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The efficacy of continuous passive
motion after total knee arthroplasty
A three-group randomized controlled trial

OBJECTIVE To determine the effects of continuous passive motion (CPM),
in conjunction with standard physiotherapy, after total knee arthroplasty
(TKA), on the active range of motion of the knee and postoperative pain.
METHOD The trial was conducted on 75 patients aged 50-80 years (Clinical
Trial Identifier: ISRCTN91125056). The patients were allocated randomly into
three groups of 25. The control group followed only the standard in-hospital
postoperative physiotherapy intervention. The two study groups followed
the physiotherapy intervention, and in addition a 6-day-application of CPM,
for 30 minutes twice daily in the first group (CPM-30), and for 60 minutes
twice daily in the second group (CPM-60). The range of knee's flexion and
extension were recorded preoperative, and post-operative, at the 1st week
(post-intervention) and 4th week (follow-up). The post-operative pain levels
were evaluated on the 2nd (pre-intervention) and 8th (post-intervention)
postoperative days, using the Pain Visual Analogue Scale (VAS). RESULTS At
the 1 week postoperative, only the CPM-60 group had significantly greater
flexion by 7.55° (p=0.029) than the control group. At the 4th postoperative
week, the degrees of flexion in both intervention groups were statistically
higher than in the control group (CPM-30 by 5.42° [p=0.011] and CMP-60
by 13.38° [p<0.001]). The CPM-60 group had a 7.96° greater range of active
flexion compared to the CPM-30 group (p<0.001). No difference was observed
between the three groups regarding the range of active extension or post-
operative pain. CONCLUSIONS After TKA, the implementation of CPM for 60
minutes twice daily, in addition to the standard physiotherapy intervention,
may significantly increase postoperative active knee flexion, but with no ef-
fect on knee extension or the pain levels.
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Total knee arthroplasty (TKA) is recognized as the
most effective and beneficial treatment of end-stage knee
osteoarthritis.” TKA surgery is deemed successful when
the patient’s pain is reduced and the ability to perform
daily activities is improved, postoperatively.? Patients who
achieve pain-free mobilization and an adequate range of
knee motion early after the operation, have been shown
to attain a higher level of performance of functional activi-
ties.? Physiotherapy intervention is initiated in the acute
postoperative period,? aimed at ultimately facilitating the
return of the patients to an active lifestyle.”

Continuous passive motion (CPM) was introduced in the
early 1980s,5¢ since when it has been added to the post-TKA
physiotherapy intervention. The reported benefits of CPM

include reduction of postoperative pain, improved local
circulation, and reduction of swelling and of the incidence
of adhesions.” Furthermore, the passive exercise provided
by the CPM promotes early mobilization and an improved
range of knee flexion; consequently, it enables active exer-
cise and greater muscle strengthening.’’-’? These benefits
remain controversial, however, as the literature on CPM
has not conclusively confirmed these results. Some studies
demonstrated neither clinical differences between patients
on whom CPM was used and those receiving standard
physiotherapy,’*-"* nor evidence of reduction in the level
of postoperative pain.’®?° A Cochrane review?' reported
evidence that the beneficial effects of CPM on the range
of knee motion in the post TKA period are too small to be
practically relevant.?’ As the authors pointed out, however,
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the trials included in this review implemented many differ-
ent protocols for the administration of CPM.?" In some trials
CPM was initiated directly after the TKA surgery,’®’® while
in others it was applied days later.””’??2 The CPM settings
also differed between trials; in some trials, the settings
were dictated by a protocol’*'6747° whereas in others they
were determined either by the patient’s comfort or at the
discretion of the clinician.?? Moreover, the time duration
of CPM application differed, ranging from 23 hours’’ to
15 minutes.” All these variables may have influenced the
observed effects of CPM and could therefore prove difficult
to generalize and apply to current clinical practice.?’ There
has been a lack of trials that compare the active range of
knee motion between patients receiving standard phys-
iotherapy and patients receiving both physiotherapy and
CPM application.? The controversy surrounding the use
of CPM in the acute postoperative period prompted us
to evaluate the practice of CPM use and its effectiveness.

The preeminent objective of the present clinical trial was
to study the effects of a specific CPM protocol, in conjunc-
tion with physiotherapy intervention, on the acute postop-
erative range of active knee motion and on postoperative
pain, after TKA. In addition, the probability of the duration
of the study CPM protocol affecting the postoperative
active range of knee motion and postoperative pain (pre-
intervention versus post-intervention) was also explored.

MATERIAL AND METHOD

This was a 3-group randomized controlled trial (Clinical Trial
Identifier: ISRCTN91125056), conducted in accordance with the
ethical principles stated in the Declaration of Helsinki and its later
amendments.? The study protocol was approved by the research
committee of the Technological Educational Institute of Athens
(current University of West Attica) and by the Scientific Research
Council of the “KAT” General Hospital of Attica, Athens, Greece.

It was estimated that a sample size of 25 patients per group
was required to ensure an 80% probability of detecting a difference
of greater than 5 degrees (°) in the range of active knee flexion
between the groups, at the 8th postoperative day, with a <1.7%
significance (Bonferroni correction) in two-tailed testing. The
analysis of the covariance model, with baseline measurements of
the range of active flexion as covariate, having an R?>=0.250, was
used for analysis. The sample size estimation was calculated using
the PASS 11.0.8 program.

Every patient aged over 50 years with end-stage knee osteoar-
thritis, admitted to the Orthopedic Department to undergo primary
TKA was invited to participate in the study. Patients were excluded
if they had previously undergone osteotomy or arthroscopy of
the affected knee joint, suffered from diabetes mellitus (DM),
peripheral vascular disease, musculoskeletal disorder or cognitive
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impairment, or were on corticosteroid medication. After recruit-
ment, any patient that experienced postoperative complications,
such as incision wound healing problems, increased postopera-
tive knee swelling or pulmonary embolism, was also excluded
from the study’ and was then replaced by another patient who
satisfied the inclusion criteria. Patients were informed that their
enrollment in the study entailed a stay in hospital of 8 days, in
order to complete the postoperative CPM protocol/physiotherapy
program and the post-intervention measures. On acceptance of
the study conditions, and prior to surgery, the participants gave
their written informed consent. Their demographic and clinical
characteristics, and the preoperative active flexion and extension
of the affected knee joint were recorded.

All participants underwent hybrid TKA through a medial
parapatellar approach,? performed by the same team of ortho-
pedic surgeons, and the implanted prosthesis had similar speci-
fications and technical characteristics in every case. The patients
were randomized into three groups (one control group and two
research groups) by an independent clinician, according to each
patient’s admission date. Specifically, the first selected patient was
enrolled in the control group, the second selected patient in the
first research group and the third selected patient in the second
research group and so forth. The participants were not blinded
to their group allocation.

For all three study groups, the in-hospital physiotherapy
intervention, which was based on the rehabilitation protocol®
presented in the appendix, was initiated on the 1st postoperative
day and continued until discharge (8th postoperative day). The
control group followed only the standard physiotherapy inter-
vention. The two research groups followed the same in-hospital
physiotherapy intervention, in conjunction with CPM application.
In the first research group (CPM-30), the CPM was implemented
for 30 minutes twice per day,’”” while in the second research group
(CPM-60), the CPM was applied for 60 minutes twice per day. The
CPM application for the CPM-30 and CPM-60 groups was initiated
after the removal of the surgical drain (2nd postoperative day) and
continued until the evening of the 7th postoperative day. For both
groups, the morning application of CPM was programmed after the
physiotherapy session and in the evening it followed a 5-minute
warm-up.’>?? The same CPM device was used for all patients (fig.
1). A physiotherapist was responsible for both the physiotherapy
intervention and the CPM application in all groups.

According to the study protocol, the range of knee motion
during the application of the CPM was initially set at 0-40°, and
was increased by 10° of flexion per day, aimed at reaching the
range of knee motion at the 7th postoperative day of 0-90°. Given
the fact that the actual knee motion during CPM application was
found to be 24-32% less than the programmed CPM arc,” the CPM
device was regulated to have 28% greater range of motion than
that required. The CPM study protocol applied to both research
groups is reported in table 1.

Following discharge, the patients of all three groups were
encouraged to continue their individualized program every day
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Figure 1. Application of continuous passive motion (CPM): The limb was
positioned on the CPM device and stabilized with bandages (arrows).
During CPM session, the patient was lying in supine position with no
bed elevation.

Table 1. The continuous passive motion (CPM) protocol of the study on
total knee arthroplasty.

CPM application per day Programmed Range of knee
CPM arc*** motion***
2nd postoperative day 0-51.5° 0-40°
3rd postoperative day 0-64° 0-50°
4th postoperative day 0-77° 0-60°
5th postoperative day 0-89.5° 0-70°
6th postoperative day 0-102.5° 0-80°
7th postoperative day 0-115° 0-90°

*CMP-30 group: 30 min twice per day; **CMP-60 group: 60 min twice per day

until the end of the 4th postoperative week, according to the
detailed instructions they were given for the correct and safe
performance of the exercises.

Outcome measures were obtained at three time points: Pre-
operative (baseline), after the end of the physiotherapy session on
the morning of the 8th postoperative day (1st postoperative week),
and again during the first follow-up postoperative appointment at
the end of the 4th postoperative week (follow-up measurement).
All assessments were carried out by the same examiner, who was
not involved in any way with the rehabilitation program and was
blinded with respect to the group assignment. The goniometric
measurements of active knee flexion and extension were performed
according to the previously described technique.®

In order to evaluate whether the CPM application could af-
fect the postoperative pain level, we recorded pre-intervention
versus post-intervention pain in the three study groups, using
the 10-point pain Visual Analogue Scale (VAS).?’ The intensity
of pain was evaluated twice, at the 2nd postoperative day (pre-
intervention) and at the 8th postoperative day (post-intervention).
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The VAS scale was explained to each patient and was given to
him(her) for self-completion.

Statistical analysis

Data were expressed as meanzstandard deviation (SD) for
continuous variables and as frequencies (n) and percentages
(%) for categorical data. The Kolmogorov-Smirnov test was used
for normality analysis of the continuous variables. Homogeneity
between groups was examined using the one-way ANOVA model
and the Chi-square (x?) test.

The comparison of variables between groups at each time
point was performed using the one way ANOVA model. Pairwise
comparisons were performed using the Bonferroni test.

The one-factor repeated measures ANOVA model was used
for the comparison of different time measurements of variables
for each group. Pairwise multiple comparisons were performed
using the method of Tukey critical difference.

The analysis of covariance model (ANCOVA) was used to com-
pare the evaluation of variables (active flexion and active extension)
on the 8th postoperative day (1st postoperative week) and at the
end of the 4th postoperative week between the three groups. In
order to control any preoperative differences between groups,
the absolute values of active flexion and extension at the 1st and
4th postoperative weeks (dependent variables) were adjusted to
preoperative values (covariates).

We followed the same procedure for the analysis of VAS vari-
able between the three groups, using as dependent variable the
absolute value on the 8th postoperative day (1st postoperative
week) and as covariate the pre-intervention value on the 2nd
postoperative day.

All tests are two-sided and statistical significance was set at
p<0.05. All analyses were carried out using the Statistical Package
for Social Sciences (SPSS), version 21.0 (IBM Corporation, Somers,
NY, USA).

RESULTS

Patient recruitment lasted from April 2013 to February
2015, by which time the required number of participants
had been reached. The recruitment procedure is depicted
in the flow diagram in figure 2. There was homogeneity
between the three groups regarding the demographic and
clinical characteristics at baseline (tab. 2).

The comparisons between the degrees of active knee
flexion in the three groups at each time point are shown
in table 3. In the measurements at the 1st postoperative
week, only the CPM-60 group had significantly greater
adjusted-to-preoperative mean of the degrees of knee
flexion, by 7.55° (0.37-14.73) (p=0.029) than the control
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Figure 2. Flow diagram of the study on continuous passive motion (CPM) after total knee arthroplasty (TKA).

group. In the follow-up measurements (4th postoperative
week), the adjusted-to-preoperative mean of degrees of
knee flexion of both intervention groups were statistically
higher (CPM-30 by 5.42°[0.99-9.85]; p=0.011 and CMP-60
by 13.38°[8.96-17.83]; p<0.001, respectively), than that of
the control group; the CPM-60 group had a 7.96° (3.55-12.40)
(p<0.001) greater range of active knee flexion compared
with the CPM-30 group (tab. 3).

Significant association was demonstrated between
CPM application and postoperative degrees of active knee
flexion.The time duration of CPM application also affected
the range of motion of active knee flexion.

The comparison of the degrees of active knee extension
between the three groups at each time point revealed no
statistically significant differences (tab. 4).

The pre-intervention and post-intervention pain levels
(VAS values) in the three groups are shown in table 5. No
statistically significant differences were revealed, indicating
that postoperative pain levels were not affected by CPM
application. It is of note that during CPM application, no
patient discontinued the CPM sessions because of severe
pain.

DISCUSSION

In the present study, the implementation of the pro-
posed CPM protocol was found to increase the degrees of
postoperative active knee flexion, but the CPM application
had no affection on the postoperative active knee exten-
sion or on the pain levels.

The comparison between the results of the two CPM
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Table 2. Demographic and clinical characteristics of the three groups of the participants in the study of continuous passive motion (CPM) after
total knee arthroplasty (n=75).

Characteristics Values* p-value
Control group (n=25) CPM-30 group (n=25) CPM-60 group (n=25)

Age (year) 72.64+6.15 75.04+£4.61 71.72+6.24 0.113
Height (m) 1.62+0.05 1.66%0.06 1.64+0.07 0.208
Weight (kg) 83.84+17.83 79.68+11.32 81.96+12.39 0.584
Body mass index (kg/m?) 31.81+6.76 29.00+3.72 30.49+5.12 0.204
Sex

Men/women 3(12)/22(88) 9 (36)/16 (64) 7 (28)/18 (72) 0.139
Affected knee

Right/left 14 (56)/11 (44) 13 (52)/12 (48) 15 (60)/10 (40) 0.850
Use of assistive device

No/yes 13 (52)/12 (48) 11 (44)/14 (56) 13 (52)/12 (48) 0.808
Assistive device use frequency

Always/sometimes/rare 8(66)/2(17)/2(17) 7 (50)/4 (29)/3 (21) 7 (58)/3 (25)/2(17) 0.936
Type of assistive device

Cane/Walker 11(92)/1 (8) 14 (100)/0 (0) 10(83)/2(17) 0.290
Preoperative active knee flexion (degrees) 97.48+15.32 99.48+13.84 99.28+11.27 0.849
Preoperative active knee extension (degrees) 10.36+5.31 10.10+4.97 10.76+4.58 0.889

The values are expressed as meanzstandard deviation (SD) for continuous variables and as frequencies (n) and percentages (%) for categorical variables. Homogeneity
between groups was examined using one-way ANOVA model and Chi-square (x?) test

Table 3. Comparison of active knee flexion in degrees (°) during the observation period after total knee arthroplasty.

Patients’ groups Values* Within Adjusted mean** (95% Cl)
Preoperative 1st postoperative 4th postoperative  9group 1st postoperative 4th postoperative
measurement week week p-value week week

Control 97.48+15.33 56.80+11.09* 83.8416.83*° <0.0005  57.26 (53.13-61.39) 84.18 (81.63-86.73)

CPM-30 99.48+13.84 59.00+11.57% 89.80+7.09%55 <0.0005 58.74 (54.61-62.86) 89.60 (87.06-92.15)°

CPM-60 99.28+11.28 65.00+11.47% 97.72+8.00%4# <0.0005  64.81(60.68-68.93)F 97.56 (95.03-100.12)%

Between groups p-value 0.849 0.036 <0.001 0.029 <0.001

*The values are expressed as meantstandard deviation (SD); ** Adjusted for preoperative value using the analysis of covariance model (ANCOVA)

#p<0.005 versus preoperative; * p<0.005 versus 1st postoperative week; ¢ p<0.05 versus control; T p<0.005 versus control; * p<0.005 versus CPM-30

CPM-30: Application of continuous passive motion (CPM) for 30 min twice daily, CPM-60: Application of continuous passive motion for 60 min twice daily, 95% Cl:
Confidence interval 95%

Table 4. Comparison of active knee extension degrees (o) during the observation period after total knee arthroplasty.

Patients’ groups Values* Within Adjusted mean** (95% ClI)
Preoperative 1st postoperative 4th postoperative ~ 9OUP 1st postoperative 4th postoperative
measurement week week p-value week week
Control 10.36+5.31 10.48+5.45 2.44+1.75% <0.0005 10.49 (8.49-12.50) 244 (1.76-3.12)
CPM-30 10.08+4.97 11.40+6.08 1.88+1.78"* <0.0005 11.52(9.52-13.53) 1.91 (1.24-2.59)
CPM-60 10.76+4.58 11.48+4.37 2.04+1.74%5 <0.0005 11.34 (9.34-11.35) 2.00(1.32-2.68)
Between groups p-value 0.889 0.764 0.515 0.744 0.499

*The values are expressed as meantstandard deviation (SD); ** Adjusted for preoperative value using the analysis of covariance model (ANCOVA)

*p<0.005 versus preoperative; * p<0.005 versus 1st postoperative week

CPM-30: Application of continuous passive motion (CPM) for 30 min twice daily, CPM-60: Application of continuous passive motion for 60 min twice daily, 95% Cl:
Confidence interval 95%
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Table 5. Comparison of pre-intervention versus post-intervention values on the Pain Visual Analogue Scale (VAS) of patients undergoing total knee

arthroplasty.

Patients’ groups Values* Within group Adjusted mean** (95% CI)

2nd postoperative day 1st postoperative week p-value 1st postoperative week
Control 6.12+2.24 4.76+1.88 0.002 4.77 (4.23-5.31)
CPM-30 6.64+1.85 4.40+1.73 <0.0005 4.14 (3.60-4.69)
CPM-60 5.64+2.10 3.92+1.47 <0.0005 4.17 (3.62-4.71)
Between groups p-value 0.239 0.223 0.190

*The values are expressed as meantstandard deviation (SD); ** Adjusted for preoperative value using the analysis of covariance model (ANCOVA)
CPM-30: Application of continuous passive motion (CPM) for 30 min twice daily, CPM-60: Application of continuous passive motion for 60 min twice daily, 95% Cl:

Confidence interval 95%

groups demonstrated that the time duration of CPM ap-
plication affected the active flexion of the knee. Specifically,
at the immediate post-intervention measurement (1st
postoperative week), the group to which CPM was applied
for 30 minutes twice daily (CPM-30) showed no significant
differences from the control group; statistically significant
difference was observed only at follow-up at the 4th post-
operative week.The group in which CPM was applied twice
daily for 60 minutes (CPM-60) revealed significant statistical
differences in flexion measurements at both time periods,
and at the 4th postoperative week the CPM-60 patients
nearly reached the preoperative active knee flexion.

These data confirm those of other studies in which the
respective measurements were carried out 5-10 days after
TKA.7071.223031 |0 those studies, CPM application in addition
to standard physiotherapy intervention had a positive effect
on the active range of knee flexion (63-80°), similar to the
CPM-60 group here.’?3%-32|n addition, the improvementin
active knee flexion of their CPM groups, ranged from 2-3°,
compared with their control groups. In one study only,?in
which the CPM application was continued until the 17th
postoperative day, a 5° improvement was observed in the
intervention group. This difference was non-significant
(p=0.06-0.07), which may be explained by the fact that
the CPM application was determined by patient comfort or
clinician discretion,”? and not based on a specific protocol,
as in our study.

Arelevant Cochrane review?’ concluded that more than
5 additional degrees in the range of knee flexion is required
to justify the added time, cost and inconvenience of CPM.?’
Ours is the first study in which clinically meaningful differ-
ences (i.e.,, more than 5°) between standard physiotherapy
and standard physiotherapy combined with CPM are re-
ported. Thus, patients may benefit from our CPM protocol
(60 minutes twice daily), as the passive exercise provided
by the CPM in the immediate postoperative period fol-
lowing TKA helps to maintain the range of motion, while

subsequently, the increased range of motion enables active
exercise and greater strengthening.’?

Our results also indicated that the CPM benefits in
range of knee flexion, gained in the 1st postoperative
week resulted in additional range of motion by the 4th
postoperative week. Previous studies have reported no
such long-term advantages from CPM;%-27¢ in these stud-
ies, however, it was not reported whether the participants
followed any specific physiotherapy program after dis-
charge. The findings of the present study may be due to
the policy that the patients in all groups were encouraged
to continue their individualized exercise program. Thus,
the flexion achieved during the in-hospital CPM applica-
tion combined with physiotherapy after discharge led to
further improvement of active knee flexion, as measured
at the 4th week follow-up. It has been reported that the
short- and long-term outcomes after TKA may be related
to the type and intensity of postoperative rehabilitation.>

One of the effects that could possibly be observed with
the application of CPM after TKA is a lack of either active
or passive range of knee extension motion. In our study,
the post-intervention active knee extension deficit was
similar in all groups (tab. 4). Comparable, knee extension
deficits (4-10°) have been observed in other studies, where
measurements were carried out 5-14 days after TKA.'07"32
Difficulty in performing knee extension postoperatively
could be explained by weakness of extensor muscles, knee
swelling, pain, stiffness in the flexor muscles, or a combi-
nation of these factors, given the acute-stage condition.”
Typically, after 4 weeks, these symptoms are minimized
and knee extension is maximized, and on follow-up mea-
surement, active knee extension reaches the expected
postoperative levels (6-2°),°" as in our study’s patients.

Reports regarding pain levels with CPM use have been
conflicting, with some studies reporting increased pain,*
and others®*%¢|ess pain. In both CPM intervention groups in
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our study, the postoperative pain levels were not affected
by CPM application. This finding is of paramount impor-
tance, as increased pain in the immediate postoperative
rehabilitation period could have a significant effect on the
rate of recovery, by limiting exercise potential and delaying
mobilization.””

Study limitations

The present study, which was a 3-group randomized
controlled trial, has both strengths and limitations. A key
strength is that all participants underwent the same opera-
tive protocol, namely TKA through a medial parapatellar
approach?® performed by the same team of orthopedic
surgeons, and the same physiotherapist was responsible
for the physiotherapy intervention in all three groups. Su-
pervision and guidance from the physiotherapist during
in-hospital physiotherapy/CPM sessions helped to ensure
the patient adherence to the protocol. A zero drop-out rate
was achieved by financially de-burdening the participants
from the renting of the CPM device during the interven-
tion period (the 8 day-hospital stay). All measurements
were made by the same examiner, who was not involved
in any part of the rehabilitation program and was blinded
with respect to the group assignment. These factors added
strength and statistical power to the results of this study.

Study limitations that should be mentioned include
the fact that the patients were followed-up only until the
4th postoperative week; hence, there was no opportunity
to observe whether the advantages of CPM application
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were preserved over time. In addition, the study did not
include other assessment, such as knee muscle strength
and overall functional outcome, although, most of the
other research on the effectiveness of CPM has also focused
on range of motion as the primary outcome.’®?22 Finally,
the study population consisted of individuals who had
preoperative active knee flexion of greater than 95° (tab.
2). It must be underlined that our findings, therefore, can-
not be generalized to all patients with knee osteoarthritis,
since the preoperative range of knee flexion is among the
factors affecting the range of flexion achieved after TKA.3”

In conclusion, the study findings indicate that, after TKA,
the implementation of the proposed CPM protocol for 60
minutes twice daily, in addition to the standard postopera-
tive physiotherapy intervention, may significantly increase
the range of active knee flexion without affecting the pain
level. No effect was observed on knee extension. Further
research is needed in order to confirm these results and
to extend the measurements to other outcomes, including
of knee muscle strength, overall functionality and patient
satisfaction.
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H amoTeAECHATIKOTNTA TNG CUVEXOUG TTAONTIKI G KIVNTOTIOINGNG UETA ATTO OAIKN)
apOpOoMAACTIKY) YOVATOG: TuXaloTTOINUEVN EAEYXOUEVN SOKIUN 3 opadwv
5. 3TAZH," I.N. MMAATOMOYAOZ 2 I. MAMAGANAZIOY," N.I. KOPPEX2

'Epyaotripto Neupouuikng kat Kapdiayysiakric MeAétng tng Kivnong, Turjua QuoikoBepareiag,

lMavemoTtruto Autikig ATTIknG, ABriva, A~ OpBomaidikn KAwvikr, leviké Noookouegio ATtikric «KAT», ABriva

Apxeia EAAnvikri¢ latpikric 2020, 37(3):341-353

ZKOMNOX H eniépaon tng ouvexolG mabNTIKAG Kivntoroinong (continuous passive motion, CPM), o cuvuacuo pe

@UOIKOBEPATTEVTIKN TTAPEUBAON, OTNV EVEPYNTIKI KivNon TOU YOVATOG KAl OTOV TTOVO, HETA ATTO OAIKH apOpoTAaoTI-

Krj yovatog (OATl). YAIKO-MEO®OAOX ERSounvta mévte aoBeveig (NAikiag 50-80 £TWV) CUMUETEIXAV OTNV TTapovoa

peAétn (Clinical Trial Identifier: ISRCTN91125056). METEYXEIPNTIKA, OTNV OUASA EAEYXOU EQAPUOOTNKE UOVO N KAOI-

EPWMEVN PUOIKOOEPATTELTIKNA TTAPEUBach. TG SUO EPEVVNTIKEG OUASEG EQAPUOOTNKE T TTAEOV €va TIPWTOKOAANO

CPM 6 nuepwv: otn pa opdada (CPM-30), n CPM cuvedpia ektehovvTtav 30 min SU0 POPEC NUEPNTIWG, EVW oTn SeV-

TEPN OpAda (CPM-60) 60 min SVO PoPEC TNV NUEPA. TO EVPOC TNG EVEPYNTIKNG KAUYNG KAl EKTACNG TOU YOVATOG Ka-

TAYPAPNKE TIPOEYXELPNTIKA, LETA TNV MapéuPaon (1n peTeYXEPNTIKA ERSopAda), Kal EMAVAANTITIKA TNV 4N PETEYXEL-

pntikn eBSopdda. Ta emimeda TOU PETEYXEIPNTIKOL TTOVOU a§loAoyrnOnKkav Tn 2n Kal TNV 8n UETEYXEIPNTIKN NUEPA, LE
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TNV KAipaka mévou Visual Analogue Scale (VAS). AMOTEAEZMATA Tnv 1n peteyxelpntikn eBSopdda, pévo n opdda

CPM-60 eu@AVIOE OTATIOTIKA ONUAVTIKA Sla@opd 0To €VPOG TNG EVEPYNTIKAG KAPWYNG KaTtd 7,55° (p=0,029), o€ oxé-

on HE TNV OpAda ENEYXOU. TNV EMAVOANTITIKY HETPNON (4N HETEYXEIPNTIKN ERSOMAdA), TO EVPOC TNG EVEPYNTIKNAG

KAMYNG Kal TwV V0 €peLVNTIKWY opddwyv Atav meploocdTtepo [CPM-30 katd 5,42° (p=0,011) kat CMP-60 katd 13,38°

(p<0,001)] CUYKPITIKA HE TNV OUASA EAEYXOU, EVW CUYKPITIKA HE TNV opdda CPM-30, n opdda CPM-60 sixe katd 7,96°

HeYaAUTEPN EVEPYNTIKA KAPWN (P<0,001). ZTnV EVEPYNTIKN €KTACN TOU YOVATOG KAl OTA EMIMESA TOU HUETEYXEIPNTI-

KOU TTOVOU SEV EUPAVIOTNKAV OTATIOTIKA CNUAVTIKEG S1aPOPEG HETAEL TwV 3 opuddwv. ZTYMIMEPAXMATA Metd amd

OAT, n epappoyry CPM yia 60 min SU0 @opEC NUEPNOIWG, 0€ CUVSLACHO UE PUOIKOBEPATTEVTIKN TTApEUBacn, Umopei

va au€NOEL CNUAVTIKA TNV EVEPYNTIKN KAMYN TOU YOVATOG XWPIG VA ETNPEEACEL TNV EVEPYNTIKN €KTAON, KABWG Kal Ta

eMimeda TOU PETEYXEIPNTIKOU TTOVOUL.

NEé&erg evpeTnpiou: ONKN apBpomAacTikr yovatog, Mévog, Zuvexng madnTtikn kivnon, Tpoxid kivnong, ®ucikoBepaneia
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Physiotherapy for Patients who Have Undergone Total Knee Arthroplasty

Intervention Performance Guidelines
Timeframe: 1st week (Inpatient Rehabilitation)

Respiratory Physiotherapy Diaphragmatic breathing. Exhale and cough instructions must be given for secretion
(if needed) drainage. Upper limb combined with respiratory exercises can be performed.
Trunk Exercises Supine position. Trunk extensors, individually modified abdominal exercises, pelvic
(i needed) elevation (pelvic bridge), etc.
Isotonic and resistive training
of the contralateral limb
(I needed)
Ankle Pumps

Supine position. Two sets of 10 repetitions each for both limbs, alternately. (Note: Be alert

v Ankle dorsiflexion — plantar for any signs of deep vein thrombosis, such as increased swelling, erythema, calf pain).
flexion with manual resistance
. i d Supine position. Isometric contraction for 6 s followed by a rest interval of 20 s.

Active isotonic contractions of hip

Supine position with knee joint in extension and ankle joint in dorsal flexion.

Hip abduction — adduction slides

Supine position. Neutral leg position (concerning hip rotation), with knee joint in
extension and ankle joint in dorsal flexion. During the first postoperative days, the
exercise is performed with assistance, if needed, later as active isotonic.

Lower limb stretching exercises

Mild stretching of hip flexors, extensors and adductors, knee extensors and dorsiflexors.

Activation of Knee’s Extensor

¥ Isometric contractions of knee

Supine position. Isometric contraction for 4 s, with adequate resting intervals. Gain knee
extension equal to 0",

¥ Isotonic knee extension (short

Supine position. A towel roll is placed under the patient’s knee so that in the initial
position the knee joint is 30" flexed. The patient is asked to straighten the lower leg, lift
the foot and extend the knee. The patient must hold and count to 5-6, then lower the
foot slowly with the ankle joint in dorsal flexion position.

¥ Straight leg raise (SLR)

Supine position with the contralateral limb’s knee flexed and the foot supported on the
bed. During the first postoperative days, patients are encouraged to perform the exercise
even if the extensor mechanism of the knee joint has not fully recovered. Ultimately, as
the programme progresses with intensive activation of the extensor mechanism, the
patients should be able to achieve SLR using full knee extension with strong quadriceps
activation. The exercise can be started with isometric holding of the limb at a hip angle of
50-60", followed by eccentric contraction of the hip flexors, and completed with
concentric elevation of the limb with the knee fully extended.
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Knee Flexion

¥ Stretching and range of motion
exercises

Seated position on the lateral side of the bed, with the contralateral foot supported on a
footstool. During the first postoperative days, the exercise is performed with assistance,
later on active isotonic contractions of hamstrings are performed, gradually increasing
the range of knee flexion ( 270" on S5th postoperative day).

¥ Isometric - isotonic

Supine position. Isometric contraction for 6 s followed by a rest interval of 20s.

strengthening of knee flexors
Patients are educated to perform bed mobility and transfers from bed to chair with the
Transfer Training least amount of assistance, while maintaining appropriate weight-bearing precautions as
individually tolerated.
The correct pattern of postoperative gait taught according to three-point ambulation:
Gait Training walker — operated limb — contralateral limb. {Note: Avoid torsion forces across the knee
joint, especially when bearing weight on operated limb).
Before discharge, patient is trained to ascend/descend stairs using the stair handrail and a
Training of ascent/descent stairs forearm crutch. During ascent the contralateral limb is moved first, followed by the
(If patient ambulated with walker  operated limb and by the crutch. During descending the crutch is placed on the front stair,
without any other assistance) followed by the operated limb and then by the contralateral limb. (Note: Avoid torsion
forces across the knee joint, especially when bearing weight on operated limb).
Knee range of motion timeframe The goal is to gain a pain-free range of knee motion from 0" (full extension) up to 50°
goal (knee flexion) 7 to 10 days after surgery
Timeframe: 2nd-4th weeks (Outpatient rehabilitation)
e 16w’y actisiiton st Individualised progressive improvement of muscle strength, endurance (isometric =
A isotonic = resistive training).
developed
Lower limb stretching exercises Stretches of all muscle groups involved.
Patella-femoral joint mobilisation Patella-femoral joint mobilisation as indicated, taking account of incision healing.
Activation of Knee’s Extensor
Mechanism

Supine position. Isometric contraction for 4 s, with adequate resting intervals.

Seated position on chair with armrests and seat-height 45-50 cm. The patient extends the
knee joint (90" - 07). The patient must hold and count to 5, then lower foot slowly with
the ankle in dorsal flexion position.

v Seated heel slides

Seated position on a high chair so that the feet barely touch the floor. The patient flexes
the knee joint to achieve an active range of motion >90".

Balance exercises from short-sitting
position on the bed

Seated position on the side of the bed, with the hips in abduction and the feet resting on
the floor. The patient performs trunk and upper-limb exercises.
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Upright position. The patient’s lower limbs are positioned in slight hip-abduction with the
back supported against the wall. The walking device is placed in front to provide a
handhold for support. Initially, the load on the operated limb should be a maximum of

RN R — — i 30% = 70% on the contralateral. By the end of the 4th week, the patient shouid be able to
VRS A S, perform the exercise with equal load on both limbs {50% vs 50%), without being
supported by the wall and while maintaining the correct trunk and pelvic posture, always
under the physiotherapist's supervision.
Standing toe raises Upright position. When the patient acquires sufficient balance, can easily change
direction during walking with assistance, and is able to turn safely while walking with the
SLR in 4 planes (abduction, assistive device, training with exercises in the upright position may be commenced. The
adduction, flexion, hyperextension) hands hold on to a firm surface to provide the patient with support.
Gait training is continued in order to improve function and quality of operated limb
performance during swing and stance phases. The patient is re-educated so that during
the initial contact of the operated limb's stance phase the heel strikes the ground first, as
Gait training in 3 normal gait pattern. After the 4th week, if the patient's postoperative muscle
performance is adequate for weight-bearing acceptance, the walker is replaced by two
forearm crutches or one cane, according to the surgeon’s preference.
Knee range of motion timeframe The goal is to gain a pain-free range of knee motion from 0° (full extension) to
goal 105-110" (knee flexion)
Timeframe: 5th-8th week
Lower limb stretching exercises Emphasis on soft tissue stretching and joint flexibility.
Chair with armrests and seat-height 45-50 cm. The patient is seated with the knee joint at
st ; ; 90°. The patient rises from the chair by pushing off both armrests and then slowly sits
down again. (Note: The patient must have regained an active range of knee motion of at
least 80" to perform sit-to-stand transfers with minimal compensatory activity).
Upright position. A sturdy chair is placed on the contralateral side to provide the patient
Forward Lunges 1/4 with handhold support. Keeping the back straight, the patient takes a small step forward
with the operated limb, bending the operated knee.
Upright position with patient’s back and shoulders against a wall. The feet are placed at
shoulder width apart, about 15-20 cm from the wall, with the toes pointing straight
Mini squats ahead. From the upright position (knee extension 07) the patient performs knee flexion up
(knee flexion/extension) to 50-60° and then returns to upright with the legs straight. (Note: The patient is educated
to perform the exercise with 40% weight on the operated limb and 60% on the
contralateral limb).
chaaim Upright position. The degree of difficulty depends on how the patient is supported while
. (flexi bduct performing the exercises. Initially, the patient uses both hands, then just the hand on the
mm' operated side, and is ultimately supported using only two fingers on the operated side.
Upright position. The patient is facing forward and performs |ateral steps, starting from
s the operated side (initially 5 steps are performed for each side).
Balance and proprioceptive training  Standing with eyes open and then closed. Standing with one foot directly in front of the
other. Stepping forwards/backwards, etc., as individually tolerated.
Knee range of motion timeframe

The goal is to preserve knee extension 0° and gain knee flexion >110"
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Timeframe: 9th-12th week

Emphasis on soft tissue stretching and joint flexibility. Maximise postoperative range of
Lower limb stretching exercises motion (-10° to 115" plus).

Chair with armrests and seat-height 45-50 cm. The patient rises from the chair by
Si-to-stand exercise pushing off both armrests and then slowly sits down again.
Knee extension resistive exercises Sitting position. The exercises are performed with cuff-weights. (Note: The cuff-weight

resistance training program gradually increases in difficulty, with the addition of 0.5 kg
- st i increments up to a maximum of 2.5 kg, as individually tolerated).

Upright position. The patient is facing forward and performs lateral steps, starting from

the operated side (initially 5 steps are performed for each side).

Step on an obstade/forward step

Increase height and/or width of obstacle, as individually tolerated.

Lateral stepping over obstacles Starting from 5 obstacles to reach the maximum threshold of 10 obstacles.
Walking on uneven or soft surfaces, with eyes opened/closed, walking backwards.
Balance and proprioceptive training gyy;n0 on Swiss Ball, standing on BOSU, etc., as individually tolerated.
Criteria for step-over-step stair climbing
* Pain-free active range of knee motion
_ PAt l ® At least 4+/S muscular performance based on Muscle Manual Test of all operated
lower extremity muscle groups.
Recommendation Notes:

1. During the first postoperative days, a towel roll should be placed under the ankle of the operated limb to promote knee
extension when patients are supine in bed.

2. During the first postoperative days, ensure that patients are premedicated with pain medication 30-60 minutes prior to each
physiotherapy session and encourage them to use cryotherapy at least 5 times/day.

3. Until the 7th postoperative week, cryotherapy is also recommended following physiotherapy sessions to reduce pain,
discomfort and swelling in the knee joint.

4. All patients are educated to breathe with a normal inhalation/exhalation rhythm while performing the isometric exercises, in

order to avoid a Valsalva manoeuvre.

5. Isometric contractions should follow the BRIME (BRief |sometric Exercise) protocol suggested by Liberson et al, which consists of
6 s of isometric contraction, followed by 20 s of rest (purported to maintain normal pulse and blood pressure.

6. Monitor wound healing and consult with the orthopedic surgeon if signs or symptoms of infection are seen.

7. If the patient has any difficulty with a particular exercise, the programme can be modified accordingly.

8. Each exercise — apart from ankle pumps - starts with 1 set (5 to 10 repetitions), reaching a maximum of 2 sets of 10 repetitions,

as individually tolerated.

9. Itis strongly recommended that exercises involving a risk of falling should be performed only under the physiotherapist’s

supervision.



