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Abstract: This multi-center, single-blinded, randomized controlled study assessed the efficacy of
phased exercise rehabilitation programs in patients who underwent a total knee arthroplasty (TKA)
and investigated suitable exercise types, intensities, and frequencies for patients undergoing
postoperative rehabilitation. Between January and March 2018, 494 patients who had undergone
TKA were treated at two medical centers. Patients were randomized and allocated to the
rehabilitation group (n=330) or the control group (n=164; treated with postoperative care). The 100mm Visual Analogue Scale (VAS), Western Ontario and McMaster Universities Arthritis Index
(WOMAC), range of motion, and Short-Form 36 (SF-36) scores were assessed and compared
between the two groups. The average WOMAC score was 84.40±15.20 in the rehabilitation group
and 108.30±3.90 in the control group (p=0.009). The mean VAS score was 2.54±0.16 in the
rehabilitation group and 2.87±0.31 in the control group (p=0.024). Furthermore, the range of motion
was 125.02±6.20 in the rehabilitation group and 116.40±1.40 in the control group (p=0.017). The mean
SF-36 score was 105.40±21.50 in the rehabilitation group and 83.70±5.01 in the control group
(p=0.043). This study suggests that the phase rehabilitation program could be more effective at
improving pain, knee function, and quality of life than condition postoperative care after TKA.
Keywords: total knee arthroplasty; rehabilitation program; knee osteoarthritis; exercise
rehabilitation; postoperative care

1. Introduction
Osteoarthritis is a chronic degenerative disease of the cartilage that mostly occurs in the knee
joint [1]. The China Health and Retirement Survey reported that 8.1% of patients were diagnosed
with knee osteoarthritis in 2015 [2], and that knee osteoarthritis is a common cause of knee pain and
disability among middle-aged and older Chinese adults.
In general, treatment for patients with knee osteoarthritis focuses on relieving pain and
improving daily knee function and movements. During the last decade, total knee arthroplasty (TKA)
became the gold standard treatment for end-stage knee osteoarthritis [3], and most patients
experienced successful long-term postoperative outcomes, reduced pain, and improvement in daily
movement. Between 2003 and 2012, the incidence of TKA increased from 145.4 to 223.0 per 100,000
people in Australia [4]. Over 700,000 TKAs are performed each year in America to alleviate the pain
and disabilities associated with knee osteoarthritis [5].
However, postoperative adverse events, including weakened quadriceps strength, decreased
walking distance, and decreased stair climbing speed, are most common in patients who have
undergone TKA [6]. Most guidelines suggest that physical rehabilitation after TKA is essential to
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improve functional outcomes and allow patients to safely return to daily activities [7,8]. However,
current rehabilitation programs are controversial; the exercise types, intensities, frequencies, and
timing of exercises are unclear, and there is no high-quality data to suggest that such programs are
effective at improving short- and long-term outcomes [9].
Therefore, we aimed to assess the efficacy of phased rehabilitation programs in patients who
have undergone TKA and to investigate suitable exercise types, intensities, and frequencies for
patients undergoing postoperative rehabilitation. We found that phased rehabilitation programs
were more effective than condition postoperative care to improve pain, knee function, and quality of
life after TKA.
2. Materials and Methods
2.1. Patient selection and ethical considerations
This single-blinded multi-center, randomized controlled trial was approved by The Second
Hospital of Hebei Medical University Ethics Committee (Registration No. 20180211) and the Chongqing
Medical University Ethics Committee (Registration No. CMUE20180321), and also was registered at the
Chinese Clinical Trial Registry (ChiCTR1800019208). This study was conducted in accordance with
the Declaration of Helsinki for medical research involving human subjects.
In this study, we included patients who (1) were diagnosed with knee osteoarthritis and
underwent TKA, (2) were between 60 and 70 years old, and (3) provided written informed consent for
the clinical trial and agreed to comply with the protocol requirements of this study. We excluded
patients who had (1) severe pain and swelling, (2) postoperative infections, (3) severe organ dysfunction;
in particular, we excluded patients with cardiovascular diseases (class III or above according to the New
York Heart Association classification), chronic kidney disease (level III or above according to their
outcome conditions), or liver disease (according to a model of end-stage liver disease score of 20 or
above), (4) severe mental illness, and (5) failed to provide informed consent. After exclusion, a total of
550 patients who underwent TKA at either The Second Hospital of Hebei Medical University
Department of Orthopedics or the Chongqing Medical University between January and March 2018
were enrolled in this study.
2.2. Randomization
In this study, block randomization was performed, with a randomized allocation of 1:1.
Randomization was performed using an electronic data capture (EDC) system. The random list was
concealed and stored on EDC servers with the randomization allocation made visible; the third party
placed the random list into sequentially-coded sealed and opaque envelopes. After the sample size was
determined, the third party opened the envelopes in order and randomly assigned the participants to
the appropriate groups (phase exercise rehabilitation group or control group). The data analysts and
participants were blinded during this study.
2.3. Phase exercise rehabilitation program (rehabilitation group)
The phase exercise rehabilitation program mainly included lower limb static training, lower limb
dynamic training, lower limb flexibility training, and gluteus muscle and core strength training, all of
which were performed for 45 minutes per day (Table 1). Every patient in the exercise rehabilitation
group underwent the same rehabilitation therapy for four weeks that was prescribed by the same
doctors. The patients were required to undergo follow-up evaluations at 1, 2, 4, 5, and 6 months during
rehabilitation, and the effects of the rehabilitation program were assessed. Nonsteroidal antiinflammatory drugs or other analgesics were not used during the exercise rehabilitation program; if
participants were in moderate pain (Visual Analogue Scale [VAS] ≥3), they could use analgesics as a
temporary measure and were asked to record their pain intensity on a 100-mm VAS.
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Table 1. Rehabilitation program for patients following total knee arthroplasty

Stage
1-3 days
postoperatively

Aims

Interventions

Reduce pain and swelling

Movement training:
Continuous Passive Motion (CPM): Start at
30°, twice a day for 30 min. The CPM exercise
angle was gradually increased, and the
patient's condition increased by 10°-15° every
day after the operation to shorten the
postoperative recovery time.
Straightening the knee training
Strength training (2 times and 3 groups/per
day):
Ankle pump training
Quadriceps isometric contractions
Hamstring isometric contractions
Movement training (2 times and 3 groups/per
day):
Hanging leg by bed
Sit against the wall
Strength training (3 times and 2 groups/per
day):
Straight leg raise
Lateral decubitus hip abduction
Prostrate training
Extending the short arc ends of the knee
Standing hip training (flexion, abduction, and
adduction)
Activities of daily living (3 times/per day):
Assisted squatting: the patient stands on the
balance bar for stability, then slowly squats,
gradually increasing the degree of squatting
Balance bar to assist walking training
Movement training (3 times and 3 groups/per
day):
Hanging leg by bed
Protect knee to sit
Strength training (3 times and 3 groups/per
day):
The same as stage 4 days-2 weeks
Activities of daily living(3 times/per day):
Shift training: the patient stands, the hands
hold protection, and the patient moves
his/her body position around the gravity of
transfer.
Quiet squat exercises
Assisted walking training
Auxiliary up and down stairs

Improve knee movement
Prevent postoperative adhesions
and venous thrombus

Reduce postoperative swelling
4 days-2 weeks
postoperatively

Prevent postoperative adhesions
Improve the range of motion of
the joint, aiming for complete
knee straightening, and at least
90° of knee flexion
Improve muscle strength
Stand on the ground with assisted
walking

Improve muscle strength
3-4 weeks
postoperatively

Improve active and passive range
of motion
Balance and symmetry in both
lower limbs
Independently complete activities
of daily living

2.4. Condition postoperative care (control group)
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Patients in the control group received condition postoperative care that included muscle strength
training, ice treatment, and transcutaneous electrical neural stimulation. Condition postoperative care
was performed for 20 minutes per day for eight weeks. The patients were also required to undergo
follow-up evaluations at 1, 2, 4, 5, and 6 months during rehabilitation, and the effects of the
rehabilitation program were assessed.
2.5. Assessment outcomes
The outcomes and endpoints were reliant on the improvement of symptoms and pain, knee
function, range of knee motion, and the quality of life of the patients. All outcomes were assessed for
all patients before and after treatment at their attending medical center.
2.6. Primary outcomes
The primary outcomes were the clinical effectiveness of the treatment, changes in pain intensity,
and improved symptoms. These outcomes were assessed using the 100-mm VAS and the Western
Ontario and McMaster Universities Arthritis Index (WOMAC).
2.7. Secondary outcomes
The secondary outcomes were the range of motion of the knee and changes in the quality of life.
The quality of life was measured using the Short-Form 36 (SF-36) questionnaire.
2.8. Sample size calculation
This study included a parallel-group design. To estimate the number of eligible participants, we
used the results of unpublished data from a pilot study with an assumed level of significance of α=0.05
(bilateral), a power of 0.75, and type II error (β) set to 0.2. According to the unpublished data from the
pilot study, the WOMAC score was the primary outcome for patients after TKA, with an effect size of
0.55 based on 65% compliance. In this study, the sample size was calculated using PASS software
version 11.0 (NCSS, LLC, UT, USA), which resulted in a sample size of 167 participants in the control
group and 334 participants in the intervention group. Considering a 10% drop-out rate, the appropriate
sample size for this study was 183 participants in the control group and 367 participants in the
rehabilitation group, with a total of 550 participants. The flow chart for patient selection and
randomization is shown in Figure 1.
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Figure 1. Flow diagram of patient selection and randomization for this controlled trial. In this study,
we assessed the eligibility of 550 cases for enrollment, following exclusions, 494 cases were finally
included for analysis. The experimental group included 330 cases, and the control group included 164
cases.

2.9. Statistical analyses
Comparisons of the primary and secondary outcomes between the groups at baseline and during
the six months of follow-up were analyzed using a mixed model with patients as a random effect. All
measurements (body mass index [BMI], VAS score, WOMAC score, SF-36 score, and range of motion
of the knee) were analyzed using the paired sample t-test. All data pertaining to and adverse events of
the two groups were analyzed using the Chi-squared test which was also used to compare the
differences between male and female patients. A p-value of <0.05 was considered statistically significant.
SPSS version 24.0 (IBM Corp, Inc., Chicago, IL, USA) was used for all statistical analyses.
3. Results
A total of 494 participants were included in this randomized controlled trial because 56 patients
(10.18%) were lost to follow-up. The mean age was 63.64±4.22 years in the rehabilitation group and
64.32±5.10 years in the control group. The average length of follow-up was 6±3.40 months. There were
no significant differences in age, sex, BMI, WOMAC score, VAS score, SF-36 score, and range of
motion between the rehabilitation and control groups at baseline (p>0.05; Table 2).
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Table 2. Comparison of baseline characteristics between the two groups

Characteristics

Control group
(Mean ±SD)
(n = 164)

p value

Age (years)

Rehabilitation
group
(Mean ±SD)
(n = 330)
63.64±4.22

64.32±5.10

0.41

Sex (Male:Female)

146:184

103:61

0.83

BMI

26.26±2.90

26.18±3.35

0.32

WOMAC Score

113.56±2.90

112.94±2.95

0.28

VAS Score

8.03±2.17

8.12±2.23

0.17

SF-36 Score

78.07±3.21

77.85±1.88

0.78

ROM

114.54±3.10

113.11±1.23

0.51

SD: standard deviation, BMI: body mass index, WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index, VAS: visual analogue scale, SF-36: Short-Form 36, ROM: range of motion

We found significant differences between the two groups regarding the functional and pain
outcomes of the knee. The average WOMAC score was 84.40±15.20 in the rehabilitation group and
108.30±3.90 in the control group (p=0.009). The mean VAS score was 2.54±0.16 in the rehabilitation
group and 2.87±0.31 in the control group (p=0.024). We also found significant improvements for the
range of motion and quality of life in the rehabilitation group.
Table 3. Comparison of patient outcomes between the two groups

Outcome mean ±SD

Rehabilitation group

Control group

p value

WOMAC Score

84.40±15.20

108.30±3.90

0.009**

VAS Score

2.54±0.16

2.87±0.31

0.024*

SF-36 Score

105.40±21.50

83.7±5.01

0.043*

ROM

125.02±6.20

116.40±1.40

0.017*

SD: standard deviation, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, VAS: visual
analogue scale, SF-36: Short-Form 36, ROM: range of motion, *p<0.05, **p<0.01

4. Discussion
Our study findings suggest that the phase rehabilitation program could be more effective for
improving pain, knee function, and quality of life in patients after TKA than condition postoperative
care.
In general, TKA is the standard treatment for patients with end-stage knee osteoarthritis. By
2009, the number of patients undergoing TKA annually had increased to 1.2 per 1000 patients [10],
and the number of patients undergoing TKA continues to increase. As many patients who undergo
TKA experience decreased muscle strength, especially in the quadriceps and hamstring muscles,
postoperative rehabilitation is becoming increasingly popular among patients with knee
osteoarthritis [11]. Several studies have shown lower extremity muscle weakness and functional
deficits in patients who have undergone TKA compared with age-matched control subjects who have
not undergone TKA [12,13]. Muscle inhibition, which is characterized by decreased muscle strength,
is the main cause of functional limitations in patients who undergo TKA, and some studies suggest
that quadriceps strength is a strong predictor of functional performance following TKA. This may be
due to the association between decreased quadriceps strength and decreased balance and
proprioception [14,15]. Low muscle strength increases the risk of falling and may lead to a loss of
independence, while high muscle strength in the lower limbs is associated with a lower risk of
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mortality [16,17]. Major clinical trials and guidelines suggest that physiotherapy functional exercises
after patient discharge result in short-term benefits, such as improved daily living activities, reduced
pain, increased joint proprioception, and increased postural control/knee stability, after primary
elective TKA [18,19,20]. However, the effectiveness of exercise rehabilitation for patients who have
undergone TKA remains unclear; that is, most systematic reviews and meta-analyses demonstrate a
lack of high-quality evidence, while most randomized clinical trials include a small sample size
[21,22].
Recently, a systematic review of controlled trials demonstrated that the short- and long-term
outcomes after TKA may be related to the type and intensity of postoperative rehabilitation that the
patients receive [24]. However, determining the types and intensities of postoperative rehabilitation
is still controversial. The Cochrane review suggests that continuous passive motions do not have
clinically important effects on the active knee flexion range of motion, pain, function, or quality of
life; however, it may reduce the risk of manipulation under anesthesia and the prevalence of adverse
events [23]. In this study, the phase exercise rehabilitation program included a warm-up period,
specific strengthening exercises, functional exercises, endurance exercises, and a cool-down period.
The program focused on restoring the range of motion of the knee and knee muscle strength, the
development of functional independence, establishing proprioception exercises to encourage
walking without a limp, and improving the ability of patients to perform recreational activities. The
primary purpose of this rehabilitation program was to maximize the early range of motions, improve
strength, reduce pain, and normalize gait mechanics in patients with knee osteoarthritis.
In this rehabilitation project, we focused on decreasing knee pain and swelling, remodeling and
improving knee mobility under painless conditions, improving muscle strength during different
types of contractions, restoring normal gait patterns, and neuromuscular coordination. Previous
clinical trials have only studied the effectiveness of muscle strength training for patients after TKA
[11,15]; these studies may have an increased number of patients lost to follow-up. Furthermore,
because simple exercise styles could cause the patients to become exhausted more quickly, the
training was not as effective as expected.
In this trial, the exercises focused on balance and proprioception and were combined with
exercises to control pain and chronic inflammation; these exercises aimed to restore postoperative
knee joint and soft tissue tension and enhance mechanoreceptor responses in the knee and muscles,
thereby increasing joint motion and position sensation. We demonstrated that our rehabilitation
project was more effective at improving lower limb movement and control, relieving pain, improving
mobility, and reducing falls than condition postoperative care.
This study had some limitations that should be addressed. First, we did not measure the success
of assessor blinding, the primary and secondary outcomes were self-reported, and the follow-up time
was relatively short. Thus, the outcome measurements are not subjected to possible assessor or
reporting biases. Future studies should focus on the long-term follow-up of patients after TKA and
increase functional and serological testing of patients which could be used to better elucidate
potential mechanisms underlying phase exercise rehabilitation programs and their effects on patients
after TKA. Low- and moderate-quality evidence has demonstrated that clinic-based or inpatient
programs were not superior for patients after TKA compared to home-based programs. However,
home-based rehabilitation programs did provide greater mobility than clinic-based programs [25].
Future studies could focus on increasing patient compliance with home-based rehabilitation
programs and improving the functional and quality of life outcomes in patients who have undergone
TKA.
In conclusion, this study suggests that phase rehabilitation programs could be more effective at
relieving pain, improving knee function, and increasing the quality of life for patients after TKA,
compared with condition postoperative care.
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