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Objective: Although total knee replacement (TKR) techniques and implants are well-developed 
and the outcomes are usually satisfactory patient-centered care for patients undergoing TKR 
is still challenging. We aimed at identifying the favorable prognostic factors after physical 
rehabilitation in patients following TKR.
Methods: A total of 158 patients undergoing TKR were assessed with the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC). The parameters for analysis after post-
TKR and rehabilitation included sex, age, body-mass index (BMI), site of operation, education, 
occupation, and prosthesis used. Scoring was evaluated preoperatively and at postoperative three 
months. Preoperative design of a rehabilitation exercise program enabled immediate postsurgical 
physical training. Participation in components of the rehabilitation exercise program was 
encouraged during both the hospital stay and at home.
Results:
experienced improvements after TKR (p < 0.001). The total score decreased to 8.1 ± 4.9 from 
55.8 ± 10.4 (p < 0.001) after the operation. The scores of all variates, except the prosthesis and 
site of knee, decreased by over 80%. Pain and function scores did not worsen after the operation. 

80%, were observed for the variables of age, BMI, education, and occupation for pain scores, 
and for site of knee for function scores. The ratio to reach a decreased score was lower for those 

Conclusions:
after TKR. Improvement after TKR was satisfactory and early rehabilitation is encouraged, 
regardless of prognostic factors.
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Materials and Methods

Introduction

The population of Taiwan is rapidly aging,

1 highlighting an increasing 
need for long-term care including programs 
for preventing and delaying age-related physi-
cal and cognitive disabilities. Disability of the 
knee joint due to degenerative osteoarthritis 
(OA), which limits movement in daily life and 
is a major issue for the elderly,  is a common 
indication for total knee replacement (TKR) in 
the elderly.4,5 Previous studied reported consid-
erable post-TKR improvements in joint pain, 
walking ability, and quality of life that could 
persist for years.5,6 However, since chronic 
joint diseases that have existed for decades 
before surgery do not spontaneously resolve 
after TKR,7,8 some functional limitations 
persist after TKR. Although intensive exercise 
programs could overcome such limitations, 
they are not well-tolerated by many patients 
until at least two months after surgery.7,9 Exer-
cise therapy could be a simple solution to 
persistent mobility limitations for enhancing 
TKR outcomes.9

The Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) is 
commonly used to assess patients with OA of 

-
ing pain, stiffness, and physical function sub-
scales.10 WOMAC is a disease-specific and 
purpose-oriented tool for evaluative research 
in OA clinical trials. It can be used to monitor 
the course of the disease or determine the ef-
fectiveness of medical or surgical therapy. The 
index also assesses patients’ daily physical, 
social, and emotional functions. 

TKR is a common surgical procedure for 
relieving pain and disability caused by arthritis, 
most commonly OA. Generally, the surgery 
consists of replacing diseased or damaged joint 
surfaces of the knee with metal and plastic 
components designed to allow continued 

motion of the knee. Although the techniques 
and implants of TKR are well-developed with 
generally satisfactory outcomes, providing 
standardized and patient-centered care remains 
a challenge to clinicians. Hence, we aimed at 
identifying the favorable prognostic factors 
after physical rehabilitation among patients un-
dergoing TKR.

included sex, age, body mass index (BMI), site 
of operation, education, occupation, and pros-
thesis used. Adult patients (> 18 years old) who 
have been diagnosed by a physician as having 
arthritis of the knee (OA, rheumatic arthritis, or 
post-traumatic arthritis) undergoing TKR treat-
ment were eligible for the current study. The 
exclusion criteria were multiple comorbidities 
such as poorly controlled diabetes (HbA1c 
> 7.0), ongoing infection (e.g., symptomatic
urinary tract infection), history of previous
osteomyelitis and/or deep knee infection, and
revision surgeries. Patients who were unwilling
to join, those failed to follow instructions given
by the staff, and those with physical condi-
tions including incidental diagnosis of cancer,
coronary artery disease, pneumonia, or stroke
as well as those required a change in ortho-
pedic treatment protocol were also excluded.
After discharge from the hospital, all patients
were given instructions on self-exercise by a
designated case coordinator as a standard treat-
ment protocol after TKR.

The WOMAC is the sum of the subscores 

point Likert scale (none, mild, moderate, 
severe, and extreme, respectively).10 The index 
can be reported as a total score or separately 
on three subscales that assess pain, physical 
function, and stiffness. The numbers of ques-
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-

giving a total score ranging from 0 to 96. The 
scoring was evaluated preoperatively and at 
postoperative three months. and education on 
self-exercise was given by the case manager 
according to the program of our hospital.

Preoperative consultation with a rehabili-
tation physician to design a suitable postopera-
tive rehabilitation program allowed immedi-
ate implementation of physical training after 
surgery. Rehabilitation participatory exercise 
components may encourage regular exercise 
more effectively under the program for TKR 
patients during their hospital stay or at home. 
The commencement of rehabilitation on the op-
erative day improves patient outcomes and de-
creases the duration of stay and pain. Protected 
weight bearing using crutches or a walker is 
required until the quadriceps muscle heals 
and recovers its strength. Continuous passive 
motion is commonly used postoperatively for 
range-of-motion exercises. In our study, we 
checked the pain score regularly before and 
after each rehabilitation program and provided 
adequate medications according to the patients’ 
conditions for better pain control. This can 
improve the effectiveness and satisfaction of 
rehabilitation. All patients received a detailed 
education on pain management after hospital 
admission. Patients were encouraged to request 
adequate pain control after the procedure. The 
case manager followed up on the patients by 
telephone at three days, two weeks, one month, 
and three months after discharge. The first 
follow-up involved the orthopedic and reha-
bilitation departments at the outpatient ward 
one week after discharge. The conditions of 
the patients were comprehensively evaluated 
during each appointment at the outpatient ward, 
including assessment of wound healing, mental 
status, range of motion, walking ability, and 
pain score. The standardized transdisciplinary 
model was applied to improve rehabilitation 
quality after TKR surgery. The test procedures 

in this study were reviewed and approved by 
the Human Test Ethics Committee of E-Da 
Hospital (Case No. EMRP-109-149).

The independent t
and logistic regression were performed using 
a statistical software program (SPSS, version 

P-values less than 

Results

The reduction in WOMAC scores clearly 
indicate postoperative improvements in pain, 
physical function, and stiffness (Table 1). 

-
creased (p < 0.001) for all variates, indicating 
considerable patient improvement. The total 
score decreased to 8.1 ± 4.9 from 55.8 ± 10.4 
(p < 0.001) after the operation. Those who 
experienced changes in their functional perfor-
mance were also more likely to have a reduced 
WOMAC score.

For scores that decreased by over 80% 

-
ables under investigation, except for the type 

The pain score decreased by over 80% in 110 

was covered by national insurance, and in all 
30 patients who self-paid for more advanced 
prostheses (p
For physical function, the score decreased by 

left knee (p < 0.009). No patient experienced 
worse pain and function after the operation, but 

General improvement in terms of the 
odds ratio for an over 80% reduction in the 
WOMAC score varied significantly with age, 
BMI, education, and occupation in the pain 
category, and site of knee under the function 
category (Table 3). The odds ratio of obtain-
ing a lower score was lesser for those aged 
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80 years or above and those who had a BMI 
-

tion or office workers had higher chances of 
improvement. On the contrary, the ratio of the 
prosthesis type was not significant. Stiffness 
did not improve in 18 patients, and worsened 
in six patients with postoperative type 1 stiff-
ness (morning stiffness), and in two patients 

as shown in Table 4.

Discussion

OA patients are typically burdened with 
disability and reduced quality of life with an 
increased mortality.  Although TKR is the best 
choice to treat disability of the knee joint, the 

rehabilitation and exercise.6,11 Previous studies 
have demonstrated that operative and exercise 
programs can enhance patient outcomes 
through improving self-efficacy and self-
reliance as well as reducing helplessness and 
disability.
confidence in the ability to perform certain 
health activities.14 For patients with joint pain, 
exercise is perceived to be a burdensome and 

The quality of life usually depends on many 
physical, behavioral, and social factors that are 
not included in the functional outcome scores. 

factors, surgical skills, and post-TKR rehabili-

TKR in patients who returned to work and in 
those who chose to stay at home.3 Preoperative 
education may be effective for lowering the 
risk of undesirable effects in certain patients, 
including those with depression, anxiety, or un-
realistic expectations, who may achieve better 
outcomes as a result of preoperative education 
that suits their physical, psychological, and 
social needs.15,16 Therefore, the improvements 

as level of personal education (recognition of 

disease) and profession (time to exercise), and 
for patients with different levels of pain and 
physical function.

A previous study has demonstrated that 
the WOMAC score of patients after receiv-
ing TKR who experienced improvements (n 

p = 
p < 0.001).17 Preopera-

tive measures that were predictors of improve-
ment included higher WOMAC disability (OR 
= 1.08, p < 0.001), presence of chronic OA 
symptoms in the surgical knee (OR = 5.77, p 
= 0.033), absence of OA-related symptoms in 

p < 0.001), 
and exposure to frequent knee bending (OR 
= 3.46, p = 0.040).17 A comparison study of 
improved and unimproved patients also found 
higher preoperative WOMAC pain scores 

p
p

p < 0.0001) subscale scores, and recognized 
a minimal importance difference.17,18 After 
subgroup analysis, patients with improvement 
were more likely to have higher OA pain and 
disability prior to surgery than the unimproved 
patients. In our study, 7 patients (4.4%) aged 
over 80 years and 11 patients (7.0%) whose 
left knees were operated on did not experience 
improvement in terms of their total WOMAC 
scores. Physical therapeutic exercise, commu-
nity-based group exercise, and usual care as 

Results
Total

n % n % n %

No change 
(score = 0) 18 7 53.8 11 84.6

Worsened 8 30.8 6 15.4

Table 4.  
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a control arm were evaluated with WOMAC 
scoring after TKR.13 Performance-based tests 
demonstrated greater improvement in the 
physical therapy group compared to both the 

(98.3% CI, 0.1 – 0.4) groups, and in the com-
munity group compared to the control group 
(98.3% CI, 0.0 – 0.3). Therefore, various 
factors associated with older age and a BMI 

-
ferent strategies in our clinical practices.7

Concerning the outcome factors, obesity 
may be a risk factor. Participants with a higher 
BMI had worse preoperative WOMAC, pain, 
and function scores, and experienced greater 
improvement from baseline to three months. 
The mean changes in pain and function 

months were similar across all BMI groups.19 

were less likely to experience improvement. 
Body fat percentage should be considered when 
predicting clinical and functional outcomes at 
two years following TKR instead of BMI.  
Body fat percentage may help surgeons with 
risk stratifications to predict patient-reported 
functional outcomes, and to better educate 
obese patients about postoperative expectations 
prior to undergoing elective total joint replace-

after TKR when compared to their preopera-
tive score.  There was improvement in the 
pain and function subscales in our patients, but 
not stiffness. We speculate that this was due 
to the poor WOMAC function scores of some 

significant associations between function and 

reported after TKR but is not associated with 
worse reported patient outcomes.  Further-
more, the current study showed that Asian TKR 
patients with significantly worse preoperative 
scores had postoperative outcomes comparable 

to their North American counterparts. The 
higher preoperative functional deficit and the 
higher pain levels in the Asian population may 

factors, which leads to the presentation of more 
severe conditions during preoperative consulta-
tion for potential surgical treatment in Asian 
patients compared to those in North America.  
Gender does not clinically influence the 
WOMAC score one year after TKR. However, 
satisfaction with pain relief after TKR was 
significantly less in female patients.  There 
was little evidence to suggest a difference in 
outcomes according to glycemic control. The 
associations between diabetes and worse post-
operative outcomes in patients undergoing 
TKR for OA appear to be predominantly due to 
associated obesity and comorbidities.

Conclusion

Preoperative education and early postop-
erative exercise are strongly encouraged where 
possible, and exercise is expected to be more 
effective after TKR. Based on the primary 
outcome, participation in late-stage exercise 

usual care.13 Besides, not only may bias arise 
from variations in the rehabilitative setting (i.e., 
under one-on-one instructions, community-
based training, self practice) but it could  also 
vary with individual differences in the ability 
of concentration as well as the intensity and 
amount of exercises. Improvement after TKR 
was satisfactory and early rehabilitation is en-
couraged, regardless of outcome variates.
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