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CHAPTER I 
INTRODUCTION 

 
1.1 Background of rational 

Rehabilitation remains crucial for achieving good clinical outcomes, such as 
short-term function, range of motion, patient quality of life, and prevention of 
postoperative complications, in total knee replacement (TKR). Decreased pain with a 
greater range of motion and independence are important goals for physiotherapy, 
while early rehabilitation is considered necessary for increasing the range of motion 
and muscle strength. The trend toward early hospital discharge to reduce the length 
of stay has gained popularity in the last decade. Postoperative knee range of motion 
(ROM) is one of the most crucial factors influencing patient satisfaction after TKR. The 
mean 1-year Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
score is lowest in the first three months. It is essential to avoid bad experiences during 
the early postoperative period, including pain, knee stiffness, and hospital readmission 
due to complications such as falling. Weight-bearing activities such as walking are often 
considered highly effective in rehabilitation and promoting a return to function. High 
knee forces (3 times body weight), non-weight-bearing, or partial weight-bearing are 
usually recommended. Full weight-bearing may delay a return to full function. Many 
methods can be used to reduce the forces on the knee during weight-bearing exercises, 
such as hydrotherapy (walking in water), the use of harness systems that physically lift 
the patient, the use of lower body positive pressure (LBPP) chambers, and LBPP 
treadmills. These methods produce a significant reduction in the weight the patient 
bears with minimal alteration to gait kinematics. 

An increase in knee forces may affect postoperative rehabilitation, for example, 
through pain, leading to the restriction of motion and increased joint stiffness. The 
degeneration of immobilized muscle groups and early joint stiffness remain essential 
factors influencing whether there is a prolonged course of healing. A study 
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demonstrated improvements in pain intensity, gait velocity, cadence, and stride length 
as the result of a six-week gait physical therapy program after TKR. Our study aimed to 
improve clinical outcomes for patients following TKR by using a walking support 
machine (Co-walk) and compare the results over a 6-month period to those obtained 
with a standard rehabilitation protocol. Some research shows that accelerated device 
rehabilitation can improve recovery outcomes after patient injuries. However, no 
research has investigated clinical outcomes in patients who underwent TKR. Our study 
aimed to improve the clinical outcomes of TKR patients by using a walking support 
machine (Co-walk) in addition to standard rehabilitation compared to a standard 
rehabilitation protocol alone. We assessed the results over a 6-month period and 
focused on improving ROM, timed up-and-go test (TUG) scores, Western Ontario and 
McMaster University (WOMAC) scores, weight-bearing balance, postural control, and 
Length of stay (LOS). 

 
1.2 Research Objectives  

The main aim of this research is to improve clinical outcomes for patients 
following TKR by using a walking support machine (Co-walk) and compare the results 
over a 6-month period to those obtained with a standard rehabilitation protocol, and 
there are more objectives are: 

1.2.1 To study the effect of Range of Motion (ROM), Western Ontario and 
McMaster Universities Arthritis Index (WOMAC), Time Up and Go (TUG), Weight-bearing 
balance, Postural control, and Length of stay (LOS) 

1.2.2 To study the effect results compare in Total Knee Replacement (TKR) 
patients using and non-using Co-walk.  

 
1.3 Scope and limitation of the study 
 1.3.1  Scope of population 

This research studied only osteoarthritis patients who received medical 
service at the Orthopedic Department and underwent total knee replacement 
surgery at Suranaree University of Technology Hospital. To reduce the 
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confounding factors such as surgical techniques and surgical skills of the 
surgeon, we collected cases that were operated on by one experienced 
surgeon. We used the same medial parapatella technique and the same type 
fix posterior sacrificed total knee prosthesis for all the patients. The duration of 
the follow-up was 2  weeks, 1  month, 3  months, 6  months after surgery. All 
patients were under the approval of the medical ethics commission, with the 
consent of the Medical Institute of Suranaree University of Technology, and the 
patients signed a patient consent form 

 1.3.2 Scope of content 

This research studied in 

1.3.2.1. Personal general demographic data 

1.3.2.2. The severity of osteoarthritis by using the Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC) questionnaire 

1.3.2.3. Range of Motion of the knee (ROM) 

1.3.2.4. Time up and go (TUG) 

1.3.2.5. Balance of the patients 

1.3.2.6. Length of stay (LOS) 

 1.3.3  Scope of research site 

This research was conducted at the Orthopedic Department Suranaree 

University of Technology University Hospital, Muang District, Nakhon 

Ratchasima Province. This research used data from 1st August 2020 to 31st July 

2021. 
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1.4 Limitation of the study 
1.4.1 The average number of patients who did total knee replacement surgery 

is 73  people per year at Suranaree University of Technology Hospital. The study will 
take time more than 1 year if patients did not have enough or lose follow up. 

1.4.2 The assessment tool that was the WOMAC Score and Pain Score is the 
Self-Assessment in which each person is different. Objective was to determine Range 
of Motion (ROM), Western Ontario and McMaster Universities Arthritis Index (WOMAC), 
Time Up and Go (TUG), Weight-bearing balance, Postural control, and Length of stay 
(LOS) compared in Total Knee Replacement (TKR) patients using and non-using Co-
walk.  

 
1.5 Conceptual Framework 

The care process after knee replacement surgery involves in many areas, 
including 

1.5.1 Physiological means the ability to return to normal, including free body 
movement, various organs work normally, with reduced pain, and fatigue without 
complications. 

1.5.2 Psychological means to return to the normal mental and emotional 
state with happiness without depression, anger, anxiety. Including having a good 
experience. 

1.5.3 Social means returning to duty in society, independent of others, 
including proper interaction with other people. 
 

There are a variety of tools for evaluating postoperative knee replacement 
surgery, including ROM, WOMAC Score, TUG, and other tools that help assess the risk 
of falls in patients after surgery. If the patient does not use Gait aids and can maintain 
normal balance Meaning that the patient can live independently in normal life.  

Post-surgical rehabilitation is considered an important step in the recovery of 
patients after surgery. If the patients do physiotherapy training regularly and balance 
training, it will help them return to normal life faster. Therefore, the idea of using Co-
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walk device to help in restoring the body after surgery by giving the patients free to 
move the lower part of the body with reduce pressure by reducing weight acting on 
the lower part of the body. It makes the patients painless, early ROM, and balancing 
body. And also including a patient’s confidence in walking. The experiment was divided 
into 2 groups: using Co-walk device and non-using Co-walk devices in postoperative 
physiotherapy. The participants received gait training using CO-Walk for 15 minutes also 
with the normal rehabilitation program total 45 minutes for each session, twice a week 
in the experimental group for 6 weeks. A control group used the normal rehabilitation 
program as 45 minutes for each session, twice a week for 6 weeks. After 6 weeks both 
follow up program for 3 months and 6 months. We evaluate by tools for patients 4 
times during admission, 2 weeks, 6 weeks, 3 months, and 6 months. 
 

   

 



 
 

CHAPTER II 
LITERATURE REVIEWS

 
Relevant topics and previous research results were reviewed to improve 

understanding of efficacy of clinical outcomes of using and non-using walking support 
machine training after total knee replacement. This chapter describes the Range of 
Motion (ROM), Western Ontario and McMaster Universities Arthritis Index (WOMAC), 
Time Up and Go (TUG), Weight-bearing balance, Postural control, and Length of stay 
(LOS) showing the important roles of tools. The sources of information obtained from 
journals, researches, dissertation and books. The results of the review are summarized 
as follows. 

 
2.1 Recovery of knee replacement surgery  

Osteoarthritis treatment with knee replacement surgery is a treatment to 
reduce pain, restore function, and improve the quality of life in the elderly. The 
recovery process after knee replacement surgery may take different times for each 
person. Depending on different physical and environmental factors. Recovery is a 
process of adaptation of the patient, both physically and mentally, which occurs after 
surgery. Return to normal work or as good as before surgery and able to return to 
perform duties and activities as usual without having to rely on others or without 
walking equipment. (Myles, Weitkamp, Jones, Melick and Hensen, 2000) 

Recovery after surgery means the process in which the body returns to normal, 
both physically, mentally, socially, and can return to function normally or at an 
equivalent level before surgery. Which consists of 4 aspects as follows 

1. Physiological means to return to normal, including bodywork. 
Movement freely various organs work normally, with reduced pain, fatigue. No or few 
complications 
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2. Psychological means to return to the normal mental and emotional 
state with happiness without depression, anger, anxiety. Including having a good 
experience 

3. Social means returning to duty in society, not dependent on others, 

including proper interaction with other people. 

4. Habitual function means the ability to live a normal life. Daily activities 
Eating, working, etc. (Allvin, Berg, Idvall and Nilsson, 2007) 

Therefore, recovery after knee replacement surgery means the adjustment 
process of patients after surgery. Physical, mental, occurring after surgery to be able to 
return to normal activities without relying on gait aids and caregivers. 

 
2.2 Assessment model for assessing recovery after knee replacement  
 surgery.  

2.2.1 Range of Motion  

 The range of motion refers to the full movement of your joint (in this 
case knee). Your knee ROM will include flexion (bending), extension (straightening), 
adduction (movement towards middle of the body), abduction (movement away from 
the middle of the body), and rotations (inward and outward) must be worked towards. 
Your knee ROM is measured with a "goniometer". The knee is a hinge joint and primarily 
only moves in one plane of movement, flexion, and extension. 

 

 



8 
 

 
 

Figure 2.1 Range of Motion 

 
A completely straight knee joint will measure at 0° and a fully bent knee will 

have the flexion at 135° degrees. These are the benchmark "normal" ROM measures. 

2.2.2 Western Ontario and MacMaster University (WOMAC)  
 The evaluation form was created to assess the condition of 

osteoarthritis of the knee and hip. which consists of 3 parts: pain dimension, Stiffness 
dimension, and function dimension. Commonly are used as a tool to measure recovery 
after knee replacement surgery. 

2.2.3 Time Up and Go test  
 TUG test was to assess general mobility and fall risk in total knee 

replacement patients with limited mobility. The American Geriatric Society 
recommends that TUG be utilized as a routine screening test for falls. For the testing, 
individuals are asked to rise from a seated position, walk 3 m., turn, walk back to the 
chair, and return to a seated position, and moving as quickly as they are safely able. 
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2.2.4 Balance 

 The balance is important in the controlling of the body to its center of 
gravity. In the support base while the body is still or having various activities to avoid 
falling. Control of body balance is a complex system including the eye-to-ear 
recognition system and the perception of joints which has mechanical sensory neurons 
(Mechanoreceptor) pressure tension that found in muscles, tendons, and joints from 
sensory neurons send information to interpret the brain. To control the contraction of 
the muscles in the balance while moving in which the knee joint has a sensory and 
many mechanical sensory cells. The cruciate ligaments, collateral ligaments, and 
menisci. In people with knee joints, changes in bone structure, tendons, muscles, 
membranes, joints, and the surrounding tissue results in a reduction of mechanical 
exposure cells. From the study of balance in people with osteoarthritis found that, 
those with moderate to severe knee joint have more balance defects than those with 
early knee osteoarthritis which affects posture may cause it to fall balance control or 
balance of the body can assess both balances while standing still and balance while 
in motion or moving, balancing tests in motion, such as walking, standing, and balancing 
tests while standing still, such as standing posture while having various activities, closing 
eyes, standing still have external forces, both conscious and unconscious. 

 Poor balance control, especially during standing or movement, is one 
risk factor for falls that could be addressed in the knee OA population. The balance 
consists of maintaining, achieving, or restoring the center of mass within the base of 
support. the control of which is multidimensional. It is dependent on the task 
characteristics as well as the environment in which these tasks are performed. In those 
with knee OA, balance is also affected by variables such as muscle strength, 
radiographic severity, knee alignment, pain, and proprioceptive acuity. Better standing 
balance has been associated with increased quadriceps muscle strength, more 
advanced radiographic disease severity, less varus alignment, less pain, and better 
proprioception. (Schwartz et al., 2012) 
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2.2.5 Length of stay (LOS) 

 Length of stay (LOS) is a clinical metric that measures the length of time 

elapsed between a patient’s hospital admittance and discharge. LOS can be calculated 

on a hospital-wide basis or by therapy area, including the Total Knee Replacement 

Patients. 

 

 

 



 
 

CHAPTER III 
RESERCH METHODOLOGY

  

 In this work was performed an experimental clinical trial. The study was 

registered with the Thai Clinical Trials Registry (No. TCTR20210123002) 

(www.clinicaltrials.in.th), which legally conducts trials in Thailand under the Medical 

Research Foundation of Thailand (MRF), and received ethical approval from the 

university’s ethics committee (EC 63-74). The patients were enrolled patients and 

randomized them to the experimental and control groups, as shown in the flow 

diagram in Figure 3.1. 

The patients were randomly divided into two groups using the block method. 

The samples in both groups were included knee osteoarthritis patients who underwent 

TKR and referred to physiotherapy for TKR rehabilitation. The sample size was 

calculated using data from a previous study by Mutsuzaki H et al. (H. Mutsuzaki, Ryoko 

Takeuchi, Yuki Mataki, et al., 2017), mean ROM change from preoperative before 

surgery to 6 months after TKA.  Using an unpaired t-test with a 2-sided significance 

level of 0.05, the study would have 90% power to detect a difference of 3.0 between 

the Co-walk and Non-Co-walk groups. The percentage of missing data was settled at 

7%. The number of participants needed were, 31 in each group. Therefore, the 

minimum number of subjects to be recruited was 62 for the study. The control group 

31 issues (Non-Co-walk) received the standard protocol for rehabilitation. The 

experimental group 31 subjects (Co-walk) used the walking support machine (Co-walk) 

in addition to undergoing the standard protocol for rehabilitation.  
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Figure 3.1 CONSORT 2010 Flow Diagram 

 
Table 3.1 Rehabilitation protocol for TKR based on the Insall Scott Kelly® Institute for  
    Orthopaedics and sports medicine. 

Week Program 
2 to 4 

Pre-operation 
Pre-op 
1. Review of the TKR 
2. Restore normal range of motion (ROM) exercise, 
3. Stair training 
4. Bed mobility training and education on the importance of cold 

compression 
5. Ambulation training with crutches 
6. Assessment using a range of Motion (ROM), timed up-and-go (TUG) score, 

and the WOMAC score 
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Table 3.1 Rehabilitation protocol for TKR based on the Insall Scott Kelly® Institute for  
    Orthopaedics and sports medicine. (Continued) 

Week Program 
0 to 2 

Post-operation 
1. Post-operation day (POD) #1 • cold compression of the knee for 20 minutes 

for a minimum of 2 times per day (more if necessary). • Review and perform 
all bedside exercises, including ankle pumps, quadriceps sets, gluteal sets, 
and heel slides. • Sit at the edge of the bed with necessary assistance. • 
Ambulate with a standard walker 15’ with moderate assistance. • Sit in a 
chair for 15 minutes. • Actively move knee 0-70°. 

2. POD #2 • Continue as above with emphasis on improving ROM, performing 
proper gait patterns with an assistive device, decreasing pain and swelling, 
and promoting independence with functional activities. • Perform bed 
exercises independently 5 times per day. • Perform bed mobility and 
transfers with minimum assistance. • Ambulate with a standard walker 75-
100’ with contact guarding. • Ambulate to the bathroom and review toilet 
transfers. • Sit in a chair for 30 minutes twice per day, in addition to at all 
meals. • Actively move knee 0-80°. 

3. POD #3 • Continue as above. • Perform bed mobility and transfers with 
contact guarding. • Ambulate with a standard walker 150’ with supervision. 
• Negotiate 4 steps with necessary assistance.  
• Begin standing hip flexion and knee flexion exercises. • Sit in a chair for 
most of the day, including during all meals. Limit sitting to 45 minutes in 
a single session. • Use the bathroom with assistance for all toileting needs. 
• Actively move knee 0-90°. 

4. Continue physiotherapy in the same way as in the hospital when patients 
are discharged 

2 to 5 
Post-operation 

1. Weeks 2-3 • Monitor incision site and swelling. • Progress ambulation 
distance (increase 1/2 block to 1 block each day) with WBQC. • Begin 
stationary bicycle with supervision for 5-10 minutes. • Begin standing wall 
slides. DO NOT ALLOW THE KNEES TO MOVE FORWARD OF THE TOES. • 
Incorporate static and dynamic balance exercises. • AROM 0-115°. 

2. Weeks 3-4 • Continue as above. • Practice with straight crutches indoors. • 
Increase stationary bicycle endurance to 10-12 minutes twice per day. • 
Attempt unilateral stance on the involved leg and side stepping. • 
Incorporate gentle semi-squats (BODY WEIGHT ONLY) concentrating on 
eccentric control of the quadriceps. • Attain AROM 0-120°. 

3. Weeks 4-5 • Continue as above. • Ambulate with a straight cane only. • 
Increase stationary bicycling to 15 minutes twice per day. • Progress with 
gentle lateral exercises, i.e., lateral stepping and carioca. • Attain AROM 0-
125°. 
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Table 3.1 Rehabilitation protocol for TKR based on the Insall Scott Kelly® Institute for  
    Orthopaedics and sports medicine. (Continued) 

Week Program 
6 to 12 

Post-operation 
1. Weeks 6-9 • Continue as above. • Ambulate indoors WITHOUT device. • 

Focus exercises on strength and eccentric control of muscles. DO NOT 
USE CUFF WEIGHTS UNTIL CLEARANCE FROM THE SURGEON. • Focus on 
unilateral balance activities. • Continue aggressive AROM exercise to 
promote knee range of motion 0-135° 

2 Weeks 10-12 • Continue as above. • Develop and instruct the patient on 
an advanced exercise program for continued strength and endurance 
training. • Ambulate without a straight cane 

 
3.1 Subject selection and allocation 

3.1.1 Inclusion criteria 
 The inclusion criteria are patients who were willing to enroll in the 

program, were over 50 years old, with knee osteoarthritis, and had a severe stage of 
osteoarthritis that required TKR.  

3.1.2 Exclusion criteria 
 The exclusion criteria are patients with a history of cerebrovascular 

events such as ischemic stroke, hemorrhagic stroke, undetermined stroke, transient 
ischemic attack, and patients lost to follow-up. 

3.1.3 Withdrawal or termination criteria 
 The withdrawal or termination criteria were judged from greater pain 

intensity than before enrollment and discomfort with continuing the program. Both 
groups were received the same postoperative pain control and rehabilitation protocol 
as shown in Table 3.2. To reduce confounding factors, such as surgical techniques, the 
surgical skills of the surgeon, and the type of implants, all operations were performed 
by one experienced surgeon who used the same operation, same implant type, and 
same surgery method 

3.2 Data collection  
The datas were collected from 19 January 2021 until 30 July 2021 at Suranaree 

University Hospital. The evaluator and the physical therapist were used different 
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people. Patients were assessed for general demographics such as sex, age, and body 
mass index (BMI). The evaluation of the primary outcome were used the WOMAC, 
which consists of two domains— pain, stiffness, and function. Range of motion (ROM) 
was assessed by using a goniometer. The secondary outcomes were used LOS, time 
up and go (TUG) score, weight-bearing balance, and postural control, as assessed by 
EP40 System Biometrics Ltd. The re-evaluation of both groups were used the same 
parameters before and after the operation. For the Co-walk group, were used Co-walk 
once a week for 6 weeks based on the Insall Scott Kelly® Institute for Orthopaedics 
and Sports Medicine protocol. The walking duration was 15 minutes. For the Non-Co-
walk group, we used a 45 minutes rehabilitation program once a week for 6 weeks. 
Outcomes data were measured on admission and at the 2nd, 6th, 12th, and 24th 
weeks. 
 

Table 3.2 Data collection procedure 
 VS V0a V1 V2 V3 V4 V5 

Day -7 to -1 D0a D2+3 14 + 7 42 + 7 84+10 168+15 
Week    2 6 12 24 
Month     1.5 3 6 

1. Consent process x       

2. Collect demographic data (date 
of birth, sex, weight, height) 

x    xb xb xb 

3. Osteoarthritis Diagnosis x       

4. Assessment of disease severity 
with the KL system (Kellgren-
Lawrence radiographic grading 
scale) f.   

x       

5. Knee Physical Examination: 
Visual Examination, Range of 
Motion, Anterior Drawer, Valgus 
Test, Varus Test, Posterior Drawer, 
McMurray’s Test, Balance Test, 
Quadriceps 

x  x x x x x 
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Table 3.2 Data collection procedure (Continued) 
 VS V0a V1 V2 V3 V4 V5 

Day -7 to -1 D0a D2+3 14 + 7 42 + 7 84+10 168+15 

Week    2 6 12 24 
Month     1.5 3 6 

6. Check the inclusion/exclusion 
criteria. 

x x f.     

7. Randomization   x     

8. Recovery status   x x x x x 

9. Pain score x  x x x x x 
10. Time on the timed up-and-go test    x x x x x 
11. Western Ontario and McMaster 
Universities Osteoarthritis Index 
(WOMAC) Assessment 

x  x x x x x 

12. Collect data on the use of 
analgesics or muscle relaxants 

xc  xd x x x x 

13. Use Co-Walk e in rehabilitee 
session 

  xg 

Notes: 

a. V0 or D0 is the time the patient underwent knee surgery.  

b. Weight and height only. 

c. Collect all analgesic or muscle relaxant use within 1 month prior to D0. 

d. Analgesic or muscle relaxant use was collected from the time the surgery was completed until the day of hospital 

discharge. 

e. Only the experimental group was used throughout physical therapy until recovery or until the end of the study. It 

depends on what happened first. 

f. Double check before randomizing. 

g. Use the aid for 15-20 minutes. 

 

 3.2.1 Consent process 
 The protocol of accessment those who will be invited to participate in 

the research in detail, who, where, how, and how to contact, for example, requesting 
letters for requesting data collection from volunteers, for example, requesting letters 
for hospitals, schools, agencies. that the researcher will collect data Including the use 
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of various media such as documents / posters to promote to prevent the bias from 
the research project leader, who may be the patient's physician. Participants will be 
responsible for inviting volunteers, i.e. patients who plan to undergo total knee 
replacement (TKR), to participate in the trial. 

 After the patient was informed of the study program, the study 
participants were provided information about it both verbally and in writing. And are 
willing to participate in research projects. Participants may refer subjects to the 
investigating physician to allow subjects to ask any additional information they may 
obtained before signing the consent form. Nevertheless, if subjects have any additional 
questions that participants may not be able to answer satisfactorily. And the patient 
wants the research lead the doctor to answer the patient's questions. Research 
assistant nurses may refer volunteers to research physicians who may be responsible 
for patient care. If the patient's suspicions are disturbing, the subject will not be 
included in the study without affecting the patient's normal treatment at all. 

 Participation in this research project is voluntary. If you do not 
voluntarily participate in the program, you can opt out and if you do, you can withdraw 
at any time. Withdrawing from the research program will not affect your medical care 
in any way. 
 3.2.2 Collect demographic data (date of birth, sex, weight, height) 

 Date of birth and sex are obtained from the patient's medical record, 
weights are collected in kilograms and height was collected in centimeters. 
 3.2.3 Osteoarthritis Diagnosis 

 Osteoarthritis diagnosis data will be collected, including the date onset 

of symptoms and the date of diagnosis. These data are collected from the information 

in the patient's medical record. and if not inadequately information recorded, data 

were obtained from volunteer interviews. Including the planned date of surgery. This 

data will be collected at the screening appointment interview. 
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3.2.4 Assessment of disease severity with the KL system (Kellgren-
 Lawrence radiographic grading scale) 

 Assessment of disease severity with the KL stage of the pre-screening 
system will be assessed only in patients with osteoarthritis at the screening stage prior 
to total knee replacement. This was obtained from volunteer interviews and recorded 
directly into the questionnaire. 
 3.2.5 Knee Physical Examination 

 The knee will be examined at the appointments listed in the Schedule 
and Clinical Examination Plan in the study above. The information collected during the 
screening period will be defined as basic information. 

 The knee examination is a routine medical procedure that is routinely 
performed in patients with osteoarthritis before or after having already undergone 
surgical treatment protocol as follows: 

 3.2.5.1 Visual Examination 

  1. Characteristics of walking, including 

1) Ability to walk (yes/no). 
2) Having a short stance phase, known as antalgic gait 

(yes/no). 
3) Seeing the patient tilt (yes/no). 

  2. Problems with shortening of the legs not included (yes/no) 

  3. Abnormal redness and swelling of the knee joint (yes/no) 

  4. Deformity of the knee joint such as bending out or twisting in 
     (yes/no) 

 3.2.5.2 Tests of movement or function of the knee joint. 
  The knee mobility test was performed in this study. It is a 

 standard medical examination that is already done on a regular basis. As 
 follows: 

1. Range of motion of joints It examines the ability to fully 
straighten the knee joint according to medical standard method. 

2. Anterior Drawer Test is an examination of the function of the 
anterior cruciate ligament, performed according to medical standards. 
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 3. Posterior Drawer Test is a function check of the posterior 
cruciate ligament which is performed according to standard medical 
procedures. Assessment results and the following information will be collected. 

 4. Valgus Test to assess the overall stability of the knee joint 
while applying weight in a straight knee position at 30 degrees, which will be 
performed according to standard medical procedures. 

 5. Varus Test to assess the overall stability of the knee joint 
while applying weight in straight knee position at 0-degree angle. 

 6. McMurray's Test to find traces of abnormal intervertebral discs. 
 7. Balance Test as information for assessing the risk of falling patients. 
 8. Quadriceps muscle strength to consider muscle force to 

reduce the risk of accidents for patients. 
  3.2.5.3 Randomization 

  Patients will be randomly assigned to the experimental group 
or the control group. On the day the patient is discharged from the hospital 
(before discharge from the hospital) 
  The investigator's doctor or investigator's nurse will randomly 
randomize subjects to the experimental group or control group in a 1:1 ratio 
by opening the envelopes, respectively. 
  Physicians, investigators or nurses, research assistants, or 
physiotherapists cannot predict in advance whether a subject will be allocated 
to a group before the random code envelope is opened. Including using the 
Random Block technique of Block size 6 randomizations. To create a random 
code therefore the researcher does not guess which group the next subject will 
be in the study. Envelopes used are sealed in Opaque Envelopes and do not 
allow more than the number of patients to be randomized. 

  3.2.5.4 Recovery status 
  Recovery status will be assessed by the investigating physician. 
It will assess how the patient condition after surgery at various times. As 
outlined in the table and the clinical assessment plan in the study are: 
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 1. Recovered/resolved – The patient has recovered and able to walk 
 in normal condition. While taking the time up to go test, the volunteer must: 

a. stand on their own without having to support or assistive 
devices. 

b. Walking normally, defined as being able to walk back and 
forth on his own. 

c. No unbearable knee pain. while Time Up and Go testing. 
2. Recovering/resolving – The condition is improving, and the 

 patient is expected to return to normal. 
 3. Not recovered/not resolved – The patient's condition has not 
improved. Time up to go test cannot be performed. 
 4. Fatal – This term is used when a patient has died, although it 
is not related to the instrument used in the study. 
 5. Unknown – This term will only be used if the patient is missing 
from tracing. 

  3.2.5.5 Pain score 
  The researcher's physician or nurse will have the volunteer’s 

assessment with the pain level of the knee that was operated on. By asking the patient 
to look and tell how the pain feels as shown in the picture and will record the pain 
score 0, 2, 4, 6, 8, 10, respectively. in the Figure 3.2. 

 

 
 

Figure 3.2 Pain score chart  
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  3.2.5.6 Time Up and Go test.  

  The patient wears the shoes that the patient normally wears in 
daily life for testing. The test begins with the patient sitting in an armchair. After 
that, have the patient stand up. and walk straight for 3 meters and walk back 
to sit on the chair. 
  The time taken by the patient starts from being instructed to get 
up from the chair - walk back and forth, for a total of 6 meters - back into the 
chair. are recorded in minutes. 
  Patients will be observed while testing: 

a. Patients can get out of the chair on their own. If not, can 
someone help the patient? 

  b. The distance that the patient able to walk is recorded in 
meters, with the closest distance to 0.5 meters being used (0.5,1.0, 1.5, 
2.0, 2.5, 3.0). 
3.2.5.7 Western Ontario and McMaster Universities Osteoarthritis 
 Index (WOMAC) Assessment 

  The research nurses or physicians will ask volunteers questions on 
the Western Ontario and MacMaster University (WOMAC) questionnaire. Answers 
from the volunteers are recorded directly on the study's case record form. 

  3.2.5.8 Collect data on the use of analgesics or muscle relaxants. 
  Data on the use of analgesia used within 30 days prior to total 
knee replacement (TKR) until the last day of study subjects were collected. 

  3.2.5.9 Use Co-Walk e in rehabilitation session. 
  Data on the duration of use of the Co-Walk antigravity support 
during each physical therapy session were collected in minutes. 

 
3.3 Intervention  

The innovative walking support machine (Co-walk) was invented by our staff 
and is shown in Figure 3.3. Co-Walk helps reduce pressure by reducing the weight on 
the lower part of the body (such as the knees and ankles). The mechanism of the Co-
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walk is the air pump piston support system that includes 4 pillars that maintain a 
specific vertical direction only to move up or down. The pillars connect to the patients 
via special canvas pants. The canvas elevates the patient using compressed air 
(propulsion mechanism) delivered from the pillars. When the air is compressed into 
the propulsion mechanism, a large amount of pressure produces the lifting force. The 
result is that the patient is placed in a virtually weightless state that reduces pressure 
and the risk of shocks to the lower limbs during physiotherapy. The physiotherapist or 
the caregiver can enter the desired elevation percentage on the panel to enable the 
device to send suitable air pressure. Instructing the device to start working causes the 
motor to rotate and the compressed air pump to drive when the air delivered to the 
driving mechanism meets the specified limits. Afterward, the patient can begin physical 
therapy by walking or running on a medical treadmill. In case of an accident or 
emergency, a circuit breaker stops the electrical circuit, causing the motor and a 
compressed air pump to stop. Before exercise, each patient enters the machine, and 
the canvas connected with the waist seal is secured to isolate the pelvis and lower 
extremities in the machine. With the patient standing on a standard spring scale (placed 
on the treadmill), the pressure is increased by an air pump to determine the height 
needed to achieve 20% of baseline body weight. Next, the scale is removed. In random 
order, each patient walked for the first minute to 15 minutes at a comfortable walking 
speed of 0.67 m/second (1.5 mph). The Co-walk group participants performed gait 
training using the Co-walk and the total 45 minutes rehabilitation program. The walking 
duration was 15 minutes, taking place once a week for 6 weeks. The control group 
participants performed the usual 45 minutes rehabilitation program once a week for 6 
weeks, as shown in Table 1. Outcomes were measured on admission and at the 2nd, 
6th, 12th, and 24th weeks. 
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Figure 3.3 Co-walk with the treadmill. 

 
3.4 Statistical analysis 

Data are described using the mean (±standard deviation) or median (percentile 
25-percentile 75) for continuous data and frequency (percentage) for categorical data. 
Student’s t-test and the Mann Whitney test were used to compare continuous 
variables between the Co-walk and Non-Co-walk groups, whereas chi-square tests were 
performed for categorical variables. Repeated-measures ANOVA or Friedman’s test was 
used to analyze changes in mean or median scores over 4 or more time points within 
the Co-walk and Non-Co-walk group. A two-tailed p-value<0.05 was considered 
statistically significant for all tests performed. PASW Statistic (SPSS) 18.0 (SPSS, Inc., 
Chicago, IL, USA) was used to perform all statistical analyses. 

 



 
 

CHAPTER IV 
RESULTS AND DISCUSSION

 

This research we randomly divided the patients into two groups using the block 
method. The samples in both groups included knee osteoarthritis patients who 
underwent TKR and were referred to physiotherapy for TKR rehabilitation. Using an 
unpaired t-test with a 2-tailed significant level of 0.05, the study would have 90% 
power to detect a difference between the Co-walk and Non-Co-walk groups. The 
percentage of missing data was set at 7%. The number of participants needed was, 
therefore, 31 in each group. Thus, the minimum number of subjects to be recruited 
was 62 for the study. The control group (31 issues) (non-Co-walk) received the standard 
protocol for rehabilitation. The experimental group (31 subjects) (Co-walk) used the 
walking support machine (Co-walk) in addition to undergoing the standard protocol for 
rehabilitation. 

Research Hypothesis  
 The use of Co-Walk in physiotherapy procedures affects clinical outcomes for 
TKR patients. 

Statistic Hypothesis  
Null Hypothesis 
H0:  The use of the Co-Walk in physical therapy procedures did not affect 

clinical outcomes for TKR patients. 
Alternative Hypothesis  
H1:  The use of Co-Walk in physiotherapy procedures affects clinical 

outcomes for TKR patients. 
Level of Significance 

α = 0.05 
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4.1 Results 
4.1.1 Personal general demographic data. 

 Sixty-two patients with severe OA underwent TKR surgery in this clinical 
trial. This study randomized patients into two groups: the control group, which used 
the standard TKR rehabilitation protocol, as shown in Table 4.1, and the experimental 
group, which used gait training with the Co-walk in addition to 15 minutes of the usual 
45 minutes rehabilitation protocol.  

  The cohort included 11 males (17.74%) and 51 females (82.26%). The 
participants' average age was 67.77 years old, the average height was 154.61 cm, and 
the average BMI was 26.44 kg/m2. The analysis of demographic characteristics revealed 
no significant difference between the two groups of patients, as shown in Table 4.2  

  The results of the clinical trial established a normal distribution of the 
balance score data in both groups. No patients in either group experienced an injury 
during the rehabilitation process, and no surgery failed in either group. 

 

Table 4.1 Baseline data 
Characteristic Total Co-Walk Non-Co-Walk p-value 

Knee 
Left 28 (45.16%) 11 (35.48%) 17 (54.84%) 

0.126 
Right 34(54.84%) 20 (64.52%) 14 (45.16%) 

Sex 
Male 11 (17.74%) 8 (25.81%) 3 (9.68%) 

0.096 
Female 51 (82.26%) 23 (74.19%) 28 (90.32%) 

Length of stay (days) 6.08 ± 2.14 5.84 ± 1.66 6.32 ± 2.55 0.379 
 

Table 4.2 Demographic data 
 group N Mean Std. Deviation p-value 

Age 
Non Co-Walk 31 67.4839 6.95639 

0.747 
Co-Walk 31 68.0645 7.16443 

Weight 
Non Co-Walk 31 62.8161 11.99389 

0.805 
Co-Walk 31 63.5516 11.38973 

Height 
Non Co-Walk 31 154.0323 7.79523 

0.559 
Co-Walk 31 155.1935 7.77783 

BMI 
Non Co-Walk 31 26.5218 4.99551 

0.894 
Co-Walk 31 26.3669 4.10330 
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4.1.2  Range of Motion (ROM) 

  The control group (Non-Co-Walk) and the experimental group (Co-Walk) 

of TKR patients were compared in terms of preoperative and postoperative ROM. The 

ROM of the experimental group (119.84±8.99) was significantly different from that of 

the control group (112.42±15.32) (p=0.024) at 6 weeks, as shown in Figure 4.1. 

 

 

Figure 4.1 Rang of Motion (ROM) between the Control group (Non-Co-Walk)  
and Experimental group (Co-Walk). 
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Table 4.3 Range of Motion data 
 group N Mean Std. Deviation p-value 

ROM_VS 
Non Co-Walk 31 89.6774 20.89400 

1.000 
Co-Walk 31 89.6774 12.44558 

ROM_V1 
Non Co-Walk 31 87.0968 12.70001 

0.296 
Co-Walk 31 90.6452 13.76844 

ROM_V2 
Non Co-Walk 31 97.5806 17.21777 

0.135 
Co-Walk 31 103.3871 12.60867 

ROM_V3 
Non Co-Walk 31 109.5161 15.83008 

0.327 
Co-Walk 31 113.0000 11.57584 

ROM_V4 
Non Co-Walk 31 112.4194 15.32269 

0.024* 
Co-Walk 31 119.8387 8.98924 

ROM_V5 
Non Co-Walk 31 121.2903 11.68815 

0.245 
Co-Walk 31 124.2903 8.10018 

* p-value in the table is obtain significantly different. 

 

4.1.3 The Western Ontario and McMaster Universities Osteoarthritis Index  
  (WOMAC) questionnaire 

 The WOMAC scores for the pain of the experimental group (13.29±5.49) 
and 7 control group (22.52±5.47) were significantly different (p<0.005) at 2 weeks, 6 
weeks, and 3 months. The WOMAC movement scores of the experimental group 
(36.10±13.78) and control group (63.52±12.71) were significantly different (p<0.001) at 
2 weeks, 6 weeks, 3 months, and 6 months. The WOMAC scores for stiffness of the 
experimental group (6.03±3.62) and control group (10.16±3.42) were significantly 
different (p<0.001) at 2 weeks. as shown in Figure 4.2.
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Figure 4.2 Western Ontario and McMaster University index (WOMAC) pain (A), movement (B), 

and stiffness (C) between the Control group (Non-Co-Walk) and Experimental group (Co-Walk). 
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Table 4.4 The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) data 
 group N Mean Std. Deviation p-value 

WOMAC_pain_vs 
Non Co-Walk 31 30.8710 9.70822 

0.526 
Co-Walk 31 29.2258 10.57894 

WOMAC_pain_v2 
Non Co-Walk 31 22.5161 5.47035 

0.000* 
Co-Walk 31 13.2903 5.49056 

WOMAC_pain_v3 
Non Co-Walk 31 14.8710 7.73193 

0.023* 
Co-Walk 31 10.8387 5.74512 

WOMAC_pain_v4 
Non Co-Walk 31 13.7419 9.01838 

0.008* 
Co-Walk 31 8.0000 7.45654 

WOMAC_pain_v5 
Non Co-Walk 31 8.0968 5.20484 

0.380 
Co-Walk 31 6.7419 6.74768 

WOMAC_move_vs 
Non Co-Walk 31 94.4516 26.95779 

0.948 
Co-Walk 31 94.8710 23.04162 

WOMAC_move_v2 
Non Co-Walk 31 63.5161 12.71186 

0.000* 
Co-Walk 31 36.0968 13.77765 

WOMAC_move_v3 
Non Co-Walk 31 50.3871 11.57779 

0.000* 
Co-Walk 31 33.0000 15.25560 

WOMAC_move_v4 
Non Co-Walk 31 39.9677 16.86907 

0.000* 
Co-Walk 31 20.8387 18.29043 

WOMAC_move_v5 
Non Co-Walk 31 27.6452 10.79675 

0.000* 
Co-Walk 31 13.3871 17.09128 

WOMAC_stiff_vs 
Non Co-Walk 31 12.5484 5.09797 

0.843 
Co-Walk 31 12.3226 3.70033 

WOMAC_stiff_v2 
Non Co-Walk 31 10.1613 3.41659 

0.000* 
Co-Walk 31 6.0323 3.61924 

WOMAC_stiff_v3 
Non Co-Walk 31 6.8065 3.36075 

0.057* 
Co-Walk 31 5.2903 2.77120 

WOMAC_stiff_v4 
Non Co-Walk 31 5.7419 4.08222 

0.145 
Co-Walk 31 4.3871 3.07330 

WOMAC_stiff_v5 
Non Co-Walk 31 3.4516 3.32504 

0.934 
Co-Walk 31 3.3871 2.77702 

* p-value in the table is obtain significantly different. 
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4.1.4 Time up and go (TUG) 
 The TUG scores of the experimental group (18.10±6.45) and those of 

the control group (41.92±15.62) were significantly different (p<0.001) at 2 weeks, 6 
weeks, and 3 months, as shown in Figure 4.3. 
 

Table 4.5 Time up and go data 
 group N Mean Std. Deviation p-value 

TUG_v1 
Non Co-Walk 31 68.0306 18.06929 

0.394 
Co-Walk 31 71.8232 16.64641 

TUG_v2 
Non Co-Walk 31 41.9194 15.62058 

0.000* 
Co-Walk 31 18.1006 6.45097 

TUG_v3 
Non Co-Walk 31 22.9448 12.66623 

0.000* 
Co-Walk 31 13.2294 3.32085 

TUG_v4 
Non Co-Walk 31 16.4703 9.10267 

0.008* 
Co-Walk 31 11.6903 2.52385 

TUG_v5 
Non Co-Walk 31 12.7645 6.29226 

0.153 
Co-Walk 31 11.0416 1.87417 

* p-value in the table is obtain significantly different. 
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Figure 4.3 Time Up and Go (TUG) between the Control group (Non-Co-Walk) and 
Experimental group (Co-Walk). 

 
4.1.5 Balance of the patients 

 Weight-Bearing on the left and right was not significantly different in the 
experimental group. The experimental group showed significant improvement in 
postural control in position (Left 16 [8.5(6.5-14.0)] and Right 11[10.0(3.0-24.0)]) when 
compared with that of the control group (Left 6[14.0(14.0-17.0)] and Right 22[24.0(13.0-
30.0)] (p=0.024), (p=0.019)) at 2 weeks, 6 weeks, 3 months, and 6 months. However, 
the anterior and posterior positions were not significantly different, as shown in Figure 4.4.  
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Figure 4.4 Weight-Bearing Left (A) and Right (B) between the Control group         

(Non-Co-Walk) and Experimental group (Co-Walk). 
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Table 4.6 Weight bearing Balance data 
 group N Mean Std. Deviation p-value 

Weight_Rt_V1 
Non Co-Walk 31 50.8710 15.99113 

0.535 
Co-Walk 31 48.7419 10.19793 

Weight_Lt_V1 
Non Co-Walk 31 49.1290 15.99113 

0.535 
Co-Walk 31 51.2581 10.25985 

Weight_Rt_V2 
Non Co-Walk 31 50.6774 10.55584 

0.958 
Co-Walk 31 50.5484 8.68654 

Weight_Lt_V2 
Non Co-Walk 31 49.3226 10.55584 

0.927 
Co-Walk 31 49.5484 8.59395 

Weight_Rt_V3 
Non Co-Walk 31 50.2581 6.51136 

0.827 
Co-Walk 31 49.9355 4.91213 

Weight_Lt_V3 
Non Co-Walk 31 49.7419 6.51136 

0.843 
Co-Walk 31 50.0323 4.89547 

Weight_Rt_V4 
Non Co-Walk 31 50.0323 5.21206 

0.930 
Co-Walk 31 50.1290 3.13839 

Weight_Lt_V4 
Non Co-Walk 31 49.9677 5.21206 

0.976 
Co-Walk 31 49.9355 3.09769 

Weight_Rt_V5 
Non Co-Walk 31 50.0645 3.09769 

0.812 
Co-Walk 31 50.2258 2.14024 

Weight_Lt_V5 
Non Co-Walk 31 49.9355 3.09769 

0.776 
Co-Walk 31 49.7419 2.15975 

* p-value in the table is obtain significantly different. 

 
4.2 Discussion 

In this study, was investigated the postoperative clinical outcomes of TKR 
patients using Co-walk. Variables measured during the study included ROM, the TUG, 
the WOMAC, weight-bearing balance, postural control, and LOS. it found no significant 
differences on a postoperative day 1 or postoperative day 2; but 2 weeks after surgery, 
found that the experimental group demonstrated significantly decreased time on the 
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TUG test. 2 weeks after the operation; we compared preoperative and postoperative 
WOMAC scores. Scores decreased in all 3 domains (pain, movement, and stiffness) and 
were significantly different at 2 weeks, 6 weeks, and 12 weeks. Moreover, subjects who 
used Co-walk after surgery showed improved knee function and improved walking 
performance at admission and 2 weeks compared with those who used the standard 
rehabilitation protocol. In addition, no adverse events occurred during the research. 
The results of this study were consistent with Wiliam D. et al. (William, Shantanu Patil, 
Nikolai Steklov,. Bugbee, 2013), who used the AlterG Anti-Gravity Treadmill in male and 
female subjects with mean ages of 66.5 years and 66.9 years, respectively, after 
posttraumatic, postmenopausal total knee arthroplasty (TKA). The study found that 
pain was reduced and knee function improved after surgery. Ahmed AR et al. (AR 
Ahmed, Abd- Elkader SM and Al-Obathani KS. , 2010) studied a 6-week postoperative 
exercise program for patients following TKA; however, the study period was not long 
enough to restore walking abilities to their pre-surgery values. A longer period of 
rehabilitation is needed to improve the quality of the patient gait. Heike A. Bischoff 
and colleagues (A Heike.  Bischoff, Hannes B.  Stähelin, Andreas U.  Monsch, Maura D. 
Iversen, Antje Weyh, Margot von Dechend, Regula Akos, Martin Conzelmann, Walter 
Dick, Robert Theiler, 2003) studied the cut-off time of the TUG test in community-
dwelling and elderly women. They found that community-dwelling elderly women 
between 65 and 85 should be able to perform the timed up-and-go test in 12 seconds 
or less. We found that using Co-Walk after surgery can improve gait ability. Patients 
who used Co-Walk could walk faster, as measured by the TUG test (11.69 seconds), 
than patients who underwent normal rehabilitation after 6 weeks. Further study over 
a long-term period should be conducted.
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CHAPTER V 
CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion 
The results of this study demonstrate that the inclusion of the Co-walk device 

in the rehabilitation process following total knee replacement (TKR) surgery can lead 
to significant improvements in patients' clinical outcomes. Notably, the patients who 
underwent Co-walk training experienced reduced pain levels, improved range of 
motion in the knee joint, and increased balance and confidence while walking. These 
positive effects were observed consistently over multiple follow-up intervals, spanning 
from 2 weeks to 6 months after the surgery. Additionally, utilizing the Co-walk device 
resulted in a decreased length of hospital stay for the patients. 

These findings present strong evidence in favor of incorporating the Co-walk 
into the standard rehabilitation protocols for TKR patients. By augmenting the recovery 
process and enhancing clinical outcomes, the Co-walk can be a valuable addition to 
the existing treatment methods for individuals who have undergone TKR surgery. This 
research underscores the potential of the Co-walk as an effective aid in accelerating 
patients' recuperation and overall improvement in their post-surgery condition. 

In conclusion, the study supports the efficacy of using the Co-walk walking 
support machine as a complementary approach to traditional rehabilitation methods 
for TKR patients. It highlights the device's ability to bring about positive changes in pain 
levels, knee joint mobility, balance, and walking confidence. The Co-walk's inclusion 
in the rehabilitation process may offer significant benefits in terms of improved patient 
recovery and reduced hospital stay. Further research and implementation of the Co-
walk in clinical settings could enhance post-TKR rehabilitation outcomes and 
ultimately enhance the quality of life for patients. 
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5.2 Recommendation  
Based on the findings of this study, the following recommendations are made: 
The use of Co-walk should be considered as an adjunct to standard 

rehabilitation protocols for patients who have undergone TKR. Incorporating Co-walk 
training into post-TKR rehabilitation may lead to improved clinical outcomes and faster 
recovery. 

More extensive research is needed to confirm the long-term benefits of using 
Co-walk in patients who have undergone TKR. Longitudinal studies with larger sample 
sizes are essential to establish the sustained effectiveness of Co-walk over an extended 
period. 

Further research is required to investigate the effects of Co-walk on other 
important clinical outcomes, such as pain management, functional capacity, and 
overall quality of life. Understanding the broader impact of Co-walk on these aspects 
will provide a more comprehensive assessment of its potential benefits.  

 
5.3 future directions  

The findings of this study underscore the importance of exploring Co-walk 
further through future research efforts: 

Long-term follow-up: Longitudinal studies with extended follow-up periods 
are needed to ascertain the sustained benefits of Co-walk over time. 

Comparative studies: Comparative studies with larger and more diverse 
patient populations can offer additional insights into the effectiveness of Co-walk 
compared to other rehabilitation approaches. 

Quality of life assessments: Future research should include comprehensive 
assessments of patients' quality of life, including aspects beyond clinical measures, to 
understand the holistic impact of Co-walk on post-TKR patients. 

By addressing these recommendations and future research directions, 
healthcare professionals can better understand the potential benefits and limitations 
of integrating Co-walk into post-TKR rehabilitation practices, leading to improved 
patient care and outcomes.

 



 
 

REFERENCES
 

Adel R Ahmed, S. M. A. -E., Khalid S Al-Obathani. (2010). Effect of a 6 -week 
rehabilitation program on gait parameters after total knee arthroplasty. Saudi 
medical journal, 31(9), 1032-1035.  

Allvin, R., Berg, K., Idvall, E., & Nilsson, U. (2007). Postoperative recovery: a concept 
analysis. J Adv Nurs, 57(5), 552-558. doi:10.1111/j.1365-2648.2006.04156.x 

Anna-Maija Kauppila, E. K. n., Pasi Ohtonen , Martti Ha¨ ma¨ la¨ inen, Paula Mikkonen, 
Vesa Laine, Pertti Siira, Paula Ma¨ ki -Heikkila¨, Juhana Leppilahti, Jari PA 
Arokosk. (2010). Mult idiscipl inary rehabil itat ion after primary total 
kneearthroplasty: a randomized controlled study of itseffects on functional 
capacity and quality of life. Clinical Rehabilitation, 24, 398-411.  

Block JE, W. S., Meridith LM and Sheppard MS. (1999). Total knee arthroplasty: the 
effect of early discharge on outcome at 6–8 weeks postoperative. Physiother 
Can, 51, 45-51.  

Carola Cademartiri, G. S. (2014). Total knee replacement. Postacute phase in 
rehabilitation:objectives and strategies in postacute treatment. ACTA BIO 
MEDICA ATENEO PARMENSE, 75, 56-62.  

Christiansen, C. L., Bade, M. J., Davidson, B. S., Dayton, M. R., & Stevens -Lapsley, J. E. 
(2015). Effects of Weight-Bearing Biofeedback Training on Functional Movement 
Patterns Following Total Knee Arthroplasty: A Randomized Controlled Trial. J 
Orthop Sports Phys Ther, 45(9), 647-655. doi:10.2519/jospt.2015.5593 

Christopher M. Callahan, M. B. G. D., RPh, MBA; David A. Heck, MD; Robert S. Dittus, 
MD, MPH. (1994). Patient Outcomes Following Tricompartmental Total Knee 
Replacement. JAMA, 271(17), 1349-1357.  

Frost, H., Lamb, S. E., & Robertson, S. (2002). A randomized controlled trial of exercise 
to improve mobility and function after elective knee arthroplasty. Feasibility, 
results and methodological difficulties. Clin Rehabil, 16 (2), 200-209. 
doi:10.1191/0269215502cr483oa 

 



38 

Gstoettner, M., Raschner, C., Dirnberger, E., Leimser, H., & Krismer, M. (2011). 
Preoperative proprioceptive training in patients with total knee arthroplasty. 
Knee, 18(4), 265-270. doi:10.1016/j.knee.2010.05.012 

Hatfield, G. L., Morrison, A., Wenman, M., Hammond, C. A., & Hunt, M. A. (2016). 
Clinical Tests of Standing Balance in the Knee Osteoarthritis Population: 
Systematic Review and Meta -analys is .  Phys Ther ,  96 (3) ,  324-337. 
doi:10.2522/ptj.20150025 

Jogi, P., Overend, T. J., Spaulding, S. J., Zecevic, A., & Kramer, J. F. (2015). Effectiveness 
of balance exercises in the acute post-operative phase following total hip and 
knee arthroplasty: A randomized cl inical tr ial .  SAGE Open Med, 3 , 
2050312115570769. doi:10.1177/2050312115570769 

Liao, C. D., Liou, T. H., Huang, Y. Y., & Huang, Y. C. (2013). Effects of balance training 
on functional outcome after total knee replacement in patients with knee 
osteoarthritis: a randomized controlled trial. Clin Rehabil, 27(8), 697-709. 
doi:10.1177/0269215513476722 

Michael C. Munin, M. T. E. R., PhD; Nancy W. Glynn, PhD; Lawrence S. Crossett, MD; 
Harry E. Rubash, MD. (2015). Early Inpatient Rehabilitation After Elective Hip 
and Knee Arthroplasty. JAMA.  

Minns Lowe, C. J., Barker, K. L., Dewey, M., & Sackley, C. M. (2007). Effectiveness of 
physiotherapy exercise after knee arthroplasty for osteoarthritis: systematic 
review and meta-analysis of randomised controlled trials. BMJ, 335(7624), 812. 
doi:10.1136/bmj.39311.460093.BE 

Moutzouri, M., Gleeson, N., Billis, E., Tsepis, E., Panoutsopoulou, I., & Gliatis, J. (2017). 
The effect of total knee arthroplasty on patients' balance and incidence of 
falls: a systematic review. Knee Surg Sports Traumatol Arthrosc, 25(11), 3439-
3451. doi:10.1007/s00167-016-4355-z 

Mutsuzaki, H., & , R. T., Yuki Mataki , and Yasuyoshi Wadano. (2017). Target range of 
motion for rehabilitation after total knee arthroplasty. The Japanese 
Association of Rural Medicine, 1, 33–37.  

 



39 

Myles, P. S., Weitkamp, B., Jones, K., Melick, J., & Hensen, S. (2000). Validity and 
reliability of a postoperative quality of recovery score: the QoR -40. Br J 
Anaesth, 84(1), 11-15. doi:10.1093/oxfordjournals.bja.a013366 

Odum, S. M., Fehring, T. K., & Knee Society Crosswalk Writing, G. (2017). Can Original 
Knee Society Scores Be Used to Estimate New 2011 Knee Society Scores? Clin 
Orthop Relat Res, 475(1), 160-167. doi:10.1007/s11999-016-4886-0 

Reilly, K. A., Beard, D. J., Barker, K. L., Dodd, C. A., Price, A. J., & Murray, D. W. (2005). 
Efficacy of an accelerated recovery protocol for Oxford unicompartmental 
knee arthroplasty--a randomised controlled trial. Knee, 12(5), 351-357. 
doi:10.1016/j.knee.2005.01.002 

Schneider, M., Kawahara, I., Ballantyne, G., McAuley, C., Macgregor, K., Garvie, R., . . . 
Breusch, S. J. (2009). Predictive factors influencing fast track rehabilitation 
following primary total hip and knee arthroplasty. Arch Orthop Trauma Surg, 
129(12), 1585-1591. doi:10.1007/s00402-009-0825-9 

Schwartz, I., Kandel, L., Sajina, A., Litinezki, D., Herman, A., & Mattan, Y. (2012). Balance 
is an important predictive factor for quality of life and function after primary 
total knee replacement. J Bone Joint Surg Br, 94(6), 782-786. doi:10.1302/0301-
620x.94b6.27874 

Sue Palmer Hill, J. F. a. E. J. P. C. (2000). Early discharge following total knee 
replacement – a trial of patient satisfaction and outcomes using an 
orthopaedic outreach team. journal of Orthopaedic Nursing, 4, 121-126.  

Yuksel, E., Kalkan, S., Cekmece, S., Unver, B., & Karatosun, V. (2017). Assessing Minimal 
Detectable Changes and Test-Retest Reliability of the Timed Up and Go Test 
and the 2-Minute Walk Test in Patients With Total Knee Arthroplasty. J 
Arthroplasty, 32(2), 426-430. doi:10.1016/j.arth.2016.07.031 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 
CASE RECORD FORM (CRF) 

 

 

 



41 
 



42 
 



43 
 



44 
 



45 
 



46 
 



47 
 



48 
 



49 
 



50 
 



51 
 



52 
 



53 
 



54 
 



55 
 



56 
 



57 
 



58 
 



59 
 



60 
 



61 
 



62 
 



63 
 



64 
 



65 
 



66 
 



67 
 



68 
 



 
 

 

 

 
 
 
 
 
 
 
 

APPENDIX B 
THAI CLINICAL TRIALS REGISTRY 

 

  

 



70 
 



71 
 



72 
 



73 

 

 



 
 

 
 
 
 
 

APPENDIX C 
LIST OF PUBLICATION

 



75 
 

 



76 
 



77 
 



78 
 



79 
 



80 
 



81 
 



82 
 



83 
 



84 
 



 
 

BIOGRAPHY 
  

 Miss Siripen Rattanasomboonchai was born on Thursday August 29th, 1996, in 
Chaiyaphum. She completed her primary education at Sathya Sai School, Chai Badan 
District, Lopburi Province in 2007. She went to Satrichaiyaphum School, Chaiyaphum 
Province for secondary education and she completed her high school education in 
2013. Miss Siripen went to higher education at Suranaree University of Technology, 
she earned a bachelor's degree in ceramic engineering in 2017. 

After completing her bachelor's degree studies. She continued her education 
at the same university to pursue a master's degree in biomedical innovation 
engineering. She received a scholarship from the External Grants and Scholarships for 
Graduate Students (One Research One Graduate: OROG), which was an external source 
of research funding for her studies. Her research focused on “RANDOMIZED, DOUBLE-
BLIND, CONTROL TRIAL STUDY TO COMPARE THE EFFICACY OF CLINICAL OUTCOMES 
OF USING AND NON-USING WALKING SUPPORT MACHINE TRAINING AFTER TOTAL KNEE 
REPLACEMENT”. 

 


	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Reference
	Appendix
	Biography

