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ABSTRACT

Objective: Continuous passive motion (CPM) has been shown to increase the amount of knee
flexion in knee patients at the acute care hospital. Changing postoperative management leads
to shorter hospitalisation periods. The objective of the present randomised controlled trial was
to assess whether there is additional benefit in CPM use during such a short hospitalisation
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period.

Design: Forty patients undergoing total knee arthroplasty were randomly allocated to either a
group receiving CPM in addition to physical therapy or a group receiving physical therapy

alone. Both programmes were delivered during
basis, starting on the first day after surgery.
function; secondary measures included musc

hospital stay.

a 5-day postoperative period on an inpatient
Main outcome measures were mobility and
le strength, pain, satisfaction and length of

Results: The results indicate a significant difference in function score, pain and strength
between the CPM group and the control group. Four days after surgery, the CPM group scored
an average of 56 points on the Hospital for Special Surgery scale (HSS), versus 45 points in the

control group (P = 0.005).

Conclusions: The results indicate that, in addition to an improved range of motion, a protocol
including CPM seems to have a favourable effect on pain and muscle strength in the first two

weeks after surgery.

INTRODUCTION

Early mobilisation, if possible starting on the day of
surgery, is the strategy of choice in orthopaedic oper-
ations in The Netherlands. Continuous passive
motion (CPM) has been used in the rehabilitation of
patients after knee surgery ever since Salter and col-
leagues' introduced the device in the early 1980s. The
beneficial effects"? claimed for it include pain relief,
maintenance of range of motion, improved wound
healing, and quicker recovery. The first randomised
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controlled trials (RCTs) in this field date from the end
of the 1980s,>* some 10 years after the introduction of
CPM as a treatment modality.

Although CPM is widely used, the debate about its
efficacy is still on-going, mainly as a result of contro-
versial findings reported in the literature. A system-
atic review® using an extended Medline search found
12 RCTs»5™'6 addressing CPM use after total knee
implantation. There was considerable variety in
methodological quality (ranging from poor to good)
as well as in the treatments compared. Studies were
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Fig. 1. Research design and outcome assessment. TO, baseline assessment 14 days before surgery; T1, assessment 4 days

after surgery; T2, assessment 17 days after surgery.

difficult to compare because they used 18 different
outcome measures. Major outcome measures Were
mobility, which was assessed in all 12 trials, length of
hospital stay, assessed in five,>1%111415 and drain pro-
duction, assessed in four.”4-16

Overall, there seem to be short-term beneficial effects
on mobility. Of six studies measuring mobility within
the first 2 weeks after the operation, five reported posi-
tive effects of CPM.7%1L5 Reported differences
between CPM and control groups range from —1° to
+18° in favour of the CPM group. The functional con-
sequences of faster mobility improvement remain
unclear, however, and in the long term there do not
seem to be advantages to the use of CPM.¢

Over the last few years, however, treatment protocols
following total knee arthroplasty have changed. The
formerly common fortnight’s hospital stay has gradu-
ally been reduced to 4-5 days, and 1 week of bed rest
has been replaced by mobilisation of the patients start-
ing on the first or second day after the operation.”1%!3

These protocol changes raise the question whether
the effects on CPM reported in relation to the older
protocols are still valid. Rehabilitation now starts on
the first day after surgery, resulting in activity during
the first two stages of connective tissue repair. It
remains unclear what effect intensive exercise and
mobilisation have on these first phases of tissue repair,
whether they shorten or prolong the bleeding and
oedema phase, and whether this could influence clinical
outcome. To answer these questions, a randomised con-
trolled trial was performed at the University Hospital of
Maastricht. Physical therapy without CPM (control
group) was compared with physical therapy with CPM
(CPM group) as an adjunct treatment.

The study was approved by the medical ethics com-
mittee of the University Hospital of Maastricht.

PATIENTS AND METHODS
Patients

All consecutive patients with osteoarthritis undergo-
ing primary total knee arthroplasty (TKA) from
January to May 2001 were screened. Patients with rel-
evant co-morbidity, such as rheumatoid arthritis,
were excluded, as were patients for whom a longer
stay was expected due to co-morbidity. Figure 1 illus-
trates the design of the study.

Randomisation

Patients were randomly allocated to one of the treat-
ment groups by means of a computer-generated table,
with a block size of eight (Fig.2). An independent
orthopaedic secretary without knowledge of the ran-
domisation schedule called up the patients for opera-
tion. The patients assigned to the CPM group and
those included in the control group were operated on
in different weeks, to prevent bias caused by patients
of both groups being in the hospital at the same time.

Intervention

On the day of surgery, all patients took bed rest. On
the first day after surgery, they began walking.
Physical therapy was standardised by means of the
Maastricht Hospital protocol for in-patient treatment
of total knee patients. This protocol prescribes hospi-
tal discharge on the fourth day after the operation.
Physical therapy was aimed at strengthening the m.
quadriceps and mobilising the knee (actively as well
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Fig. 2. Study overview from registration to follow-up at day 17.

as passively, using joint distraction and angular
mobilisation techniques). Care was taken to restore a
proper gait pattern with the help of one elbow crutch
upon discharge. The target for mobility in the clinical
phase was 80° of knee flexion and no more than 10°
of knee extension deficit.

After discharge, all patients received physical ther-
apy treatment at home, three times a week.

The control group received in-hospital physical ther-
apy twice a day for 20 min for 4 days. The CPM group
additionally received 4 h of CPM daily. The CPM
machines used were ‘“Toronto medical’ devices (Ortho-
Logic Ltd, Toronto, Canada) with adjustable upper and
lower leg lengths. ROM was increased daily as tolerated.

As a result of this design, the only contrast between
the two groups during the hospital stay was the use of
CPM in the experimental group. All patients received
pain medication in accordance with the hospital proto-
col, using epidural or i.v. medication for the first 48 h,
followed by oral pain medication during the next 2 days.

Outcome assessment

All physical measurements were performed by one,
independent, blinded observer. Passive ROM was
measured using a ‘long arm’, hand-held goniometer.
Extension was measured with the patient supine, flex-
ion with the patient seated, hips at 90°. Function was
evaluated using the ‘Hospital for Special Surgery’
score,!” Data on medication and length of hospital
stay were abstracted from medical records.

Primary effect measures were mobility and function,
both of which were assessed at all three examinations.
Secondary effect measures included length of hospital
stay, pain, muscle strength, medication, satisfaction
about the treatment given by the physical therapist,
and satisfaction with attention received from the
physical therapist. The total amount of time spent in
the CPM machine per day was measured to assess
compliance.

Muscle strength was tested using a hand-held
dynamometer (Citec™, Centre for Innovative Technics,
Haren, The Netherlands) with the patient seated, hips
at 90° and knees at 60° of flexion, using the ‘make’
method. In this method, the patient tries to extend the
leg and the observer applies a counterpressure so the
knee remains in 60° of flexion. An 11-point scale was
used to rate pain and satisfaction with the treatment
and attention received from the physical therapists. Pain
was rated on three 11-point scales, one for mean pain
level in the last 24 h, one for lowest level of pain in the
last 24 h and one for worst pain in the last 24 h.

Table 1 presents the measuring instruments used, as
well as the timing of the measurements.

Data analysis

The data of all patients were entered in and analysed
with SPSS statistical software package, version 9.0
(Norusis, Chicago, IL, USA),'® by a blinded analyst.
Data were analysed according to the ‘intention to treat’
principle.”® Primary effect measures were calculated as
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Table 1. Effect measures, methods and timing of assessments

LENSSEN ET AL.

Method TO T1 T2
2 weeks prior 4 days 17 days
to surgery after surgery  after surgery

Mobility* Long-arm goniometer X X X
Function* HSS score X X X
Length of hospital stay Hospital record X
Pain 11 point scale X X X
Pain medication Hospital record X X
Satisfaction with physical therapist’s treatment 11 point scale X
Satisfaction with physical therapist’s attention 11 point scale X
Muscle strength Hand-held dynamometer X X X
Hours of CPM per 24 h Hospital record X

*Primary measures of effect.

the differences between TO, T1 and T2. Between-group
differences were used in all analyses. A two-tailed #-test
was used for continuous data, and Mann-Whitney U-
tests for HSS scores.

RESULTS

Forty patients were included in the study, 20 of whom
received physical therapy twice a day during all 4 days
of their hospital stay (PT group), while 20 received
CPM in addition to the physical therapy (CPM group).

Table 2. Baseline characteristics

Baseline characteristics of the patients are shown in
Table 2. Randomisation resulted in a good balance
between baseline characteristics in the two groups.

Baseline data on strength were lacking for one patient,
due to problems with the dynamometer. Data on muscle
strength at discharge were missing for the same patient.

One patient was not evaluated on day 4 because he
had suffered a heart attack on day 3 after the operation
and was being treated at the intensive care ward on day
4. Evaluation of this person was completed on day 17.

Two patients did not return for the follow-up visit,
one because of the death of her husband during the
postoperative period, the second one without notice.

CPM group  PT group Range of motion (ROM)
(n = 20) (n = 20)
Mean (SD)  Mean (SD) Table 3 shows a comparison of the data on range of
Age 65.0(9.2) 65.7(9.5) motion. On day 4 as well as day 17 after the operation,
g:;:_ier (“tlale{femﬂlﬂ) ?:5(5 N ;”;2 63 the CPM group performed better on passive ROM.
ive extension 17 (5. .6° (6. . N . . . N
Passive flexion 1174°(15.6)  120°(15) Passive flexion declined immediately after surgery, being
HSS score (0-100 points) 626(127)  66.1(8.5) ~40° less on day 4 than before surgery. The difference
Strength 163.9N (52.6) 1656N (70.5)  Was 36° in the CPM group and over 45° in the control
Average pain (0-10 points) 3.6(2.8) 3.8(2.7) group. In absolute values, flexion was 6° less and exten-
Minimum pain (0-10 points) 2.5 (2.6) 1.72.2) sion 1.6° less in the control group. On day 17, ROM had
Maximum pain (0-10 points) 7.6 2.3) 79 (16) improved in both groups, but the difference between the
groups remained. The overall ROM difference on day 17
*In the last 24 h. was more than 10°. Only the difference in extension on
day 17 was statistically significant (P = 0.029).
Table 3. Passive ROM on days 4 and 17
Day 4 after surgery (SD) Day 17 after surgery (SD)
CPM Control P value CPM Control P value
(n=20) (n=19) (n=20) n=18)
Extension 4.7° (4.5) 6.2° (4.2) 0.269 4.2° (3.4%) 7.9° (5.9%) 0.029
Flexion 80.3°(11.7) 74.5° (13.3) 0.158 90.2° (13.2) 83.7° (15.1) 0.163
*Extension 45(8.0) -0.6(7.2) 0.660 1.2(5.7) -2.1(5.8) 0.09
*Flexion -36.2(17.7) -45.5(12.4) 0.069 -27.6 (15.6) -36.1(10.6) 0.061
*Statistically significant. *Difference with pre-operative value.
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Table 4. HSS scores on days 4 and 17

Day 4 after surgery (SD) Day 17 after surgery (SD)
CPM Control P value CPM Control P value
(n=20) (n=19) (n=20) (n=18)
HSS 56.5(9.8) 44.5(14.9) 0.001 66.2 (10.1) 54.2(12.8) 0.003
*HSS -5.7(17.9) 21.6(13.9) 0.006 4.6 (15.4) -11.99.7) 0.001
*HSS shows difference with pre-operative values.
Table 5. Secondary measures
Day 4 after surgery (SD) Day 17 after surgery (SD)
CPM Control P value CPM Control P value
(n=20) (n=19) (n=20) (n=18)
Strength 482 (30.1) 24.2(21.3) 0.008 99.0 (45.6) 80.3 (31.0) 0.161
Average pain 2.6(1.8) 4.7 (2.6) 0.005 2.3(2.6) 45(2.4) 0.009
Maximum pain 5527 8.2(L.1) 0.001 4.3(3.3) 7.2(2.6) 0.005
Minimum pain 1.1(1.3) 2322 0.042 0.9 (1.6) 2.9(2.6) 0.007
Length of stay 6.0 (3.6) 5.6(1.1) 0.709
Satisfaction with treatment 9.0 (1.0) 8.6 (1.0) 0.268
Satisfaction with attention 9.0(1.1) 8.6 (1.0) 0.282

Function, as measured with the Hospital for Special
Surgery score

The control group received in-hospital physical therapy
twice a day for 20 min for 4 days. The CPM group addi-
tionally received 4 h of CPM daily. HSS score declined
after surgery, as is illustrated in Table 4. The decline in
the control group was greater than that in the CPM
group. After 17 days, the score was comparable to pre-
operative values in the CPM group, whilst the score in
the control group was still much lower. All between-
group differences were statistically significant.

Secondary effect measures

After 4 days, muscle strength in the CPM group was
twice as high as in the control group (48 versus 24 N).
After 17 days, strength was about 55% of the pre-
operative value and there were no significant differ-
ences between the two groups (Table 5).

Pain is presented as median pain level at rest and
highest and lowest pain levels during the last 24 h.
Although it was not a primary effect measure, differ-
ences in pain perception were regarded as a prominent
outcome in this study. Pain was perceived as less of a
problem in the CPM group at 4 as well as 17 days after
surgery. Between-group differences were statistically
significant at every evaluation point.

The length of the hospital stay and the level of satis-
faction with the treatment and attention provided by
the therapists were similar in both groups.

Compliance was measured as the number of hours in
the CPM machine per day. Patients in the CPM group
received an average of ~3.6 h of CPM treatment per day.

DISCUSSION

Both groups did better than patients reported on by
several other studies.”®! However, differences in
ROM between the CPM and control group were not
significant in this trial, This difference in ROM was
approximately 8° at T1 and 10° at T2. This may be
due to the intensive treatment in the control group.
Johnson et al.’ immobilised the patients in their con-
trol group for 7 days, while Pope et al.” immobilised
all patients in an extension splint between physical
therapy sessions during the first 3 days after surgery.
Although CPM was not continued in the first week
after discharge, the differences in ROM in the current
study were found to persist through day 17. The data
do not show whether, and if so when, the control
group made up this difference.

Differences in function score between the CPM and
control groups were found to be marked. Secondary
analyses showed that over 50% of this difference was
attributable to the difference in pain perception,
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which is part of the HSS questionnaire. One might,
therefore, question whether this difference really rep-
resents a change in overall function, or merely the use
of a different kind of pain measurement. Better tools
are required to measure functions of daily living in
this treatment group.

Secondary measures of effect

Quadriceps’ strength levels at 4 days after surgery were
much higher in this study than in the study reported by
Mclnnes et al.'® This apparent difference could be due
to the fact that we measured strength at about 60° of
flexion, whereas they measured at 45° of flexion.
However, McInnes and colleagues did not find any sig-
nificant differences in strength, whereas we found a dif-
ference of 50% between the CPM and control groups.
A possible explanation for the difference in strength
between the two groups could be the fact that CPM is
not as ‘passive’ a treatment as we think it is, and may
involve muscular activity while ‘resting’ in the machine.
Why we found a large difference whereas Mclnnes ez
al."? reported no difference remains unclear. The effect
on pain was also markedly greater than that reported
by previous studies. McInnes et al.'° reported a moder-
ate difference in favour of the CPM group; however,
the overall pain scores in their study were smaller com-
pared to our data.

The effect on pain cannot be explained by differences
in medication, because pain management was stan-
dardised in our trial. A possible explanation is that
prolonged passive motion leads to pain reduction
through arthokinematic reflex activity.?

Compliance in the CPM group was less than the
planned 4 h of CPM treatment a day. One possible rea-
son for this could be the use of the hospital’s ‘living
room’ facilities during the daytime, which was located
about 50 m from the bedrooms. Since it is more diffi-
cult to install the CPM machine in a chair than in a
hospital bed, physical therapists and nursing staff occa-
sionally skipped this procedure.

The physical therapy treatment in this trial was
intensive. In-hospital regimens in The Netherlands
usually prescribe one 20-min physical therapy session a
day. Hence, the results must be evaluated in the context
of a control treatment involving 40 min of physical
therapy in its protocol.

Only short-term effects of CPM are described here.
We were interested in the short-term effects because a
systematic review had found no consistent long-term
effects of the treatment, but strong evidence of short-
term effect, mainly on ROM. Considering the outcome
of the present study, we would also be interested in the
medium-term outcome, to examine whether the control

group made up this difference with the CPM group
and, if so, over what time interval.

Furthermore, we intend to perform a new trial in
which CPM application is continued for 2 weeks, as
‘dosage’ is a possible factor of influence.

CONCLUSIONS

This study indicates that CPM delivered in the first 4
days following surgery seems to lead to better short-
term mobility. The increased mobility is present through
the 17th day after surgery. Results on function should be
interpreted with caution, because pain and function
seem closely related in the scoring system used here.
Nevertheless, there was a considerable difference in
favour of the CPM group in terms of this functional out-
come measure. The most striking outcome was the dif-
ference in postoperative pain perception, with CPM use
leading to an immediate decline in postoperative pain.
Finally, muscular strength in our CPM group was better
than that in the control group, at day 4 as well as day 17.
Future research should concentrate on long-term out-
come, longer use of CPM and finding a better outcome
tool for functional assessment.’
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