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Abstract
Introduction  Continuous passive motion (CPM) is a frequently used method in the early post-operative rehabilitation of 
patients after knee surgery. In this study, the effectiveness of the CPM method was evaluated after primary total knee arthro-
plasty during an early recovery period.
Methods  Eighty patients undergoing total knee arthroplasty were assigned into two groups. The experimental group received 
CPM and active exercises, while the control group active exercises only. All subjects were evaluated once before the surgery 
and at a discharge, in terms of mean active range of motion (AROM), mean Knee Society Score (KSS), and Western Ontario 
and MacMaster Universities Osteoarthritis Index (WOMAC).
Results  The mean AROM for the experimental group was 82.3° ± 14.3° and 76.1° ± 22.2° for the control. The mean KSS 
score was 136.4 ± 19.3 points for the experimental group, and 135.7 ± 15.1 for the control. There were no statistical dif-
ferences between the two groups. The KSS functional score was 66.4 ± 8.1 points for the experimental group compared to 
62.2 ± 7.3 points for the control, but there was a statistically significant difference between the groups at discharge from the 
hospital (p = 0.009). A subjective estimation of the pain level, joint stiffness and function also showed a statistically significant 
difference between the two groups (38.6 ± 14.3 points for the CPM group and 21.2 ± 15.7 for the control).
Conclusion  These findings show that there is no significant effect of CPM in terms of improving clinical measurements. How-
ever, there was a significant beneficial effect on the subjective assessment of pain level, joint stiffness, and functional ability.
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Introduction

Total knee arthroplasty (TKA) proved to be an excellent 
option for patients suffering from end-stage osteoarthritis 
[1]. However, outcomes following TKA depend on many 
aspects, such as the adequacy of physiotherapy and sub-
sequent functional recovery. There are several methods to 
accelerate the patients’ recovery in an early post-operative 
(post-op) period. One of these methods is continuous passive 
motion (CPM) [2]. Salter [3], who first introduced CPM in 
the 1970’s, using the rabbit experimental model, demon-
strated the beneficial role of early movement for recovery 
after a joint injury. Since then, CPM has been widely used 

in patients as an adjunct to conventional physiotherapy after 
TKA. However, controversies still exist as to whether it is 
useful/beneficial for patients’ recovery. For the past two dec-
ades, numerous studies have been carried out on the post-op 
efficiency of CPM [4–7]. Some studies recommend CPM, 
whereas others found contradictory results. The reported 
benefits included reduced swelling, faster recovery of flex-
ion, decreased analgetics use, and shorter hospital stay 
[8–11]. However, differences in the study design, including 
the duration of CPM application per day, flexion regime, 
and duration of hospital stay, impede a definite conclusion 
concerning the advantages of CPM use in the early post-op 
period.

The objective of this study was to determine the effect 
of CPM on very early post-op outcomes in patients after 
TKA compared to outcomes after standard physiotherapeu-
tic treatment. The outcome measurements included active 
range of motion (AROM), clinical and functional evaluation 
according to the Knee Society Score (KSS), and subjective 
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functional measure using Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC).

Material and methods

Ninety-three patients were initially recruited in the study. 
Thirteen patients met the exclusion criteria (rheumatoid 
arthritis, osteotomy, post-traumatic osteoarthritis) and were 
subsequently excluded from the study. Results were analyzed 
for the remaining eighty patients, all diagnosed with primary 
OA. They were admitted to the Department of Orthopedics 
and Traumatology and underwent total knee arthroplasty. 
The procedure was performed by one of four experienced 
orthopaedic surgeons. After the TKA, patients from the 
study group underwent standard physiotherapeutic treatment 
with the addition of CPM, in the early post-op period (days 
1 to 10). The CPM was implemented daily for two hours, 
starting with 30°–45° flexion, and the angle was increased 
by 10°–15° a day, based on the patients tolerance.

The control group received standard physiotherapy pro-
gram, which started on post-op day one. In both groups, the 
program included respiratory and isometric exercises, active-
assisted ROM exercises, transfer training, and walking.

Each patient from both groups was assessed before the 
surgery and at discharge (day 10 after the TKA). Measures 
included AROM, which was evaluated by a goniometer with 
the patient in the supine position. Knee flexion was meas-
ured with the hip at a 90° flexion. The axis of the device 
was placed in line with the center of the knee. The fixed 
arm aligned with the greater trochanter and the mobile arm 
with the lateral malleolus. Clinical evaluation was performed 
using KSS. Clinician-reported measures included pain, total 
range of flexion, flexion contracture, extension lag, stabil-
ity, and alignment. The patient-reported score evaluated the 
patient’s mobility (walking distance, stair climbing, and 
using walking aids). The perceived, subjective functional 
status of patients was assessed using the WOMAC score. 
The scale assessed the patients’ perception of pain, stiffness, 
and ability to perform the activities of the daily life (ADL) 
and was performed as a self-reported questionnaire.

The Bioethics Committee of Poznan University of Medi-
cal Sciences approved the study. All procedures followed 
were in accordance with the ethical standards of the respon-
sible committee on human experimentation and with the 
Helsinki Declaration of 1975, as revised in 2008. Informed 
consent was obtained from all patients for being included 
in the study.

Statistical analysis

The results were analyzed with the Statistica Software ver-
sion 13.1. Descriptive statistics were reported as means, 

standard deviations (SD), median, minimum, and maximum. 
The Shapiro–Wilk test was used to assess the normality of 
distributions in the test score. The independent t-test, Welch 
test (when the variance was different), and non-parametric 
Mann Whitney U test were conducted to compare the dif-
ferences between the experimental and control group. The 
paired t-test and Wilcoxon’s signed ranks test were used to 
compare the pre- and post-intervention outcomes. The p val-
ues of less than 0.05 were considered statistically significant.

Results

Preoperatively, there were no statistically significant differ-
ences between the groups in the demographic parameters 
or active knee flexion (Table 1). Differences were found, 
however, in the terms of the KSS scores determined at the 
baseline (Table 2). A comparison of the patients in the 
experimental and control group, conducted at discharge 
from hospital, revealed statistically significant differences in 
terms of the functional KSS and WOMAC scores (Table 3). 
There were no significant differences in terms of the range 
of active knee flexion or total KSS score. Moreover, in both 
groups, the active knee flexion at discharge was significantly 
smaller than the pre-operative flexion (Table 4). Addition-
ally, patients in both groups showed worse WOMAC scores 
than before surgery. However, there was no significant 
improvement in the KSS score (Table 4).

Discussion

The concept of CPM, originally developed for promoting 
articular cartilage damage healing, evolved to remain a 
widely used adjunct to physiotherapy after TKA. Although 
numerous studies have been carried out on the effect of CPM 

Table 1   Baseline demographics of the patients

Values are presented as a mean ± SD. Ranges of values are shown in 
brackets
Independent t-test

Variable Experimental group
(n = 43)

Control group
(n = 37)

p Value

Sex (f/m) 30/13 32/5 -
Age (years) 70.5 ± 6.1

(58–85)
71.5 ± 6.1
(57–82)

0.503

Weight (kg) 79.2 ± 11.1
(56.4–105)

79.5 ± 10.4
(60–109.6)

0.896

Height (cm) 160.2 ± 9.0
(143–178)

156.9 ± 7.8
(140–175)

0.087

BMI (kg/m2) 30.8 ± 3.3
(26.1–39.5)

31.3 ± 3.6
(22.6–37.7)

0.525
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after TKA, controversies still exist. In this study, we inves-
tigated whether CPM impacts early recovery outcomes in 
patients after TKA.

Both the experimental and control groups were homog-
enous in terms of age, weight, height, and BMI. In the 
initial assessment, statistically significant difference was 
noticed in the functional and total KSS scores in favor of 
the experimental group. At discharge, the experimental 
group showed higher scores in the functional KSS and 
WOMAC scales. However, comparing both groups before 
and after surgery, it could be seen that while in the control 
group, there was no improvement in all of the examined 
parameters (AROM, KSS clinical, KSS functional, KSS 
total, WOMAC total), in the experimental group, there was 
no statistically significant improvement only in the KSS 
clinical and KSS total scores. The reason for this could be 
the high score reached by this group in the initial assess-
ment of the KSS total, and therefore a better effect could 
be achieved in patients with a lower initial score. Herbold 
et al. [12] compared two groups (CPM and no CPM) with 
initial knee flexion less than 75° and reported significant 
improvement in all examined parameters; however, the 
difference between the groups was not statistically sig-
nificant. Brunn-Olsen et al. [13] reported a similar obser-
vation, with no difference between the CPM and no CPM 
groups either after one week or three months of treatment. 
Joshi et al. [14] pointed out that while there were no clini-
cal benefits of using CPM, some additional costs were gen-
erated, and therefore this should no longer be considered 
as a standard procedure. A comparable observation was 
made by Boese et al. [10] who discontinued the routinely 
use of CPM after the TKA.

Nonetheless, other researchers found a positive effect of 
CPM on the TKA patients’ recovery. Bakirhan et al. [15] 
compared the course of treatment in two groups: high angle 
CPM (day 1: 60–70° + 10°/day) and low angle CPM (day 
1: 30–40° + 10°/day). They observed that in the first group, 
results were better in terms of length of hospitalization and 
the Iowa Level of Assistance Scale (ILAS) scores. The only 
exception was gait speed, where a low angle CPM group 
achieved better results. These authors however suggested 
that this could be the effect of the longer hospitalization 
period of this group.

Based on the observation that one third of the patients 
were able to reach 120° of ROM in 3 days, the next third in 
four to seven days and the rest in more than seven days of 
hospitalization. Liao et al. [16] underlined the importance 
of applying ROM of CPM individually to all patients from 
the first day after the operation. Werner et al. [17] presented 
the results of CPM in a group of patients after Manipula-
tion Under Anesthesia (MUA) performed due to the poor 
improvement of flexion (< 90° after 6 weeks post-op). After 
MUA, steroid drugs and aggressive CPM protocol (110° 
from day 1, 22 h/day during the first week, 8 h/day during 
the second week), a significant increase of ROM persisted 
after seven weeks (115°) and lasted for 74 weeks (116°).

Table 2   Baseline clinical characteristics of the patients

Values ae presented as a mean ± SD. Ranges of values are shown in 
brackets
˟Welch test
*Mann Whitney U test

Variable Experimental group
(n = 43)

Control group
(n = 37)

p Value

Active knee flexion 
(°)

99.1 ± 20.9
(30–125)

97.7 ± 28.2
(0–140)

0.900*

KSS clinical
(0–100)

66.1 ± 15.0
(35–94)

59.2 ± 21.4
(10–89)

0.247*

KSS functional
(0–100)

75.8 ± 15.0
(40–100)

47.4 ± 23.1
(0–100)

0.000˟

KSS total 141.9 ± 25.0
(82–186)

106.6 ± 36.8
(10–180)

0.000*

WOMAC total
(0–100)

57.5 ± 13.0
(25–85)

56.7 ± 4.6
(46–65)

0.722˟

Table 3   Adjusted mean between-group differences at discharge

Variable Experimental group
(n = 43)

Control group
(n = 37)

p Value

Active knee flexion 
(°)

82.3 ± 14.3
(40–100)

76.1 ± 22.2
(25–110)

0.325*

KSS clinical
(0–100)

70.0 ± 15.0
(30–90)

73.5 ± 12.0
(35–92)

0.367*

KSS functional
(0–100)

66.4 ± 8.1
(40–90)

62.2 ± 7.3
(50–80)

0.009*

KSS total 136.4 ± 19.3
(70–170)

135.7 ± 15.1
(95–167)

0.609*

WOMAC total
(0–100)

38.6 ± 14.3
(3–67)

21.2 ± 15.7
(0–56)

0.000*

Table 4   Differences in measured variables change in both groups 
before and after surgery

Paired t-test
ªWilcoxon’s signed ranks test

Variable Experimental group
(n = 43)

Control group
(n = 37)

Active knee flexion (°)  < 0.001  < 0.001
KSS clinical
(0–100)

0.183 0.001

KSS functional
(0–100)

0.001  < 0.001

KSS total 0.236  < 0.001ª
WOMAC total
(0–100)

 < 0.001ª  < 0.001ª
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The results of this study support these observations, 
although in most publications, no significant influence 
of CPM on the effects of rehabilitation after TKA was 
reported. Most of the studies, however (including our 
own), deny the validity of CPM usage, since they were 
constructed as a comparison of two groups—with or with-
out CPM. Perhaps this might be a significant limitation of 
these studies, since Liao et al. [16] suggested that there 
is only a limited group of patients that react positively 
to CPM therapy. Other limitation of our study is the fact 
that our conclusions may be difficult to extrapolate, since 
there are a variety of implants used in primary TKA, dif-
ferent surgical techniques and analgesic standards of care. 
Therefore, our results are limited to comparable popula-
tion, diagnosed with OA, who underwent primary TKA 
and were subjected to similar standards of post-operative 
care.

Conclusions

Application of CPM in an early post-op treatment of patients 
after TKA did not have a significant impact on the clinical 
and functional evaluation after ten days of treatment. There 
were also no significant differences between the experimen-
tal and control groups in terms of range of motion, clini-
cal knee score, and functional activity. Our results indicate 
that according to physiotherapeutic protocols, application 
of CPM did not restore the knee range of motion when 
compared to pre-op value, although at a discharge from the 
hospital, statistically significant differences in terms of func-
tional KSS and WOMAC scores were recorded, and there 
was a significant beneficial effect of CPM on the subjec-
tive assessment of pain level, joint stiffness, and functional 
ability.

Because there is only a limited number of patients that 
react positively to the CPM therapy to achieve better thera-
peutic effects, further research should be conducted to iden-
tify these patients, in order to adjust physiotherapeutic pro-
cedure to individual patients.
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