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Abstract 

Background:  Total knee arthroplasty (TKA) is an important management strategy for patients with knee osteoarthri-
tis (OA) refractory to conservative management. Postoperative range of motion (ROM) exercise is important to recover 
patients’ activities of daily living. Continuous passive motion (CPM) is a machine that provides passive ROM exercises 
of the knee joint in a pre-defined arc of motion. The short- and long-term effects of CPM exercise are controversial. We 
hypothesized that the inconsistent results of the CPM exercise are due to poor fitting of CPM machines and measure-
ment errors. This study aims to present a protocol for investigating a new type of CPM machine that could be applied 
in a sitting position in comparison with the conventional type of CPM machine for patients with unilateral TKAs.

Methods:  This study presents the protocol of a prospective, multicenter, single-blinded, three-armed randomized 
controlled trial (RCT). One hundred and twenty-six patients receiving unilateral TKAs will be recruited at the physical 
medicine and rehabilitation clinics of two urban tertiary medical hospitals. The patients were randomly divided into 
three groups with a 1:1:1 allocation. The intervention group will receive two weeks of post-operative rehabilitation 
using a new type of CPM machine. The control group will receive 2 weeks of post-operative rehabilitation using con-
ventional CPM machines. The third group will receive post-operative rehabilitation with both types of CPM machines. 
The primary outcome will be the change in the passive ROM of the affected knee joint from baseline to 2 weeks after 
baseline assessment. The secondary outcomes will be pain and functional measurements, and will include patient-
reported outcomes and performance tests surveyed at multiple time points up to 3 months after TKA.

Discussion:  This is the first RCT to investigate the effect of a new type of CPM machine. The results of this RCT will 
determine whether the position of the patients during CPM exercise is important in post-operative rehabilitation 
protocols after TKAs and will provide evidence for the development of proper rehabilitation guidelines after TKAs.
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Background
Knee osteoarthritis (OA) is a joint disease characterized 
by the failed repair of joint damage caused by external 
stress [1]. Symptoms and signs of knee OA include pain, 
stiffness, and reduced range of motion (ROM), result-
ing in discomfort and reduced physical activity in older 
adults.

Several guidelines suggest non-pharmacological and 
pharmacological treatments and emphasize the impor-
tance of maintaining physical fitness and avoiding sed-
entary lifestyles for patients with OA [2–4]. In cases of 
refractory knee OA, surgical treatment can be a useful 
clinical management tool. Among surgical procedures, 
total knee arthroplasty (TKA) is one of the most success-
ful and has resulted in a substantial increase in quality-
of-life gain in patients with refractory arthritis [5].

Continuous passive motion (CPM) machines provide 
passive ROM exercises of the knee joint in a pre-defined 
arc of motion. CPM can be used in the early rehabili-
tation of patients after TKAs and has been suggested 
to have advantages in regaining ROM of the knee joint 
in several reports in the 1980s [6, 7]. Recent systematic 
reviews show controversy in routine use of CPM and its 
advantages. A Cochrane review on CPM after TKAs was 
published in 2014. In this review, CPM increased active 
knee flexion ROM by only 2° compared to the control 
groups and did not have clinically important short-term 
effects on pain. CPM reduced the risk of manipulation 
and adverse events, although the quality of evidence was 
very low [8]. Yang et al. reported a systematic review on 
use of CPM after TKAs in 2021, which demonstrated a 
slight difference in active knee extension at 1 week (mean 
difference = 3.00°, P = 0.019), passive knee extension 
at 1 week (mean difference = 3.00°, P = 0.031), and at 3 
months (mean difference = 3.00° P = 0.019) compared 
with the control groups [9].

Many researchers and clinicians do not believe that 
these slight statistical differences in ROM lead to mean-
ingful clinical outcomes. Moreover, the long-term effi-
cacy of CPM after TKAs has been questioned by many 
researchers. Some studies showing the superiority of 
CPM over physical therapy alone applied the regimens 
with a larger arc of motion [10, 11]. Bible et  al. found 
discrepancies between the pre-defined arc of motion in 
CPM and the actual arc of knee motion [12]; this can be 
a potential reason for the controversy in the results of 

studies using a CPM machine. Therefore, proper fitting 
and setting of the true knee motion manipulated by CPM 
can be key factors in post-operative rehabilitation using 
CPM machines. Moreover, Bible et  al. discovered that 
increasing the angle of inclination of the bed from 30° to 
60° enhances the accuracy of the CPM protocol [12].

Therefore, changing the inclination of the bed could be 
a useful modification of the CPM protocols to enhance 
effective postoperative rehabilitation. Conventional mod-
els of CPM machines are applied in the supine position, 
and additional bed modifications are required to change 
the bed tilt angle. However, a CPM machine (Resil-
ion K20P, HEXAR Humancare, Korea, Fig.  1) that can 
be used in a sitting position has been developed and is 
currently being applied to patients [13]. However, to the 
best of our knowledge, there are no reports comparing 
the effects of CPM between lying and sitting positions in 
patients receiving TKRs.

We hypothesized that the efficacy of CPM machines in 
patients receiving TKRs differed according to the posi-
tion of the patients and that CPM machines applied in 

Trial registration:  Clinical Research Information Service of Republic of Korea, KCT0005520, Registered on 21 October 
2020, https://cris.nih.go.kr/cris/search/detailSearch.do/21750
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Fig. 1  A new type of CPM machine (Resilion K20P®, HEXAR 
humancare, Korea) will be used in this randomized trial
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the sitting position of patients would be more effective 
than conventional methods of CPM treatment. There-
fore, the purpose of this study was to compare the effect 
of conventional CPM and CPM treatments applied in the 
sitting position in patients receiving TKAs and to estab-
lish a more suitable rehabilitation strategy using a CPM 
machine.

Methods/design
Overview of research design
This is a randomized, controlled, three-arm, assessor-
blinded trial comparing two types of CPM in acute 
rehabilitation after unilateral TKA in patients with 
degenerative knee OA in two tertiary urban medical hos-
pitals. We followed the SPIRIT statement [14] to report 
the protocol and the SPIRIT Checklist are attached 
as Additional file  1. Fig.  2 provides an overview of the 
study’s conduct, review, description, and interpretation.

Written informed consent will be obtained from all the 
patients. The ethical validity of the trial was assessed and 
approved by the Institutional Review Boards of Chung-
nam National University Hospital (CNUH-2020-07-028) 
and the Catholic University of Korea, Daejeon St. Mary 
Hospital (DC20DNDI0089). This clinical trial was reg-
istered with the Clinical Research Information Service 
(KCT0005520).

Participants
Eligibility criteria
Eligible participants will be patients scheduled to 
undergo primary unilateral TKA owing to degenerative 
changes. Other inclusion criteria will be as follows: 1) age 
19 years or older and 2) agreement to participate in this 
randomized trial.

Exclusion criteria
The exclusion criteria will be as follows: 1) age under 
60 years old or over 90 years old; 2) cause of arthritis 
other than degenerative changes (infection, trauma, and 
inflammatory joint disease); 3) history of previous hip, 
knee, or ankle orthopedic surgery; 4) history of previous 
lumbar surgery within 3 months of the study; 5) serious 
nervous system, cardiovascular diseases, or osteoporosis; 
6) coagulation disorders; 7) patients with obesity whose 
body mass index is more than 35 kg/m2, 8) inability to 
understand the study protocols due to cognitive deficits 
or language problems; and 9) refusal to participate.

Exit criteria
The exit criteria will be as follows: 1) participant request, 
2) severe intra- or postoperative complications (i.e., 
wound complication, fracture, pulmonary embolism, 
etc.), and 3) intra-treatment side effects.

Fig. 2  The trial flow diagram
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Randomization, allocation, and blinding
Orthopedic surgeons perform an initial screening of all 
patients who visit the department of orthopedic sur-
gery due to degenerative knee OA. If the patients fulfill 
the eligibility criteria, they are referred to the princi-
pal study coordinator. The principal study coordina-
tor performs the final eligibility assessment and asks 
for informed consent to enroll in this study. After their 
consent is obtained, participants are randomly assigned 
to each group in a 1:1:1 ratio to the conventional type, 
mixed type, and sitting type CPM groups. Block rand-
omization will be used on groups of 12 to balance relo-
cation into the intervention groups. After the initial 
allocation, the mixed CPM groups will be re-allocated 
into two groups. Mixed groups will receive combined 
interventions with two types of CPM machines and 
consist of two subgroups. One of the subgroups will 
receive intervention using the conventional type of 
CPM, followed by the sitting type of CPM, and the 
other subgroup will recieve intervention in the oppo-
site order. This trial will be blinded to the assessor; 
after randomization, the allocation of participants will 
be confidentially managed by the principal study coor-
dinator. All assessments will be conducted by a single 
trained physiotherapist in each hospital who is expe-
rienced in post-operative rehabilitation treatment and 
will be blinded to group allocation. Due to the nature 
of the study, participants will not be blinded and will 
be instructed not to communicate with any other 
researcher or physiotherapists about their interven-
tions to minimize potential bias. If participants would 
like to discuss their rehabilitation program during the 

intervention, they will be able to do so with the unla-
beled study coordinator.

Intervention protocol
All participants will undergo primary unilateral TKA at 
the Department of Orthopedic Surgery. The day before 
the surgery, all participants will be admitted to the ward. 
On the day of admission, basal demographics and out-
comes will be collected by the assessor. All participants 
will be instructed on the interventions and post-operative 
exercise programs. The participants will start the inter-
vention program on postoperative day 3, the day after 
the removal of the surgical site drainage system. Two 
CPM systems (sitting type and conventional type) will 
be applied to the allocated group of participants (Fig. 3). 
The pre-defined arc of the angles in the CPM machines 
will be determined according to the ROM of the knee 
joint measured before each intervention. The assessor 
will measure the maximal passive ROM of the knee joint 
by using a goniometer. The ROM measurements will be 
taken in all three positions: supine, sitting, and prone. 
The setting arc of the angles of the CPM machines will be 
determined by adding 10° to the highest measured values 
in the ROM in the three positions. On the first day, inter-
ventions will be applied twice daily for 30 min. From the 
second day to the end of the intervention, CPM machines 
will be applied twice a day for 1 h in each session, for a 
total of 2 h per day. All participants were mobilized as 
tolerated using a walker or crutches. Conventional CPM 
will be performed using the RCF1121® (CARETECH, 
Gumi-si, Gyeongsangbuk-do, Korea). The CPM machines 
used in the sitting position will be Resilion K20P® 

Fig. 3  CPM machine set up. A conventional type of CPM machine (RCF1121®, CARETECH, Korea) (A-B), New type of CPM machine (Resilion K20P®, 
HEXAR humancare, Korea) (C-D) Each CPM machine will be applied to the participants according to the manufacturer’s instruction
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(HEXAR Humancare, Ansan-si, Gyeonggi-do, Korea). 
Each group of participants will receive 10 sessions of 
intervention using the allocated CPM machines. The 
group of participants planned using both types of CPM 
machines will consist of two sub-groups, one of which 
will receive intervention for 5 consecutive days using the 
conventional type of CPM, followed by 5 days of inter-
vention using the sitting type of CPM, and the other sub-
group will receive intervention in the opposite order.

Outcome measurement and participants’ timeline
The primary outcomes are ROM of the knee joint at the 
end of the intervention and 3 months after TKA. The 
secondary outcomes are pain, and functional measure-
ments included patient-reported outcomes and perfor-
mance tests conducted at multiple time points up to 3 
months after TKA. During the trials, the satisfaction 
questionnaire (additional file) will be administered only 
to participants of the mixed-type CPM group. Par-
ticipants will be screened for adverse events from the 

time of informed consent to 3-months postoperatively. 
The study assessment schedule is illustrated in Fig.  4. 
Demographic details, including sex, age, height, weight, 
affected side, and medical history, will be surveyed pre-
operatively by the research delegate.

Primary outcome measurement
Range of motion in knee joint
A blinded physiotherapist will measure active and 
passive ROM in the affected knee joint using a digital 
inclinometer (Dualer IQ electronic dual inclinometer 
system; JTECH Medical, UT, USA). Passive ROM will 
be measured with the patients in the supine, sitting, and 
prone positions. When evaluating the passive ROM, 
the assessor will mobilize the knee joint to the end of 
the range of applied force of 2 kgf using a handheld 
dynamometer (MicroFET2, Hoggan Health Industries, 
UT, USA). Active and passive ROM will be evaluated at 
three time points: the day before the surgery, after the 
intervention, and 3-months postoperatively.

Fig. 4  The patients’ schedule of trial enrollment, interventions, and assessment. ROM, Range of motion; KSS, Knee society score; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index; 6MWT, 6-minute walking test; TUG, Timed up and go test. *Both active and passive ROMs 
of knee flexion and extension will be measured. †Isokinetic strength of knee flexion and extension measured at 60°/sec angular velocity using an 
isokinetic dynamometer (Systemic 4 Pro, Biodex Medical System, USA). ‡ Mixed-type CPM group only
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Secondary outcome measurement
Pain
A numeric rating scale will be used to evaluate the pain 
of the participants during and at the end of the interven-
tion, and 3-month follow-up. The numeric rating scale 
is an 11-point parameter for describing the severity of 
reported pain, ranging from 0 (no pain) to 10 (intractable 
pain) [15]. Participants will be asked about their average 
perceived pain intensity in the past day.

Patients reported outcomes
Patient-reported outcomes will be measured using the 
Knee Society Score (KSS), Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC), and 
Kujala Patellofemoral score [16–18].

The KSS is an objective scoring system to assess patient 
reporting outcomes in osteoarthritis, especially after 
TKA. The KSS is easy to obtain and concise. The Korean 
version of the KSS was validated in 2017 by Kim et  al. 
[16], and participants will be assessed using this version.

The WOMAC score was developed by Bellamy et  al. 
[19] and is widely applied to evaluate the status of lower-
limb osteoarthritis. The WOMAC questionnaire consists 
of 24 questions in three domains. Pain (five items), stiff-
ness (two items), and function (17 items) are evaluated 
on a total scale of 0–100; higher scores indicate greater 
disability. The Korean version of WOMAC was validated 
in 2001, and patients will be evaluated using this version 
[17].

The Kujala patellofemoral score will also be calculated. 
The Kujala patellofemoral score consists of 13-items with 
categories related to various levels of functional knee 
problems. All responses are summed to provide an over-
all index ranging from 0 to 100 points, with 100 points 
representing no disability [18].

Satisfaction questionnaires (Additional file  2) will be 
administered to participants in the mixed-type CPM 
group at the end of the intervention to compare conven-
tional and new types of CPM machines.

Swelling
Lower limb swelling after TKAs is a normal response 
to surgical trauma [20] and may impair postoperative 
mobilization and the effects of postoperative rehabilita-
tion. Swelling after TKAs was significantly more pro-
nounced in the operated limb and swelling above the 
knee was more severe than that below the knee [20]. Two 
randomized trials reported the effect of CPM treatment 
on the statistically significant reduction in knee swell-
ing after TKAs [21, 22]. We will measure the extent of 
swelling of the limb through circumference taken 10 cm 

superior to the upper patellar pole and 10 cm inferior to 
the lower patellar pole during and at the end of the inter-
vention and 3-month follow-up.

Gait ability
The Timed Up and Go test (TUG) and 6-minute walking 
test will be conducted to assess the functional gait ability 
of the participants. During the TUG test, the patient will 
be asked to get up from the chair, walk 3 m, return, and 
sit again. Assessment will be timed during the test. This 
test has long been used to measure the walking ability of 
the elderly and is known to be reliable and correlates with 
the Berg balance test and walking speed [23]. The 6-min-
ute walk test is widely used to assess physical exercise 
capacity in frailty or sarcopenia in the elderly [24]. The 
patient will be asked to walk as far as possible along the 
30 m corridor for 6 min, and the distance traveled will be 
measured in meters.

Isokinetic strength measurement
Knee osteoarthritis can cause weakness of the periarticu-
lar skeletal muscles, mainly in the knee extension group. 
This weakness of knee extension slows the gait speed of 
the patients, and therefore, is an important indicator of 
gait [25]. After TKA, isokinetic measurements using an 
isokinetic dynamometer are known to be reliable, easy 
to perform, accurate, and safe [26]. Peak torques of the 
knee flexors and extensors of both sides will be measured 
during concentric contraction at 60°/sec angular velocity 
using an isokinetic dynamometer (Systemic 4 Pro; Biodex 
Medical System, New York, NY, USA).

Sample size calculation
The sample size was calculated based on the data of a 
preliminary pilot study conducted by our group. The 
number of participants in the pilot study was 16 (con-
ventional CPM group: 6, sitting-type CPM group: 6, 
mixed-type CPM group: 4). The primary hypothesis was 
that there would be a significant difference in the passive 
ROM before and after treatment between the groups. 
The means ± standard deviations of passive ROM of the 
knee joint after treatment were 105.2±14.7, 100.0±26.5, 
92.5±8.9 in conventional CPM group, sitting type CPM 
group, and mixed-type CPM groups respectively, in the 
preliminary pilot study.

Thirty-five people per group were required for a signifi-
cance level of 5% (a significance level of 0.05/4 × 100% of 
each hypothesis) and 80% statistical power. Assuming an 
expected dropout rate of 20%, at least 42 participants per 
group will be required.
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Data management
All participant data will be collected and processed by 
members of the research team and stored securely on a 
platform only accessible to the research team. The backup 
database will be regularly updated. The anonymized 
dataset will be made available upon request from the cor-
responding authors. No intermediate analysis will be car-
ried out before the study’s conclusion.

Statistical analysis
Descriptive statistics will be used to calculate subject 
demographics. The Kolmogorov–Smirnov test will be 
used to evaluate the data distribution. We will also con-
duct an intention-to-treat analysis. One-way analysis of 
variance or Kruskal–Wallis test will be used to compare 
baseline values between groups. After the study was 
completed, the method for dealing with missing data will 
be determined based on the distribution of the data.

A mixed-effects model or generalized estimating equa-
tions will be used to investigate the effects of the inter-
ventions and differences between groups for secondary 
outcomes, with one between-subject factor (group: 
intervention and control) and one within-subject factor 
(group: intervention and control) (evaluation time: base-
line, end-of-intervention, and 3-month follow-ups). All 
data will be analyzed using IBM SPSS Statistics (version 
26.0; Armonk, New York, USA), and a significance level 
of 5% will be set with a 95% confidence interval.

Predicted adverse events and monitoring
The potential risk level, as reviewed by the institutional 
review board and the principal investigator, is minimal. 
To prevent and manage adverse events, participants can 
call researchers at any time if they have any questions or 
problems. The treating physiotherapist will report each 
adverse event to the primary study coordinator. In addi-
tion, if the patient’s pain continues to worsen during 
exercise or if these symptoms do not resolve before the 
next exercise session, the physiotherapists will report to 
the primary study coordinator, and the primary investi-
gator can refer to the orthopedic specialist. The number 
and seriousness of the adverse events will be reported.

Ethics and dissemination
The institutional review boards of the two hospitals 
approved all study procedures (approval numbers: 
CNUH-2020-07-028 and DC20DNDI0089). This clini-
cal trial was registered with the Clinical Research Infor-
mation Service (KCT0005520). If significant protocol 
changes are made, the primary investigator will inform 
the coordinating investigators and trial participants, as 
well as the institutional review board. During the study, 
personal information about the recruited participants 

will be gathered and shared with the clinic (Daejeon St. 
Mary Hospital), and only the research team will have 
access to it. After the study is completed, all personal 
information will be kept for three years before being 
destroyed. The trial results will be published in the jour-
nal and the report of results will be posted on the funding 
institute’s site for the public, participants, and healthcare 
professionals.

Discussion
We present a protocol for a multicenter, randomized 
clinical trial comparing the conventional and sitting types 
of CPM in patients with knee osteoarthritis receiving 
unilateral TKA. To our knowledge, this randomized trial 
is the first to investigate the effect of CPM training in the 
sitting position in patients receiving unilateral TKAs. 
In addition, we will apply objective methods of measur-
ing the ROMs by applying uniform forces (2 kgf ) using a 
hand-held dynamometer.

In a previous systematic review of TKA, significant 
improvements in WOMAC and KSS from the baseline 
were observed in pain, function, and total score [27]. 
In the United States, more than 700,000 TKAs are per-
formed annually, and Kurtz et  al. projected that this 
number will reach 3.5 million by 2030 [28]. In Korea, 
TKAs increased by approximately 68% between 2010 and 
2018, and the number of TKAs is expected to increase by 
approximately 53% by 2030 in a projection model [29].

However, 15–20% of patients suffer from post-opera-
tive long-term discomfort after TKAs [30, 31]. One of the 
reasons for remnant discomfort after TKAs is the limited 
postoperative ROM of the knee joint. The achievement of 
at least 110° of knee flexion has been known as the opti-
mal treatment goal and is sufficient to provide a satisfac-
tory function for most patients for most activities of daily 
living [32, 33]. Therefore, to regain the satisfactory out-
comes after TKAs, advised and active mobilization of the 
knee joint should be incorporated into the postoperative 
rehabilitation protocols.

Therefore, the importance of postoperative rehabilita-
tion has been emphasized. However, despite the abun-
dance of post-operative rehabilitation modalities and 
strategies, there are no consistent or widely implemented 
guidelines for rehabilitation following TKR. CPM is not 
routinely recommended because of inconsistent results 
in previous studies [8, 9].

The authors hypothesized that these inconsist-
ent results were due to the improper fitting of CPM 
machines with patients and measurement error of ROM 
between studies. Good to excellent inter-tester reliability 
and intra-tester reliability have been reported for meas-
uring the ROM in the native knee using a simple goni-
ometer [34, 35]. However, measuring the knee joint ROM 
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in patients after TKA shows that 22% of the goniometer 
measurements had more than 5° differences from the 
true degree of knee flexion [36]. Therefore, we decided to 
apply more objective tools to measure the ROMs using 
a digital inclinometer and a hand-held dynamometer. 
Therefore, this randomized trial will be conducted using 
more objective measurement tools and exact prescribed 
pre-defined arc ranges than previous trials using CPM 
machines.

In conclusion, the randomized trial will provide evi-
dence of using a new type of CPM machine applied in the 
sitting position to incorporate the use of CPM into post-
operative rehabilitation guidelines in patients receiving 
TKAs.

Trial status
Protocol version number V1.1, 2 April 2021.

Patient recruitment began in 3 April 2021; a total of 68 
patients have been recruited across two institutions, and 
the approximate date when recruitment will be complete 
is 31 November 2022. The trial is currently in follow-up 
until March 2023.
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