be employed to assess physical function and physical
performance.

From the symptoms of patients with knee OA which have mechanical knee
pain, decreased functional mobility, and joint stiffness or mobility restrictions®. I the

patients with knee OA have an obese condition that risks poor physical performance<3°'

2 33), whether they will decrease the functional mobility and

*V and muscle performance
muscle performance more than patients with non-obese knee OA. Thus, this study aims
to compare the functional mobility and lower extremity strength between non-obese and

obese knee OA.



Research questions

Primary research question: Are there differences in functional mobility and
lower extremity (LE) strength between obese and non-obese knee OA?

Secondary research question: Are there differences in KOOS score between

obese and non-obese knee OA?

Research objectives
1. To compare the functional mobility and lower extremity strength between
obese and non-obese knee OA.

2. To compare the KOOS score between obese and non-obese knee OA.

Research hypotheses
1. There will be the differences in the functional mobility and lower extremity
strength between obese and non-obese knee OA.
2. There will be differences in KOOS score between obese and non-obese

knee OA.

Clinical implication

This study leads to understanding the physical performance in knee OA with
obese phenotype. Moreover, it can be used in goal setting for the management of knee
OA with obesity. Therefore, the clinician may consider this information for the

improvement of treatment in the obese phenotype of the knee.



Conceptual framework
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CHAPTER 2
LITERATURE REVIEW

Prevalence and epidemiology of knee osteoarthritis

In 2020, the global prevalence of knee osteoarthritis (OA) was 16.0 % (95% Cl,
14.3% - 17.8%) and 22.9 % (95 % CI, 19.8% - 26.1%) in aged 15 years and over and
aged 40 years and over, respectively. The global incidence was 203 per 10,000 person-
years (95% Cl, 106 - 331)(2). At 10-years follow-up (from 1994 to 2004) the incidence rate
of knee OA was 7.3 % (95% Cl, 5.7% - 9.0%)". In 2016, the prevalence of knee OA in
Amphawa district, Samut Songkhram province, Thailand was 35.4 % (95% Cl, 29.6 -
41.6). The prevalence of knee OA was 35.4% which was found in females (39.8 %) more
than males (22.6%) and increased with age, 33.3% in the age range 60 to 69 years and
37.8% in more than 70 years old”. In Phra Nakhon Si Ayutthaya province, the
prevalence of knee OA was 13.10 % in older adults, 17.3% in aged 60-69 years, 15.58%

in females, and 16.49 % in overweight (BMI 2 25 kg/mz)(5).

International classification of functioning, disability, and health (ICF) for knee
osteoarthritis

Osteoarthritis (OA) is a deteriorating joint disease that occurs predominantly in
the elderly. It is characterized by hypertrophy of bone (i.e., osteophytes), subchondral
sclerosis, erosion of the articular cartilage, range of biochemical and alterations of the
synovial membrane and joint Capsulem. The pathological changes in OA joint affect the
whole joint structure including synovial membrane, cartilage, periarticular muscles
subchondral bone, and |igamentsm. The symptoms in the patients with knee OA are
mechanical knee pain, decreased functional mobility, and joint stiffness or mobility
restrictions®. The knee OA patients will limit knee movement to reduce pain. This
limitation results in disuse atrophy of quadriceps muscle'” lead to muscle weakness",
limitation in daily activities such as walking difficulty(G), reduced participation in physical

activity, reduced community engagementm, and reduced independence in self-care"”.



OA has been known as the leading cause of long-term disabilitym and has been

associated with low physical performance in patients(m).

Diagnosis of knee osteoarthritis

In the past, the diagnosis of knee OA was often based on radiographic
findings, rather than clinical characteristics. The American College of Rheumatology
(ACR) had utilized outcomes from the medical history, physical examination,
radiography, and laboratory testing in developing the classification criteria for knee OA.
The diagnosis of knee OA by the ACR criteria for the classification of idiopathic
osteoarthritis of the knee™ consisted of 3 criteria (as shown in Table 1); the
classification criteria by using the results of clinical examination only, the classification
criteria using the results of clinical examination and radiography, the classification
criteria using the results of clinical examination and laboratory test. The classification
criteria using the results of clinical examination only is a popular method to classify knee
OA. In these criteria, the patient should have knee pain along with at least 3 of the
following 6 clinical findings; age greater than 50 years, morning stiffness less than 30
minutes, crepitus sound on knee motion, bony tenderness, bony enlargement, and no
palpable warmth of the synovium. This criterion had 95% sensitivity and 69% specificity.
For the classification criteria using the results of clinical examination and radiography,
the presence of knee pain combines with at least 1 of the following 3 clinical findings;
age more than 50 years old, morning stiffness less than 30 minutes, crepitus sound on
knee motion, combined with osteophyte in knee X-ray. This criterion had 91% sensitivity
and 86% specificity which was the most sensitive and specific combination. For the
classification criteria using the results of clinical examination and laboratory test, the
presence of knee pain combines with at least 5 of the following 9 clinical findings: age
more than 50 years old, morning stiffness less than 30 minutes, crepitus sound on knee
motion, bony tenderness, bony enlargement, no palpable warmth of the synovium,

erythrocyte sedimentation rate (ESR) less than 40mm/hour, rheumatoid factor (RF) less



than 1:40, and synovial fluid signs of OA. This criterion had 92% sensitivity and 75%

specificity.

Table 1 The American College of Rheumatology Clinical (ACR) criteria for classification

of idiopathic osteoarthritis of the knee

(34)

Clinical

Clinical and radiographic

Clinical and laboratory

Knee pain +

at least 3 of 6:

1)
2)

Age>50 years
Stiffness<30
minutes
Crepitus

Bony
tenderness
Bony
enlargement
No palpable

warmth

Knee pain +
at least 1 of 3:
1) Age > 50 years old
2) Stiffness < 30 minutes
3) Crepitus
+

Osteophytes

Knee pain +

at least 5 of 9:

Age>50 years
Stiffness<30 minutes
Crepitus

Bony tenderness
Bony enlargement
No palpable warmth
ESR* <40 mm/hour
RF* <1:40

Synovial fluid signs of OA

95% sensitive

69% specific

91% sensitive

86% specific

92% sensitive

75% specific

* Erythrocyte sedimentation rate (ESR), Rheumatoid factor (RF)

Knee osteoarthritis phenotypes

Knee osteoarthritis (Knee OA) has a complex and multifactorial etiology, which

contributes to the wide range of symptoms and treatment responses. To be classified as

phenotypes, specific variables must be identified in determining the category of

phenotypes(m. The advantage of the homogeneous phenotype will enable more specific

treatment planning and possibly the development of more effective prevention and



treatment™. Knee OA should focus on the distinctive characteristics of each phenotype
to improve treatment and disease management(%). In one knee OA person, single or
multiple phenotypes can be present in one personm. In two recent literature reviews,
Dell' Isola et al, 2016, have identified the clinical phenotypes in knee OA into six
categories: 1) chronic pain was defined as central sensitization (pain and psychological
profiling), 2) inflammatory was defined as a gene overexpression of inflammatory
cytokines, macrophage inflammatory protein or other inflammatory biomarkers, 3)
metabolic syndrome was defined as a higher prevalence of metabolic factors (obesity,
hypertension, diabetes, and dyslipidemia), 4) bone and cartilage metabolism was
defined as the alterations in bone and cartilage metabolism within knee joint, 5)
mechanical overload was defined which biomechanical stressors of knee joint or
degeneration of the lateral compartment (valgus alignment) or medial compartment
(varus alignment) , and 6) minimal joint disease was defined as low degeneration, mild
clinical symptoms and slow progression over time (2-10 years)(m. Nelson, 2018 divided
the phenotypes into 4 major groups: 1) Demographic phenotype including metabolic
syndrome 2) Mechanical phenotype including joint alignment and effects of past and
present injury affecting the knee joint 3) Musculoskeletal phenotype including knee joint,
disorders of the spine, neuropathy and musculoskeletal disorders and 4) Joint tissue
phenotype including cartilage, meniscus, arthritis, bone sclerosis, bone cyst(gg).

Obesity is one factor of the metabolic syndromes that is one category of the
clinical phenotypes of knee OA identified by Dell’ Isola et al, 2016"?. Therefore, in the
current study, obesity will be categorized into metabolic syndromes. Obesity is a key

39, 40 .
Al ' and is related to musculoskeletal

factor or major risk factor for knee O
impairmentm. Previous study demonstrated that there was a strong association
between knee osteoarthritis and obesity(m). Obese or overweight people have nearly
three times higher risk of incident knee OA compared to normal weight people(m. The

BMI 26 to 30 kg/m2 and the BMI more than 30 kg/m2 had odd ratios (OR) of knee OA at
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2.02 (95%Cl, 1.29-3.16) and 2.81 (95% Cl, 1.32-5.96) compared to BMI 20 to 25 kg/m’,
respectively(s). Greater BMI increased in mechanical forces across weight bearing joints
and leads to joint degeneration. Obesity increased the forces at the weight bearing joint,
change posture, gait, and physical activity level, which may lead to changed joint
biomechanics'”. The majority of obese persons exhibited varus knee, which resulted in

increased joint reaction forces in the medial compartment of the knee'”.

Body mass index defined by the World Health Organization, Regional Office for the
Western Pacific Region (WPRO)

According to the World Health Organization (WHQ) criteria, body mass index
(BMI) is classified as normal (18.5 - 24.9 kg/mz), overweight (25.0 - 29.9 kg/mz), and
obese (= 30 kg/mz). In the Thai population, the prevalence of obesity, defined by the
WHO as BMI > 30 was no more than 7 %, 9 %, and 10 %, in 2004"“?, 2009“?, and
2021(44), respectively. In contrast, the prevalence of obesity in the American population
was 36.20 % in 2021“". Therefore, obesity-related disorders in Thailand are associated
with an overweight status which has a BMI less than 30 kg/mZ. Although the WHO
criteria are internationally recognized and widely used, it has also been documented
that WHO standards may not be suitable for classifying obesity in Asian populations due
to different body fat composition and body percentages<45). The other weight status
classification was categorized according to the World Health Organization, Regional
Office for the Western Pacific Region (WPRO)“S) for the new BMI for Asian people
including normal (BMI < 23 kg/mz), overweight (BMI 23-24.9 kg/mZ), and obese (BMI >
25 kg/mz)(45). Jitnharin et al, 2011, found that the WPRO criteria had a higher prevalence
of overweight and obesity among Thai adults aged more than 19 years compared to the
BMI calculation using WHO standard. Based on the BMI cutoff points of WPRO (BMI 23-
24.9 kg/m® and = 25 kg/m°), the prevalence of overweight and obesity was 17.1 % and
23.8%, respectively. Nevertheless, only 19.0 % and 4.8 % of the similar people were

defined as overweight or obese using the WHO standard (BMI 25-29.9 kg/m2 and = 30
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kg/mz, respectively(m. Wen et al, 2009, found that using the BMI cutoff point of WHO
(BMI 30 kg/m?) would have small effects on Asians compared to Americans or
Europeans since the number of Asians with a BMI of more than 30 kg/m” is low “”. This
is an important issue as Asians with a BMI of more than 25 kg/m2 have been reported to
have a higher risk of mortality and obesity-related disease than Caucasians in the same

Y For the reason that the association between BMI and abdominal fat

BMI categorym'
mass was ethnic-specific, the international BMI cut-off point was inappropriate for
Asians®. Asians have a higher level of abdominal fat and body fat at the same BMI

(

status as compared to Caucasians 495 "Some reports suggested that the cut-off point

(50 (48)

of BMI for finding obesity-associated disorders in Taiwanese " and Japanese ' was

lower than a BMI of 25.0 kg/mz.

The definition of physical performance and physical function

Physical function is the capability to execute both basic and instrumental
activities of daily life®* ** such as getting in and out a chair, going up and down stairs
etc. Physical function is the evaluation of health as well as the pathway to disability(54). A
physical performance is an objectively measured entire body function associated with
mobility and is the ability to integrate these physiological systems (bones, balance, other
neurological inputs, and cardiovascular, etc.)(55>.
Performance-based measures of functional mobility for knee osteoarthritis

Physical activities include walking and getting out of a chair are fundamental

" that can perform daily activities independently(57). Physical

movement activities™
function or performance is one of the most important measures for knee osteoarthritis
patients(57). Physical therapists often used physical performance-based measures to
characterize function after TKA®? . The primary goal of a rehabilitation program for knee

osteoarthritis is to improve the patients’ functional mobility to accomplish activities of

daily living (ADL)(25). The main goal of knee osteoarthritis treatment is to relieve pain and
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improve physical performance(%). The recovery of physical function is an important
outcome of knee osteoarthritis patients that may be measured by using patient-reported

23, 59, 60
or performance-based outcomes! )

. Physical performance assessments have
several benefits, for example, identifying decreased physical functions, tracking
exercise results, and providing specific physical domains such as strength, agility, and

mobility®”.

Knee function in OA patients is usually assessed with self-assessment
reports including Visual analog scale (VAS), Western Ontario and McMaster Universities
(WOMAC) index™, or Knee Osteoarthritis Outcome Score (KOOS). However, the
patient-reported outcomes may not fully clarify the patient's physical performance
because of pain level®. It may not be an accurate and comprehensive assessment of
the patient's ability to perform the function®®”. Furthermore, it may not necessarily relate
to the actual ability to perform activities. Performance-based assessment is an outcome
that a person can do more than what a person perceives they can do™ *® There is
considerable evidence that performance-based measures are more possible to
distinguish changes in body function than self-reported measurements alone®,
because performance-based measures are intended to measure what patients can
do™. The physical functional assessment can reflect the problems that are most closely
related to the measurement are pathological and specific conditions®. The most
physical functions in people with knee osteoarthritis are walking, stairs climbing and
sitting to standing<62). Impairment in these domains is categorized as activity limitation on
the International Classification of Functioning, Disability, and Health (ICF)(63). The
construction of physical function measurement is primarily a measure of ability related to
movement and daily activities that can be categorized as activities using the ICF
model®™ **. To be meaningful measurements, they should be demonstrated adequate
relative and absolute reliability, which the measurements should have the least error and

)

consist with the repeated measurements®. The Osteoarthritis Research Society

International (OARSI) recommended a series of physical performance-based tests in
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knee OA patients including a 40-meter fast-paced walk test, 30-second chair stand test,
stair climb test, 6-minute walk test, and timed up and go test® as shown in Table 2. The
minimal core set of performance-based tests consisted of 1) 30-second chair stand test
(30s-CST) to assess sitting to standing, lower body strength, and dynamic balance, 2)
4x10 meter fast-paced walk test (40m FPWT) to assess walking on the floor, walking
speed over short distances and changing direction during walking, and 3) stair-climb
test (SCT) to assess going up and down stairs, lower body strength and dynamic
balance. The recommended set consisted of three tests of the minimal core set , 4)
timed up and go test (TUG) to assess ambulatory transitions, agility and dynamic
balance, and 5) six-minute walk test to assess aerobic capacity or walking long
distances, functional endurance, and dynamic balance when changing directions
during Wa|kiﬂg(26), as shown in Table 2.

Early finding is the most effective way to reduce the severity of physical frailty
and to improve the patient's well-being. The functional assessment aims to find out
movement disabilities or impairments, such as physical weakness, to make early
intervention feasible®”. The popular method of lower body strength assessment in older
adults is through the use of a chair stand test method®.

The 30s-CST is one of the most important clinical tests to assess physical
function. It measures the lower body strength and correlates with the most desiring daily
activities and reflects activity in daily life (e.g., climbing stairs, picking up an object from

)(68). The 30s-CST is the multiple-joint movements

the floor or getting out of a chair

involving hip extension, knee extension, and ankle plantarflexion. It is a criterion to

measure the strength of the lower body in the elderly(%). A low level of body strength is a

major cause of balance problems and falls in aging people(m). The 30s-CST was able to

differentiate between subjects with different levels of activity. It was also possible to
67

assess the impact of fatigue by counting the number of sitting-to-standing times®”. The

30s-CST can be used because there is no floor effect®™. A floor effect is a measurement
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phenomenon that occurs as a person is unable to achieve the minimum or the “floor”
requirements of a test®. Indeed, the 30s-CST is widely used in many studies not only
to assess the level of physical fitness but also to follow up on training and
rehabilitation®’. The intra- and inter-rater reliability of 30s-CST by ICC .1 IN people with
hip and knee OA were 0.85 (95% CI, 0.67-0.93) and 0.86 (95% CI, 0.77—0.92)(65),
respectively. Dobson et al, 2012, reported that sit to stand test was the best
measurement including the TUG and the 30s-CST for hip or knee OA® . The physical
performance-based measure by 30s-CST had excellent intra-rater and inter-rater
reliability for evaluating physical performance in patients with knee osteoarthritis ™" **
" The 30s-CST demonstrated sufficient responsiveness, interpretability, and small
measurement error. It indicated that this measurement still can be used in individuals
with knee OA when the time Changed@g’m‘%‘ 79 The 30s-CST is one test of minimum
core set that represents the sit-to-stand activity in persons with knee OA" Sit-to-stand
activity is also the fundamental movement of activity daily Iivingm). Moreover, the 30s-
CST is also a method to measure lower limb strength in older adults®”.

The TUG is one of the five performance-based outcome measures

recommended by the OARSI that is known as the examination to evaluate mobility and

(12, 12, 25)

movement in the elderly 2 tis frequently used to measure functional mobility( or

walking ability(23) to assess patients in rehabilitation® and people with knee QAP 232,200
because it is a simple and quick method, inexpensive equipment, employs fewer staff

24, 56

and easy to administer in a clinical Setting( ' The application of TUG as a method to
evaluate knee function has been done previously in a patient with knee oA, Noren et
al, 2001, examined the applicability and reliability of a few balance assessment methods
including the TUG test in people with peripheral arthritis. They found that persons can
perform the TUG test despite their severity of disabiliies”. The TUG test was used to

assess the capability of people in the community, to predict the patient's ability to safely

go out alone and to work in other environments®”. The TUG procedure requires the
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timing while a subject gets out of a standard armchair, walks in a line on the ground 3
meters away, turns around and sits again(m. TUG can be reliably and accurately
quantified for the movement that may be useful in tracking clinical changes over time in
patients(%' ™ 1t correlates with outcome measures such as the Berg balance scale, gait

speed, gait duration, stair climbing, and functional indexes'"”

, as well as the capability
to distinguish between patients based on their residence, fall, and mortality(m. The TUG
test is a reliable in community-dwelling adults that do not show the ceiling effects"”.
The test-retest reliability using ICC,, was 0.75 (95% CI, 0.51-0.89) in individuals with
osteoarthritis awaiting knee or hip arthroplasty(m) . The intra-rater and inter-rater reliability
of TUG were 0.97 (95% CI, 0.95-0.98) and 0.96 (95% CI, 0.94-0.97) in individuals with
grade 1-3 knee 0A® respectively. TUG test correlated with the Functional
Independence Measure (FIM) (r = -0.42 to —0.59)(77). Kennedy et al, 2005 found that the
TUG was sensitive to detect changes in patients recovering from joint replacement
surgeries (Standardized response mean, SRM = -1.08 to 1.04)(76). TUG has concurrent
and discriminant construct validity in the assessment of patients with knee 0A"™. The
timed up and go test (TUG) is one test of recommended set that contains greater than
one activity, including transitions from sitting to standing, short-distance walking, and
turning while walking. TUG test was recommended as an ambulatory transitions test"?.
It was often used to assess functional mobility, balance, and walking ability in the

12, 22)

elderly( , in-patient in the orthopedics rehabilitation Ward(z‘”, and persons with knee

22,23,25,26
oA )

Table 2 Recommended set of performance-based measures of physical function?

Recommended activity Recommended test

Minimum core set

Sit-to-stand 30-second chair stand test

Walking short distances 4 x 10 m fast-paced walk test

Stair negotiation No test recommendation
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Table 2 (Continued)

Recommended activity Recommended test

Ambulatory transitions Timed up and go test

Aerobics capacity/ walking long distances  Six-minute walk test

Self-reported questionnaire for knee osteoarthritis

One of the self-assessment questionnaires is Knee Osteoarthritis Outcome
Score (KOOS). KOOS is widely used for clinical research. In the clinic, KOOS is used to
monitor both individuals and groups(79). It can be used to guide to consultation on
patients’ symptoms and difficulties”. KOOS consists of 5 subitems including 1) pain 2)
other symptoms 3) function in daily living (ADL) 4) function in sport and recreation

(79

(Sport/Rec) and 5) knee-related quality of life (QOL) ) The test-retest reliability of KOOS
was high. In patients with a knee injury and/or knee OA, the test-retest reliability (ICCs)
for the pain subscale was 0.89 (95%CI, 0.87-0.91), the symptoms subscale was 0.87
(95%CI, 0.84-0.89), the ADL subscale was 0.90 (95%Cl, 0.87-0.92), the sport/Rec
subscale was 0.85 (95%CI, 0.80-0.89), the QOL subscale was 0.87 (95%Cl, 0.83-0.90),
and the KOOS-Physical Function Short Form (KOOS-PS) was 0.86 (95%Cl, 0.81-0.89)"”.
The KOOS scoring system is to assign the following scores to the boxes including none
= 0, mild = 1, moderate = 2, severe = 3, and extreme = 4. Each subscale score was
calculated separately. The mean score of the individual items of each subscale is
calculated and divided by 4 (the highest feasible score for a single answer option). In
orthopedics, a score of “100” indicated “no problem” and a score of “0” indicated
“extreme problems”. For missing data, If a mark is made outside of a box, the nearest
box is selected. If two boxes are checked, the one that represents a more severe
problem is chosen. A mean score can be calculated if at least 50% of the subscale

items for each subscale are answered. A answer is deemed incorrect and no subscale

score shall be computed if more than 50% of the subscale items are left out. For 1) the
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pain subscale, “5” items out of “9” items; for 2) symptoms subscale, “4” items out of “7”
items; and for 3) ADL subscale, “9” items out of “17” items must be answered to
calculate a subscale score. Subscale scores are independently that can be reported for
any number of individual subscales. For the calculation of the KOOS score, the mean of
the detected items within the subscale (e.g., KOOS- pain, -symptoms, or -ADL) is
divided by 4, multiplied by 100, and then subtracted this number from 100®". The

formula for the KOOS score calculation is shown in figure 2.

PAIN 100 — Mean Score iPl—P9)x1()0 — KOOS Pain

SYMPTOMS 100 — MeanScore ISR = k00S Symptoms

ADL 100 — Mean Score (A1-A17)x100 = KOOS ADL

4

Figure 2 The formula for the KOOS subscale

Pain severity in knee osteoarthritis

The most common symptom of osteoarthritis is pain. The etiology of pain in
osteoarthritis is intra-articular and extra-articular risk factors. Pain severity is the most
important cause of disability, functional limitations, and reduced quality of life. Function
in symptomatic knee OA is defined more by pain than by structural Change(gz). In OA
studies, several approaches are used to evaluate pain. For assessment of knee OA
pain, the most common pain intensity assessments are numerical rating scale (NRS) or

a visual analog scale (VAS)®.

The test-retest reliability (ICC,,) of the VAS and NRS
were 0.97 (95% Cl, 0.96-0.98) and 0.95 (95% ClI, 0.93-0.96), respectively. VAS and NRS
were strongly correlated with demographic factors including age, BMI, gender, and OA

grade. The standard error of measurement (SEM) of VAS and NRS was 0.03 and 0.48,
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respectively. The minimal detectable change (MDC) of VAS and NRS was 0.08 and
1.33, respectively(84). Both VAS and NRS had excellent test-retest reliability. However,
the VAS was the most reliable in measurement of knee OA pain with the smallest error,
the NRS is preferred more than the VAS in the elderly since it is easy to administer and
understand®”. NRS was used in asking the patients to rate their pain from 0 to 10, with

“0” indicating of “no pain” and “10” indicating of “extreme of pain” intensity.



CHAPTER 3
METHODOLOGY

Study design and setting
A cross-sectional study was designed in this study. Data collection was set at

the physical therapy department of Prasat hospital, Surin province, Thailand.

Sample size and participants
Sample size was calculated by testing two independent means (two-tailed test)

as shown in the formula below:

n/group = 2(Z0./2 + Z,B)ZCS2

(Hfuz)z

Figure 3 Testing two independent mean formula

The mean and standard deviation (SD) of timed in Timed up and Go Test in
class Ill and non-class Il obese persons from the previous study(86> was 10.32 £+ 1.44
and 8.59 + 1.41 seconds, respectively . By substituting values in the above formula,
mean (y,) = 10.32, SD (O,) = 1.44, mean (y,) = 8.59, SD (0,) = 1.41, alpha (Q) = 0.05,
Z (0.975) = 1.959964, beta ([3) = 0.20, Z (0.800) = 0.841621, Total sample size was 24

participants, sample size in group 1 (n,) =12, and group 2 (n,) = 12.

Participants

Twenty-four participants diagnosed with knee OA, aged more than 50 years,
were recruited in this study. They were assigned into 1 of 2 groups, the obese group (n=
12) or the non-obese group (n= 12) by using the purposive sampling method. The

inclusion criteria for persons with knee OA were diagnosed by the American College of
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Rheumatology (ACR) classification criteria by using either the results of clinical
examination alone or results of clinical examination and radiography. For the clinical
classification criteria involving the results of clinical examination alone, the patients
should have the presence of knee pain along with at least three of the following six
clinical findingsm (age more than 50 years, morning stiffness less than 30 minutes,
crepitus on knee motion, bony tenderness, bony enlargement, and no palpable warmth
of the synovium). For the clinical classification criteria involving the results of clinical
examination and radiography, the patients should have the presence of knee pain with
at least one of the following three clinical findings along with osteophyte in knee X—ray(87)
(age more than 50 years, morning stiffness less than 30 minutes , crepitus on knee
motion) as shown in Table 3. Body mass index (BMI) for the non-obese group was
between 18.5 to 24.9 kg/m2 whereas BMI for the obese group was more than 30 kg/mz.

The numeric rating scale (NRS) for knee pain was more than 4%

during knee
movement.

This study was approved from the human research ethics committee of Prasat
hospital, Surin province (PSH REC No. 003/2565). The participants were excluded if
there is a history of medical conditions regarding cardiopulmonary disorders such as
myocardial infarction and neurologic problems such as hemiplegia, parkinsonism
disease or cognitive impairment. In addition, if they had knee surgery, history of
periarticular fractures, sciatica pain, rheumatoid arthritis, and inflammatory arthritis, they
were excluded from this study. For the discontinuation criteria, the participants were
stopped the testing if they report the provocative pain during the test (i.e., NRS

increases from before testing at least 3 scales). All participants were signed an informed

consent if they were willing to participate in this study.
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Table 3 The American College of Rheumatology Clinical (ACR) classification criteria for

diagnosis of knee OA®

Clinical examination alone Clinical examination and radiographic

The presence of knee pain along with at  The presence of knee pain with at least one of
least three of the following six items the following three items along with

osteophyte in knee X-ray

1) Age > 50 years old 1) Age > 50 years old
2) Morning stiffness < 30 minutes 2) Morning stiffness < 30 minutes
3) Crepitus on knee motion 3) Crepitus on knee motion

4) Bony tenderness
5) Bony enlargement

6) No palpable warmth

Variables and Instrumentation
Number of stands in 30-second chair stand test (30-s CST)

The 30 CST was administered using a chair without arms, with a seat height
of 43.2 cm (17 inches). The chair was placed against a wall to prevent it from moving
during testing. The tester used a stopwatch to count the time while the participants
complete as many full stands as possible within 30 seconds. While monitoring the
participant’s performance to ensure appropriate sit to stand, the tester silently counts
the accomplishment of each correct stand. The countable score is the total number of
stands correctly within 30 seconds (more than halfway up at the end of 30 seconds
counts as a full stand). Incorrectly executed stands or sits will not be counted®.

Total durations in Timed-up and Go test (TUG)

The TUG testing was conducted using a chair with a backrest, height 43-50

cm (or adjust the chair height at the level where the elderly sits with the back of the

backrest and both feet flat on the floor), a cone placed in front of the chair approximately
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3 meters or 10 feet, and stopwatch. The tester used a stopwatch to count the timing of
the test since the instruction “go” until the participant is seated®.
Scores in the self-assessment questionnaire
Knee Osteoarthritis Outcome Score (KOOS)(%) was used for clinical
assessment which consists of 3 subitems including 1) pain, 2) symptoms, and 3)
function in daily living (ADL) in knee OA patients.
Pain scale assessment
Numerical Rating Scale (NRS) was used for pain assessment in knee OA
patients before and after physical performance testing.
Confounding factors

Confounding factors in this study include age, sex, and pain score

Procedures

All patients informed the general information such as age, gender, weight,
height, and history of medical condition (Appendix A). They were diagnosed following
ACR criteria (Appendix B). The bony alignment, KOOS questionnaire (3 subitems), and
NRS in patients with knee OA (Appendix C) were recorded.

Prior to testing, the one assessor (physiotherapist with more than 10 years
clinical experience) tested intra-rater reliability (ICC ;) of TUG and 30s-CST. The intra-
rater reliability testing was examined on the same condition of patients in 2 different time
intervals. Video was recorded while the patient was taking the tests. The assessor
recorded the time in seconds while the patient was finishing the TUG test. After 5 days,
the same assessor recorded the time in seconds during the TUG test in the previous
video recording. After the TUG, the patient rested for 10 minutes or more than 10
minutes, in case of the pain level of patient after testing cannot reduce to the pre-test
pain level. Then, the same patient performed the 30s-CST testing in 1 session. The
assessor counted the number of 30s- CST while the patient was performing the test.

After 5 days, the same assessor counted the number of 30s-CST in the previous video
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recording. Intra-class correlation coefficients (ICCSJ) were used to analyze the intra-rater
reliability.

Intra-tester reliability

The intra-tester reliability of TUG test and 30s-CST was measured in 10 elderly
individuals over a 5-day interval. The intraclass correlation coefficients (ICC, ;) was used
to analyze the intra-rater reliability for TUG test and 30s-CST. There was a high reliability
of TUG test and 30s-CST. The intraclass correlation coefficients (ICCSJ) was 0.993 and
0.998, respectively (p < 0.001). The standard error of measurement (SEM) was 0.64
seconds for TUG test and 1.21 repetitions for 30s-CST. The intra-rater reliability was

shown in Table 4.

Table 4 Intra-rater reliability (ICC;,) and SEM for TUG test and 30s-CST in elderly

group

Variables ICC, , 95 % ClI p-value SEM
TUG test (seconds) 0.993 0.973, 0.998 < 0.001* 0.64
30s-CST (repetitions) 0.998 0.993, 1.000 < 0.001* 1.21

* Significant at p-value < 0.05, SEM = Standard error measurement

Before each testing, the assessor instructed and demonstrated the procedure
of the 30s-CST and TUG test. The participants were allowed the opportunity to practice
until they performed these tests correctly. The pain level was measured by NRS before
and after each testing. The video recording was used to verify the timing of the TUG test
and counting number of 30s-CST, in case of data misinterpretation. The video was
recorded in two views (front and side view) of participants for 30s-CST and one view
(front view) of participants for the TUG test. In the sequence of testing, we started with
the TUG test because it did not disturb the performance of patient before the 30s-CST.

The instructions for TUG test were described by Podsiadlo D and Richardson S,
1991, Participants sat in the chair with their back against the chair back, armrest on

the lap. They stood up on the command “GO”, walked 3 meters to cone, turned around
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the cone, walked back to the chair, and sat down. The timing of the test began at the
command “GQO” and stopped when the participant sat down. The procedures of testing
are shown in figure 4. The participants were allowed to rest for 10 minutes or more than

10 minutes between tests.

—'»,‘ .

Y

Figure 4 The Timed-up and Go Test

The instructions for 30s-CST, the participants sat in the middle of the chair,
back straight, feet approximately shoulder-width apart and placed on the floor at an
angle slightly back from the knees, arms cross and hold hands on the shoulder. After
the command “GQ”, the participants stood up (body erect and straight) and then
returned to the initial seated position. They were encouraged to complete as many full
stands as possible within 30 seconds. They were instructed to fully sit between each
stand. During standing up, if they performed incorrectly or cannot hold their arm across
and their hands moved from their shoulders, the assessor reminded them, and this

stand was not counted®”. The procedures of testing were shown in figure 5.
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Figure 5 The 30-second chair stand test

Interpretation of TUG and 30sCST

The TUG was used to assess functional mobility, walking ability and risk of fall.
On average, the duration of TUG in the elderly aged range 60-90 years was 14

©192) if the participants perform TUG longer than 14 seconds, they will have a

seconds
high risk of falling.

The 30s-CST was a measurement that assesses functional mobility and
functional lower extremity strength. On average, the number of 30s-CST in elderly aged
range 60-69 years was 12 repetitions(%). If the participants perform 30s-CST less than 12
repetitions, they will have mobility limitation and decreased functional lower extremity
strength(%). If they can perform this test more than 12 repetitions, they will not have

mobility limitations.

Statistical analysis

Descriptive statistics was used to explain the demographic characteristics of
knee OA patients and baseline measurements. Mean, standard deviation (SD), and 95%
confidence interval (95 % CI) was used to calculate the repetitions of 30s-CST, pain-,
symptoms-, ADL- subscales of KOOS and pain intensity of NRS. In demographic

characteristics, Fisher's exact test was used to compare the proportion of gender and
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pain scale between two groups, whereas an independent t-test was used to compare
mean of age, BMI, and pain scale. An independent t-test was also used to compare the
numbers of a stand of 30s-CST, spending time or time used in TUG and KOOS scores

between obese and non-obese knee OA.
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CHAPTER 4
RESULTS

The aim of this research was to compare the functional mobility and LE strength

and to compare the KOOS score between obese and non-obese knee OA.

Baseline demographic and clinical characteristics

Twenty- four knee OA patients were divided into 2 groups: obese (n=12) and
non-obese (n= 12) groups. In both groups was categorized as metabolic syndrome
phenotype. However, the obese knee OA group was identified as obesity, hypertension,
diabetes, and dyslipidemia phenotypes, whereas most non-obese knee OA patients
were identified as hypertension, diabetes, and dyslipidemia phenotypes. The result
showed that the most obese and non-obese knee OA patients was female (91.67 % and
83.33 %, respectively). There was not a significant difference in proportion of gender
between obese and non-obese knee OA patients (p = 0.537). The age was not
significantly different between obese and non-obese knee OA patients (61.92. + 6.95
and 63.17 + 6.01 years for obese and non-obese groups, respectively (p = 0.642)). The
pain scale in obese group was higher than that of non-obese group (6.00 + 2.00 and
4.42. + 0.90, respectively (p = 0.020)). Baseline demographics and clinical

characteristics were shown in Table 5.

Table 5 Baseline demographic and clinical characteristics of obese and non-obese

groups

Obese Knee OA Non-obese Knee OA

(BMI 2 30 kg/m?) (BMI < 25 kg/m?)

Variables p- value
(n=12) (n=12)
Number (Percent)

Gender 0.537°
Female 11 (91.67) 10 (83.33)

Male 1 (8.33) 2 (16.67)
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Obese Knee OA
(BMI 2 30 kg/m?)

Non-obese Knee OA

(BMI < 25 kg/m?)

Variables p- value
(n=12) (n=12)
Number (Percent)

Age (years) 0.667°
50-59 5 (41.67) 3 (25.00)
2 60 7 (58.33) 9 (75.00)
X + 3D 61.92 + 6.95 63.17 + 6.01 0.642"
BMI (kg/m®)
X +SD 33.86 + 3.42 23.09 + 2.33 <0.001°*
Numerical rating pain scale (NRS) 0.069°
4-6 6 (50.00) 11 (91.67)
7-10 6 (50.00) 1(8.33)
X +SD 6.00 +2.00 4.42 +0.90 0.020>
Medical conditions
DM 7 (58.33) 3 (25.00)
HT 7 (58.33) 7 (58.33)
Other 1(8.33) 3 (25.00)
Alignment of knee joint
Genu valgus 3 (25.00) 1(8.33)
Genu varus 2 (16.67) 2 (16.67)

* Significant at p-value < 0.05, ? = Fisher’s exact test, b= Independent t-test

Timed up and go (TUG) test and 30- second chair stand (30s-CST)

The TUG was used to test the functional mobility in obese and non-obese knee

OA groups. The result of TUG test showed that the obese knee OA group spent more

time than the non-obese knee OA group (18.44 + 6.96 and 12.49 + 1.68 seconds,

respectively (p = 0.009)). The 30s-CST was also used to assess the functional mobility

and functional lower extremity strength in both obese and non-obese knee OA groups.
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However, the result of 30s-CST showed no significant difference in the numbers of full

stands within 30 second between obese and non-obese knee OA groups (9.33 + 2.87

and 11.17 + 2.86 repetitions, respectively (p = 0.131)) as shown in Table 6.

Table 6 Times in TUG test and numbers of full stands in 30s-CST between obese and

non-obese groups

Obese Non-obese
Variable knee OA knee OA t 95% ClI p-value
Mean = SD Mean + SD
TUG (seconds) 18.44 + 6.96 12.49 + 1.68 -2.88 13.01,17.92 0.009*
30s-CST (repetitions) 9.33£2.87 11.17 + 2.86 1.57  9.00, 11.50 0.131

* Significant at p-value < 0.05

Knee osteoarthritis outcome score (KOOS)

KOOS was used to assess the knee OA patient opinion regarding pain,

symptoms (stiffness), and function in daily living (ADL). The results found that the KOOS

scores in pain, symptom, and ADL subscales of the obese group were significant less

than those scores of the non-obese group (mean of KOOS-pain was 67.85 + 15.35,

84.81 + 8.07 (p= 0.003), -symptoms was 66.37 + 15.19, 81.85 + 11.84 (p= 0.011), -ADL

was 64.03 + 16.64, 89.13 + 10.17 (p= 0.0002)) as shown in Table 7.

Table 7 KOOS score in pain, symptom, and ADL subscale between obese and non-

obese groups

Obese Non-obese
KOOS knee OA knee OA t 95% ClI p-value
Mean + SD Mean + SD
- pain 67.85 + 15.35 84.81 + 8.07 3.39 70.09, 82.58 0.003*
- symptoms 66.37 + 15.19 81.85+11.84 2.78 67.57, 80.65 0.011*
- ADL 64.03 £ 16.64 89.13 £ 10.17 4.47 68.72, 84.44 0.0002*

* Significant at p-value < 0.05



CHAPTER 5
DISCUSSION AND CONCLUSIONS

Discussion

This study compared the functional mobility and lower extremity strength
between obese and non-obese groups. We hypothesized that the functional mobility
and lower extremity strength in obese group should be less than those in non-obese
group. In agreement with the previous studies® *, the prevalence of knee OA was
found in females more than in males which both obese and non-obese knee OA groups
in the current study were females more than males (female 91.67%, male 8.33% in
obese group and female 83.33 %, male 16.67% in non-obese group). Moreover, there
was no statistically significant difference in the mean ages of the obese and non-obese
knee OA groups (61.92 + 6.95 and 63.17 + 6.01 years, respectively; p = 0.642).
Therefore, age may not be a contributing factor to functional mobility and LE strength in
the current study. As a result, the obese knee OA group's pain level was higher than
that of the non-obese knee OA group because a higher BMI would increase the
mechanical forces and load-across weight-bearing joints, leading to joint pain. Although
the pain level in obese knee OA patients was higher than in non-obese knee OA group
(6.00 = 2.00 and 4.42 + 0.90, respectively), the pain level of both groups was in
moderate pain.

The clinical phenotypes of knee OA were identified to six categories: chronic
pain, inflammatory, metabolic syndrome (obesity, HT, DM), bone and cartilage
metabolism, mechanical overload, and minimal joint disease"?. The current study found
that the obese knee OA group was categorized as having metabolic syndrome
phenotype (i.e., obesity, DM, HT, dyslipidemia), whereas most non-obese knee OA
patients were identified as having metabolic syndrome (i.e., DM, HT, dyslipidemia). Only
one patient has thyroid disease, hence she cannot be classified as a phenotype.

According to the results of TUG test, the obese knee OA group spent
significantly more time than the non-obese knee OA group to complete the task (18.44 +

6.96 and 12.49 + 1.68 seconds, respectively (p = 0.009)). This finding indicated that the
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obese knee OA group had less functional mobility than the non-obese knee OA group.
Additionally, the results showed that obese knee OA group took longer than the elderly
(age 2 60 years) to complete the TUG test (18.44 and 14 seconds, respectively),
whereas non-obese knee OA group finished the test in a time that was comparable to
that of the elderly (12.49 and 14 seconds, respectively). These findings exhibited that

91, 92
) It also revealed that

the obese knee OA group were lower mobility than the elderly(
the functional mobility of the obese knee OA group (aged 61.92 + 6.95 years) in the
current study was less than that of the lower extremity OA group (aged 60-69 years) but
was similar to that in the lower extremity OA group (aged 70-79 years) in the study of
Zasadzka et al®”. In 2015, Zasadzka et al had assessed TUG test in elderly with lower
extremity OA. They found that TUG in aged range 60-69 and 70-79 years were 12.9 +

(95)

5.2 and 19.4 + 15.3 seconds, respectively . TUG in the obese knee OA group (aged
61.92 + 6.95 years) in the current study was higher than that of the lower extremity OA
group (aged 60-69 years)™ (18.44 + 6.96 and 12.9 + 5.2 seconds'®, respectively),
whereas it was comparable to that of the lower extremity OA group (aged 70-79 years)
in the study of Zasadzka et al, 2015*° (18.44 + 6.96 and 19.4 + 15.3 seconds'®,
respectively). Moreover, the results of TUG in the current study showed that obese knee
OA group (BMI 33.86 kg/m®) took longer than obese class Il people (BMI > 40 kg/m®) in
the study of Ling et al, 2012 (18.44, 10.32"*” seconds, respectively). This finding
indicated that, even though the BMI in the knee OA group was lower than that of obese
class Il (BMI > 40 kg/mz) individuals without knee OA, knee OA may be a contributing
factor to decreased functional mobility. As far as is known, obesity is a risk factor for
knee OA. Greater BMI increases the mechanical forces and load across weight-bearing
joints and leads to joint deterioration. Additionally, obesity may change posture, gait,
and physical activity levels, all of which may further contribute to altered joint
biomechanics". Therefore, obese knee OA patients showed a higher chance of having

reduced functional mobility (i.e., difficulty sitting to standing, walking etc.). In terms
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of functional mobility, patients with knee OA and obesity took longer to complete the
TUG test than those with non-obese knee OA patients because knee OA with weight
gain resulted in the degenerative knee joint to carry more weight, severe knee joint
stress, and increased pain on the knee joint.

For another functional mobility assessment, the results of 30s-CST showed no
significant difference in numbers of full stands between obese and non-obese knee OA
group (9.33 + 2.87 and 11.17 + 2.86 repetitions, respectively (p= 0.131)). The 30s-CST
is a movement from sitting to standing and no involvement with distance which is a
simple and uncomplicated movement. Unlike the TUG test, which involves
multicomponent movement including standing up from a sitting position, walking,
turning, and standing to sitting position. In addition, the 30s-CST was used to assess the
functional lower extremity strength. This finding showed that there was no significant
difference in number of full stands within 30 second between obese and non-obese
knee OA group (p= 0.131). In consistent with the study of Segal et al, 2011, they
reported that the cross-sectional area (CSA) and peak strength of
the quadriceps muscle did not differ significantly between obese and non-obese with
aged 50-59 years(%). As a result, there was no significant change in quadriceps muscle
strength depending on BMI. According to the study of Rolland et al, 2004, they found
that the knee extensor muscle strength in obese older women was not significantly
different as compared to those in the normal weight group™®”.

Although the results of 30s-CST demonstrated no significant difference in
numbers of full stands between obese and non-obese OA group, the numbers of full
stands within 30 seconds in both groups was less than those in the elderly (average 12
repetitions. It indicated that both obese and non-obese with knee OA groups have lower
extremity (LE) muscle strength less than the elderly. Moreover, in knee OA patients of

the current study, aged 50-59 years, performed less full stands during 30s-CST than the

elderly individuals (obese knee OA: 9.8, non-obese: 10.67, and elderly: 12 repetitions).



34

In accordance with the study of Zasadzka et al, 2015, they found that 30s-CST in knee
OA aged 60-69 years was 7.9 £ 4.6 repetitions<95). These findings confirmed that LE
muscle strength in patients with knee OA was lower than those in older people.
According to the international classification of functioning, disability, and health (ICF)
model, the pathological change in OA joint affect the whole joint structure including
cartilage, synovial membrane, subchondral bone, ligaments, and periarticular muscles'”
% The impairments in body functions and structures due to knee OA are knee pain,
stiffness, crepitus, joint instability, joint deformity, swelling, and bony enlargement(e).
These health problems can result in disuse atrophy of quadriceps muscle"” leading to
muscle weakness®. The previous study found that pain and disability were
independently associated with quadriceps strength(gg) and knee extensor muscle in the
knee OA subjects was lower than the healthy subjects“oo). For this reason, knee OA
patients could not perform functional activities such as walking, going up and down
stairs, squatting, or sitting to standing up(g).

KOOS was used to assess the opinion of knee OA patients about their knee
and associated problems. For KOOS scoring, a score of “100” indicated “no problems”
and a score of “0” indicated “extreme problems”<81). This study assessed three KOOS-
subscales including KOOS-pain, KOOS-symptoms, and KOOS-ADL subscales in obese
and non-obese knee OA.

For KOOS-pain subscale, the results found that KOOS-pain subscale scores in
obese knee OA group were significantly less than those in non-obese knee OA group
(67.85 and 84.81, respectively (p= 0.011)). This finding indicated that obese knee OA
group reported higher problem of pain than non-obese knee OA group. Additionally, the
results of KOOS-pain subscale scores in both obese and non-obese knee OA groups
were consistent with the pain scale measured from NRS (6.00 and 4.42, respectively).

KOOS-symptom subscale scores in obese knee OA group were significantly

less than those in non-obese knee OA group (66.37 and 81.85, respectively (p= 0.003)).
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This finding indicated that obese knee OA group reported higher problem of symptoms
(swelling, crepitus, and stiﬁness<98)) than non-obese knee OA group. This may be a
reason that functional mobility in obese knee OA group was less than non-obese knee
OA group such as walking etc.

KOOS-ADL subscale scores in obese knee OA group were significantly less
than those in non-obese knee OA group (64.03 and 89.13, respectively (p= 0.0002).
This result implied that the obese knee OA group performed daily activities (such as
climbing stairs or sitting to standing etc.) more difficult than the non-obese knee OA
group. In obese knee OA group, KOOS-ADL subscale scores were consistent with the
results of TUG test but not with the 30s-CST results. This may be as a result that TUG
involved multicomponent movements including standing up from a sitting position,
walking, and standing to sitting position, similar to the question of KOOS-ADL (such as
rising from sitting, standing, walking etc.). In addition, the current study was consistent
with the study of Sabirli et al, 2013"" which found that KOOS all subscales had
moderately associated with TUG in knee OA.

The previous study, found that a change of 8-10 points may represent a

minimal perceptible clinical improvement (MPCI) in KOOS"*?.

MPCI is the smallest
change in a treatment outcome which wound indicate a change in the patient’s
management(m). In current study, there were huge differences of KOOS-pain, symptom,
ADL subscale scores between obese and non-obese knee OA groups (16.96, 15.48,
and 25.1 points, respectively) more than MPCI in KOOS all subscales. Moreover, KOOS-
pain, symptom, and ADL subscale scores in obese knee OA in the current study was
close to those scores in overweight knee OA of the study by Xie et al, 2006"" (10.85,
6.57, and 3.23 points, respectively).

Obesity is not only a risk factor for OA, but also has direct and indirect effects

on the development of functional limitations and disability(%’ ") The results showed a

decrease in functional mobility and high problem of pain, symptoms, and activity daily
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living in obese knee OA. Additionally, increased knee pain caused by OA has been
associated with obesity“). Typically, obese persons diagnosed with knee OA experience
increased levels of pain after activities of daily living such as climbing or descending
stairs, walking, or standing up from sitting position“oe). According to these findings, the
level of pain and symptoms associated with functional mobility which was direct and

indirect causes of functional limitation in obese knee OA.

Limitation and further study

The Osteoarthritis Research  Society International (OARSI)(GB) have
recommended the performance-based test for people diagnosed with hip and knee OA
which consisted of 5 tests including 1) 30-second chair stand test (30s-CST), 2) 4x10
meter fast-paced walk test (40m FPWT), 3) stair-climb test (SCT), 4) Timed up and go
test (TUG), and 5) six-minute walk (6MWT). The current study only used two
performance-based tests including 30-second chair stand test (30s-CST) and timed up
and go test (TUG). The 30s-CST represents one test of minimum core set and was used
to assess functional mobility and lower extremity strength, whereas TUG test represents
one test of recommended set and was used to assess functional mobility and walking
ability. Since patients with knee OA may not be able to complete all five tests at once.
These tests will increase the fatigue of patients and the risk of injury during the tests.
Further studies will use the other performance-based tests to assess the other functional
mobility in obese knee OA patients including 4x10 meter fast-paced walk test (40m
FPWT), which represents short distance walking activity (Minimum core set) and six-
minute walk test (EMWT), which represents aerobic capacity and long-distance walking
activity.

The current study was limited in the other phenotypes (i.e., inflammatory, bone
and cartilage metabolism, minimal joint disease phenotypes) because criteria for

diagnosis of knee OA did not use clinical/radiographic or clinical/laboratory criteria for
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diagnosis knee OA. Therefore, further study may use clinical/radiographic or

clinical/laboratory criteria to identify knee OA phenotype.

Clinical implications

This study helps to understand the physical performance of knee OA with
obese phenotype and supports weight control recommendations for preventing weight-
related diseases such as knee OA with obese phenotype. Physicians and physical
therapists may consider this information to enhance the treatment and to assist in goal
setting for knee OA with obesity phenotype. Moreover, they may apply the performance
test to be an exercise in increasing the functional movement and LE muscle strength for

obese knee OA.

Conclusions

The functional mobility in obese knee OA group was lower than those in non-
obese knee OA whereas there was no difference in lower extremity strength between
groups. In addition, the opinion of obese knee OA patients about the pain, symptoms,
and function in daily living of their knee was worse than the opinion of non-obese knee

OA group.
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Appendix E: Informed consent form
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Appendix F: Data collection form

Name Surname

Age years (Full years)

Gender |:| Male |:|Female Weight kg Height cm BMI kg/m2

|:|No

|:| RA or Inflammatory arthritis

History of medical condition

|:| Cognitive impairment

|:| Stroke
|:| Yes
|:| Yes

History of periarticular fracture

|:|No

[] No
|:| Yes

Knee surgery

Sciatica pain

[] om

|:| Heart disease

[] HT

|:| Parkinsonism disease

[ ] Other

|:|No



Appendix G: The American College of Rheumatology Clinical (ACR) classification
criteria for diagnosis knee OA
|:| Clinical examination alone
|:| Knee pain with at least 3 of 6 items
[ ] Age > 50 years old
Morning stiffness < 30 minutes
Crepitus on knee motion
Bony tenderness

Bony enlargement

HIEREEEIN

No palpable warmth
OR
|:| Clinical examination and radiographic
|:| Knee pain with osteophyte with 1 of 3 items
|:| Age > 50 years old
|:| Morning stiffness < 30 minutes

|:| Crepitus on knee motion

Appendix H: Alignment of knee joint
[ ] cenuvalgus [] Genuvarus [ ] Hyperextension



Appendix |: Numerical Rating Scale (NRS)

PAIN SCORE 0-10 NUMERICAL RATING

0-10 Numerical Rating Scale

0 1 2 3 4 5 6 7 8 9 10
No Moderate Worst
Pain Pain Possibie Pain

Figure 7 Numerical Rating Scale (NRS)

Source: https://www.physiotherapy-treatment.com/pain-rating-scale.html



Appendix J: Thai version of KOOS
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Appendix K: TUG recording form

Time point

Date

Time

(Seconds: 00:00)

Adaptations

Assistive walking aid

|:| Uses walking aid
|:| Not tested, unable
|:| Not tested, refuse

Appendix L: 30s-CST recording form

Time point

Date

Chair seat
height

(cm)

Score

(Repetitions in 30 s)

Adaptations

Adapted score
(Repetitions in

30 s)

|:| Uses hand on leg
|:| Uses walking aid
I:l Not tested, unable

|:| Not tested, refused




Appendix M: Budget management
Table 8 Research budget

Price
List
(Baht)
1. Compensation
1.1 Compensation for research assistant is 300 baht per day for 10 days
(1 research assistant) 3,000
1.2. Compensation for each participant is 100 baht (24 participants) 2,400
2. Equipment cost
2.1 Cost of 2 cones is 25 baht per each 50
2.2 Cost of 2 camera stand is 590 baht per each 1,180
3. Material cost
3.1 Cost of 3 reams of A4 paper is 105 baht each 315
3.2 Cost of 1 cartridge of printer toner is 2,570 baht each 2,570
4. Document fee
4.1 Cost of informed consent form photocopy amount 24 sets,
2 pages per set, 1 baht per page 48
4.2 Cost of information sheet for research participant photocopy
amount 24 sets, 6 pages per set, 1 baht per page 144
4.3 Cost of questionnaires and research recording photocopy
amount 24 sets, 4 pages per set, 1 baht per page 96
4.4 The binding fee for 5 thesis proposals is 30 baht each 150
4.5 The delivery fee for thesis proposal 1 time is 105 baht each 105
4.6 The binding fee for 3 thesis draft is 30 baht each 90
4.7 The delivery fee for thesis draft 1 time is 105 baht each 105
4.8 The binding fee for 1 thesis report is 150 baht each 150
Total 10,403

(Ten-thousand, four-hundred, and three baht)
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