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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

-~
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).
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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/m?, 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.

Patients with knee osteoarthritis
planned to receive primary unilateral TKA

}

Initial screening |

Recruitment

A 4

y
| Eligible and consent provided | |

Ineligible or Declined |

| Baseline assessment (T0) |

A

| Randomization and allocation |

|

} !

Conventional type of
CPM group (n=42)

Sitting type of
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Mixed type of
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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
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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
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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 1Q 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.

Study period
. . Post-operative
) . Pre-operative Operation
Time point The 1t weeks The 2nd weeks Follow up
Enrollment | Allocation P{%s; 112345123 ]|4]5 3months
Eligibility screen
Informed consent
Allocation X
Basal demographics
Rehabilitation education
Surgical details X
Primary ROM*
outcome Pain
KSS X X X
WOMAC X X X
Functional Kujala’s score X X X
evaluations
Isokinetic X X
strength"’
C_alf and thigh X X
circumferences
Performance 6MWT
tests TUG
Adverse event
Fig. 4 The patients’schedule of trial enroliment, 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. TIsokinetic 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), stift-
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

Page 6 of 9

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,
92.548.9 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 x 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
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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
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

inconsist-
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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.

Abbreviations

OA: Osteoarthritis; TKA: Total knee arthroplasty; CPM: Continuous passive
motion; ROM: Range of motion; KSS: Knee Society Score; WOMAC: Western
Ontario and McMaster Universities Osteoarthritis Index; TUG: Timed up and
go test.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512891-022-05507-2.

Additional file 1.
Additional file 2.

Acknowledgments
We thank Professor In Sun Kwon, who helped us estimate the sample size for
this study.

Authors’ contributions

KHC, ESC, SJL, CWM, YMK, YBJ, JHJ, and DWS conceptualized the project idea
and study design, refined the final manuscript, and acquired funding. BCL,
CWM, WSC, and DGL drafted the manuscript for publication submission. All
authors participated in the study design and coordination. All authors have
read and approved the final manuscript.

Funding

This work was supported by a Korea Medical Device Development Fund grant
funded by the Korean government (Ministry of Science and ICT, Ministry of
Trade, Industry and Energy, Ministry of Health & Welfare, Ministry of Food

and Drug Safety) (Project Number: 1711138507, KMDF_PR_20200901_2039).
The Korea Medical Device Development Fund had no role in the design and
conduct of the study; collection, management, analysis, and interpretation of
the data; preparation, review, or approval of the manuscript; and decision to
submit the manuscript for publication. The research team had full autonomy
in all aspects of the study.

Page 8 of 9

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The ethical validity of the trial was assessed and approved by the Institutional
Review Boards of Chungnam National University Hospital (CNUH-2020-
07-028) and the Catholic University of Korea, Daejeon St. Mary Hospital
(DC20DNDI0089). All participants provided written informed consent before
the trial.

Consent for publication
Not applicable

Competing interests

Dr. KH Cho and Dr. ES Choi are receiving financial support for their work on
this study from a Korea Medical Device Development Fund grant funded by
the Korean government.

Author details

'Department of Rehabilitation Medicine, Chungnam National University Col-
lege of Medicine, 266 Munhwa-ro, Jung-gu, Daejeon 35015, Korea. *Depart-
ment of Biomedical Institute, Chungnam National University, Daejeon, Korea.
*Department of Orthopedic Surgery, Chungnam National University College
of Medicine, Daejeon, Korea. *Catholic University of Korea Industry Academic
Cooperation Foundation. The Catholic University of Korea, Seoul, Korea.
Department of Rehabilitation Medicine, Daejeon St. Mary’s Hospital, College
of Medicine, The Catholic University of Korea, Seoul, Korea. ®Department

of Orthopedic Surgery, Daejeon St. Mary's Hospital, College of Medicine, The
Catholic University of Korea, Seoul, Korea.

Received: 27 April 2022 Accepted: 1 June 2022
Published online: 10 June 2022

References

1. Sharma L. Osteoarthritis of the Knee. N Engl J Med. 2021;384:51-9.

2. Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-
Zeinstra SMA, et al. OARSI guidelines for the non-surgical management
of knee, hip, and polyarticular osteoarthritis. Osteoarthritis Cartilage.
2019;27:1578-89.

3. Rausch Osthoff AK, Niedermann K, Braun J, Adams J, Brodin N, Dag-
finrud H, et al. 2018 EULAR recommendations for physical activity in
people with inflammatory arthritis and osteoarthritis. Ann Rheum Dis.
2018;77:1251-60.

4. Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al.
2019 American college of rheumatology/arthritis foundation guideline
for the management of osteoarthritis of the hand, hip, and knee.
Arthritis Rheumatol. 2020;72:220-33.

5. Carr AJ,Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee
replacement. Lancet. 2012;379:1331-40.

6. Ritter MA, Gandolf VS, Holston KS. Continuous passive motion versus
physical therapy in total knee arthroplasty. Clin Orthop Relat Res.
1989;239-43.

7. Romness DW, Rand JA. The role of continuous passive motion follow-
ing total knee arthroplasty. Clin Orthop Relat Res. 1988;34-7.

8. Harvey LA, Brosseau L, Herbert RD. Continuous passive motion follow-
ing total knee arthroplasty in people with arthritis. Cochrane Database
Syst Rev. 2014:Cd004260.

9. YangY,Wang J, Zhang XY, Dong L, Liu AF, Li CY. The effect of continu-
ous passive motion in patients treated with total knee arthroplasty for
osteoarthritis: a systematic review and meta-analysis of randomized
controlled trials. Am J Phys Med Rehabil. 2021;100:1160-9.

10. Jordan LR, Siegel JL, Olivo JL. Early flexion routine. An alterna-
tive method of continuous passive motion. Clin Orthop Relat Res.
1995:231-3.


https://doi.org/10.1186/s12891-022-05507-2
https://doi.org/10.1186/s12891-022-05507-2

Lee et al. BMC Musculoskeletal Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(2022) 23:565

. Pope RO, Corcoran S, McCaul K, Howie DW. Continuous passive motion

after primary total knee arthroplasty. Does it offer any benefits? J Bone
Joint Surg Br. 1997,79:914-7.

Bible JE, Simpson AK, Biswas D, Pelker RR, Grauer JN. Actual knee motion
during continuous passive motion protocols is less than expected. Clin
Orthop Relat Res. 2009;467:2656-61.

Kim MJ, Lee DH, Kim T, Jang S, Kim H-S, Chon J, et al. Lower extremity
exercise of knee osteoarthritis patients using portable assistive robot
(HEXAR-KR40P). Int J Precision Eng Manufact. 2014;15:2617-22.

Chan A-W, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clini-
cal trials. BMJ. 2013;346:27586.

Hartrick CT, Kovan JP, Shapiro S. The numeric rating scale for clinical pain
measurement: a ratio measure? Pain Pract. 2003;3:310-6.

Kim SJ, Basur MS, Park CK, Chong S, Kang YG, Kim MJ, et al. Crosscultural
adaptation and validation of the korean version of the new knee society
knee scoring system. Clin Orthop Relat Res. 2017;475:1629-39.

Bae SC, Lee HS, Yun HR, Kim TH, Yoo DH, Kim SY. Cross-cultural adaptation
and validation of Korean Western Ontario and McMaster Universities
(WOMAC) and Lequesne osteoarthritis indices for clinical research.
Osteoarthritis Cartilage. 2001;9:746-50.

Crossley KM, Bennell KL, Cowan SM, Green S. Analysis of outcome
measures for persons with patellofemoral pain: which are reliable and
valid?11No commercial party having a direct financial interest in the
results of the research supporting this article has or will confer a benefit
upon the author(s) or upon any organization with which the author(s) is/
are associated. Arch Phys Med Rehabil. 2004;85:815-22.

Bellamy NJJOR. Validation study of WOMAC: a health status instrument
for measuring clinically important patient-relevant outcomes following
total hip or knee arthroplasty in osteoarthritis. 1988;1:95-108.

Gao FQ, Li ZJ, Zhang K, Huang D, Liu ZJ. Risk factors for lower limb
swelling after primary total knee arthroplasty. Chin Med J (Engl).
2011;124:3896-9.

Mclnnes J, Larson MG, Daltroy LH, Brown T, Fossel AH, Eaton HM, et al. A
controlled evaluation of continuous passive motion in patients undergo-
ing total knee arthroplasty. Jama. 1992,268:1423-8.

Montgomery F, Eliasson M. Continuous passive motion compared

to active physical therapy after knee arthroplasty: similar hospitaliza-
tion times in a randomized study of 68 patients. Acta Orthop Scand.
1996,67:7-9.

Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39:142-8.
Agarwala P, Salzman SH. Six-minute walk test: clinical role, technique,
coding, and reimbursement. Chest. 2020;157:603-11.

Fragala MS, Alley DE, Shardell MD, Harris TB, McLean RR, Kiel DP, et al.
Comparison of handgrip and leg extension strength in predicting slow
gait speed in older adults. J Am Geriatr Soc. 2016;64:144-50.

Wang X-f, Ma Z-h, Teng X-r. Isokinetic strength test of muscle strength
and motor function in total knee arthroplasty. Orthopaedic Surgery.
2020;12:878-89.

Shan L, Shan B, Suzuki A, Nouh F, Saxena A. Intermediate and long-term
quality of life after total knee replacement: a systematic review and meta-
analysis. J Bone Joint Surg Am. 2015,97:156-68.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to
2030. J Bone Joint Surg Am. 2007;89:780-5.

Kim TW, Kang SB, Chang CB, Moon SY, Lee YK, Koo KH. Current Trends
and Projected Burden of Primary and Revision Total Knee Arthroplasty in
Korea Between 2010 and 2030. J Arthroplasty. 2021;36:93-101.

Brander VA, Stulberg SD, Adams AD, Harden RN, Bruehl S, Stanos SP, et al.
Predicting total knee replacement pain: a prospective, observational
study. Clin Orthop Relat Res. 2003:27-36.

Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin Orthop Relat Res. 2010;468:57-63.

Peter WF, Nelissen RG, Vlieland TP. Guideline recommendations for post-
acute postoperative physiotherapy in total hip and knee arthroplasty: are
they used in daily clinical practice? Musculoskeletal Care. 2014;12:125-31.
Mistry JB, Eimallah RD, Bhave A, Chughtai M, Cherian JJ, McGIinn T, et al.
Rehabilitative guidelines after total knee arthroplasty: a review. J Knee
Surg. 2016;29:201-17.

34.

35.

36.

Page 9 of 9

Mayerson NH, Milano RA. Goniometric measurement reliability in physi-
cal medicine. Arch Phys Med Rehabil. 1984;65:92-4.

Rothstein JM, Miller PJ, Roettger RF. Goniometric reliability in a clinical
setting. Elbow and knee measurements. Phys Ther. 1983;63:1611-5.
Edwards JZ, Greene KA, Davis RS, Kovacik MW, Noe DA, Askew MJ. Meas-
uring flexion in knee arthroplasty patients. J Arthroplasty. 2004;19:369-72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Clinical evaluation of usefulness and effectiveness of sitting type continuous passive motion machines in patients with total knee arthroplasty: a study protocol for a single-blinded randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methodsdesign
	Overview of research design
	Participants
	Eligibility criteria
	Exclusion criteria
	Exit criteria
	Randomization, allocation, and blinding
	Intervention protocol
	Outcome measurement and participants’ timeline

	Primary outcome measurement
	Range of motion in knee joint

	Secondary outcome measurement
	Pain

	Patients reported outcomes
	Swelling
	Gait ability
	Isokinetic strength measurement
	Sample size calculation
	Data management
	Statistical analysis
	Predicted adverse events and monitoring
	Ethics and dissemination

	Discussion
	Trial status
	Acknowledgments
	References


