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8 Chapter 1  

Introduction 
 
 
Knee osteoarthritis (OA) is a prevalent musculoskeletal condition affect-
ing older people, causing pain, physical disability and reduced quality of 
life1. Relevant therapeutic approaches include drug therapy, weight 
loss, patient education programmes, surgery, walking/household aids 
or adaptations, and therapeutic exercise2. 
Total knee arthroplasty (TKA) is considered the treatment of choice for 
patients with intractable pain and substantial functional disabilities 
who have not had acceptable relief and functional improvement after 
conservative treatment 3-5. Modern TKA began about 1970. Nowadays, 
TKA represents a very successful surgical intervention, with reports 
documenting 15-year survivorship of over 90%6. Worldwide, 500,000 to 
800,000 total knee replacements are performed annually 7 8. 
Although there is general agreement that exercising after TKA promotes 
walking ability and independence in activities of daily living, the relative 
advantages of peri-operative rehabilitation programmes in this popula-
tion have not been extensively documented. Nevertheless, physiotherapy 
(PT) is recommended by the American College of Rheumatology and the 
European League Against Rheumatism in the peri-operative care of 
knee OA4. It encompasses numerous interventions including exercise, 
manual techniques, knee taping and education to implement patient 
self-management strategies.  
PT is a therapeutic option in the treatment of OA and the impending 
interventions in the peri-operative care in knee OA can be related to 
different phases of the disease. If OA develops and surgery is inevitable, 
there may be a role for PT in the preoperative instructions of patients. 
After surgery, patients are seen by physical therapists in the clinical 
phase, as well as later on in the post clinical rehabilitation phase. 
 
Studies of the effects of PT interventions are difficult to interpret be-
cause most studies have not evaluated integral PT programmes but in-
dividual components, which do not really reflect typical normal clinical 
practice. 
This introduction presents an overview of the role of PT in the various 
peri-operative phases, and positions the different components of the 
thesis in the context of this overview. 
 
Physiotherapy for patients with osteoartritis 
People with symptomatic OA of the knee usually complain of pain and 
loss of function 9 10. In the early stages of the disease, pain is 
intermittent and mostly associated with joint use (or overuse) 10. As OA 
progresses, pain may also be present at rest and during the night. 
Another accompanying symptom is stiffness, resulting in difficulty of 
movement especially after a period of rest.  
People with progressive symptomatic OA of the knee experience 
increasing difficulties in daily functional activities. Ultimately, chronic 
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OA of the knee leads to reduced physical fitness and limitations in 
activities of daily living 10. 
International guidelines advocate non-pharmacological treatment as the 
first line of management for people with OA4. 
Exercise therapy may be the PT intervention of choice. Exercise can be 
divided into joint-specific strength and range of motion exercises and 
general aerobic conditioning. Furthermore, it can be either directly 
supervised on land or water or offered as a home-based, self-directed 
programme 4 11. 
Next to exercises, a PT programme will encompass education and 
information on OA and advice on coping strategies 1 2 4 12.  
A Cochrane review 10 on the effects of therapeutic exercise has 
demonstrated a beneficial effect of exercises on pain and physical 
function for people with symptomatic knee OA. Land-based therapeutic 
exercise was shown to reduce pain and improve physical function. 
There are, however, insufficient data to provide useful guidelines on 
optimal exercise type or dosage 12. Supervised exercise classes appear to 
be as beneficial as treatment provided on a one-to-one basis [3]. Both 
high intensity and low intensity aerobic exercises improve functional 
status, pain, gait and aerobic capacity in people with OA of the knee 13 
No studies have clearly defined the effect of providing information and 
advice. 
Transcutaneous electrical nerve stimulation (TENS) is a modality that is 
used in PT for the control of pain 14. A limited number of studies have 
reported that TENS may be effective for pain control and reduction of 
stiffness prevalence in OA. However, more data are needed to soundly 
conclude that TENS is effective in the treatment of OA 14.  
 
Preoperative exercise and education 
When conservative treatment fails to provide relief in osteoarthritis, 
knee replacement surgery may be necessary. It is speculated that peo-
ple who receive pre operative education and exercise and have already 
been educated about surgery and recovery will be less anxious, can 
tolerate the pain better and have a shorter hospital stay 15. 
Unfortunately, there is little evidence to support the use of preoperative 
education over and above standard care to improve postoperative out-
comes in patients undergoing knee replacement surgery, especially in 
terms of pain, functionality and length of hospital stay 15-18. On the 
other hand, there is evidence that preoperative education has a modest 
beneficial effect on preoperative anxiety 15 19. However, when preopera-
tive education is tailored to anxiety or targeted at those patients in need 
of support (e.g. those who are particularly disabled, or have limited so-
cial support structures 15) the effect is higher.  
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Physiotherapy during hospital stay  
Recent trends in health care encourage early patient discharge from 
hospitals and substitution of inpatient care with home-based alterna-
tives whenever they are feasible. PT is a component of every in-hospital 
protocol. Most protocols are similar and incorporate giving information 
on the surgery and postoperative recovery. Treatment aims to improve 
range of motion, muscle strengthening (particularly of the quadriceps 
muscles) and training activities of daily living, like transferring from bed 
to chair, sitting to standing, walking and climbing stairs 20-22.  
Studies on the effects of PT programmes during this short in-hospital 
period are lacking. However, there are some reports on the effect of dif-
ferent components of the PT programme. Most research focuses on the 
application of Continuous Passive Motion (CPM) postoperatively on knee 
joint mobility. Studies on CPM have produced conflicting results. Some 
authors postulate that CPM has a positive short term effect on early 
postoperative knee RoM 23-29, whereas other studies have found no dif-
ference in RoM 30-37. Furthermore, reports are often unclear about inter-
vention parameters like the range of motion that should initially be util-
ized, the total treatment duration and the intensity of application.  
Four chapters of this thesis focus on the role of PT in the in-hospital 
period after TKA. Chapter 2 describes a systematic review of randomized 
controlled trials published between 1966 and July 2002 on the effec-
tiveness of CPM use in restoring early knee RoM in patients after TKA. 
Chapter 3 presents the design and results of a randomized controlled 
trial on the effectiveness of short-term use of CPM in patients in the in-
hospital period after TKA. Results of a study on the reliability of goni-
ometric measurements of the knee in patients after TKA are presented 
in chapter 4. Chapter 5 presents a study on the efficacy of the overall 
physiotherapy treatment in the clinical phase after TKA. 
 
Rehabilitation after the immediate postoperative in-patient period 
Exercise may produce long-term benefits in terms of physical function 
in patients after TKA. Improvement in strength, balance and other neu-
romuscular aspects facilitates functional activities and might prevent 
adverse outcomes such as falls. However, the evidence on exercise as an 
effective means of rehabilitation after joint replacement is limited, and 
few controlled trials are available 18 38-41. Although exercise, adminis-
tered as home programmes or in organized groups led by a physical 
therapist, has been shown to improve outcomes related to physical ac-
tivity after total joint arthroplasty, no differences in pain, activities of 
daily living, quality of life or gait parameters have been demonstrated 
when comparing organized group exercises with home exercise pro-
grammes 39 40. One study, which compared PT with CPM treatment after 
hospital discharge, found no differences between these two treatment 
strategies.  
Two chapters in this thesis focus on the effect of CPM treatment in this 
rehabilitation stage.  
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Chapter 6 outlines the research design of a study on the effects on 
range of motion and functional status of prolonged use of a CPM device 
at home in addition to physiotherapy, compared to physiotherapy alone, 
in patients with limited flexion range of motion (less than 80°) of the 
knee at discharge from the hospital following TKA. Chapter 7 presents 
the results of a study on prolonged CPM use. 
Finally, chapter 8 reviews the methodology and results of the studies, 
discusses the implications of findings for contemporary clinical practice 
and offers recommendations for future research.  
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Abstract 
 
 
Study design  
a systematic review of randomized controlled trials 
  
Background  
Knee arthroplasties are a common surgical procedure for patients 
suffering from knee osteoarthritis. Continuous passive motion (CPM) is 
frequently used to increase range of motion (RoM) in the knee and 
promote rapid postoperative recovery of patients undergoing total knee 
arthroplasty (TKA). Many clinical trials have tried to assess its efficacy, 
but results have been contradictory.  
 
Objectives 
To review the efficacy in terms of RoM of CPM in the postoperative 
management of patients undergoing TKA. 
  
Methods 
Medline, Embase, Cinahl and Cochrane databases and bibliographic 
indexes and relevant citations were searched. All relevant studies were 
assessed for methodological quality using a validated scoring 
instrument. 
  
Data collection & analysis 
Two reviewers independently extracted data and assessed trial quality. 
Results of a meta-analysis of RoM data were divided into short-term 
effects, i.e., seven to fourteen days after surgery, and long-term effects, 
i.e., six to twelve months after surgery. Where possible, data from 
individual trials were combined in a meta-analysis. Data were analysed 
using weighted mean differences (WMD) with 95% confidence intervals 
(CI) between treatment and control groups in the short and long term, 
weight being the inverse of variance. 
 
Main results 
Fifteen studies investigating the effect of continuous passive motion in 
the management of TKA patients were included in the review. Study 
quality ranged from poor (2 points on a ten-point scale) to good (8 
points).  
The evidence on the efficacy of CPM after total knee arthroplasty is 
conflicting. Positive short-term effects of adding CPM to standardised 
physiotherapy (PT) have been reported on flexion RoM. Five studies were 
included in a pooled analysis, for a total of 317 patients (pooled effect 
size WMD 8.27°, 95% CI –1.60, 18.15) 
 
Reviewers' conclusions 
There is evidence of a moderate positive, short-term effect of adding 
CPM to standardised PT after total knee arthroplasty.  
There is no relevant long-term effect of CPM use. 
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Background 
 
 
Total knee arthroplasty (TKA) is a common form of orthopaedic surgery, 
mostly in osteoarthritis patients. Since patients undergoing joint ar-
throplasty are discharged from the hospital within 1-2 weeks after the 
operation, the main targets of rehabilitation are rapid mobilisation of 
the patient and early regaining of the range of motion (RoM) in the knee. 
RoM exercises start on the day of surgery, and most rehabilitation pro-
grammes describe mobilisation of the patients within the first few days 
after surgery 1-6.  
 
Continuous passive motion (CPM) is a motorized device, which enables 
the knee joint to move throughout an arc of range of motion. It has been 
used in the rehabilitation of patients after knee surgery ever since Salter 
and colleagues introduced the device in the early 1980s 7. Beneficial 
effects that have been claimed include relative freedom of pain, mainte-
nance of range of motion, improved wound healing and quicker recov-
ery. Although CPM is widely used, the debate about its efficacy is still 
ongoing, mainly as a result of controversial findings reported in the lit-
erature. The first randomized controlled trials date from the end of the 
1980s, some ten years after the introduction of CPM as a treatment 
modality. Some trials have shown positive effects on early postoperative 
knee RoM 1-6 8, whereas other studies have found no difference in RoM 9-
16. Nearly all authors concluded that the use of CPM did not result in 
better RoM 3-6 months after the operation. This review focuses on flex-
ion RoM because gain of flexion RoM is the prime reason for adding 
CPM in a rehabilitation program following TKA. Knee flexion is impor-
tant in mobility tasks like walking, sit-to-stand transfers and other ac-
tivities of daily living.  
 
The present systematic review was undertaken to summarise the evi-
dence on efficacy of CPM use after TKA and to gain insight into the 
methodological quality of previously performed studies. Specifically, the 
first question of this review is whether CPM is more effective as a 
method for early restoration of knee RoM (7-14 days after surgery) in 
patients following TKA than comparable treatments. The second ques-
tion is if the effect of CPM use on the long-term knee RoM holds. 
 
Materials and Methods 
 
 
Inclusion criteria for the review 
The review included only randomised trials (RCTs) involving patients 
who had undergone primary TKA, using CPM as one of the treatments 
under investigation and measuring outcome by range of motion (RoM). 
Only RCTs published in English, Dutch and German were included. 
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Search strategy to identify studies 
All relevant RCTs meeting the inclusion criteria were identified by a 
computer-aided search of the MEDLINE (1966 to July 2002) the 
Cochrane Controlled Trials Register, Cinahl and EMBASE (1988 to July 
2002) databases, using the following search terms: 'continuous passive 
motion', 'CPM', 'total knee', 'therapy', and 'exercise'. Additionally, 
references given in relevant identified publications were screened.  
 
Methods of the review 
Description of studies 
The first author selected RCTs in which CPM was one of the treatments 
under investigation and either compared CPM to no treatment or to 
physiotherapy without CPM.  
 
Methodological quality of studies 
The methodological quality of the RCTs up to July 2002 was 
independently assessed by two reviewers (AJA Köke, RA de Bie), using 
the Maastricht Amsterdam Consensus List (table 1) 17. Only criteria 
reflecting the internal validity of the RCTs were scored. Disagreements 
between the two reviewers were solved by consensus after a third 
reviewer (AF Lenssen) had been consulted. Each criterion was scored as 
‘positive’, ‘negative’ or ‘unclear’. A total score was computed by counting 
the numbers of positive scores.  
 
The findings were summarised by means of meta-analysis if there were 
more than three studies that could be pooled (figure 1). Otherwise a 
rating system was used for levels of evidence, consisting of four levels of 
scientific evidence 17:   
1. Strong evidence - provided by generally consistent findings in 
 multiple high-quality RCTs. 
2. Moderate evidence - provided by generally consistent findings in 
 one high-quality RCT and one or more low-quality RCTs or by 
 generally consistent findings in multiple low-quality RCTs. 
3. Limited or conflicting evidence - only one RCT available (either 
 high or low quality) or inconsistent findings in multiple RCTs. 
4. No evidence - no RCTs. 
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We defined high-quality studies as RCTs which met four or more of the 
validity criteria. 
 
Table 1.  Maastricht Amsterdam Consensus List  
 (methodological criteria list)17 
1.   Method of randomisation + - ? 

2.   Similarity of baseline characteristics + - ? 

3.   Blinding of care provider  + - ? 

4.   Co-interventions avoided or equal + - ? 

5.   Compliance + - ? 

6.   Blinding of patients + - ? 

7.   Blinding of outcome assessment + - ? 

8.   Drop-out rate/loss to follow-up + - ? 

9.   Adequate length of follow-up + - ? 

10. Intention-to-treat analysis + - ? 

Legend: a ‘+’ results in 1 point, a ‘–’ or question mark denotes no points 
The present review focuses on the effects on RoM, more specifically on flexion RoM. 
Outcome assessment was divided into short-term (5-14 days after surgery) and long-term 
(3-6 months after surgery). 

 
 
Results 
 
 
Study selection 
Our primary search resulted in 23 references from Medline, Embase, 
Cochrane and Cinahl. In the end, however, only 15 articles were 
included, for the following reasons. Two studies 18 19 compared different 
forms of CPM use. One study turned out not to be a randomised 
controlled trial after all 20, whereas in another study 21 only patients 
with bilateral knee arthroplasty were randomised, leaving it unclear 
whether a random assignment had also been performed on patients 
with unilateral arthroplasty. One study used CPM as a baseline 
treatment for all treatment groups and not as an experimental 
intervention 22, while a further study 23 included only patients with 
bilateral arthroplasty. In another study 24 18-24 hours of CPM use on 
the first day after surgery was compared with no CPM use, with effects 
being measured at six and 52 weeks. This study was excluded due to 
the short duration of CPM use relative to the timing of the follow-up 
measurements. Finally, one article was written in Polish 25, and since 
the authors of this review are unable to read papers in this language, 
this article was not included either. 
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Methodological quality 
Table 2 shows the final results of the quality assessment. The 
methodological quality ranged from 2 to 8 points.  
 
Table 2: methodological scores of publications reviewed  
(+ = positive, - = negative, ? = unclear), with numbers of positive (“1”) 
scores. ‘Informativity’ was calculated by dividing the number of items 
with a positive or negative score by the total number of items and ex-
pressing this as a percentage. 

Study 1 2 3 4 5 6 7 8 9 10 No. of 
“1” 

scores 

Informa-
tivity 

Beaupré 2 2001 1 1 - 1 1 - 1 1 1 1 8 100% 

Mc Innes 3 1992 1 1 - 1 ? - 1 1 1 - 6 90% 

Kumar 9              1996 1 1 - 1 ? - 1 1 1 - 6 90% 

Worland 11 1998 1 1 - ? ? - 1 1 1 1 6 80% 

Nielsen 12 1988 1 1 - - - - 1 1 1  5 80% 

Colwell 13 1992 1 1 - 1 ? - ? 1 1 - 5 80% 

Chen 14               2000 1 1 - ? 1 - 1 - 1 ? 5 80% 

Vince 6  1987 1 1 - 1 ? - ? ? 1 ? 4 60% 

Johnson 5 1992 1 ? - ? ? - - 1 1 1 4 70% 

Montgomery 8 1996 1 1 - ? ? - ? 1 1 ? 4 60% 

Pope 4  1997 1 1 - ? ? - ? 1 1 - 4 70% 

Chiarello 10 1997 1 1 - ? 1 - - 1 ? - 4 80% 

Harms 1               1991 1 1 - - ? - ? ? 1 ? 3 60% 

May 15  1999 1 - - ? ? - 1 ? 1 ? 3 60% 

Walker 16 1991 1 ? ? ? ? - ? - 1 - 2 50% 

 
 
Comparability at baseline, dropout rate and timing of the effect 
measurement were described in most articles. Blinding of patients and 
therapist is extremely difficult given the type of treatment involved, and 
had been applied in none of the studies. Blinding of outcome 
assessment was unclear in six studies 1 4 6 8 13 16. Compliance (actual 
time spent in the CPM machine) was only measured in three studies.  
Chen et al. 14 reported on 64 randomised patients, of whom thirteen 
decided not to participate in the trial after all. These patients were 
excluded from further analysis in the trial, a deviation from the 
intention-to-treat principle that might lead to serious bias. 
 
Harms and Engstrom 1 reported co-interventions divided unequally over 
the intervention and control groups. Five patients in the non-CPM 
group needed manipulation under anaesthesia, compared to one in the 
CPM group. Finally, intention-to-treat analysis was only performed in 
three of the fourteen studies 2 5 11. 
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Study characteristics 
Study characteristics are presented in table 3. Nine studies 1 3 4 6 10 12-14 
16 were identified that compared standardised PT plus CPM with a 
control group that received only the standardised rehabilitation 
programme. Two studies 8 11 compared CPM with a physiotherapy 
programme. One study 5 compared CPM with cast immobilisation. Two 
studies 2 15 compared CPM with the use of a slider board. Finally, in one 
study 9 CPM plus Standard PT was compared with PT plus a “drop and 
dangle” regimen. 
 
Effect measurement 
Although RoM measurement was a primary outcome in all publications, 
various studies used different methods to measure RoM; active, passive 
total RoM or only active flexion RoM (Table 3). 
 
Effects on RoM 
Although many outcome measures were used in the fourteen studies, 
only RoM was used as such in all. The present review focuses on the 
effects on RoM, more specifically on flexion RoM. We divided outcome 
assessment into short-term (7-14 days after surgery) and long-term (6-
12 months) assessments. 
 
Effects of CPM on flexion RoM 

  
CPM + Physiotherapy  vs Physiotherapy 
Nine studies 1 3 4 6 10 12-14 16 were identified that compared standardised 
PT plus CPM with a control group that received only the standardised 
rehabilitation programme. Two studies 13 16 did not report a short-term 
measurement, so these were not included in the meta-analysis of short-
term effects. Two studies 6 12 could not be included in the meta-analysis, 
because they failed to present the necessary data. This left five studies 1 
3 4 10 14 to be included in a meta-analysis of short-term effects on flexion 
RoM of CPM treatment plus PT versus PT alone. One 3 of these five 
studies did not report SD but did report P-values. SD values for this 
study were estimated from the pooled SD (computed with means, sam-
ple sizes and P-values). Two studies 1 10 reported outcomes as graphs, 
the mean scores and SDs were estimated from the graphs. Using the 
Random effects model, the pooled weighted mean difference (WMD) post 
treatment for CPM added to PT vs PT was 8.27 (95% CI –1.60, 18.15), 
showing moderate but conflicting evidence that adding CPM to stan-
dardised PT treatment is effective in restoring flexion RoM more rapidly. 
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Only four studies 2 4 13 16 reported long-term results; these reported 
no statistically significant difference between the groups. Only Pope et 
al. 4 and Colwell et al. 13 provided necessary data for meta-analysis but 
the contrast between CPM and control group differed in these studies. 
Although there was a slight but significant difference between the 
treatment and control groups (2° after 6 months) we believe that this 
difference is not clinically relevant. There is moderate evidence that 
CPM treatment in addition to standardised PT is no more effective in 
improving long-term flexion RoM than standardised PT alone. 
 
Figure 1: meta analysis of comparison CPM +PT vs PT 

 
 

 
 
CPM vs PT 
Two studies 8 11 compared CPM with a physiotherapy programme. 
Montgomery et al. 26 reported short-term effects of CPM relative to PT, 
while Worland et al. 27 reported no differences between CPM and PT. 
Only Worland et al. 27 reported long-term results, finding no difference 
between the two approaches. 
 
There was conflicting evidence concerning the short-term efficacy of 
CPM use when compared to PT. There was limited evidence that CPM is 
no more effective than PT in the long-term following total knee 
arthroplasty. 
 
CPM vs immobilisation 
One study compared CPM with seven days of cast immobilisation. Both 
short- and long-term results favoured CPM treatment over 
immobilisation (mean flexion RoM at seven days after surgery was 68° 
in the CPM group vs 51° in the control group). At six months, Johnson 
et al. (4) still reported a mean deficit of 10° in the immobilisation 
regimen group. There was limited short- and long-term evidence in 
favour of CPM treatment when compared to immobilisation in the first 
week after the operation. 
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CPM vs slider board 
Two studies 2 15 compared CPM with the use of a slider board, 
comparing standardised exercises (SE) plus CPM with SE plus slider 
board treatment. Both reported no short- or long-term differences 
between the two strategies. There was limited evidence from the 
comparison between CPM and slider board treatment, with both 
regimens equally successful in restoring RoM. 
 
CPM + PT vs Pt + “drop and dangle” 
Kumar et al. 9 compared CPM plus Standard PT with PT plus a “drop 
and dangle” regimen. Patients in the “drop and dangle” group remained 
with the knee in maximum flexion for a minimum of 20 minutes twice a 
day. The authors reported no difference 5 days after surgery but slightly 
better flexion RoM in the CPM group (average 2.5°) after 3 months. 
 
Discussion 
 
 
The present systematic review included 15 studies, and showed that the 
evidence on the efficacy of CPM after TKA is conflicting. Positive short-
term effects of adding CPM to standardised physiotherapy (PT) have 
been reported (pooled effect size WMD 8.27°, 95% CI –1.60, 18.15 n=5 
studies). A minor difference in favour of adding CPM to standard PT has 
been found at 6-12 months after operation (weighted mean difference 
1.98°, 95% CI 0.21-3.75; n=2 studies).  
There is moderate yet conflicting evidence concerning the short-term 
efficacy of CPM use when compared to Pt. There is limited evidence for 
the efficacy of CPM when compared to immobilisation. There is limited 
evidence that CPM is not more effective when compared to other active 
regimen, like slider board or drop and dangle treatment. 
Studies were heterogeneous in terms of the kind of control interventions 
used. Methods used to measure RoM also differed between studies, with 
three using active RoM measurement three passive and one both, while 
the other eight publications did not state clearly whether active or 
passive RoM measurements had been used. Not all studies reported 
short- and long-term results.  
 
We chose to review only RoM as an outcome, because RoM is the 
primary outcome measure of the effect of CPM after total knee 
arthroplasty. Moreover, other possible outcome measures, such as pain 
or functionality, were poorly described in the studies of CPM use. 
The methodological quality of the studies varied. It must be 
remembered, however, that some of the internal validity criteria are very 
difficult to meet for studies in this field. It is impossible, for instance, to 
blind patients. The criteria on the blinding of care providers was not 
met by any of the studies; this is obviously also difficult to achieve.  
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Not blinding may lead to bias, because knowledge of the treatment given 
can influence the results. This makes it all the more important to blind 
the outcome assessor(s). Only half of the studies, however, used a 
blinded outcome assessor.  
Another aspect of quality assessment was that compliance (the actual 
amount of time spent in the CPM machine), was only included in the 
outcome assessment in three studies. Since one believes in a dose-
response relationship between CPM and RoM, it is remarkable that 
most authors failed to check for this. Finally, no intention-to-treat 
analysis was performed in eleven of the fourteen studies. However, there 
does not seem to be a relationship between study quality and outcome 
for the studies included in the present review. 
 
We performed a meta-analysis only for those studies comparing CPM 
plus PT with PT alone. We chose to do so because these studies were 
homogeneous with respect to contrast and timing of effect 
measurements.  
Unfortunately, the presentation of data in individual studies led to the 
inclusion of only five of the nine possible studies in the meta-analysis. 
Of these five, we had to assume equal variance in two studies to 
calculate pooled SDs. However, we believe that a meta-analysis is 
appropriate for this comparison and provides more insight than merely 
using levels of evidence to summarize results. 
 
Our analysis show that there is moderate yet conflicting evidence on the 
short-term efficacy of CPM treatment added to standardised PT in 
comparison to standardised PT alone. Outcomes of more recent studies 
appear to differ from those of studies performed in the 1990s. A possible 
explanation could be that control treatments are more demanding 
nowadays compared to 10 years ago. This explanation is even more 
plausible if we take the other comparisons into account.  
Studies in which there was considerable contrast between the 
experimental and control treatments 5, for instance in CPM versus 
immobilisation, found major differences in effect. Studies comparing 
CPM with active and more comparable regimens, like drop and dangle 
or slider board treatment, did not seem to find clinical differences.  
This leads us to conclude that CPM is more effective if the control 
treatment is passive. The more the control treatment resembles the 
CPM treatment in terms of the amount of time spent exercising, the 
smaller the differences that can be expected. Although no long-term 
effects were reported by the three studies which included long-term 
measurement, a slight difference in effect was found in favour of CPM 
treatment. We believe, however, that this minor difference is of no 
clinical relevance.  
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Reviewers’ conclusion 
There is moderate yet conflicting evidence of the short-term efficacy of 
CPM use. When CPM is added to a physiotherapy programme, the 
additional effect seems to be related to the intensity of the PT 
programme.  
Comparisons with PT have yielded conflicting evidence on the merits of 
the two treatment modalities. There is no long-term benefit of CPM use. 
 
Implications for practice 
The authors suggest incorporating CPM treatment in inactive patients 
and if rapid RoM gain is of great importance. 
 
Implications for research 
An important topic for future research could be the identification of 
relevant subgroups, assessing whether CPM could be more effective in 
patients that are not able to engage in intensive PT, or in situations 
where active PT is not available. Another relevant topic for future 
research could be to assess whether longer use of CPM, for instance for 
two weeks after surgery, could lead to greater improvement.   
A third topic would be the effect of CPM on other outcome measures not 
included in the present review. 
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Abstract 
 
 
Objective 
Continuous passive motion (CPM) has been shown to increase the 
amount of knee flexion for knee patients at the acute care hospital.  
Changing postoperative management leads to short hospitalization peri-
ods. The objective of the present randomized controlled trial was to as-
sess whether there is additional benefit in CPM use during such a short 
term hospitalization period. 
 

Design 
Forty patients undergoing total knee arthroplasty were randomly allo-
cated to either a group receiving CPM in addition to physiotherapy or a 
group receiving physiotherapy alone. 
Both programmes were delivered during a 5-day postoperative period on 
an inpatient basis, starting on the first day after surgery. 
Main outcome measures were mobility and function; secondary meas-
ures included muscle strength, pain, satisfaction and length of hospital 
stay. 
 

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 reaches an average of 56 points on the Hospital 
for Special Surgery Scale (HSS) versus 45 points in the control group 
(p=.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.  
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Introduction 
 
 
Early mobilization, if possible starting on the day of surgery, is the 
strategy of choice in orthopaedic operations in the Netherlands. Con-
tinuous Passive Motion (CPM) has been used in the rehabilitation of 
patients after knee surgery ever since Salter and colleagues 1 introduced 
the device in the early 1980s. The beneficial effects 1 2 claimed for it in-
clude pain relieve, maintenance of range of motion, improved wound 
healing, and quicker recovery.  
The first randomized controlled trials (RCTs) in this field date from the 
end of the 1980s 3-5, 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 controversial findings reported in the litera-
ture. 
A systematic review 6 using an extended Medline search found 15 RCTs 
3 5 7-19 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 difficult to 
compare because they used 18 different outcome measures. Major out-
come measures were mobility, which was assessed in all 15 trials, 
length of hospital stay, assessed in five 5 11 12 15 16 and drain production, 
assessed in four 8 15-17.   
Overall, there seem to be short-term beneficial effects on mobility. Of six 
studies measuring mobility within the first two weeks after the opera-
tion, five reported positive effects of CPM 3 8 10-12 16. Reported differences 
between CPM and control groups range from –3° to +22° in favour of the 
CPM group. The functional consequences of faster mobility improve-
ment remain unclear, however, and in the long term there do not seem 
to be advantages of the use of CPM 6. 
Over the last few years, however, treatment protocols following total 
knee arthroplasty have changed. The formally common fortnight hospi-
tal stay has gradually been reduced to 4-5 days. And one week of bed 
rest has been replaced by mobilization of the patients starting on the 
first or second day after the operation 8 10 11 16.  
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 ef-
fect intensive exercise and mobilization 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 randomized controlled trial was performed in the 
university hospital in Maastricht. Physiotherapy (PT) without CPM (con-
trol group) was compared with physiotherapy with CPM (CPM group) as 
an adjunct treatment. 
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The study was approved by the medical ethics committee of the Univer-
sity Hospital of Maastricht and Maastricht University. 
 
Patients and methods 
 
 
Patients 
All consecutive patients with osteoarthritis undergoing primary total 
knee arthroplasty (TKA) from January to May 2001 were screened. Pa-
tients with relevant co morbidity, such as Rheumatoid arthritis, were 
excluded, as were patients for whom a longer stay was expected due to 
co-morbidity. Figure 1 illustrates the design of the study. 
  

Fig 1: study design and outcome assessment.  

T0               T1    T2           

         

       

        

        

 

 

 
 
T0 baseline assessment, one week before surgery,  
T1 assessment 4 days after surgery,  
T2 assessment 17 days after surgery,  
R= randomisation 

 
 
Randomization 
Patients were randomly allocated to one of the treatment groups by 
means of a computer-generated table, with a block size of eight.  An 
independent orthopaedic secretary without knowledge of the randomiza-
tion schedule called up the patients for operation. The patients assigned 
to the CPM group and those included in the control group were oper-
ated 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. PT was standardised by means of the 
Maastricht Hospital protocol for in-patient treatment of Total Knee pa-
tients. This protocol prescribes hospital discharge on the fourth day 
after the operation. 

surgery 

Group 1 
PT + CPM 

Group 2 
PT  

 R 
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PT was aimed at strengthening the m. quadriceps and mobilizing the 
knee (actively as well as passively, using joint distraction and angular 
mobilization techniques). Care was taken to restore a proper gait pat-
tern 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 PT treatment at home, three times 
a week. 
The control group received in–hospital PT twice a day for 20 minutes for 
four days. The CPM group additionally received four hours of CPM daily. 
The CPM machines used were “Toronto medical” (OrthoLogic ltd. To-
ronto, Canada) with adjustable upper and lower leg lengths. RoM was 
increased daily as tolerated.  
 
As a result of the design, the only contrast between the two groups dur-
ing the hospital stay was the use of CPM in the experimental group. All 
patients received pain medication in accordance with the hospital pro-
tocol, using epidural or I.V. medication for the first 48 hours, 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” go-
niometer. Extension was measured with the patient supine, flexion with 
the patient seated and hips at 90°. Function was evaluated using the 
“Hospital for Special Surgery” score 20. 
Data on medication and length of hospital stay were abstracted from 
medical records. 
Primary outcome measures were mobility and function, both of which 
were assessed at all three examinations.  
Secondary outcome 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 ob-
server applies a counter pressure so the knee remains in 60° of flexion. 
An 11-point scale was used to rate pain and satisfaction with treatment 
and attention received from the physical therapists. Pain was rated on 
three eleven-point scales, one for mean pain level in the last 24 hours, 
one for lowest level of pain in the last 24 hours and one for worst pain 
in the last 24 hours. 
Table 1 presents the measurement instruments used, as well as the 
timing of the measurements. 
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Table 1:  Effect measures, methods and moments  
 * Primary measures of effect.  
  

 
Method 

T0 
2 weeks 
prior to 
surgery 

T1 
4 days after 
surgery 

T2 
17 days 
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 treatment 
physical therapist 

11 point scale  X  

Satisfaction attention 
physical therapist 

11 point scale  X  

Muscle strength Hand-held dyna-
mometer 

X X X 

Hours in CPM per 24 
hours 

Hospital record  X  

 
Data analysis 
The data of all patients were entered in and analysed with SPSS statis-
tical software package, version 9.0 (Chicago, IL, USA)21 by a blinded 
analyst. Data were analyzed according to the “intention to treat” princi-
ple 22. Primary effect measures were calculated as the differences be-
tween T0, T1 and T2. Between-group differences were used in all analy-
sis. A two tailed T-test was used for continuous data. Mann-Whitney U 
tests for HSS scores. 
 
Results 
 
 
Forty patients were included in the study, 20 of whom received physio-
therapy twice a day during all four days of their hospital stay (PT 
group), while 20 received CPM in addition to the physiotherapy (CPM 
group). 
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Figure 2: study overview from registration to follow up at day 17. 
 

 
 
 
Baseline characteristics of the patients are shown in Table 2. Randomi-
zation 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.  
 
 
 
 
 
 

Registered patients 
 
N=42 

 

Randomization 
 
N=40 

Not randomised N=2 
*longer hospital stay  
*Rheumatoid Arthritis 

CPM group 
 
N=20 

 

Control group 
 
N=20 

 

Follow up day 17 
 
N=20 

 

Follow up day 17 
 
N=18 

 

Withdrawn N=2  
Family reasons (n=1) 
Unknown (n=1) 
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Table 2:  Baseline characteristics  
 * In the last 24 hours 
 CPM group 

n=21 
Mean       (SD) 

PT group 
n=19 
Mean       (SD) 

Gender male/female 6/15 7/12 
Age    65,0 (9,2) 65,7  (9,5) 
Passive extension in degrees     5,1        (5,3) 5,6° (6,3) 
Passive flexion in degrees 117,4      (15,6) 120° (15) 
H.S.S. score (0-100pts)   62,6      (12,7) 66,1 (8,5) 
Strength in Newton 163,9      (52,6) 165,6 (70,5) 
Average pain (0-10 pts)*     3,6        (2,8) 3,8 (2,7) 
Minimal pain (0-10 pts)*     2,5        (2,6) 1,7 (2,2) 
Maximal pain (0-10 pts)*     7,6        (2,3) 7,9 (1,6) 

 
One patient was not evaluated on day 4 because he had suffered a heart 
attack on day three after the operation and was being treated at the 
intensive care ward on day four. Evaluation of this person was com-
pleted 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. 
 
RoM 
Table 3 shows a comparison of the data on Range of Motion. On day 4 
as well as day 17 after the operation, the CPM group performed better 
on passive RoM. Passive flexion declined immediately after surgery, be-
ing approximately 40° less on day 4 than before surgery. The difference 
was 36° in the CPM group and over 45° in the control group.  In abso-
lute values, flexion was 6° less and extension 1.6° less in the control 
group.  
On day 17, RoM had improved in both groups, but the difference be-
tween the groups remained. The overall RoM difference on day 17 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 (* statistically significant) 
 ∆ Difference with preoperative value 
 Day 4 after surgery 

degrees  (sd) 
Day 17 after surgery 

degrees  (sd) 
 CPM 

(n=20) 
control 
(n=19) 

P 
value 

CPM 
(n=20) 

control 
(n=18) 

P 
value 

Extension 4,7°     (4,5) 6,2°      (4,2) 0.27 4,2°     (3,4*) 7,9°    (5,9*) 0.03 
Flexion 80,3°  11,7) 74,5°  (13,3) 0.16 90,2°  (13,2) 83,7°  (15,1) 0.16 
∆extension ,45      (8,0) -0,6      (7,2) 0.66 1,2       (5,7) -2,1      (5,8) 0.09 
∆∆ flexion -36,2 (17,7) -45,5  (12,4) 0.07 -27,6 (15,6) -36,1  (10,6) 0.06 
Function, as measured with the Hospital for Special surgery Score (HSS score) 
The control group received in-hospital PT twice a day for 20 minutes for 4 days. The CPM 
group additionally received 4 hours of CPM daily. 
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HSS score declined after surgery, as is illustrated in Table 4. The de-
cline in the control group was greater than that in the CPM group. After 
17 days, the score was comparable to preoperative values in the CPM 
group whilst the score in the control group was still much lower. All 
between-group differences were statistically significant.  
 

Table 4:  HSS score on day 4 and 17    
 ∆ HSS shows difference with pre-operative values 
 4 days 17 days 

 CPM 
(n=20) 
mean   sd 

control 
(n=19) 
mean   sd 

 
P 
value 

CPM  
(n=20) 
mean   sd 

Control 
(n=18) 
mean   sd 

 
P value 

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) -11,9  (9,7) 0.001 

 
 
Secondary outcome measures 
After 4 days, muscle strength in the CPM group was twice as high as in 
the control group (48 vs. 24 N). After 17 days, strength was about 55% 
of the preoperative value and there were no significant differences be-
tween the two groups (Table 5).  
Pain is presented as median pain level at rest and highest and lowest 
pain levels during the last 24 hours. Although it was not a primary out-
come measure, differences in pain perception were regarded as a 
prominent outcome in this study. Pain was perceived as less of a prob-
lem 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 satisfaction with treat-
ment 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 approxi-
mately 3.6 hours of CPM treatment per day. 
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Table 5: secondary measures   
4 days  17 days   

CPM 
n=20 
mean  (sd) 

Control 
n=19 
mean  (sd) 

 
P 
value 

CPM 
n=20 
mean  sd 

Control 
n=18 
mean  sd 

 
P 
value 

Strength 48,2  (30,1) 24,2 (21,3) 0.008 99,0 (45,6) 80,3 (31,0) 0.161 

Pain average 2,6 (1,8) 4,7 (2,6) 0.005 2,3 (2,6) 4,5 (2,4) 0.009 

Pain maximum 5,5 (2,7) 8,2 (1,1) 0.001 4,3 (3,3) 7,2 (2,6) 0.005 

Pain minimum 1,1 (1,3) 2,3 (2,2) 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 

 
Discussion 
 
 
Both groups did better than patients reported on by several other stud-
ies 8 10 16. However, differences in ROM between the CPM and control 
group were not significant in this trial. This difference in RoM was ap-
proximately 8° at T1 and 10° at T2. This may be due to the intensive 
treatment in the Control group. Johnson et al. 10 immobilised the pa-
tients in their Control group for 7 days, while Pope et al. 8 immobilized 
all patients in an extension splint between physiotherapy sessions dur-
ing the first three 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 analysis showed that over 50% of this 
difference was attributable to the difference in pain perception, which is 
part of the HSS questionnaire. One might, therefore, question whether 
such difference really represents a change in overall function, or merely 
the use of a different kind of pain measurement. Better tools are re-
quired to measure functions of daily living in this treatment group. 
 
Secondary measures of effect 
Quadriceps’ strength levels at four days after surgery were much higher 
in this study than reported by McInnes et al. 11. This apparent differ-
ence could be due to the fact that we measured strength at about 60° of 
flexion, whereas they measured at 45° of flexion.  
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However, McInnes and colleagues did not find any significant differ-
ences in strength, whereas we found a difference of 50% between the 
CPM and control groups.  
 
A possible explanation for the difference in strength between both 
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 ma-
chine. Why we found a large difference whereas McInnes et al.11 re-
ported no difference remains unclear. The effect on pain was also mark-
edly greater than that reported by previous studies. McInnes et al.11 
reported a moderate difference in favour of the CPM group; however, the 
overall pain scores in their study were smaller compared to our data.  
The effect on pain cannot be explained by differences in medication, 
because pain management was standardized in our trial. A possible 
explanation is that prolonged passive motion leads to pain reduction 
through arthokinematic reflex activity 23. 
 
Compliance in the CPM group was less than the planned 4 hours of 
CPM treatment a day. 
One possible reason for this could be the use of the hospitals “living 
room” facilities during the daytime, which was located about 50 m from 
the bedrooms. Since it is more difficult to install the CPM machine in a 
chair than in a hospital bed, physical therapists and nursing staff occa-
sionally skipped this procedure.  
The physiotherapy treatment in this trial was intensive. In-hospital 
regimens in the Netherlands usually prescribe one 20-minute physio-
therapy session a day. Hence, results must be evaluated in the context 
of a Control treatment which had 40 minutes of physiotherapy in its 
protocol. 
Only short-term effects of CPM are described here. We were interested 
in the short-term effect because a systematic review had found no con-
sistent 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 medium term outcome, to exam-
ine whether the control group made up this difference with the CPM 
group and if so over whet time interval. 
Furthermore, we intend to perform a new trial in which CPM application 
is prolonged for two weeks, as ‘dosage’ may be a possible factor of influ-
ence. 
 
Conclusions 
 
 
This study indicates that CPM delivered in the first 4 days following 
surgery seems to lead to better short-term mobility. The increased mo-
bility 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.  
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Nevertheless, there was a considerable difference in favour of the CPM 
group in terms of this functional outcome measure.  
The most striking outcome was the difference in postoperative pain per-
ception, with CPM use leading to an immediate decline in postoperative 
pain.  
Finally, muscular strength in our CPM group is better than that in the 
control group, at day 4 as well as day 17. 
Future research should concentrate on longer term outcome, longer use 
of CPM and finding a better outcome tool for functional assessment. 
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Abstract 
 
 
Objective: To assess interobserver reproducibility (agreement and reli-
ability) of measurements of knee range of motion (RoM). 
 
Design: Test–retest analysis 
 
Setting: University hospital departments of orthopaedics and physio-
therapy 
 
Participants: Two experienced physical therapists assessed 30 patients, 
three or four days after total knee arthroplasty 
 
Main outcome measure: RoM measurement using a long-arm (50 cm) 
goniometer   
Agreement was calculated as the mean difference between observers ± 
95% CI of this mean difference. The intraclass correlation coefficient 
(ICC) was calculated as a measure of reliability, based on two-way ran-
dom effects analysis of variance. 
 
Results: The lowest level of agreement was that for measurement of 
passive flexion with the patient in supine position (mean difference 1.4°; 
limits of agreement 16.2º to 19º for the difference between the two ob-
servers. The highest levels of agreement were found for measurement of 
passive flexion with the patient in sitting position and for measurement 
of passive extension (mean difference 2.7°; limits of agreement -6.7° to 
12.1° and mean difference 2.2°; limits of agreement –6.2° to 10.6°, re-
spectively).The ability to differentiate between subjects was fair to good 
for all movements (ICC ranging from 0.62 for measurement of passive 
extension to 0.89 for measurements of active flexion) 
 
Conclusions: Interobserver agreement for flexion as well as extension 
was only fair.  
When two different observers assess the same patients in the acute 
phase after total knee arthroplasty, differences in RoM of less than eight 
degrees cannot be distinguished from measurement error. Reliability 
was found to be fair for extension RoM and good for flexion RoM meas-
urements of the knee.  
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Background 
Total knee arthroplasty (TKA) is a common orthopaedic procedure. In 
the Netherlands, over 7500 TKAs are performed annually. After the op-
eration, many patients require physiotherapy (PT) to regain functional 
independence and resume work-related physical activities1. One of the 
main components of the PT programme is mobilisation of the knee joint 
to increase the range of motion (RoM). 
Physical therapists and orthopaedic surgeons use measurement of RoM 
not only to quantify limitations at the start of treatment but also as an 
outcome measure to justify their actions or quantify the effectiveness of 
interventions.  
The use of validated and reproducible measurement instruments is an 
important prerequisite for the evaluation of clinical practice, as well as 
for the interpretation of study results 2. The long-arm universal go-
niometer (UG) is an instrument frequently used to quantify restrictions 
in RoM 3 4.  Over the years, many studies 2-11 have addressed the repro-
ducibility of RoM measurements of the knee. Studies 2 5 have shown 
that goniometric measurements are more reliable than visual estimates. 
Several authors reported intraobserver reproducibility to be better than 
interobserver reproducibility 5 8. Generally speaking, reproducibility is 
better for knee flexion than knee extension 4 9 10. 
Most studies have reported on the reliability of RoM measurements, 
whereas only one study also reported on interobserver agreement 10. 
Agreement between observers is an essential component of reproducibil-
ity of measurement when utilized in a clinical setting. A method to de-
scribe clinically acceptable agreement between observers was intro-
duced by Bland and Altman12. The method is based on simple calcula-
tions of the standard deviation of the difference between two observers 
and plotting these differences against their mean 13. The magnitude of 
the SD expresses the extent to which the observers are able to achieve 
the same value 14. Subsequently, the 95% limits of agreement are calcu-
lated, defined as the mean difference between observers + 1.96 SDs of 
this mean difference. Only differences that exceed the limits of agree-
ment can be interpreted as “real” differences exceeding measurement 
error. The smallest difference found is called the smallest detectable 
difference. Deciding the magnitude of the limits of agreement, repre-
senting acceptable agreement, is a clinical rather than a statistical deci-
sion. 
It is important in reproducibility research to take into account what is 
to be measured, by whom and in what situation, because results of any 
kind of research will primarily be valid for this particular situation. Too 
often, the focus is on the measurement tool itself, whereas observers, 
patient categories and test situations are neglected 15. 
Most of the existing reports on the reproducibility of RoM measure-
ments of the knee relate to studies on native knees. Only Edwards et 
al.16 reported on the reproducibility of measurements in patients after 
TKA implantation.  
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Most studies 4 16 have measured in a laboratory-type environment or 
test protocol9. In clinical practice, patients are seen by different thera-
pists and orthopaedic surgeons during their hospital stay. All of them 
measure range of motion to evaluate progress in the first days after sur-
gery.  However, the reproducibility of RoM measurements may vary with 
the clinical problem, the examiner and the environment in which repro-
ducibility is measured.  
In the present study, active and passive RoM was measured to reflect 
clinical practice. Gaidosik et al.3 state that passive movements are more 
difficult to reproduce because of the stretching of soft tissues. The limits 
of range of motion depend on the force applied to the limb. The objective 
of the present study was to assess interobserver reproducibility (in 
terms of reliability and agreement) of active and passive measurements 
of knee RoM, performed by trained physical therapists in a clinical set-
ting in total knee arthroplasty patients, within the first four days after 
surgery.  
 
 
Methods 
 
Patients 
Between January 1 and March 30, 2004, consecutive eligible hospital-
ised patients in the acute phase after total knee arthroplasty at the or-
thopaedic ward of the Maastricht university hospital were invited to 
participate in the study by the first author (AFL). Patients were eligible if 
they met the following inclusion criteria: status after TKA because of 
osteoarthritis, ability to co-operate (sufficient Dutch language skills, no 
dementia) and having given informed consent. Patients with a history of 
neuromuscular pathologies and patients with revision TKA were ex-
cluded.  
The study was part of a larger trial approved by the Maastricht Univer-
sity and university hospital medical ethics committee. 
 
RoM Measurement 
Two experienced observers (YC & MV), both physical therapists, inde-
pendently measured active and passive flexion and extension RoM of 
the operated knee using a long-arm goniometer.  Measurement proce-
dures were standardised prior to the study. Both therapists had trained 
the procedures on 30 healthy subjects before the start of the trial.  
All measurements were taken on the third or fourth day after surgery. 
Observers used a predefined procedure for the measurements (Table 1).   
To prevent the occurrence of systematic differences between observers 
because of repeated testing, the observers were allocated in random 
order. The time interval between the measurements by the first and 
second observer was less than five minutes, and the patients did not 
receive any therapy between the two measurements.  
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Only one observer was present in the examination room at any time, 
together with a research assistant. The research assistant recorded the 
number of degrees reported by the observer.  
Observers and patients were kept unaware of the measurement out-
come generated by the previous observer. 
RoM was measured using a long-arm goniometer (arm length 50 cm). 
Active RoM was determined prior to passive RoM.  Patients recorded 
severity of pain while being tested by giving a report mark ranging from 
0 ‘no pain’ to 10 ‘severe pain’. 
Extension measurements were taken with the patient in supine posi-
tion. Flexion was measured in supine position and while the patient was 
seated upright on the examination table with hips in 90° of flexion. 
Whereas most studies 4 6 16 have measured flexion in supine position, at 
our hospital we tend to measure flexion while the patient is seated. We 
therefore measured flexion RoM in both positions. 
All goniometric measurements were performed according to the tech-
nique described by Norkin and White 17, with the centre of the fulcrum 
positioned over the lateral condyle of the femur. The proximal fixed arm 
of the goniometer was aligned with the axis of the femur by using the 
greater trochanter as a reference point. The distal mobile arm was 
aligned using the lateral malleolus. 
 
Table 1: Measurement procedure 
Knee Patient position Bony orientation 
Flexion Seated, hips in 90° of flexion 
Flexion Supine 
Extension Supine 

Proximal trochanter major 
Lateral femur epicondyle 
Caput fibulae 
Lateral malleolus 

 
 
Statistical analysis 
For each observer, the mean and standard deviations were calculated 
for each RoM assessed. To quantify reproducibility, we distinguished 
two different types of reproducibility measures with different interpreta-
tions: measures of agreement and measures of reliability. Measures of 
agreement refer to the absolute measurement error (presented in the 
units of measurement of the instrument) that is associated with one 
measurement taken from an individual patient 18 19. Measures of agree-
ment provide insight into the ability of two or more observers to achieve 
the same value. Measures of reliability refer to the relative measurement 
error, i.e. the variation between patients in relation to the total variance 
of the measurements. They provide insight into the ability of two or 
more observers to differentiate between subjects in a group. 
 
Agreement 
The mean difference between the two observers and the SD of this dif-
ference were calculated. The magnitude of the SD expresses the extent 
to which the observers were able to achieve the same value14.  



 

50�Chapter 4 

Subsequently, the 95% limits of agreement were calculated, defined as 
the mean difference between observers + 1.96SDs of this mean differ-
ence 12.  
 
Reliability 
The intraclass correlation coefficient (ICC) is defined as the ratio of the 
variance between patients to the total variance. ICC values can theoreti-
cally range from 0 to 1, with a higher value indicating that less variance 
is due to other factors such as differences between observers. An intra-
class correlation coefficient of at least 0.70 is considered to be satisfac-
tory for group comparisons, and a value of 0.90-0.95 for individual 
comparisons 20. The ICC was calculated with two-way random effects 
ANOVA.  
We used SPSS 12.0 statistical software for Windows to calculate the 
ICCs (SPSS inc., Chicago IL) 
 
Results 
 
 
Over periods of three months (January to April 2004) 30 TKA patients 
were recruited. The mean age of included patients was 69 years (range 
51-77) and 80% were female. TKA of the left knee had been performed 
in 17 cases, while 13 patients had a right knee TKA. All measurements 
were taken three or four days after surgery.  
The results of the interobserver agreement and reliability with regard to 
the different RoM measurements are presented in table 2 and figures 1-
4.Remarkably, both observers measured higher flexion angles with pa-
tients in sitting position.    
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Table 2 Inter-rater reproducibility of knee RoM measurement 
Tested 
movements 
 

Observer A 
(degrees) 
mean ± sd 

Observer B 
(degrees) 
Mean  +  sd 

Agreement observer A-B 
 
md  +  sd            LoA* 

ICC     (95%CI) 

Active Flex-
ion  
sitting 

81.4      10.7 78.3    11.3 3.1     5.3  - 7.5 -13.7 0.86 (0.64-0.94) 

Passive 
flexion sit-
ting 

85.8      10.5 83.1    11.4 2.7     4.7  - 6.7 -12.1 0.88 (0.69-0.95) 

Active flex-
ion  
supine 

70.6      13.2 70.5    17.0 0.06   7.3  -14.6 - 14.7 0.89 (0.78-0.95) 

Passive 
flexion su-
pine 

79         12.8 77.6    17.0 1.4     8.8  -16.2 - 19 0.88 (0.77-0.94) 

Active ex-
tension 

11.1       5.0 10.2      4.7 0.9     4      -7.3 -   9.0 0.64 (0.38-0.81) 

Passive 
extension 

8.8         5.1 6.6        4.8 2.2     4.     -6.2 - 10.6 0.62 (0.28-0.80) 

sd = standard deviation 
md = mean difference 
*LoA = limits of agreement, calculated as the mean difference between    
  observers ± 1.96SD of this mean difference. 
CI =  confidence interval 

 
 
Agreement 
The observers produced quite similar measurements for extension and 
flexion in the supine position; however, observer A measured a consis-
tently wider range of motion than observer B.  
The highest level of agreement was found for active and passive exten-
sion and passive flexion whilst sitting (figure 1). Limits of agreement ± 
1.96 SD were 3.2° ± 9.4° for passive flexion and 0.9° ± 8.2° for active 
extension. 
Lowest levels of agreement were found for active and passive flexion 
whilst supine. Limits of agreement ± 1.96 SD were 0.06° ± 14.6° for ac-
tive flexion and 2.2° ± 17.6° for passive flexion. 
Figure 1 shows the difference between observers, plotted against the 
mean value for both observers for passive flexion measured in a sitting 
position and for passive extension measured in supine position. Figures 
1 and 3 both show that errors of the measurement were independent of 
the magnitude of the range of motion (homoscedasticity).  
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Figure 1: Differences between two observers, plotted against the mean 
values for both observers for each patient for flexion RoM in sitting posi-
tion. The figure shows the mean difference between observers (solid line 
at centre) and the limits of agreement (dashed outer lines corresponding 

to  ± 1. 96 SDs of the mean difference between the first and second ob-
servers). 
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Figure 2: Scatter plot of interobserver reliability of measurement of pas-
sive flexion whilst sitting, as indicated by the ICCs 
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Reliability 
ICC values were highest for active and passive flexion whilst sitting (fig-
ure 2), and lowest for active and passive extension. The ICC values 
ranged from 0.62 for passive extension to 0.89 for active flexion. The 
ICC for extension was lower than the ICCs for flexion, irrespective of 
active or passive measurement. 
 
Pain during RoM measurement, as assessed by a 11 point scale, was 
worse in flexion and in passive measurements. No differences between 
the two observers were found either for perceived pain or for perceived 
pain and RoM reached during measurement (data not presented). 
 
Figure 3: Differences between observers, plotted against the mean values 
of both observers for each patient for passive extension. The figure shows 
the mean difference between observers (solid line at centre) and the limits 

of agreement (dashed outer lines corresponding to ± 1. 96 SD of the mean 
difference between the first and second observers). 
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Figure 4: Scatter plot of interobserver reliability of measurement of pas-
sive extension 
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Smallest detectable difference 
Based on the results of the interobserver agreement, the smallest de-
tectable differences would lie between 8.2° for active extension and 
17.6° for passive flexion while supine. This means that only changes in 
knee range of motion larger than these values can be detected beyond 
measurement error when different clinicians perform RoM measure-
ments in a comparable clinical environment.    
 
Discussion 
 
 
This study investigated the interobserver reproducibility of the assess-
ment of active and passive RoM of the knee in patients after TKA. The 
results show that there was considerable variation in the agreement 
between observers in all movements tested. The lowest limit of agree-
ment was found for active extension. As regards flexion, the lowest limit 
was found for the measurement of passive flexion whilst sitting with 90° 
flexion of the hip.     
The reliability of the flexion measurement was good, while that for ex-
tension was only fair. This may have been caused by the wider RoM 
when measuring flexion. The ICC depends on the range of the true 
quantity in a sample, so if this range is wide, the correlation will be 
greater than if it is narrow 21. 
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A similar explanation can be given for the narrower limits of agreement 
found for extension. The range of outcomes for extension is generally 
narrow, leading to narrower limits of agreement.  
The results show that both observers measured less flexion RoM with 
patients in supine position than in sitting position. A possible explana-
tion for the difference in measurement positions may be that the supine 
position is less stable and allows more degrees of freedom of movement 
in both hip and knee compared to the sitting position, in which the up-
per leg is fixed on the examination table, as already indicated by Gai-
dosik et al. 3. 
Although the measurement procedure was standardised, differences in 
effort by the patient are a potential source of bias in these measure-
ments, and the influence of the examiner is added as a possible source 
of variation when measuring passive RoM. The amount of force used by 
the different observers to reach full RoM may well influence the repro-
ducibility of the measurements3.  
Unlike those of others4 9 10 our results do not show any differences be-
tween active and passive measurements. This might be caused by the 
level of experience, and the training of the participating therapists prior 
to the study, as well as the standardisation of measurements used by 
all therapists working with TKA patients in our hospital. Another expla-
nation may be that in the acute phase after surgery, patients tend to 
guide passive measurement, for fear of extreme pain when going into 
extreme flexion or extension. This may well cause measurements of 
passive and active RoM to be more alike.  
Although we concentrated on measuring in a clinical situation, our re-
sults with respect to reliability are similar to results reported in the lit-
erature, which were obtained in a laboratory environment4 5 9 11 16. This 
may have been partly caused by the use of a predefined testing proce-
dure by experienced therapists, who had trained the procedures on 
healthy subjects and patients before the start of the study. Van Gen-
deren et al.15 also described positive effects of including these steps in 
the measurement design.  
Hence, we believe that RoM measurement in a clinical situation is pos-
sible without loss of reliability. However, it may be questioned whether 
agreement is not of greater importance in clinical measurement situa-
tions. 
Linden-Peters et al.10 were the first to report on agreement in the meas-
urement of knee RoM. 
They reported better results for extension measurements. We believe 
this is probably caused by differences in the selection of the study 
population. Our population had a wider range of extension, leading to a 
wider limit of agreement.  
 
Study limitations 
The decision to use only two testers in this study might be debatable. 
For a correct simulation of everyday practice, we would have preferred 
to include all staff members involved in the follow-up of TKA patients at 
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our clinic. We chose to include only two testers, however, because we 
believe that the inclusion of agreement is of the utmost importance in 
analysis of measurement in a clinical situation. This inclusion of limits 
of agreement as an outcome was only possible when using two testers.  
Our research focused on the difference between observers, and did not 
include intraobserver reproducibility. We believe that studying intraob-
server reproducibility would involve more interference with everyday 
practice, as individual observers would need to perform multiple meas-
urements on the same patient and would have to be blinded for the out-
come of each of their measurements.  
This would interfere with our intention to mimic clinical measurement 
procedures and not to create a laboratory environment for our meas-
urements.    
In spite of our use of a measurement procedure with standardised 
measurement and pre-study training, we still found differences in RoM 
measurement between the two observers. Observer A persistently 
measured greater flexion RoM. We believe that this was caused by per-
sistent differences between the testers in the choice of the fulcrum of 
rotation. This problem might be overcome by using the parallelogram 
goniometer introduced by Brosseau et al. 4 8. 
 
Since this study was conducted in one physiotherapy department, by 
therapists who measure RoM in TKA patients daily, the results may not 
necessarily be generalizable to all physical therapists. 
 
Relation between reproducibility and responsiveness 
To be useful for outcome assessment in clinical practice or research, an 
instrument should have high responsiveness, which is strongly related 
to the level of agreement 22 Limits of agreement should be smaller than 
the minimum clinically relevant difference one wants to detect. As re-
gards clinical practice, the large limits of agreement for all measure-
ments in our study indicate that we should be very careful in comparing 
and interpreting results obtained by different observers. As regards re-
search, we suggest to try to use only one observer. Unfortunately, prac-
tical reasons make it very difficult to investigate the level of intraob-
server reproducibility.  Future studies should investigate whether fur-
ther standardisation or the use of other measurement tools such as a 
parallelogram goniometer might lead to smaller limits of agreement. 
 
Conclusions  
 
 
Interobserver agreement was low in the assessment of active and pas-
sive RoM of the knee in patients in the acute phase after total knee ar-
throplasty, notwithstanding the fact that it was measured by experi-
enced physical therapists. By contrast, the reliability of RoM measure-
ment was fair to good in this population. 
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Abstract 
 
 
Background 
The main goal of physiotherapy treatment (PT) in the clinical stage fol-
lowing total knee arthroplasty (TKA) is to prepare patients for discharge 
from the hospital as soon as possible after their operation. Although 
aggressive rehabilitation is believed to be important, evidence of effects 
of different exercise programmes following TKA is limited. This led to the 
question whether the intensity of PT (once versus twice daily) following 
TKA affects short-term recovery, measured as range of motion. 
 
Methods 
A randomised controlled trial compared an exercise regimen of two ses-
sions per day with a similar programme administered once daily. Pri-
mary outcome measure was ROM.  
 
Results 
At the time of hospital discharge, there was no difference between the 
experimental and control groups in range of motion.  
 
Conclusion 
This study shows that in our setting twice daily PT sessions do not pro-
duce different results as daily PT sessions. It may be questioned 
whether multiple daily therapy sessions are needed as an in-hospital PT 
regimen in OA total knee patients. 
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Background 
 
 
Recent trends in the treatment of patients following orthopaedic surgery 
in the Netherlands encourage early discharge from hospitals, which 
implies increasing the intensity of treatment during the in-hospital 
phase. The strategy of choice involves mobilisation of the joints, starting 
on the day of surgery as well as shortening the bed rest phase and early 
ambulation. Physiotherapy treatment (PT) plays an important role in 
this strategy. 
In 2000 a ’Joint Care’ programme was implemented at the University 
Hospital Maastricht. This is a clinical pathway in which the activities of 
physicians, nurses, physical therapists and other staff inside as well as 
outside the hospital are coordinated to provide the best overall care for 
patients with a particular diagnosis or procedure1. 
Clinical pathways are used in many institutions for patients undergoing 
total knee arthroplasty (TKA) and total hip arthroplasty (THA). These 
procedures lend themselves very well to a pathway approach, because 
the process of care is relatively standardized. Clinical pathways have 
been successful in reducing costs and length of stay in acute care hos-
pitals, while not compromising patient outcomes1-7. The contents of the 
individual treatments are hospital-specific to create an optimal regimen 
of care tailored to that specific institution. The main goal in the clinical 
stage is to prepare patients for discharge from the hospital as soon as 
possible after their operation. Discharge depends primarily on restoring 
sufficient functional range of motion (ROM)8.  
 
Various authors9-12 have described aggressive rehabilitation schemes 
incorporating more than one PT treatment session per day in the clini-
cal phase following total knee surgery. Aggressive rehabilitation is be-
lieved to be important in preventing postoperative contracture of the 
soft tissue and in gaining better flexion. Nevertheless evidence of effects 
of different exercise programs following TKA is limited13. Our current PT 
programme is based on these rehabilitation schemes, as well as on the 
outcome of a nonrandomised controlled trial14 comparing usual care 
with a ‘Joint Care’ clinical pathway. This trial found the length of hospi-
tal stay to be significantly shorter in the ‘Joint Care’ group.  
The author concluded that this was mainly caused by the greater 
stimulation to exercise and the number of minutes of PT per day. Pa-
tients were not only stimulated by their physical therapists to exercise, 
but the nursing staff also stimulated the patients to exercise and per-
form daily life activities themselves. Based on this result we doubled the 
time spent on in-hospital PT from 20 minutes to 40 minutes per patient 
per day, thus increasing treatment intensity to fulfil one of the goals of 
the programme; shortening hospital stay to four days after surgery.  
 
Patients are scheduled for discharge the fourth day after surgery if their 
passive flexion ROM exceeds 65°, when they are able to transfer from 
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sitting to standing, walk independently, and are able to climb stairs, if 
necessary.  
After two years of experience with the high intensity approach, the 
mean hospital stay was reduced to approximately four days after the 
operation. In 2003, however budget considerations meant that con-
tinuation of the extra PT sessions was being reconsidered. This led to a 
debate within the PT department whether or not the extra time invest-
ment should be maintained, i.e. whether the second daily visit was es-
sential in reaching the short-term PT goals and whether having only one 
session of PT a day would lead to poorer range of motion (ROM) and 
function.  
This resulted in the following research question. Does the intensity of 
PT treatment (once versus twice daily) in patients following TKA affect 
their short-term recovery, measured as range of motion? 
To answer this question, a randomised controlled in-hospital trial was 
conducted in which a regimen consisting of four days with 40 minutes 
of PT a day was compared with one involving 20 minutes of PT a day.  
 
Methods 
 
 
The medical ethics committee of the Maastricht University Hospital and 
Maastricht University approved this prospective, randomised controlled 
trial. 
The design of the trial is depicted in figure 1. 
 

Fig 1: study design and outcome assessment.  

 
T0               T1    T2            T3 

         

       

        

        

 

 

 
T0 baseline assessment, one week before surgery,  
T1 assessment 4 days after surgery,  
T2 assessment 6 weeks after surgery,  
T3 assessment 3 months after surgery 
R= randomisation 

 
Subjects 
A consecutive series of patients who received a primary TKA at the Uni-
versity Hospital Maastricht, the Netherlands, was invited to participate 

surgery 

Group 1 
20 min PT per day 

Group 2 
40 min PT per day 

 R 
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between 1 January and 1 June, 2004. Subjects were considered eligible 
for the study if they were scheduled in the ‘Joint Care’ programme and 
signed an informed consent form. 
Patients undergoing knee revision surgery were excluded as were pa-
tients over 85 years of age, patients with co-morbidity influencing gait 
and patients who did not understand or speak Dutch.  
  
Randomisation  
An independent research assistant performed concealed randomization 
using a computer generated randomisation schedule in which patients 
were allocated according to a weekly treatment regimen. All patients are 
admitted into hospital on Monday evening, surgery is on Tuesdays and 
hospital leave is planned the next Saturday. By randomising clusters of 
treatment weeks instead of individual randomisation we made sure that 
patients within the same treatment week all received the same postop-
erative treatment regime, thus avoiding contamination, which might 
occur when patients receive different regimes in the same week of ad-
mission at the same ward.  
Information on the particular treatment intensity was given on the day 
of surgery. In this way we prevented foreknowledge of treatment as-
signment and thus shielded those who enrolled participants from being 
influenced by this knowledge because enrolment into the study was 
conducted two weeks before surgery.  
 

Interventions 
 
 
Clinical phase 
During the in-hospital phase daily PT was administered to all partici-
pating patients. Patients in the experimental group were treated twice 
daily (totalling 40 minutes per day), patients in the control group once 
daily (20 minutes per day). The treatment content was similar in both 
groups and consisted of active and passive mobilisation of the knee, 
strengthening of the quadriceps muscle and functional exercises includ-
ing transfers from a supine position to sitting and from sitting to stand-
ing, walking and stair climbing. As a rule, patients left hospital after the 
morning PT sessions on the fourth day after surgery, leading to a total 
number of PT sessions in the experimental group of seven sessions 
compared to four sessions in the control group.  
A detailed description of the treatment protocol following total knee sur-
gery is available at the website of the Physiotherapy department of the 
Maastricht University Hospital15  
 
We divided the treating physical therapists into two groups. One group 
treated all patients in the morning, while the optional second treatment 
sessions were administered by other physical therapists, leaving the 
group of therapists who treated the patients in the morning sessions 
unaware whether or not patients were receiving a second PT session. 



 

64�Chapter 5 

Therapist received weekly work schedules. During the study period 
therapist shifted from morning to afternoon groups randomly over 
treatment weeks. These changes were introduced to balance the work 
load of the participating therapist rather than for study purposes. 
Hospital discharge followed when patients showed wound healing, they 
were ambulant using a walking frame or crutches and passive flexion 
ROM of the knee was above 65 degrees. 
 
Outcome measures  
Primary outcome measure in this study was passive flexion ROM.  
Secondary outcome measures were active ROM and passive extension 
ROM, functional status, length of stay (LOS) after surgery, pain over the 
last 24 hours (using an 11 point scale), satisfaction with treatment (us-
ing an 11 point scale from totally dissatisfied to completely satisfied)16, 
satisfaction with the intermediate treatment results and global per-
ceived effect.  
ROM was measured actively as well as passively using a large goniome-
ter following the method described by Brosseau17. Intratester reliability 
for knee flexion is 0.99, for active extension 0.97. Criterion validity for 
knee flexion is 0.98, for extension 0.4217. 
Functional status was measured using two scales, the disease specific 
Western Ontario and McMaster University Osteoarthritis index 
(WOMAC)18 and the joint specific Knee Society Scale (KSS)19. 
 
The WOMAC is a disease specific questionnaire developed specifically 
for people with osteoarthritis of the hip and knee. The WOMAC consists 
of 24 items which probe 3 dimensions; pain (5 items), stiffness (2 
items), and functional difficulty (17 items). Scale sum scores were stan-
dardised (0–100), with high values indicating less pain or better physi-
cal functioning20. 
The WOMAC questionnaire is well recognized for its good validity, reli-
ability and responsiveness. We used the Dutch version of WOMAC20.  
The KSS is concise and easy to use. It represents a clear attempt to 
separate knee function from overall patient functional status. Bach et 
al21 reported that reproducibility of the knee score is poor whilst the 
function score shows good reproducibility. The construct validity of the 
KSS is good22.   
At follow-up, patients were asked to judge the effect of the surgery on a 
7-point Likert scale from ‘worse than ever‘status to ‘completely recov-
ered’23. 
The primary effect measurement was scheduled for the fourth day after 
surgery, while follow-up measurements were scheduled at 6 weeks and 
3 months after surgery.  
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Table 1 shows the timing and measurement tools used. The outcome 
assessor was blinded with regard to the clinical intervention regime ad-
ministered. 
 
Table 1 outcome measures and timing ROM= Range of Motion 
 T0 T1 T2 T3 

ROM X X X X 

Functional status WOMAC X  X X 

Functional status KSS X X X X 

Length of stay  X   

Pain  X X X X 

Treatment satisfaction  X X X 

Satisfaction with intermediate results  X X X 

Number of PT sessions  X   

Global perceived effect of total treatment by 
the patient 

  
X 

 
X 

 
X 

 
T0, 14 days prior to surgery 
T1, 4 days after surgery  
T2, 6 weeks after surgery  
T3, 3 months after surgery 

 
 
We selected the KSS score as functional outcome on day four because 
several items in the WOMAC are not applicable during the in-hospital 
period. The WOMAC was assessed during the outpatient period because 
psychometric properties of the WOMAC are superior to the KSS. 
 
Sample Size 
A 10° of passive ROM difference between groups was considered clini-
cally important enough to eventually raise treatment frequency. The 
sample size needed to detect a significant difference (2-sided, α<. 05) of 
at least 10° ROM between groups (primary outcome) with an assumed 
standard deviation (SD) of 10° and a power of 0.8, was 16 subjects per 
group. To compensate for a maximally acceptable 20% loss of subjects 
between baseline and follow-up, 20 subjects per group (40 in total) were 
required. 
 
Analysis 
Data were checked for completeness and normality. Statistical analysis 
were blinded and performed according to the ‘intention-to-treat’ princi-
ple.  
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Descriptive statistics were calculated of both group statuses at baseline. 
Post treatment scores as well as differences between pre- and post 
treatment scores were compared with regard to all outcome measures. 
Group differences and 95% confidence intervals (CI) were computed for 
all outcome measures. The scores on global perceived effect were di-
chotomized to examine the ratio of improved versus unimproved pa-
tients. Patients were scored as improved if they felt much better or had 
recovered completely. Student’s t-test was used for continuous data to 
determine differences between the two treatment groups. Chi-square 
tests were used for analysis of categorical data and when continuous 
data were not normally distributed. All data were analysed using SPSS 
version 11.024.  
 
Results 
 
 
Of the 55 subjects who were scheduled for surgery between January 
and June 2004, 43 were included in the study. 9 patients refused to 
participate and 3 were excluded because they had relevant co-
morbidities. Twenty-one patients were randomly assigned to the ex-
perimental group, 22 to the control group.  
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Figure 2: Flow chart of subjects through the trial. 

 

 
 
The baseline characteristics of the patients in the two groups were simi-
lar in terms of clinical and demographic characteristics. They also 
showed comparable levels of functional ability and Quality of Life (table 
2). 
 

 

Assessed for 
eligibility 
(n=55) 

Excluded (n=12) 
 
Not meeting inclu-
sion criteria (n=3) 
 
Refused to partici-
pate (n=9) 

Allocated to control in-
tervention (n=22) 
 
Received allocated inter-
vention (n=21) 
 
Did not receive allocated 
intervention (n=1) 
 
Longer in hospital treat-
ment period in case 
because of cardiac prob-
lems, not treatment at 
day three and four 

Allocated to experimental 
intervention (n=21) 
 
Fully compliant (n=20) 
 
Received six out of seven 
possible treatment sessions 
(n=1) 

Lost to follow-up (n=0) Follow-up 

 

Allocation 

Analysis 

Lost to follow-up (n=0) 

Analyzed (n=22) Analyzed (n=12) 

Enrolment 

Randomisation 
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Table 2 patient’s baseline characteristics  
Variable Experimental 

group n=21 
Control group 
n=22 

Female/Male 15/6 17/5 

 Mean sd  

age 70 (8.5) 67 (7) 

active ROM extension (degrees) 8° (6°)  8° (5°)  

passive ROM extension (degrees) 5° (5°) 5° (5°) 

active ROM flexion (degrees) 106° (19°)  102° (20°)  

passive ROM flexion (degrees) 110° (19°) 114 ° (15°) 

functional status WOMAC 44 (16.7) 40 (16.6) 

WOMAC subscale pain 9.2 (2.7) 8.3 (3.5) 

WOMAC subscale stiffness 3.7 (1.1) 3.3 (1.4) 

WOMAC subscale difficulty 31.1 (9.3) 28.2 (11.8) 

functional status KSS knee 49 (18) 43 (21) 

KSS function 53 (18) 52 (21) 

Pain (11 point scale) 3.7 (2.8) 3.5 (3.3) 

 
 
All 43 patients were assessed two weeks before surgery (T0) and four 
days after surgery (T1).   
Six weeks after the operation (T2) 2 patients of the control group failed 
to attend the follow-up measurement, thus data from 41 patients were 
available for intention to treat analysis. All participants attended the 
follow-up measurements at 3 months. 
 
Outcome: 4 days after surgery. 
As can be seen from table 3, there was no detectable difference in the 
primary outcome measure ROM between the experimental and control 
groups four days after surgery.  
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Patients in the control group all received 4 treatment sessions. Two pa-
tients in the experimental group received six of the seven possible 
treatment sessions. One of these patients did not feel well enough to 
participate in a second PT session on the second day after surgery. The 
other patient left the hospital on the third day after surgery. The sur-
geon approved his discharge since he had reached the short-term 
treatment goals and asked to return home for personal reasons. Length 
of stay was similar in both groups. One patient in the control group was 
transferred to the cardiology department because of cardiac complaints. 
He left the hospital 15 days after surgery. 
Flexion contracture was about 8° in both groups and active flexion ROM 
was about 70° 
Functional status results on day four were also similar between groups.  
 

Six-weeks and three-month’s follow-up 
There were no significant or clinically relevant differences in the secon-
dary outcome measures at any of the other follow-up moments (table 4). 
Follow-up data were comparable to those at day four after surgery.  
ROM in extension seemed to be a little better in the control group, as 
was satisfaction with the overall treatment. Recovery of flexion range of 
motion as well as functional status is similar in both groups. 
 

Discussion 
 

 

This trial did not detect any differences in the effects on any of the out-
come parameters between regimens involving one or two physiotherapy 
sessions a day in the clinical phase following TKA.  
Remarkably, patients seemed to be very satisfied with PT treatment, 
irrespective of the number of sessions.  
Three months after surgery, the perceived effect of the total treatment 
was high, with 39 out of 43 patients stating that they had vastly im-
proved or were completely cured.  
 
 
De Jong14 reported similar numbers of PT sessions and comparable 
hospital stay (4.97 days) after surgery compared to our experimental 
group (4.1 days). De Jong did not report on ROM and functional capac-
ity was measured using a scale of unknown reliability and validity.   
Since we did not find any other studies on the effects of different PT 
treatment intensities following TKA, it is only possible to compare the 
results of the total group with those of other studies with known treat-
ment intensity.  
Most studies on rehabilitation after TKA have focussed on the use of 
continuous passive motion treatment.  
Several recent studies9 25-27 incorporated high intensity basic PT reha-
bilitation programmes and describe outcomes comparable to our data. 
Two studies employed standardized PT treatments twice daily, whilst 
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Kumar et al. reported 90 minutes to two hours of PT daily and Beaupre 
et al. did not standardize the treatment duration but reported on six 
treatment sessions during the first four days after surgery.  
Three9 25 26 studies described short-term results on range of motion. 
The ROM we found four days after surgery is comparable to the values 
reported in these studies. The level of pain found in our study is in 
agreement with those reported by Bennett whereas the length of stay in 
Bennett’s sample was longer (8.8 compared to 5 days), and KSS scores 
at 3-months follow-up were slightly better in our sample (mean KSS 
function score of 52 versus 69).   
Our study only collected WOMAC data preoperative and at six-weeks 
and three-months follow- up. No WOMAC data were collected at hospi-
tal discharge because several items of the WOMAC score are not valid 
during hospital stay, items like getting in and out of a car, shopping, 
getting in and out of a bath and doing domestic chores are not applica-
ble in this phase.  
 
Study limitations  
We chose cluster randomization of treatment weeks over individual ran-
domization.  
By clustering in treatment weeks we made sure that all patients oper-
ated in a week were receiving the same amount of daily treatment ses-
sions. We believe that this led to less bias than introduced by contami-
nation in individual randomization.  
Patients receive PT treatment in the ‘living room’ of the orthopaedic 
ward in which they stay during daytime. We believe contamination is 
likely to occur when one patient would receive a second treatment in 
the afternoon whilst the patient sitting next to him/her is not. Conver-
sation is overheard and just seeing treatment might encourage the pa-
tient to exercise them self, therewith diminishing contrast between both 
groups.  
Though randomizing in clusters theoretically might inflict bias, we be-
lieved in this case it does not have a lot of influence.  
 
It is accepted that clustering may result in P values and confidence in-
tervals which are sufficiently biased to have a major effect if any of the 
following are true: the cluster size is large, the number of clusters is 
small, or the intra-cluster correlation coefficient is large28. Our study 
contained 22 clusters, cluster sizes were small with a mean of two pa-
tients per cluster and intracluster correlation was very small, 
(ICC=0,171), leading up to a design effect of 1.17129.  
In combination with the fact that clusters were merely different weeks 
in a four months period in the same hospital with the same staff etc. 
makes us believe that clustering did not introduce a major bias in our 
study.  
We chose passive flexion ROM as primary outcome measure because 
passive ROM is the only measure of function involved in hospital dis-
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charge in our situation. Therefore we based our sample size calculation 
on between group differences in passive flexion ROM. 
When designing the study the therapists and orthopaedic surgeons in-
volved discussed what effect would justify the effort of extra PT sessions 
daily. We had no information on possible effect sizes or minimally im-
portant clinical differences out of the literature, since we are unaware of 
a single similar study in this field. However we had some information on 
the effects of CPM in this same setting30. In this study we found an 8 
degrees difference in flexion ROM when using CPM in the in hospital 
phase after total knee arthroplasty. 
We agreed on 10 degrees between group differences to be a result worth 
the extra PT effort. Although we did not detect a between group differ-
ence at all, one may state that our study was designed to find a large 
difference. Sample size was calculated to find this effect and therefore 
may be too small to detect smaller differences. Our study is under-
powered to detect significantly smaller between group differences.  
For example, to detect a 5 degree difference sample size would a sample 
size of over 120 participants.  
Although our study could not detect differences between groups receiv-
ing PT once or twice daily, this does not mean that individual patients 
might not benefit from more intensive PT.  
One of the primary issues in treating patients with TKA is to identify 
those patients that may require more intensive rehabilitation. Unfortu-
nately, secondary analysis yielded no variables at baseline that pre-
dicted short-term postoperative recovery.  
Different therapists treated patients in the morning and afternoon ses-
sions as well as over different treatment days. This is a common proce-
dure in our hospital which in itself might increase treatment variation. 
However, treatments were standardized and applied following a proto-
col.  
In this study, PT treatment was standardized in terms of content as well 
as duration of the treatment sessions. Although almost every study in 
this field has done the same, one might question whether this is the 
appropriate way to handle patient care. It might be wiser to set treat-
ment goals per day.  
 
As soon as the target for that day has been achieved no further treat-
ment might be necessary. This would mean that the number of treat-
ments can be individualized according to the goals set for each day.  
Although blinding therapists is very difficult, we attempted to blind at 
least the physical therapists attending the morning session. Blinding 
was not successful in every case, because some patients gave informa-
tion about the second session during the morning sessions.   
Participating physical therapists stated that not knowing whether a 
patient would receive a second treatment session probably raised their 
awareness about achieving clinical goals during the morning sessions. 
Although they were aware that this attitude might bias study results, 
their attitude towards giving optimal patient care overruled the urge to 
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follow the treatment protocol. In this sense one might say that treating 
patients once daily is just as good as twice daily if the physical thera-
pists are more focussed. 
 
Conclusions 
 
 
This study shows that in our setting twice daily PT sessions do not pro-
duce different results as daily PT sessions. It may be questioned 
whether multiple daily therapy sessions are needed as an in-hospital PT 
regimen in OA total knee patients. 
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Abstract 
 
 
Background  
Adequate and intensive rehabilitation is an important requirement for 
successful Total Knee Arthroplasty. The primary focus of early rehabili-
tation is ambulation of patients and regaining range of motion in the 
knee. 
Although research suggests that Continuous Passive Motion should be 
implemented in the first rehabilitation phase following surgery, there is 
substantial debate about the duration of each session and the total pe-
riod of CPM application and. A Cochrane review on this topic concluded 
that short-term use of CPM leads to greater short-term range of motion. 
It also suggested, however, that future research should concentrate on 
the treatment period during which CPM should be administered. 
 
Methods  
In a randomized controlled trial we intend to investigate the efficacy of 
prolonged use of a continuous passive motion (CPM) device in the home 
situation as an adjunct to standardised physiotherapy. The experimen-
tal treatment is compared to standardised physiotherapy, in patients 
with osteoarthritis of the knee undergoing Total Knee Arthroplasty 
(TKA). Efficacy will be assessed in terms of faster improvements in range 
of motion and functional recovery. 
Seventy patients with knee osteoarthritis undergoing TKA and experi-
encing early postoperative flexion impairment (less than 80° of knee 
flexion at the time of discharge) will be randomised over two treatment 
groups, a usual care group and an experimental group 
The experimental group will receive CPM + physiotherapy for 17 con-
secutive days after surgery, whereas the usual care group will receive 
the same treatment during the in-hospital phase (i.e. about four days), 
followed by physiotherapy alone (usual care) in the first two weeks after 
hospital discharge. 
From 18 days to three months after discharge, both groups will receive 
standardised PT. The primary focus of rehabilitation will be functional 
recovery (e.g. ambulation) and regaining range of motion (RoM) in the 
knee. 
 
Discussion 
Because restricted knee RoM affects functional activities, knee RoM and 
knee function are regarded as the primary indicators of successful TKA.  
 
Potential effects of the intervention under study include rapid return of 
knee flexion accompanied by earlier return to functional activities of 
daily life. If patients benefit significantly from prolonged CPM use, this 
treatment should be added to the standard PT treatment at home. 
We expect the additional home CPM programme to be more effective 
than the usual physiotherapy programme, resulting in a difference in 
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RoM of at least 5°, 17 days after surgery. This clinically important dif-
ference, with a possible flexion RoM of about 100°, is expected to lead to 
better functioning in activities of daily life, like walking, and earlier abil-
ity to cycle. These advantages should result in earlier and increasing 
independence. 
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Background 
 
 
With the ageing of the population, the prevalence of degenerative joint 
diseases is increasing. Reports show that over a one-year period, 25% of 
people over 55 years have a persistent episode of knee pain, of whom 
annually about one in six consult their general practitioner, in both the 
UK and the Netherlands.  
The prevalence of painful disabling knee osteoarthritis in people over 55 
years is 10%, of whom one quarter is severely disabled. In all, over 
300,000 Dutch residents currently suffer from knee osteoarthritis (OA).  
Total Knee Arthroplasty (TKA) is a common intervention that can en-
hance the quality of life for patients with knee OA. Over 7500 TKAs are 
performed in Dutch hospitals every year. In 2003, 160 TKAs were per-
formed at the Maastricht University Hospital. Adequate and intensive 
rehabilitation is an important requirement for successful TKA. The pri-
mary focus of early rehabilitation is ambulation and regaining range of 
motion (RoM) in the knee. Because restricted knee RoM affects func-
tional activities, knee RoM is regarded as one of the primary indicators 
of a successful TKA. Rapid return of knee flexion accompanied by ear-
lier return to functional activities of daily life is one of the potential ef-
fects of the intervention we are proposing to study. 
Although research findings favour the use of Continuous Passive Motion 
(CPM) in the first rehabilitation phase following surgery1-4, there is sub-
stantial debate about the total period of CPM application and the dura-
tion of individual sessions. A Cochrane review1 on the topic concluded 
that short-term use of CPM leads to a more rapid recovery of range of 
motion. It also suggested, however, that future research should concen-
trate on the period during which CPM should be administered, and 
therefore called for research into longer-term use, involving long term 
follow-up. 
Before the year 2000, discharge from the Maastricht University Hospital 
after TKA was scheduled approximately 14 days after surgery. Nowa-
days, most patients are discharged four days after surgery. Since the 
time spent in hospital following surgery has decreased, continuation of 
CPM after hospital discharge might be beneficial. Although CPM is in-
creasingly being administered in the post clinical home situation in re-
cent years and is beginning to become part of the usual care pro-
gramme, proper research into the effectiveness of a prolonged use of 
CPM at home is still lacking1 2. The only study that has been reported5 
compared CPM with physiotherapy (PT) as 
a stand-alone therapy, whereas in the study presented here, CPM will 
be added to a standardised programme, adequately reflecting current 
practice. 
This study is expected to provide new insights into the additional effects 
of CPM and to provide evidence to justify or refute its use. 
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Currently, orthopaedic surgeons at the hospital and physiotherapists at 
the hospital and at home play an important role in the rehabilitation 
process for TKA patients. The proposal presented here involves the 
same health care professionals and the same treatment strategies cur-
rently in use, but one patient group will additionally receive CPM at 
home. 
We expect the effect of CPM treatment to be a quicker restoration of 
RoM, resulting in improved ADL function during the first 3 months after 
surgery. 
Knee flexion values of 95° and 105° are regarded as range of motion 
benchmarks6 in the functional recovery following CPM. While 95° of 
knee flexion allows normal ADL function, 105° of flexion gives a person 
the opportunity to ride a bicycle. This is of great advantage both in daily 
life (at least in the Netherlands) and in the rehabilitation from TKA sur-
gery, because cycling allows patients to move the knee much more. We 
expect that prolonged use of CPM at home will allow patients to achieve 
these RoM benchmarks earlier in their recovery process. 
About 50% of the patients undergoing one of the 160 TKAs performed 
annually at the Maastricht University Hospital have less than 80° of 
flexion 4 days after surgery and therefore potentially meet the inclusion 
criteria of the proposed study. 
If the study should find that patients benefit from home CPM, this 
treatment should be added to the standard PT treatment currently ad-
ministered. No differences in direct costs of rehabilitation are expected 
from implementation of the study results. 
 

Objective 
Continuous passive motion (CPM) has proved to increase the amount of 
knee flexion for knee patients in the acute hospital setting (5–10 days). 
The primary purpose of the proposed randomised controlled trial is to 
establish whether there is additional long term benefit of continuing 
CPM after hospital discharge. 
 

Research question 
What is the effect on range of motion and functional status of prolonged 
use of a continuous passive motion device at home in addition to 
physiotherapy, compared to physiotherapy alone, in patients with lim-
ited flexion range of motion (less than 80°) of the knee at discharge from 
the hospital following total knee arthroplasty? 
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Methods/Design 
 
 

Study design 
The proposed study is a randomised controlled trial, with blinded 
treatment allocation, assessment and analysis, in which 70 patients 
undergoing a scheduled unilateral TKA will be evaluated to assess the 
added value of CPM at home, using function and mobility as the main 
outcomes. 
 
Participants 
We intend to include 70 patients in the study, who must be eligible for 
unilateral primary TKA as a result of osteoarthritis of the knee. Patients 
will be included if they; 
have less than 80° of flexion range of motion 4 days after surgery, are 
able to understand and speak Dutch, are not suffering from mental 
disabilities and are resident inside the 'Maastricht heuvelland' region. 
Patients will be excluded if they need to stay in hospital for more than 5 
days after surgery or show relevant co-morbidity influencing mobility 
(e.g. claudicatio, other prosthesis) or are operated upon using minimally 
invasive surgery. 
Eligible patients will be contacted one week before planned surgery, and 
will be randomised into two groups after signing an informed consent 
form, on the day they are discharged from hospital. Patients will thus 
have 10 days in which to consider participation. 
Blocked and concealed randomisation with a block size of 4 will ensure 
equal distribution of patients over the two treatment groups. Groups 
will be prestratified on preoperative flexion mobility of the knee. 
 

Interventions 
During the in-hospital period, all patients will receive a standardised PT 
programme, involving 20 minutes of PT per day for four days. During 
the first two weeks after discharge, patients in the experimental group 
will receive CPM for 4 hours a day in addition to regular PT treatment. 
Patients in the control group will receive only regular PT treatment 
(usual care). 
From day 18 onward, all patients will receive regular PT treatment until 
3 months after surgery, if indicated. 
The post-clinical PT will be standardised in terms of treatment objec-
tives. All patients will receive treatment consisting of active and passive 
mobilisation of the knee joint, active strengthening of the m. quadri-
ceps, and training of ADL functions (gait, sit to stand and stair climb-
ing). 
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Outcome assessment 
After baseline variables have been collected, outcome measures will be 
assessed at 17 days, 6 weeks and 3 months after surgery, during nor-
mal routine assessments at the orthopaedic clinic (table 1). The out-
come assessor will be blinded. 
 
Table 1: timing of the outcome assessment 
 T0 

Pre-
operative 

T1 
Clinical 
phase 

T2 
17 days 
after sur-
gery 

T3 
6 weeks  
after surgery 

T4 
12 weeks 
after sur-
gery 

Range of motion  X X X X X 
Knee Society Score  X X X X X 

WOMAC X  X X X 
Perceived effect   X X X 
Pain medication  X X X X 
Satisfaction with treat-
ment 

  X X X 

Satisfaction with results   X X X 
Compliance    X   
Quantity, duration and 
kind of treatment 

  X X X 

 
 
Primary outcome measures are: 
1.  Functional status, using the WOMAC function score7 8 

and the Knee Society Score9; and 
2.  Range of motion, assessed with a long-arm goniometer10. 
 
Secondary outcome measures are: 
A. perceived effect, using a 7-point Likert scale; 
B. postoperative medication use (amount; type will be  stan-
dardised); 
C. satisfaction with treatment, on an 11-point Likert scale; 
D. satisfaction with treatment result, on an 11-point Likert scale; 
E. adherence to treatment protocols and use of CPM (in hours), 
 measured with a patient diary; 
F. quantity, duration and nature of PT intervention. 
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The study design is depicted in figure 1. 
 
Figure 1: Study design. 

 
T0: one week before surgery  
T1: 4 days after surgery, 
T2: 17 days after surgery  
T3: 6 weeks after surgery  
T4: 3 months after surgery. 

 

 

The first primary endpoint of the study is on day 17 after surgery, 
which is when the experimental treatment stops and short-term effects 
are measured. 
The second endpoint is at 3 months after surgery. Table 1 shows the 
timing of the outcome assessment 
 
Power analysis 
We assume a difference of more than 5° of knee flexion mobility (SD 8°) 
at the end of the CPM application to be clinically relevant. With an al-
pha of 0.05, and a power of 
80%, we will need 28 patients per group to prove this. 
 

Data analysis 
Data will be stored and analysed with SPSS-12.0 After checks for miss-
ing values and for normality of the data, regression techniques will be 
applied by a blinded analyst using the 'intention-to-treat' principle. Pri-
mary and secondary outcome measures will be reported for the in-
hospital and home situations, and for 6-week and 3-month follow-up. 
The primary research question will be tested using Student's t-tests 
with a p-value of 0.05 being regarded as significant. 
 

Discussion 
 
 
Dissemination 
The results of this trial are expected to provide evidence and clinically 
relevant information of direct use to professionals working in the field of 
rehabilitation after TKA (Orthopaedic surgeons, general practitioners, 
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physical therapists, occupational therapists and nurses). If the addi-
tional use of CPM proves efficacious, CPM should be administered to 
the target population. Therefore, health insurance companies and pub-
lic health services should take note of the results and implement the 
findings in their activities. 
The results of the research will be disseminated by means of publica-
tions in peer-reviewed scientific journals, by updating the Dutch arthro-
sis guidelines for GPs and physical therapists, by publication of a PhD 
thesis and by means of lectures and presentations at conferences. 
The relevant parties that can assure proper dissemination of the re-
search findings are to a large extent represented in the project group. 
The orthopaedic surgeons are involved in drawing up the osteoarthritis 
guidelines, the research physical therapist and the project leader are 
responsible for the osteoarthritis guidelines for physiotherapists and the 
PhD student and promotion team are responsible for the scientific dis-
semination of the results.  
The patients with osteoarthritis receiving TKA surgery will receive up-
dated information through an updated leaflet, made available at the 
hospital. 
 
Ethics 
Patients will be asked to participate in the study one week prior to the 
planned surgery date. They will receive verbal and written information 
on the study. After doing so, they will have a 10-day period in which to 
decide whether or not to participate. Patients will be informed about the 
option to end their participation in the study at any time. 
An independent physician will be appointed to whom patients can turn 
if they have any questions, etc. Written consent will be asked prior to 
participation. All data will be collected by a research assistant and will 
be stored in a database. The data will be anonymised and coded so 
third parties will not be able to link data to specific patients, thus en-
suring complete confidentiality of data of individual patients. After con-
clusion of the study, all participants will be informed of the outcome. 
 
 
Risks of participation 
We believe there is very little additional risk for the participants in-
cluded in the CPM treatment group. All patients will be familiar with the 
use of CPM device at the time they are discharged from the hospital. 
Nevertheless we have taken out supplementary insurance for all par-
ticipants in the study. 
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Abstract 
 
Background 
Adequate and intensive rehabilitation is an important requirement for 
successful total knee arthroplasty. The primary focus of early rehabilita-
tion is ambulation and regaining range of motion in the knee. Although 
research suggests that Continuous Passive Motion (CPM) should be 
implemented in the first rehabilitation phase after surgery, there is sub-
stantial debate about the duration of each session and the total period 
of CPM application. A Cochrane review on this topic concluded that 
short-term use of CPM leads to greater short-term range of motion. It 
also suggested, however, that future research should concentrate on the 
treatment period during which CPM should be administered. 
 
Methods 
In a randomised controlled trial we investigated the effectiveness of pro-
longed CPM use in the home situation as an adjunct to standardised 
PT. Experimental treatment was compared with standardised physio-
therapy (PT) in patients with osteoarthritis (OA) of the knee undergoing 
Total Knee Arthroplasty (TKA). Efficacy was assessed in terms of faster 
improvements in range of motion (RoM) and functional recovery, meas-
ured at the end of the active treatment period, 17 days after surgery.  
Sixty patients with knee osteoarthritis undergoing TKA and experienc-
ing early postoperative flexion impairment (less than 80° of knee RoM at 
the time of discharge) were randomised over two treatment groups. The 
experimental group received CPM + PT for 17 consecutive days after 
surgery, whereas the usual care group received the same treatment 
during the in-hospital phase (i.e. about four days), followed by PT alone 
(usual care) in the first two weeks after hospital discharge. 
From 18 days to three months after surgery, both groups received stan-
dardised PT. The primary focus of rehabilitation was functional recovery 
(e.g. ambulation) and regaining RoM in the knee.  
 
Results 
Prolonged use of CPM improved short-term RoM in patients with limited 
RoM at the time of discharge after total knee arthroplasty when added 
to a semi-standard PT programme. Assessment at 6 weeks and three 
months after surgery found no long-term effects of this intervention 
Neither did we detect functional benefits of the improved RoM at any of 
the outcome assessments.   
 
Conclusion 
Although results indicate that prolonged CPM use has a short-term ef-
fect on RoM, routine use of prolonged CPM in patients with limited RoM 
at hospital discharge should be reconsidered, since neither long-term 
effects nor transfer to better functional performance was detected. 
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Background 
 
With the ageing of the population, the prevalence of degenerative joint 
diseases is increasing. Reports show that over a one-year period, 25% of 
people over 55 years have a persistent episode of knee pain, of whom 
annually about one in six consult their general practitioner, in both the 
UK and the Netherlands1. The prevalence of painful disabling knee os-
teoarthritis in people over 55 years is 10%2, of whom one quarter are 
severely disabled. In all, over 300,000 Dutch residents currently suffer 
from knee osteoarthritis (OA). Total Knee Arthroplasty (TKA) is a com-
mon intervention that can enhance the quality of life for patients with 
knee OA. Over 7500 TKAs are performed in Dutch hospitals every year. 
In 2004, more than 160 TKAs were performed at the Maastricht Univer-
sity Hospital.  
Adequate and intensive rehabilitation is an important requirement for 
successful TKA. The primary focus of early rehabilitation is to prepare 
patients for discharge from the hospital as soon as possible after their 
operation. Because restricted knee range of motion (RoM) affects func-
tional activities, knee RoM is regarded as one of the primary indicators 
of a successful TKA. Rapid return of knee RoM accompanied by earlier 
return to functional activities of daily life was one of the potential effects 
of the intervention applied in this study.  
Continuous passive motion (CPM) is an external motorised device which 
enables a joint to move passively throughout a preset arc of motion. 
Robert Salter introduced the biological concept of CPM in the early 
1980s 3-6. He demonstrated in rabbit knees that CPM enhanced carti-
lage healing and regeneration compared to prolonged articular rest. 
Coutts et al 7 first initiated CPM use immediately after TKA. Their ra-
tionale was based on Salter’s research and the postulate that CPM en-
hanced collagen tissue healing with better fibre orientation, avoiding 
cross-linking and thus generating better movement restoration.  
CPM has been widely used as an adjunct to physiotherapy (PT) after 
TKA for the past two decades. However, there is still controversy as to 
whether it is useful. Various authors recommend CPM7-15, whereas oth-
ers16-23 have found it to be of little value in the rehabilitation of the knee 
after TKA.  
Although several systematic reviews favour the use of CPM in the first 
rehabilitation phase after surgery 24-26, there still is substantial debate 
about the total period of CPM application and the duration of individual 
sessions. A Cochrane review 24 on the topic concluded that use of CPM 
combined with PT offers beneficial results compared to PT alone in the 
short-term rehabilitation after TKA. It also suggested, however, that 
more research was required to assess the differences in CPM effective-
ness with different characteristics of application, such as total duration 
of treatment and intensity of CPM interventions. 
Most studies have evaluated effects during the acute in-hospital period. 
Before the year 2000, discharge from the Maastricht University Hospital 
after TKA was scheduled approximately 14 days after surgery. Nowa-
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days, most patients are discharged four days after surgery. Since the 
time spent in hospital after surgery has decreased, continuation of CPM 
after hospital discharge might be beneficial. Although CPM is now in-
creasingly being administered in the post clinical home situation and is 
beginning to become part of the usual care programme, proper research 
into the effectiveness of a prolonged use of CPM at home is still lacking 
24 25. The only study that has been reported 20 compared CPM with PT as 
a stand-alone therapy, whereas in the study presented here, CPM was 
added to a standardised programme, adequately reflecting current prac-
tice, as orthopaedic surgeons at the hospital and physiotherapists at 
the hospital and at home currently play an important role in the reha-
bilitation process for TKA patients. 
This study involved the same health care professionals and the same 
treatment strategies that are currently in use in the Netherlands, but 
one patient group additionally received CPM at home. 
The expected effect of CPM treatment was a quicker restoration of RoM, 
resulting in improved ADL function during the first three months after 
surgery. Knee flexion values of 95° and 105° are regarded as RoM 
benchmarks 27 in the functional recovery after CPM. While 95° of knee 
flexion allows normal ADL function, 105° of flexion provides the oppor-
tunity to ride a bicycle. This is of great advantage both in daily life, at 
least in the Netherlands, and in the rehabilitation from TKA surgery, 
because cycling allows patients to move the knee much more. We ex-
pected that prolonged use of CPM at home would allow patients to 
achieve these RoM benchmarks earlier in their recovery process. 
The study was conducted among patients with limited RoM at the time 
of hospital discharge. We chose to include this specific subgroup be-
cause we believed that CPM might provide the greatest RoM gain in pa-
tients with RoM limitations. Furthermore, several authors have stated 
that patients with poorer function immediately after surgery may well 
need more attention 28 29. About 50% of the patients undergoing one of 
the 160 TKAs performed annually at the Maastricht University Hospital 
have less than 80° of RoM four days after surgery and therefore poten-
tially meet the inclusion criteria of the proposed study. 
 
Objective 
Continuous passive motion (CPM) has proved to increase the amount of 
knee flexion for knee patients in the acute hospital setting (5–10 days). 
The primary purpose of this randomised controlled trial was to establish 
whether there is additional longer-term benefit of continuing CPM after 
hospital discharge. 
 
Research question  
What is the effect on range of motion and functional status of prolonged 
use of a continuous passive motion device at home in addition to PT, 
compared to PT alone, in patients with limited flexion range of motion 
(less than 80°) of the knee at discharge from the hospital after total 
knee arthroplasty? 
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Methods/Design 
 
 
Study design 
A randomised controlled trial, with blinded treatment allocation, as-
sessment and analysis, was carried out, with local medical ethics com-
mittee approval, to assess the added value of prolonged CPM use at 
home, using function and mobility as the main outcomes.  
 

Participants 
Patients scheduled for unilateral primary TKA between April 1st 2005 
and June 30th 2006 in the ‘Arthrose kliniek Maastricht’ (Maastricht 
osteoarthritis clinic) programme at the Maastricht University Hospital, 
the Netherlands, were invited to participate in the study. Subjects were 
considered eligible if they had less than 80° of RoM 4 days after surgery, 
were able to understand and speak Dutch, were not suffering from men-
tal disabilities and were resident within the ‘Maastricht Heuvelland’ 
region. Patients were excluded if they needed to stay in hospital for 
more than five days after surgery or showed relevant co-morbidity influ-
encing mobility (e.g. claudicatio, other prosthesis) or were operated 
upon by minimally invasive surgery. Patients older than 80 years were 
also excluded. Eligible patients were contacted one week before the 
planned surgery, and were randomised into two groups after signing an 
informed consent form.  
 
Randomisation  
Blocked and concealed randomisation with a block size of four ensured 
equal distribution of patients over the two treatment groups. Groups 
were prestratified on preoperative flexion mobility of the knee.  
 
Interventions 
During the in-hospital period, all patients received a standardised PT 
programme, involving 20 minutes of PT and four hours of CPM use daily 
for four days. CPM was already applied in the recovery room. Nurses 
installed the CPM device following standardised procedures. CPM was 
used for two consecutive hours, twice daily. One session was performed 
in the evening in order to avoid interfering with other daytime medical 
and rehabilitation activities. After 5 minutes of warm-up, RoM was set 
as tolerated by the patients. A description of the treatment protocol af-
ter total knee surgery is available on the website of the PT department 
of the Maastricht University Hospital30. 
At the end of the in-hospital period, all patients were randomly assigned 
to one of the following groups: a control group which received semi-
standardised regular PT and an experimental group which received the 
same PT intervention in combination with two extra weeks of CPM 
treatment for four hours daily. CPM was administered in the same fash-
ion as during hospital stay. Patients were able to increase RoM by 
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themselves. They kept a patient diary in which they wrote the daily RoM 
increments as well as the content and duration of their PT sessions, 
medication use and pain perceived during the day and while on the 
CPM machine. 
From day 18 onward, all patients received regular PT treatment until 
patients and therapists were satisfied with their overall functioning. The 
post-clinical PT was standardised in terms of treatment objectives. All 
patients received treatment consisting of active and passive mobilisation 
of the knee joint, active strengthening of the m. quadriceps, and train-
ing of ADL functions (gait, sit to stand and stair climbing).  
 
Outcome assessment 
After collection of baseline variables before surgery and at hospital dis-
charge, outcome measures were assessed at 17 days, six weeks and 
three months after surgery, during normal routine assessments at the 
orthopaedic clinic (table 1) or by visiting the patients at home. The out-
come assessor was blinded for the treatment procedure. 
Primary outcome measures were:  
1.  Functional status, using the WOMAC function score 31 32 and 
 the Knee Society Score33; and  
2.  Range of motion, assessed with a long-arm goniometer 34. 
 Secondary outcome measures were: 
A. perceived effect, using a seven-point Likert scale; 
B. postoperative medication use (amount; type being standardised); 
C. satisfaction with treatment, on an 11-point Likert scale; 
D. satisfaction with treatment result, on an 11-point Likert scale; 
E. adherence to treatment protocols and use of CPM (in hours); 
F.  quantity, duration and nature of PT intervention. 
 
The study design is depicted in figure 1 
 
The first primary endpoint of the study was on day 17 after surgery, 
which was the time when the experimental treatment stopped and 
short-term effects were measured. 
The second endpoint was at three months after surgery.  
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Fig 1: study design and outcome assessment.  
 
T0      T1               T2         T3         T4 

        

       

        

        

 

 

T0 baseline assessment, one week before surgery,  
T1 assessment 4 days after surgery,  
T2 assessment 17 days after surgery,  
T3 assessment 6 weeks after surgery 
T3 assessment 3 months after surgery 
R= randomisation 

 
 
Table 1 shows the timing of the outcome assessment 
 
Table 1: Timing of the outcome assessment 
 T0 

1 week 
prior to 
surgery 

T1 
End of 
clinical 
phase 

T2 
17 days 
after sur-
gery 

T3 
6 weeks  
after sur-
gery 

T4 
12 weeks 
after sur-
gery 

Range of motion  X X X X X 
Knee Society Score  X X X X X 

WOMAC X  X X X 
Perceived effect   X X X 
Pain medication  X X X X 
Satisfaction with treat-
ment 

  X X X 

Satisfaction with results   X X X 
Adherence    X   
Quantity, duration and 
kind of treatment 

  X X X 

 
 
RoM was measured actively as well as passively using a large goniome-
ter following the method described by Brosseau34. The intraobserver 
reliability of this method for knee flexion is 0.99, that for active exten-
sion 0.97, and the criterion validity for knee flexion is 0.98, that for ex-
tension 0.4234. 
Functional status was measured using two scales, the joint specific 
Knee Society Scale (KSS) 33 and the disease-specific Western Ontario 
and McMaster University Osteoarthritis index (WOMAC) 31. 
The KSS is concise and easy to use. It represents a clear attempt to 
separate knee function from overall patient functional status.  

Surgery 

 
PT +CPM 

 
PT 

 R 
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Bach et al35 reported that the reproducibility of the knee score is poor, 
whilst the function score shows good reproducibility. The construct va-
lidity of the KSS is good36. 
The WOMAC Osteoarthritis Index is a disease-specific questionnaire 
developed specifically for people with osteoarthritis of the hip and knee. 
It is a self-administered, 3-dimension, 24-item instrument. The three 
dimensions of the WOMAC are pain, stiffness, and physical function. 
Scoring of the WOMAC ranges from ‘none’ to ‘extreme’. Scale sum 
scores have been standardised (0–100), with high values indicating less 
pain or better physical functioning32. The WOMAC questionnaire is gen-
erally acknowledged to have good validity, reliability and responsive-
ness. We used the Dutch version of WOMAC32. 
At follow-up, patients were asked to judge the effect of the surgery on a 
seven-point Likert scale ranging from ‘worse than ever‘ status to ‘com-
pletely recovered’37. 
Postoperative medication use and adherence to the treatment protocols 
were measured using a patient diary. 
The primary effect measurement was scheduled for the 17th day after 
surgery, while follow-up measurements were scheduled at six weeks 
and three months after surgery. 
 

Power analysis 
The number of subjects required to achieve statistical significance was 
determined by means of a power analysis. We assumed that a difference 
of more than 5° of knee flexion mobility (SD 8°) at the end of the CPM 
application would be clinically relevant. With an alpha of 0.05, and a 
power of 80%, we needed 28 patients per group to prove this. 
 
Data analysis 
Data was stored and analysed with SPSS-12.0 After checks for missing 
values and normality, linear regression techniques were applied by a 
blinded analyst using the ‘intention-to-treat’ principle. Primary and sec-
ondary outcome measures were reported for the in-hospital and home 
situations, and for six-week and three-month follow-up. Means and 
95% confidence intervals were calculated. 
The primary research question was tested using Student’s t-tests with a 
p-value of 0.05 being regarded as statistically significant. 
 

Results 
 
 
Of the 147 patients who were scheduled for surgery between April 1st 
2005 and June 30th 2006, 60 were included in the study. Thirty-five 
patients were not considered eligible, for the following reasons. Five 
patients were not residents of the Maastricht region, 10 patients had 
relevant co-morbidity or had RA as an underlying problem and 20 pa-
tients were older than 80 years.  
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Figure 2: Flow chart of subjects through the trial. 
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Another 52 patients were excluded, for the following reasons: 32 were 
excluded because their active knee RoM was over 80° at T1; eight pa-
tients needed to stay in hospital for more than five days after surgery 
and six were operated upon using minimally invasive surgery. In four 
cases, surgery was more extensive. Two patients refused to participate 
because of bad experiences with CPM treatment during the in-hospital 
period.  
 
The baseline characteristics of the patients in the two groups were simi-
lar in terms of clinical and demographic characteristics. Although we 
prestratified on preoperative active RoM (strata >100º<), mean preopera-
tive flexion RoM was slightly higher in the CPM group. At T1, RoM was 
similar in both groups. Both groups also showed comparable levels of 
functional ability (tables 2 and 3). 
 
 
Table 2: Subject characteristics and preoperative assessments of RoM 
and functional status 
T0  PT + CPM   n=30 

 
Pt        n=30 

Gender % female 60 70 
 Mean           sd Mean          sd 
Age   64.1            8.1   65            9.1 
Active RoM before surgery 
(flexion to extension) 

104.9          13.8 100.7        13.2 

Passive RoM before surgery 110.2           14.0 105.9        13.8 
Active extension     4.8             4.6    6.2           5.0 
Active flexion 109.7           12.1 106.9        12.3 
Passive extension     3.3             4.3     4.7          4.3  
Passive flexion 113.5           12.4 110.6        11.8 
KSS knee    53.5           16.4   47.5        15.3 
KSS function    61.5           10.6   52.3        18.7 
WOMAC score   54.8           17.7   51.2        13.6 
Pain subscale    10.6             4.7   10.5          3.1 
Stiffness subscale     4. 0             1.9     3.8          2.1 
Difficulty subscale   40. 2           13.2   36.9        11.7 

 
 
Table 3: Baseline measurement (T1) of RoM and KSS 
T1 PT + CPM   n=30 Pt        n=30 
Active RoM at T1   66.1             8.9   66.6           6.8 
Passive RoM at T1   71.1             8.4   72.5           5.7 
Active extension     8.9             4.4      8.1           4.4 
Active flexion    75               6.9   74.7           4.5 
Passive extension     6.7             4.1     6.1           4.2 
Passive flexion   77.8             7.1   78.6           3.8 
Knee society knee score at T1   55.9            17   50.0         17.6 
Knee society function score at T1   25.8            14   26            13.5 

T1= day of discharge from the hospital, i.e. day 4 after surgery 
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Primary outcome measures 
Range of motion 
A trend in favour of prolonged CPM use was found at the end of the 
treatment period. In terms of total RoM, the CPM group achieved 5º 
more RoM than the PT group (Table 4). RoM in the CPM group improved 
6º more during the active treatment period (17. 7º over 11. 6º). 
At follow–up, these differences had faded. At six weeks and three 
months, we could not detect any difference in RoM between the two 
treatment strategies (figure 3). In terms of the number of patients 
achieving the flexion RoM benchmarks of 95º and 105º, no differences 
were found between the two groups at any of the outcome measure-
ments (table 5). 
 
 
Table 4: Primary outcome measurements on day 17 
T2 ROM PT + CPM      n=30 

Mean           sd 
Pt          n=30 
Mean          sd 

95% CI 

Active RoM at T2 83.6            11.4 78.6           8.7 -0.2  -  10.3 
Passive RoM at T2 88.7            10.4 84.0           9.9 -0.5  -  10.0 
Delta active RoM T1-T2 17.5            13.4 11.9           9.8 -0.5  -  11.6 
Delta passive RoM  T1-T2 17.6            12.9 11.6           9.4  0.02 -  11.9 
Extension active   6.3              3.9   8.1           4.8 -4.1  -    0.4 
Extension passive   4.3              3.1   5.7           4.6 -3.4  -    0.6 
Flexion active 89.9              9.1 86.7           8.5 -1.4  -    7.8 
Flexion passive 93                 8.8 89.7           9.6 -1.4  -    8.1 
KSS knee score 67.6            19.6 67.3         14.9 -8.7  -    9.3 
KSS function score 43               14.6 39.8         21.1 -4.7  -  11.3 
WOMAC score 69.9            15.9 65.4         16.4 -3.9  -  12.9 
WOMAC pain 15.8              4.7 15.3           4.1 -2.9  -    1.7 
WOMAC stiffness   5.0              1.8   4.8           1.6 -0.7  -    1.1 
WOMAC difficulty 49.1            11.9 45.3          12.3 -2.5  -  10.1 

T1= day of discharge from the hospital, i.e. day 4 after surgery 
T2= 17 days after surgery 

 
 
Table 5: Number of patients reaching flexion benchmarks at T2 and T3 
 T2 17 days after surgery T3 6 weeks after surgery 
Group <    95°  > <    105°  > <   95°  > <   105°  > 
CPM + PT 25 5 27 3 10 20 20 10 
PT 24 6 28 2 10 20 22 8 

 
 
Functional status 
Although the experimental group scored slightly better on the KSS func-
tional status score and the WOMAC functional difficulty score, no sig-
nificant differences were found between the two groups, neither at day 
17 nor at either of the follow-up measurements (tables 4 and 6). 
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Figure 3: Progress of active RoM through the trial period  
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Secondary outcome  
No significant differences were found on any of the secondary outcome 
measures at any single outcome measurement. Treatment content was 
similar in both groups, as were the number of treatment sessions and 
the time spent on individual sessions. As early as day 17, the majority 
of the patients scored their status (perceived effect) as ‘better’ compared 
to the situation before surgery. Patients were generally satisfied with 
their individual treatment and with treatment results (table 7). 
Adherence to the CPM intervention was very high: 29 of the 30 patients 
followed the prescribed regimen. One patient reduced CPM use to two 
hours from day 10 onwards, because her knee RoM was over 105°, and 
she felt uncomfortable with four hours of CPM use when reaching high 
degrees of flexion. 
 
Complications 
One subject in each group had to undergo knee manipulation under 
anaesthesia between six weeks and three months after surgery.  
 
Secondary analysis on the subgroup of the patients having less than 
68º (0-50 percentile) of active RoM at discharge showed that these pa-
tients benefited more from CPM treatment. They improved 11º more 
(22º versus 11º in the PT group) during the active treatment fortnight. 
However, these differences in range of motion benefit had also faded at 
six-week follow-up. 
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Table 7: Secondary outcome assessment on day 17  
T2 ROM PT+ CPM      

n=30 
Mean         sd 

Pt   
n=30 
Mean       sd 

95% CI 

Number of treatment sessions 4.8           1.5 5.1         1.4 -1.05   -   0.44 
Duration per session 29.5         5.5 28.4       5.9 -2.0     -   4.13 
Perceived effect 3.2           1.5 3.0         1.5 -0.5     -   1.0 
Satisfaction with treatment 8.2           0.8 8.5         0.7 -1.0     -  -0.1 
Satisfaction with results 7.4          1.4 7.8         1.5 -1.2     -   0.3 
Adherence 97% 100%  

 
 

Discussion 
 
 
The present study demonstrated improvement in total RoM at the end of 
the prolonged period of CPM use. However, this did not translate into 
any functional benefits. Our findings thus suggest that, although CPM 
produces benefits in knee RoM in the short term, it does not result in 
additional RoM in the longer term, or in any functional gain. Since we 
did not find any difference in the numbers of patients achieving the 
clinically important benchmarks of 95º and 105º, neither at the end of 
the treatment period nor at follow-up, it is doubtful whether the addi-
tional degrees of RoM are of clinical importance.  
Although our study population was a selection of patients with limited 
RoM at discharge, our results confirm those presented in systematic 
reviews 24 25, implying that patients with limited RoM exhibit compara-
ble improvements to the basic population of patients after TKA. Our 
hypothesis that this group might benefit more from the CPM application 
was not supported. Our long-term results were comparable to those 
reported by others 12 15 38. Kumar et al 10 and Leach et al 23 reported 
greater RoM at six-week follow-up. A possible explanation might be that 
they included patients, regardless of RoM and therefore found some-
what better RoM. 
 
 
Like previous researchers 9 15 16 39, we did not detect any differences in 
functional status between the groups. The addition of CPM did not seem 
to lead to measurable functional benefits. Denis et al.16 surmised that 
subjects who received additional CPM could even have poorer functional 
abilities, because they remained inactive during the CPM interventions. 
We did not detect a decrease in functional activities in the CPM group. A 
large proportion of all subjects, regardless of research group allocation, 
reported functional gains on all outcome measurements. Patients with 
limited RoM in the early stages of recovery seemed to consistently im-
prove over time. 
We chose total RoM as the outcome instead of focusing on flexion RoM 
because several authors 8 40-42 have already reported on adverse effects 
of CPM application on extension range. Although extension RoM in our 
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patients was limited in the short term after TKA, we did not detect any 
difference between the two groups. In fact, we found slightly better ex-
tension RoM in the CPM group. Our extension deficits were comparable 
to those already reported by others 9 10 16 22. 
We found small effects on range of motion at the end of the active 
treatment period, which faded during four weeks of follow-up in which 
the patients received regular PT treatment. This suggests that although 
adding 14 days of CPM is beneficial for short-term RoM, the improve-
ment does not last. An alternative hypothesis might be that CPM treat-
ment should be maintained for an even longer period for effects to take 
root. Our study results do not rule out this hypothesis. 
 

Study limitations 
Milne et al.24 suggested in their review that future research should fo-
cus on the effects of different characteristics of application, such as 
total duration of treatment and intensity of CPM interventions, and on 
effects in different populations. We chose to include patients with lim-
ited range of motion at the end of the in-hospital period, postulating 
that these patients might benefit most from extra CPM treatment. Per-
haps our choice of target population was wrong. In any case, one 
should keep in mind that our conclusions are limited to comparable 
populations, post-clinical PT treatment and CPM application protocols 
similar to those described in our clinical trial. This may be obvious, but 
as several authors 43 44 have already pointed out, the treatment ap-
proaches used after TKA vary greatly among rehabilitation providers. 
The external validity of our study may therefore be limited if protocols 
differ greatly. 
We protocolised the post-clinical PT in terms of treatment objectives, 
leaving individual therapists some leeway to specify these objectives at 
their own discretion. This may have led to differences in treatment con-
tent between individual therapists, which might have affected the con-
trast between the two interventions. However, we did not detect any 
major differences in PT treatment from the patient diaries in which 
therapists wrote down the content of the individual treatment sessions 
during the active CPM treatment period. 
CPM treatment in the home situation was a self-management treat-
ment. Patients received the CPM machine, which was adjusted to their 
individual needs and characteristics. Patients were instructed how to 
use it and for how long. During the next fortnight, patients managed 
treatment on their own or with the help of their spouses. Although they 
were instructed to call the researcher if they had any problems with the 
machine, this only occurred twice. Although analysis of the patient dia-
ries in which they wrote daily CPM increments and usage time did not 
indicate any misuse in CPM application, and although self-management 
is usual care for at-home CPM use in the Netherlands, it may have led 
to sub-maximal use of the CPM device. 
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Our study has many characteristics that contribute to the validity of the 
results, such as comparability at baseline, adherence to interventions 
and the use of one outcome assessor to minimise noise due to problems 
of interobserver reproducibility. The most important favourable feature 
of our study was the absolute lack of drop-outs and loss to follow-up. 
We arranged the trial in such a fashion that all measurements were 
taken either during regular follow-up visits to the hospital or by visiting 
patients at home. Although this was extremely time-consuming and we 
were lucky that not a single patient had significant other problems dur-
ing our follow-up period, this led to a zero percent drop-out and loss to 
follow-up rate.  
 
 
Conclusions 
 
 
Although our results indicate that prolonged CPM use has a short-term 
effect on RoM, standard implementation of prolonged CPM use in pa-
tients with limited RoM at hospital discharge should be reconsidered, 
since neither long-term effects nor transfer to better functional perform-
ance was detected. 
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Total knee arthroplasty (TKA) is currently one of the most successful 
orthopaedic operations1-3. This thesis reports on research into various 
aspects of peri-operative physiotherapeutic care in TKA patients. The 
main focus of the research was to asses the effectiveness of continuous 
passive motion (CPM) after surgery. This was done by means of a sys-
tematic review (chapter 2), followed by two randomized controlled trials 
(RCTs) to compare physiotherapy (PT) with a treatment regimen in 
which CPM was added to PT, in the clinical phase (chapter 3) and dur-
ing the period immediately after hospital discharge (chapters 6 and 7).    
Where Chapters 4 and 5 discussed the reproducibility of the main out-
come assessment in CPM care and the efficiency of postoperative in-
hospital PT, This final chapter critically reviews our main findings and 
conclusions. 
 
Systematic review 
A systematic review is a relatively cheap and quick way to evaluate 
available evidence. It includes a comprehensive search strategy and an 
explicit method to appraise and synthesize the available evidence from 
individual studies4 5. The methodological quality of the studies that were 
included in our review was assessed by means of the Maastricht–
Amsterdam consensus list6, using only items reflecting internal validity. 
As in many other systematic reviews, large differences in reported 
methodological quality items were found, ranging from two to eight 
points out of a possible ten.  
Problems were twofold. Firstly, authors did not always consider impor-
tant methodological aspects of their research designs, leading to possi-
ble bias. Secondly, estimation of study quality in systematic reviews is 
based on the published reports, and quality assessment is frequently 
hampered by a lack of information on several aspects of internal validity 
in the underlying studies. Our review found that information on co-
interventions, compliance and analyses in the underlying RCTs were 
inadequately reported. 
Although the CONSORT statement, which recommends a list of 21 
items which should be included in a trial report7 8, was introduced in 
1996, we did not detect an improvement in methodological quality in 
the study reports published in later years. Hopefully, further 
dissemination of the Consort statement will improve the information 
provided in study reports in the near future.  
We concluded that there is moderate but conflicting evidence for the 
short-term efficacy of CPM added to PT, versus PT alone. This 
conclusion was derived from a meta-analysis of 5 studies out of the 15 
originally included in our review.  
Although our review was restricted to studies reporting on range of 
motion (RoM) after TKA, 10 studies had to be excluded from the meta-
analysis, because there were differences between these studies 
especially with respect to interventions and the contrast between 
interventions used in the studies.  
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In six studies, CPM was either seen as a replacement for physiotherapy 
or was compared with other RoM enhancing modalities. This suggests 
that views regarding the use of CPM differ between professionals, and 
there is no general consensus about the interpretation of the role of 
CPM in TKA patient care.  
Only for the comparison between CPM added to PT versus PT alone 
were enough studies sufficiently comparable to allow pooling. All other 
comparisons were only included in one or two studies, which made 
pooling irrelevant or at least questionable. Consequently, it was 
impossible to draw firm conclusions based on these comparisons. The 
value of such comparisons lies primarily in identifying gaps in the 
available evidence and alternative practical use of CPM in TKA patients. 
Of the nine studies9-17 investigating CPM added to PT versus PT alone, 
four had to be removed from the analyses. Two9 17 did not report short-
term outcome, and two other studies10 16 had to be removed because the 
reports lacked the necessary data for inclusion in the analysis.    
The internal validity scores of the remaining five studies varied from 3 
to 6 points out of 10. Studies with lower scores were not excluded, 
because no relation could be found between internal validity and 
reported outcome.  
There may, however, still be some questions about the homogeneity of 
the five studies ultimately included in our meta-analysis. Although in 
general, the contrast in all these studies was similar (CPM + PT was 
compared to PT alone, all used RoM as outcome and all included a 
short-term outcome assessment), they differed in terms of clinical appli-
cation characteristics, such as the RoM selected for treatment, the 
treatment duration or the intensity of application. Also, underlying PT 
treatments were not uniform in all studies.  
Finally, treatment protocols change over time. As our review included 
study reports published between 1987 and 2001, it may be questioned 
whether the protocols on which the results in the underlying individual 
studies are based are still comparable to treatment regimens in use 
nowadays. If protocols differ from current practice, this might affect the 
generalizability of the reported outcome to current practice.  
 
The RCT’s 
A more time-consuming and expensive way to investigate the effective-
ness of interventions is to conduct a randomized controlled trial (RCT), 
since well-conducted RCTs provide the best evidence for the effective-
ness of interventions18 19.  
This thesis contains the reports on three RCTs. the next subsections 
discuss aspects of the internal validity of all three trials, as well as simi-
larities and differences between the three RCTs. 
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Internal validity of studies 
 
Randomization 
In the studies on the effect of CPM use in the in-hospital phase (chapter 
3) and the trial on efficiency of in-hospital PT (chapter 5) we chose clus-
ter randomization20 of treatment weeks rather than individual randomi-
zation. Clustering participants over treatment weeks ensured that all 
patients operated upon in one week were receiving the same treatment. 
We believe that this led to less bias from contamination than would 
have been introduced by individual randomization, as individual ran-
domization would lead to patients receiving experimental treatment be-
ing in the hospital at the same time as control patients. We also believe 
that contamination would have been more likely to occur if a patient 
received the extra treatment whilst the patient in the opposite bed did 
not.  
 
Blinding 
A distinction can be made between blinding of patients, care providers 
and outcome assessment. In none of the three RCTs were patients or 
care providers blinded. We believe that blinding patients was simply 
impossible in these trials. In the trial on the efficiency of in-hospital 
care it would have been theoretically possible to blind the physiothera-
pist applying the treatment, if therapists had been divided over two 
groups and treatment sessions had been given in a closed environment. 
In our setting, however, this would have a major impact on normal 
treatment routine. Therefore, we chose to try and blind only the thera-
pists treating patients in the morning sessions. Since the morning ses-
sions were given to both groups, blinding these therapists avoided dif-
ferences in treatment content and therapists’ attitude in the morning 
sessions. Nevertheless, the participating physical therapists stated that 
not knowing whether a patient would receive a second treatment ses-
sion probably changed their attitude somewhat in the morning sessions. 
Their awareness of achieving clinical goals was raised, because they 
were unsure whether or not patients would receive a second treatment 
session. Although they were aware that this attitude might bias study 
results, their desire to provide optimal patient care overruled the urge to 
adhere to the treatment protocol.  
To minimize any further information bias due to blinding, the outcome 
assessors and the outcome analyses were blinded.  Furthermore, estab-
lished, valid and reliable measurement tools were used whenever avail-
able. 
 
Avoiding co-interventions 
Both of our clinical studies used similar physiotherapeutic co-
interventions. Because most other treatments, e.g. pain and fluid man-
agement, were protocollized, bias from differences in co-interventions 
was unlikely. In the follow-up phase, it was more difficult to control for 
co-interventions.  
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In all three trials, outpatient PT was standardized in terms of treatment 
objectives. All patients received treatment consisting of active and pas-
sive mobilization of the knee joint, active strengthening of the m. quad-
riceps, and training of ADL functions (gait, transferring from sitting to 
standing and stair climbing). The outpatient physical therapists were 
not given detailed instructions on treatment intensity. Although our 
procedure ensured a broad similarity between therapists, individual 
patients could have received different treatments at different treatment 
intensities.  
The study on post-clinical CPM treatment did check for differences in 
outpatient treatment content and intensity. Although individual differ-
ences were found, no between-group difference in PT administration 
(selection bias) was detected. 
 
Trial execution 
Designing a trial is a precise and delicate job, in which knowledge of 
research methodology is an important factor. If a study is well-designed 
it is crucial that it is also correctly executed. We believe all three studies 
were carried out properly.  
First and foremost, both the efficiency trial and the prolonged use of 
CPM trial were executed within the planned timeframe.  The clinical 
study was set up as a pilot study and the inclusion period was set at 
five months. No prior power calculation was performed for this trial. 
 
 
Figure 1: expected and included patient flow of the prolonged CPM study. 
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The second indicator of proper trial execution is that of the drop-out 
and loss-to-follow-up rates. Both were extremely low in all three trials. 
All three trials reported a 0% drop out and a loss-to-follow-up of less 
than 5%. The trial on prolonged use of PT had been planned to include 
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70 patients. In fact, inclusion was slightly less, mainly caused by a 
smaller than expected numbers of patients reaching less than 80º of 
RoM in this period. The 0% loss-to-follow-up helped to achieve the cal-
culated power, making additional inclusion unnecessary. As a result, 
we managed to complete the trial within the planned timeframe.   
A third indicator of trial execution is compliance. In all three studies, 
compliance with the treatment protocol was good. In the clinical study 
on CPM, the mean time spent in the CPM machine was 3.6 hours, 
which was 90% of the target duration. In the study on prolonged CPM 
use, compliance was even better, with only one patient deviating from 
the suggested duration in the CPM machine. This patient spent less 
time in the CPM machine because her active RoM was over 100º! In the 
study on the efficiency of clinical PT, only two patients received one 
treatment less than scheduled.  
One aspect that might be questionable is the follow-up duration used in 
the clinical CPM study. A between-group difference was found in the 
last follow-up assessment 17 days after surgery.  No further follow-up 
assessment was included to check whether this difference would remain 
and thus lead to permanent differences in the further course of recov-
ery, or whether differences would disappear over time. The results of the 
post-clinical CPM study, however, suggest that short-term benefits will 
diminish over longer term follow-up. 
 
Intention-to-treat analysis 
Statistical analyses were based on the intention-to-treat principle: all 
patients remained in the group to which they were assigned at randomi-
zation. Patients did not change groups during the treatment or follow-
up phase in any of the studies. No scores were substituted for the pa-
tients who missed an outcome assessment, since we believe that the 
absence of data in the few missing cases was independent of the out-
come or the treatment involved21 22.  
 
Similarities and differences between the three RCTs 
 
All three studies included patients with osteoarthritis undergoing pri-
mary total knee arthroplasty. Inclusion and exclusion criteria for all 
studies were similar. The only extra inclusion criterion in the RCT on 
prolonged CPM use was a restriction on RoM and the fact that the pa-
tients had to reside in the Maastricht Heuvelland region. Although 
newly developed CPM machines are computerized and the settings on 
the machines can be changed according to views on the best rehabilita-
tion protocol, we chose to keep our CPM treatment protocol simple in 
both CPM studies, since it is unclear what major factors influence effec-
tiveness. Patients exercised for four hours daily. RoM was set according 
to tolerance and the machine moved from extension to flexion at a com-
fortable speed selected by the patient. No pauses were used in maxi-
mum flexion or extension position.  
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Our RCT on the in-hospital use of CPM used the Hospital of Special 
Surgery Score as the functional outcome measure. In the later trials on 
prolonged CPM use, the outcome assessment included the Knee Society 
Score and the Western Ontario McMaster function, pain and stiffness 
scores (WOMAC). The primary reason for the change of outcome tool 
was that the HSS was considered to be inferior23 24 to the other meas-
ures. Although the WOMAC is reported to be more responsive25 than the 
KSS in the long term, both were included because no data exists on the 
short-term responsiveness of these two scales. Since physiotherapy is 
part of the rehabilitation of patients in the first few months after TKA, 
we decided to use both scales. Another reason was that the WOMAC is 
not applicable at the time of hospital discharge, because it is impossible 
to score several items of the scale at this time.  
In the first trials, flexion and extension RoM were analyzed separately. 
In the final study, patients were included and analyzed on the basis of 
total RoM (flexion to extension). The decision to use full RoM as the out-
come in this study resulted from new views on the effects of CPM, based 
on reports of negative effects of CPM on extension RoM15 26-28.  
Since a fixed time-span for inclusion was used in the RCT on in-
hospital CPM use, the number of patients required to achieve statistical 
significance was not determined for this study. We aimed for a large 
difference in treatment effect between the experimental and control in-
terventions in the efficiency study. We discussed the potential benefits 
of doubling the treatment intensity, and agreed upon a between-group 
difference of 10º being associated with a large treatment effect. 
Based on the results of our earlier studies and the idea that differences 
smaller than 5º are of no clinical importance, a smaller between-group 
difference was aimed at in the study on prolonged use of CPM.  
Our RCTs on in-hospital CPM treatment and the efficiency of PT yielded 
similar results in terms of RoM measured at hospital discharge (77º vs 
78º). Mean RoM at discharge in the prolonged use of CPM trial was 
lower (71º), since this study included only patients with less than 80º of 
RoM.  
Results at 17 days, however, were only slightly less than those of the 
outcome assessment of the earlier trial on in-hospital CPM use (mean 
RoM 86º vs 84º). Patients in the intervention group progressed more 
than patients in the control group and their RoM values caught up with 
those of the patients in the earlier trials, where no strict RoM criterion 
was used for inclusion. 
At follow-up, however, the outcomes of the groups in terms of mean 
RoM differed from our previous study data (mean RoM 98º vs 90ºin the 
prolonged CPM study). This would suggest that the use of CPM speeds 
up initial RoM improvement. After termination of the treatment, further 
improvement in RoM seems to follow the ‘old’ pattern again, e.g. in that 
patients with limited flexion at discharge progressed more slowly.  
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Chapter 6 describes the design of our study on the effectiveness of pro-
longed use of CPM, as an adjunct to PT, following TKA. Publishing the 
design of a study before the results are available has various advan-
tages. Information about a design is valuable because it allows a critical 
assessment of the methods and choices made in the design phase of a 
trial, independent of study outcome. Secondly, it may counteract possi-
ble publication bias, i.e., a study producing positive results seems more 
likely to be published than a study finding no difference between study 
groups29 30. Thus, publication of the trial design makes other research-
ers in the field aware of studies in progress or being conducted on cer-
tain topics, even if they are not published. Thirdly, presentation of the 
design before results become available stops researchers from adjusting 
the design according to the outcome of the study. When results are con-
trary to the researcher’s expectations, methodological flaws are exam-
ined thoroughly. However, if results are in line with expectations, meth-
odological flaws are more likely to be overlooked.  
 
Implications for clinical practice  
We concluded from our systematic review that there is a moderate, 
positive, short-term effect of adding CPM to standardized PT after total 
knee arthroplasty, but that there is no relevant long-term benefit of 
CPM use. The results indicate that the effect of CPM treatment is large 
when CPM is compared to immobilization. The more aggressive the con-
trol treatments in terms of RoM exercises, however, the smaller the dif-
ferences found. Compared to other regimens focusing on RoM, studies 
report no additional effect of CPM treatment. 
Short-term effects of CPM treatment were found in both of our CPM 
trials. Our in-hospital PT programme focuses on functional recovery. 
Although RoM exercises are part of every treatment session, these exer-
cises are not the only RoM enhancing component, since all patients also 
receive 4 hours of CPM treatment. Critics might call our basic pro-
gramme conservative in terms of RoM exercises, and this conservative 
approach could explain the small effect of CPM we found over the basic 
treatment procedure. 
It might thus be concluded that improvement of joint mobility could be 
speeded up by incorporating an intensive RoM treatment modality in a 
rehabilitation protocol. This modality might consist of CPM, although 
other modalities such as a slider board or a ‘drop and dangle’ regimen 
might be just as effective.   
As regards the intensity of the in-hospital PT treatment, one may ques-
tion what the main treatment goals for in-hospital PT should be. Since 
our trial on treatment intensity reported no dose-response relationship 
with RoM or functional outcome, it may be questioned whether im-
provement of RoM and function are eminent in-hospital treatment 
goals.  
Either one PT session per day is really the optimal dose, or no major 
added effects on RoM are achieved by extra PT sessions when added to 
4 hours of CPM use in the first few days after surgery. 
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It may well be that the main treatment goals for the in-hospital situa-
tion can be found in terms of the time needed to reach functional goals 
like walking, stair climbing and independence in transfer from sitting to 
standing. Our efficiency study showed that these goals are generally 
reached within four days with one daily treatment session. As for the 
duration of CPM use, I believe that CPM should generally be used in the 
in-hospital setting. Only in cases with higher risks of RoM limitations 
(marked functional limitations, excessive pain, limited RoM prior to sur-
gery)31-36 might CPM play a role in later stages of rehabilitation. 
Results obtained in the studies reported in this thesis are generalizable 
to populations, cultures and health care systems comparable to the 
Dutch system. An example of a population where this generalizability 
may be problematic is that of patients living in the Middle East. In the 
past 6 years, I have supervised the short-term recovery of over 100 pa-
tients in this region (United Arab Emirates). If, for example, we had to 
apply the same inclusion criteria of our study on prolonged use of CPM 
to this population, we would have to exclude more than 90% of these 
patients. In all cases, the reason for exclusion would be that these pa-
tients all exceeded 80º of RoM on the fourth day after surgery. Patients 
in the Middle East generally tend to perform better in terms of early 
postoperative RoM, whereas their progression of functional recovery is 
slower, which may partly be caused by cultural and social differences. 
Prior to surgery, RoM is larger than in our Maastricht population, the 
prime reason being that patients try to maintain deep knee flexion as 
long as possible for religious and social reasons. Contrary to the rapid 
improvement in RoM, however, the Middle East patients are less active 
than our population, leading to slower improvement in functional inde-
pendence.   
Regaining independence as fast as possible is regarded as being of emi-
nent importance in our society and protocols. Social support and a 
more tranquil lifestyle seem to make fast functional independence less 
important in the Middle East.  
 
Suggestions for future research 
Many interesting aspects of the peri-operative care of TKA patients need 
further attention. In view of the findings of our systematic review, future 
research should adhere to the recommendations of the CONSORT 
statement when reporting results of randomized controlled trials. Spe-
cial attention should be given to a detailed description of the interven-
tions.  
With regard to CPM treatment, future research might focus on assess-
ing the differences in CPM effectiveness resulting from different applica-
tion characteristics, such as intensity of CPM interventions and ma-
chine characteristics.  In addition, the effect of CPM when combined 
and compared with various PT regimes may be studied further, since PT 
is more than CPM alone and not all PT programmes are alike.  
Regarding other RoM enhancing methods, the effect of patellar 
mobilization on RoM may be another topic for future research, as may 
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be the need for passive and aggressive traction and translation 
techniques in mobilizing the tibiofemoral joint. 
Researchers could also investigate whether patients with certain profiles 
benefit more from CPM than others. Patients with limited RoM, limited 
functional capacity or relevant co-morbidity before surgery might bene-
fit more from CPM treatment. The same holds for the overall treatment 
efficacy. Research into patient profiles might show how to identify those 
in need of more extensive or intensive rehabilitation schemes. Surveying 
the domain of physical therapy, there are other factors that influence 
outcome after TKA. Next to the patients’ profile, social support may also 
play a role in postoperative recovery. Knowledge about the influence of 
these factors is lacking and this might also be a useful topic of future 
research. 
To facilitate the interpretation and comparison of the results of various 
studies in TKA patients, additional research is needed to find better 
outcome tools. Studies might focus on outcome measures, and 
investigate whether RoM and limitations in functional capacity, 
assessed by means of questionnaires, really are the best measures 
available. A possible, more novel, outcome tool might be scales 
measuring participation. If these become available, it might be 
interesting to see whether certain treatments are superior in terms of 
their effects on participation.  
Future research might also focus on overall postoperative PT care. 
Intensive exercise programmes are a part of many perioperative 
regimes. However, there is little evidence that these programmes are 
effective, simply because studies on integrated PT programmes are 
lacking. Future studies should investigate not only the content of these 
programmes but also the context in which they could be most effectively 
administered. A question to be answered may be whether, in time, 
patients can practice alone after being instructed by a physical 
therapist or whether they need extensive guided programmes. It might 
be interesting to assess whether self-management programmes are 
more effective in the long term because these programmes adress 
patients’ self-effectiveness, which may be of great importance to their 
overall long-term recovery.  
Last but not least, new developments in the field of orthopaedic surgery 
will have a major influence to impact on recovery after TKA. Aspects 
such as prosthesis design, operation techniques (computer navigation, 
minimally invasive surgery etc.) and surgeons’ skills could all be topics 
for future research in TKA patients. 
Although TKA is nowadays one of the most successful orthopaedic op-
erations1-3 it is obvious that there are still many topics that have not 
been fully examined, and much room for further improvement to benefit 
future patients. 
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Summary 
 
Knee osteoarthritis (OA) is a common musculoskeletal condition 
affecting older people, causing pain, physical disability and reduced 
quality of life. 
Total knee arthroplasty (TKA) is considered the treatment of choice for 
patients with intractable pain and substantial functional disabilities 
who have not had acceptable relief and functional improvement after 
conservative treatment. 
Although there is general agreement that exercises completed after TKA 
promote walking and independence in activities of daily living, the 
relative advantages of peri-operative rehabilitation programmes in this 
population have not been extensively documented. 
This thesis presents the results of several studies on different aspects of 
physiotherapy (PT) treatment in the perioperative care of TKA patients. 
The key issue in this thesis is the role of continuous passive motion 
(CPM) in perioperative care. 
Chapter 1 provides an overview of the role of PT in the different peri-
operative phases and indicates the positions of the various chapters of 
the thesis in this overview. 
Chapter 2 reports on a systematic review summarising the effect on 
range of motion of continuous passive motion (CPM) treatment in TKA 
patients. Relevant papers were identified by means of computer aided 
searches of  Medline (1966 to July 2002), the Cochrane Controlled 
Trials Register, Cinahl and Embase (1988 to July 2002). In addition, 
references given in relevant publications were checked. Two reviewers 
independently assessed the methodological quality of the selected RCTs, 
using a standardised checklist for internal validity (the Maastricht–
Amsterdam consensus list). Findings were summarised by means of a 
meta-analysis or by a rating system indicating four levels of evidence. 
The review included fifteen studies investigating the effect of CPM in the 
management of TKA patients. Study quality ranged from poor (2 points 
on a 10-point scale) to good (8 points). The trials included in the review 
used different contrasts. Nine studies  compared standardised PT plus 
CPM with a standardised rehabilitation programme. Two studies 
compared CPM with a physiotherapy programme. One study compared 
CPM with cast immobilisation. Two studies compared CPM with the use 
of a slider board. Finally, one study compared CPM plus Standard PT 
with PT plus a “drop and dangle” regimen. 
The evidence found on the efficacy of CPM after TKA was conflicting. 
CPM treatment was superior to  immobilisation, whereas CPM was 
equally successful as other active joint mobilisation programmes, like a 
drop and dangle regime and slider board treatment.  
We found positive short-term effects of adding CPM to standardised PT. 
Five studies were included in a pooled analysis, for a total of 317 
patients. The pooled effect size was 8.27° (WMD), 95% CI –1.60, 18.15). 
No long-term effects of CPM use were found.  
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We concluded that there is evidence of a moderate positive, short-term 
effect of addingCPM to standardised PT after total knee arthroplasty, 
but that there is no relevant long-term effect of CPM use. 
Chapter 3 presents the design and results of a randomized controlled 
trial on the efficacy of CPM when added to PT in the in-hospital phase 
after total knee reconstruction. The objective of this study was to 
explore whether reported effects of CPM in older studies still held in a 
new postoperative rehabilitation regime, in which the in-hospital period 
was limited to five days.  
Two exercise programmes were carried out during a 5-day postoperative 
period on an inpatient basis, starting on the first day after surgery. 
Outcome was assessed at the end of the hospital stay and two weeks 
after discharge. The main outcome measures were mobility and func-
tion, while secondary outcome measures included muscle strength, 
pain, satisfaction and length of hospital stay. From January to May 
2001, 40 patients were included in this study. They were randomly 
allocated to either a group receiving 4 hours of CPM per day in addition 
to PT or a group receiving PT alone. 
At the end of the treatment period we found a clear trend in favour of 
the CPM group in terms of range of motion (RoM), function measured 
with the Hospital of Special Surgery score, pain and muscle strength. 
The differences in RoM, function and pain persisted at follow-up. The 
overall RoM difference on day 17 was more than 10°. The results indi-
cate that CPM still contributes to the improvement of RoM and function 
in modern rehabilitation regimes. In addition to an improved RoM, a 
protocol including CPM seems to have favourable effects on pain and 
muscle strength in the first two weeks after surgery.  
Chapter 4 evaluates the interobserver reproducibility of the assessment 
of active and passive RoM, as measured by two experienced physio-
therapists in 30 patients during the in-hospital phase after TKA. Both 
therapists, independently and in random order, assessed knee RoM on 
the third or fourth day after surgery. A long-arm goniometer was used 
to measure flexion and extension RoM. To quantify reproducibility, we 
distinguished between measures of agreement and measures of reliabil-
ity. Measures of agreement refer to the absolute measurement error 
(presented in the units of measurement of the instrument) that is asso-
ciated with one measurement taken from an individual patient. Meas-
ures of agreement thus provide insight into the ability of two or more 
observers to achieve the same value. Measures of reliability refer to the 
relative measurement error, i.e. the variation between patients in rela-
tion to the total variance of the measurements. They provide insight into 
the ability of two or more observers to differentiate between subjects in 
a group. 
The reliability of RoM measurement was fair to good for all movements 
(Intraclass Correlation Coefficients ranging from 0.62 for the measure-
ment of passive extension to 0.89 for the measurement of active flexion). 
Interobserver agreement for flexion as well as extension was only fair.  
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The highest levels of agreement were found for measurement of passive 
flexion with the patient in sitting position and for measurement of pas-
sive extension (mean difference 2.7°; limits of agreement -6.7° to 12.1° 
and mean difference 2.2°; limits of agreement –6.2° to 10.6°, respec-
tively). Based on these results, the smallest detectable differences would 
be approximately 8º.  
We concluded that when two different observers assess the same pa-
tients in the acute phase after total knee arthroplasty in a comparable 
clinical environment, differences in RoM of less than 8º cannot be dis-
tinguished from measurement error. Reliability was found to be fair for 
extension RoM and good for flexion RoM measurements of the knee.  
Chapter 5 discusses the results of a randomized controlled trial on the 
efficiency of immediate postoperative inpatient PT after total knee ar-
throplasty. Although aggressive rehabilitation is believed to be impor-
tant, evidence of the effects of exercise programmes with different inten-
sities after TKA is limited.  Therefore, the main objective of this trial was 
to explore whether intensity of PT affects short term recovery, measured 
as RoM and function. 
During the in-hospital phase, daily PT was administered to all partici-
pating patients. Patients in the experimental group were treated twice 
daily (totalling 40 minutes per day), while patients in the control group 
were treated once daily (20 minutes per day). A between-group differ-
ence of 10° of passive RoM was considered clinically important enough 
to eventually raise the regular treatment frequency. Out of 55 subjects 
who were scheduled for surgery between January and June 2004, 43 
were included in the study.  
At the time of hospital discharge, no detectable difference between the 
experimental and control groups was found in terms of the primary out-
come measure of RoM, nor in terms of any of the secondary outcome 
measures.  
This study thus shows that in our university hospital setting, twice 
daily PT sessions do not produce detectably different results in terms of 
functions and activities, compared to daily PT sessions. It may be ques-
tioned whether multiple daily therapy sessions are needed as an in-
hospital PT regime in TKA patients. 
Chapters 6 and 7 present the design and outcome of a trial on the effec-
tiveness of prolonged use of CPM, when added to physiotherapy, follow-
ing total knee arthroplasty.  Although results from chapters 2 and 3 
suggest that CPM should be implemented in the rehabilitation process 
after TKA surgery, there is substantial debate about the optimal period 
of CPM application. The objective of the research reported on in these 
chapters was to explore whether there is additional longer-term benefit 
of continuing CPM after hospital discharge.  
In total, 60 patients were randomized. The experimental treatment con-
sisted of 14 days of CPM use starting on the fifth day after surgery, 
added to usual PT care. The control treatment was usual PT care. The 
in-hospital rehabilitation scheme was identical for both groups. Primary 
outcome measures were improvement in RoM and functional recovery.  
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Although we found a difference between the groups at the end of the 
active treatment period, we were unable to detect accompanying bene-
fits in functional recovery. At follow-up, the short-term benefits in RoM 
were found to fade: neither at the six-week nor at the three-month fol-
low-up could we detect any differences between the groups. 
Our conclusion was therefore that although results indicate that pro-
longed CPM use has a short-term effect on RoM, routine implementa-
tion of prolonged CPM use in patients with limited RoM at hospital dis-
charge should be reconsidered, since neither long-term effects nor 
transfer to better functional performance was detected 
Finally, chapter 8 provides a general discussion on various aspects of 
the research reported on in this thesis. The chapter is divided into three 
sections. The first section discusses several aspects of the validity of the 
systematic review and our clinical trials. The second section presents 
non-methodological comments on the three RCTs. The chapter then 
concludes with a brief personal view on peri-operative PT.  
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Samenvatting 
 
Artrose is een aandoening van de gewrichten en wordt in het dagelijkse 
leven ook wel slijtage genoemd. Artrose kan in alle gewrichten optreden 
maar komt voornamelijk voor in de gewrichten van de handen, knieën 
en heupen. Onder ouderen is het de meest voorkomende gewrichtsaan-
doening. In totaal zijn er in Nederland meer dan 650.000 mensen die in 
meer of mindere mate last hebben van artrose. Artrose veroorzaakt pijn 
en fysieke beperkingen waardoor de door de patiënt ervaren kwaliteit 
van leven afneemt. 
Indien de pijn en beperkingen in functioneren ernstig zijn en een con-
servatieve benadering geen verlichting van klachten meer geeft is een 
totale knie reconstructie, ook wel totale knie arthroplastiek (TKA) ge-
noemd, de best overgebleven behandeloptie.  
Hoewel algemeen wordt aangenomen dat fysiotherapie een rol speelt in 
de peri-operatieve begeleiding rondom implantatie van een TKA is er 
weinig wetenschappelijk bewijs voor effectiviteit van deze fysiotherapeu-
tische begeleiding.  
Dit proefschrift presenteert de resultaten van enkele studies waarin 
verschillende aspecten van de fysiotherapeutische begeleiding rondom 
de TKA zijn onderzocht. Drie studies naar effecten van behandeling via 
continue passief bewegen (continuous passive motion, CPM) in de peri-
operatieve begeleiding van TKA patiënten vormen het fundament van dit 
proefschrift. 
 
Hoofdstuk 1 geeft allereerst een overzicht over de algemene rol van fysi-
otherapie in de verschillende peri-operatieve fasen rondom de totale 
knie arthroplastiek. Daarnaast wordt de plaats van verschillende hoofd-
stukken van dit proefschrift in deze peri-operatieve begeleiding verdui-
delijkt. 
 
Hoofdstuk 2 beschrijft een systematisch literatuuroverzicht waarin stu-
dies worden samengevat die de effectiviteit, op bewegingsuitslag, hebben 
onderzocht van het gebruik van CPM in de nabehandeling van patiënten 
na een TKA. Om de relevante literatuur op te sporen zijn de volgende 
bibliografische databestanden doorzocht: Medline (1966-2002), Cochra-
ne controlled trials register, Cinahl en Embase (1988-2002). Daarnaast 
zijn ook de referentielijsten van de relevante onderzoeken nagelopen. 
Uiteindelijk voldeden 15 gerandomiseerde gecontroleerde studies aan de 
inclusiecriteria. Twee onafhankelijke onderzoekers hebben de publica-
ties van deze studies op methodologische kwaliteit of wel interne validi-
teit beoordeeld aan de hand van een lijst van 10 criteria (Maastricht 
Amsterdam consensus lijst). Resultaten zijn samengevat met behulp 
van een meta-analyse. Indien uitvoeren van een meta-analyse niet mo-
gelijk of niet zinvol was is het niveau van bewijskracht vastgesteld aan 
de hand van een systeem van beslisregels, bestaand uit 4 niveaus van 
bewijskracht. De methodologische kwaliteit varieerde van 2 tot 8 punten 
op een 10 puntenschaal.  
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De RCT’s vertoonden inhoudelijk nog veel verschillen. Allereerst met 
betrekking tot het contrast tussen de onderzochte interventies. In negen 
studies werd het verschil vergeleken tussen fysiotherapie en een behan-
deling waarbij CPM werd toegevoegd aan dezelfde behandeling. Twee 
studies vergeleken CPM met fysiotherapie. Een studie vergeleek CPM 
met immobilisatie. Twee studies vergeleken CPM met een ander pro-
gramma dat de beweeglijkheid moet verbeteren, een zogenaamde ‘slider 
board’ . Ten slotte vergeleek een studie CPM behandeling met een zoge-
naamde ‘drop and dangle’ behandeling. 
Het gevonden bewijs mag conflicterend genoemd worden. CPM behande-
ling is effectiever dan immobilisatie, maar vergelijkbaar met andere pro-
gramma’s waarin, naast standaard fysiotherapie, specifiek en uitgebreid 
aandacht geschonken wordt aan beweeglijkheid van de knie. Het bleek 
dat we alleen voor de toevoeging van CPM aan fysiotherapie genoeg ver-
gelijkbare studies gevonden hadden om een meta-analyse uit te voeren. 
In deze meta-analyse zijn vijf studies met in totaal 317 deelnemers op-
genomen. Het gepoolde korte termijn effect in het voordeel van de be-
handeling waaraan CPM was toegevoegd bleek 8.27º, 95% betrouw-
baarheidinterval -1,6- 18,15). Op langere termijn werden geen effecten 
gevonden van toevoeging van CPM aan fysiotherapie.  
Samenvattend kan gesteld worden dat er bewijs is voor een korte ter-
mijn effect van toevoeging van CPM aan een standaard fysiotherapeuti-
sche behandeling in de direct postoperatieve fase na een TKA. Er mag 
echter geen lange termijn effect verwacht worden van deze toevoeging.  
 
Hoofdstuk 3 beschrijft het design en de resultaten van een gerandomi-
seerd gecontroleerd onderzoek naar de effecten van toevoegen van CPM 
behandeling aan fysiotherapie in de klinische fase na een implantatie 
van een TKA. Doelstelling van dit onderzoek was om na te gaan of be-
schreven effecten vanuit de systematische review ook aanwezig zijn in 
een modern nabehandelingprotocol waarin de ziekenhuisopname inge-
kort is tot 5 dagen.  
De fysiotherapeutische behandeling was gestandaardiseerd, waarbij de 
nadruk lag op training van functionele vaardigheden als opstaan uit bed 
en stoel, gaan en traplopen, daarnaast was er aandacht voor beweeg-
lijkheid van het kniegewricht en kracht en belastingsoefeningen. De 
toegevoegde CPM behandeling bestond uit 4 uren bewegen over een zo 
groot mogelijk bewegingstraject per dag. Het bewegingstraject werd in-
dividueel ingesteld op geleide van pijntolerantie van de patiënten.  
De primaire effectmeting werd 4 dagen na de operatie uitgevoerd. Dit 
moment viel gelijk met het geplande tijdstip van ontslag. Follow-up me-
ting vond plaats twee weken na ontslag uit het ziekenhuis. Beweeglijk-
heid en functioneren zijn gekozen als belangrijkste uitkomstmaten. 
40 patiënten zijn in deze studie opgenomen in de periode januari tot mei 
2001. Zij zijn door randomisatie toegewezen aan een experimentele 
groep die 4 uur per dag CPM behandeling kreeg, toegevoegd aan fysio-
therapie of een controlegroep waarin de patiënten alleen fysiotherapie 
behandelingen kregen.  



 

125 

Bij de primaire uitkomstmeting namen we een duidelijke trend waar op 
alle uitkomstmaten in het voordeel van de CPM groep. Zowel op beweeg-
lijkheid als op functioneren, gemeten met de Hospital of Special Surgery 
score, pijn en spierkracht. De verschillen n beweeglijkheid, functioneren 
en pijn persisteren tijdens de follow-up meting twee weken na ontslag. 
Het gevonden verschil in beweeglijkheid bij follow-up was groter dan 
10º.  
De resultaten van dit onderzoek geven aan dat toevoeging van CPM aan 
een klinisch fysiotherapeutische behandeling ook een meerwaarde heeft, 
op korte termijn gemeten, in een modern behandelprotocol met korte 
opnameduur in het ziekenhuis.  
 
Hoofdstuk 4 beschrijft de opzet en resultaten van een onderzoek naar 
de reproduceerbaarheid van metingen van de bewegingsuitslag van de 
knie in de klinische fase na een TKA.  
Het doel van het onderzoek was enerzijds zicht te krijgen op de reprodu-
ceerbaarheid van metingen van de kniemobiliteit en anderzijds om aan 
te geven dat reproduceerbaarheid onderscheiden kan worden in be-
trouwbaarheid en overeenstemming. Twee ervaren fysiotherapeuten 
hebben in de periode januari- maart 2004 de bewegingsuitslag gemeten 
bij 30 TKA patiënten. Bij alle patiënten zijn de actieve en passieve bewe-
gingsuitslagen gemeten op de derde of de vierde dag na de TKA. Voor de 
metingen zijn lange arm goniometers gebruikt. Metingen werden ge-
standaardiseerd uitgevoerd en de uitvoering is voor de start van het 
onderzoek getraind op gezonde vrijwilligers. Reproduceerbaarheid is 
onderverdeeld in meten van betrouwbaarheid en meten van overeen-
stemming. Maten van overeenstemming verwijzen naar de absolute 
meetfout weergegeven in de oorspronkelijke meeteenheid (graden be-
weeglijkheid) geassocieerd met een meting bij een individuele patiënt. 
Overeenstemming geeft inzicht in het vermogen van twee waarnemers 
om tot dezelfde uitkomst te komen. Maten van betrouwbaarheid refere-
ren naar de relatieve meetfout. De variatie tussen patiënten in relatie tot 
de totale variantie van de metingen. Deze maten geven inzicht in het 
vermogen, tussen twee waarnemers of metingen, om personen te onder-
scheiden. 
De betrouwbaarheid van beweeglijkheidmetingen blijkt redelijk tot goed 
voor zowel meting van flexie als extensie van de knie. De gevonden In-
traclass correlatie coëfficiënten variëren van 0.62 voor meting van pas-
sieve extensie tot 0.89 voor de meting van actieve flexie. 
Uitkomsten van interbeoordelaarsovereenstemming waren minder posi-
tief. De kleinste grenzen van overeenstemming zijn gevonden voor de 
meting van passieve flexie, gemeten met de patiënt in zit en de passieve 
extensiemetingen (Het gemiddelde verschil tussen twee metingen be-
droeg 2.7º; grenzen van overeenstemming -6.7 º tot 12.1 º en 2.2 º: 
grenzen van overeenstemming -6.2 º tot 10.6 º).  
Gebaseerd op bovenstaande uitkomsten zal het kleinst meetbare ver-
schil ongeveer 8 º bedragen.  
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Dat betekent dat alleen verschillen groter dan 8 º gedetecteerd kunnen 
worden als verbetering groter dan de meetfout in de situatie waarin twee 
beoordelaars patiënten meten in de klinische fase na implantatie van 
een TKA. 
 
In Hoofdstuk 5 worden de gehanteerde methodologie en de resultaten 
van een gerandomiseerd gecontroleerde studie naar de efficiëntie van 
klinische fysiotherapie na een TKA beschreven.  
Hoewel algemeen verondersteld wordt dat intensief nabehandelen na 
een TKA belangrijk is, is er op dit moment nog geen ondersteunend be-
wijs voor deze gedachte. Gedurende de ziekenhuisopname krijgen pati-
enten dagelijks fysiotherapie. De frequentie verschilt tussen een of 
meerdere behandelingen per dag. In dit onderzoek staat de vraag cen-
traal of er verschil is in effect tussen twee en een maal daags fysiothe-
rapeutisch behandelen in de klinische fase na implantatie van een TKA. 
De patiënten zijn in het onderzoek een of twee maal daags gedurende 20 
minuten behandeld. Bij de opzet van het onderzoek zijn we uitgegaan 
van de gedachte dat een verschil tussen beide interventies van 10º pas-
sieve beweeglijkheid groot genoeg is om aanpassing van het behandelbe-
leid te rechtvaardigen.  
Van de 55 patiënten die in de periode januari tot juni 2004 zijn geope-
reerd zijn 43 patiënten geïncludeerd in deze studie. Ten tijde van de 
primaire uitkomstmeting, 4 dagen na de operatie is er geen verschil in 
beweeglijkheid, of enig andere uitkomstmaat, gevonden tussen beide 
behandelstrategieën. Deze studie toont aan dat, in de setting van een 
academisch ziekenhuis, twee maal daags behandelen geen meerwaarde 
heeft boven een maal daags behandelen, gemeten in functies en activi-
teiten.  
 
Hoofdstukken 6 en 7 beschrijven het design en de uitkomsten van een 
derde gerandomiseerd gecontroleerde studie uit deze thesis. Doelstelling 
van deze studie was na te gaan of langduriger gebruik van CPM effectief 
is op verbetering van beweeglijkheid en functioneren bij patiënten met 
een primaire totale knie arthroplastiek ten gevolge van artrose.  
Om deze vraag te beantwoorden zijn in de periode maart 2005 tot juni 
2006 60 patiënten geïncludeerd. Patiënten met een grotere totale be-
weeglijkheid van 80º in de knie, ten tijde van ontslag uit het ziekenhuis, 
zijn uitgesloten van deelname in deze studie. Belangrijkste reden hier-
voor was de gedachte dat CPM meer effect zou kunnen hebben in een 
populatie met beperkte beweeglijkheid in de eerste dagen na de opera-
tie. Na een identieke begeleiding in de klinische fase zijn de deelnemen-
de patiënten gerandomiseerd over twee groepen. Patiënten in de expe-
rimentele groep kregen reguliere fysiotherapeutische behandeling waar-
aan 14 dagen gebruik van een elektrische slee is toegevoegd. CPM ma-
chines werden bij de patiënten thuis afgeleverd en de patiënten werd 
geadviseerd de behandeling te continueren volgens hetzelfde schema als 
gehanteerd in de klinische fase, wat 4 uren CPM gebruik per dag bete-
kende. Patiënten in de controlegroep kregen alleen de reguliere fysiothe-
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rapeutische nabehandeling. Als primaire uitkomstmaten is gekozen 
voorbeweeglijkheid en functioneren. 
Van de 147 TKA patiënten die in deze onderzoeksperiode geopereerd 
zijn in het ‘Artrose Kliniek Maastricht programma zijn uiteindelijk 60 
patiënten in deze studie geïncludeerd.  
Wij vonden een duidelijke trend in verbetering van RoM op korte ter-
mijn. Patiënten in de CPM groep verbeterden gemiddeld 5º meer in de 
actieve behandelperiode van twee weken, in vergelijking met de patiën-
ten in de controlegroep. Bij follow-up metingen na 6 weken was deze 
initiële voorsprong in beweeglijkheid echter geheel verdwenen. De verbe-
terde beweeglijkheid in de actieve behandelperiode leidde niet tot detec-
teerbare verschillen in functioneren, gemeten met de WOMAC en de 
Knee Society Score. 
Standaard toevoegen van CPM aan de postklinische nabehandeling van 
patiënten na een TKA met een beperkte RoM ten tijde van ontslag lijkt 
dan ook niet wenselijk. 
 
Tot slot beschrijft hoofdstuk 8 een algemene discussie over verschillen-
de aspecten van de verschillende studies in deze thesis. Het hoofdstuk 
is verdeeld in drie delen. Het eerste gedeelte gaat in op interne validiteit 
van de systematische review en de drie RCT’s in dit proefschrift. Daarna 
worden enkele niet methodologische kanttekeningen geplaatst bij de 
drie RCT’s. Ten slotte geef ik kort weer wat mijn eigen beeld is bij het 
onderzoek naar peri-operatieve fysiotherapie bij patiënten na implanta-
tie van een totale knie prothese 
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sonen die op een of ander wijze hebben bijgedragen aan het ontstaan 
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Het is meer het gevolg van samenwerking met velen, zoals de auteurs-
lijsten bij de verschillende hoofdstukken aangeven. Sterker nog, ook die 
lijsten zijn maar een slap aftreksel van alle personen die een bijdrage 
hebben geleverd aan de totstandkoming van dit proefschrift.  
Enkele van die personen wil ik hier bijzonder bedanken. 
 
Allereerst de deelnemers, zonder deelnemende patiënten zouden de ver-
schillende onderzoeken nooit zijn uitgevoerd. Daarom wil ik alle deel-
nemers aan de verschillende studies bedanken voor hun medewerking. 
De toewijding waarmee jullie deelnamen resulteerde niet alleen in wei-
nig uitval in de resultatensecties, maar zorgde ook voor aanhoudende 
motivatie van het onderzoeksteam. De hartelijke ontvangst tijdens de 
huisbezoeken in de laatste twee jaren droegen daar nog verder aan bij. 
 
Rob de Bie, we werken al heel lang samen. Eind jaren ‘80 gezamenlijk 
als onderzoeksassistent in het Fibromyalgie project van reumatologie. 
Van 1993 tot 1998 was ik onderzoeksassistent in jouw promotieonder-
zoek. In 2001 verving ik Mariëlle in het ‘PPBS’ project en vervolgens was 
jij een natuurlijke keuze als promotor. Bedankt voor de gezelligheid, 
gedeelde visies, samenwerking en begeleiding door de jaren heen, ik 
hoop dat we in de toekomst nog vaker samen mogen werken. 
 
Piet van den Brandt en Ruud Geesink, mijn beide andere promotoren 
wil ik bedanken voor het in mij gestelde vertrouwen. Piet, ik heb je snel-
le, en toch kritische, reacties op mijn stukken zeer gewaardeerd. 
 
De leden van de beoordelingscommissie, prof. dr. van der Linden, prof. 
dr. Dinant, prof. dr. Kuipers, prof. dr. Oostendorp en prof. dr. Verhaar 
wil ik bedanken voor het lezen en beoordelen van mijn proefschrift.  
 
Hans Sein en Tilman Blachut wil ik bedanken voor het ter beschikking 
stellen van de CPM machines in het onderzoek naar tijdsduur van CPM 
gebruik.  
 
Yvonne Crijns, je was mijn assistente in meerdere projecten. Ik kon al-
tijd op je rekenen als het nodig was en kon er zonder enige bedenkingen 
vanuit gaan dat jij het werk consciëntieus en klantvriendelijk zou doen. 
Bovendien ben je altijd goed gehumeurd en leergierig. Zonder jou zou-
den de verschillende studies nooit zo ‘vlekarm’ zijn verlopen.  
Één bedankje is eigenlijk veel te weinig voor je werk! 
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Edje, king of Ace, Waltjé. Yvonne deed haar werk zo goed dat jij slechts 
zelden moest inspringen. Toch mag jij in dit dankwoord niet ontbreken. 
We werken al vanaf 1987 samen bij de afdeling orthopedie en hebben in 
die jaren samen heel wat beleefd. Sfeer en plezier zijn belangrijke voor-
waarden voor goed functioneren en jij bent in mijn ogen in grote mate 
bepalend voor de goede sfeer bij de afdeling fysiotherapie. Ed, je bent 
veel meer dan een collega en ik hoop dan ook dat we nog lang samen 
mogen werken. 
 
Albère Köke, 20 jaar al rijden we samen naar Maastricht, bediscussië-
ren in die anderhalf uur heen en weer van alles en nog wat. Samen in 
de onderzoekscommissie en later alle twee studeren. Onze gesprekken 
hebben een grote bijdrage gehad aan de ontwikkeling van mijn visie op 
fysiotherapie en wetenschap, daarnaast was het natuurlijk een gezellige 
tijd. Ik hoop dan ook dat we onze discussies over het wel en wee van de 
fysiotherapie nog lang kunnen voortzetten. 
Ik ben er dan ook trots op dat jij mijn paranimf wilt zijn. 
 
Appie Wijnen, mijn andere paranimf. Eerst mentor en daarna langdurig 
collega in de knierevalidatie, daarnaast altijd steun en toeverlaat. Ook 
jouw bijdrage aan mijn ontwikkeling is groot. Eerst leerde je me kritisch 
kijken en later was je een toonbeeld van toewijding en klantgerichtheid. 
Je biljartkunsten in onze vroege jaren waren onnavolgbaar, misschien 
vandaar dat de “BC Zoepe en Stoete” ter ziele is gegaan.  
 
George Roox, een bedankje voor jou is zeker op zijn plaats. Soms tegen 
de stroom in, hield jij vast aan de onderzoekstaak binnen de afdeling. 
Een resultaat hiervan ligt nu voor je! Zonder je vasthoudendheid was 
het mogelijk nooit zo ver gekomen. 
 
Collega’s bij de afdeling fysiotherapie azM. Het valt niet mee om, naast 
een hoge werkdruk ook nog lastig gevallen te worden door een onder-
zoeker die zo nodig projecten van de grond wil trekken. Hopelijk komt er 
de komende jaren meer tijd om ook andere gebieden van ons klinisch 
werk onder de loep te nemen. 
Bedankt in ieder geval voor de mogelijkheid om de “orthopedietrein” te 
kunnen volgen en zo dit boekje samen te stellen.  
 
Artsen en medewerkers van de afdeling orthopedie, bedankt voor het 
‘lenen’ van patiënten voor mijn onderzoeken, voor jullie steun bij het 
werven van patiënten en in het voorkómen van ‘loss to follow up’ in de 
verschillende studies.  
 
Jos Slangen en Harrie van Montfoort, bedankt voor de PC hulp, zonder 
jullie was het invoeren en ordenen van de gegevens veel lastiger ge-
weest. Ook hebben we samen gemerkt dat bestellen van ICT benodigd-
heden niet altijd vlekkeloos verloopt en een tijdrovende activiteit kan 
zijn. 
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Conny de Zwart, mijn link naar de vakgroep epidemiologie, bedankt 
voor al je hand- en spandiensten. 
 
Yvonne Jaegers, toen het werk op zijn einde liep was jij er om het geheel 
in de juiste format te plaatsen. Jij hebt gemerkt dat meewerken soms 
ook tot meer-werken kan leiden. 
 
Pim en Juliette, jullie aanwezigheid, drukte en aandacht werkten rela-
tiverend en zorgden voor ontspanning, jullie welzijn is veel belangrijker 
dan alle regels in dit proefschrift.  
 
Tot slot, Birgitte. Ik heb lang volgehouden dat promoveren voor mij ge-
woon een logisch gevolg was van het doen van meerdere onderzoeken op 
eenzelfde terrein. De laatste periode nam de druk toch toe en dat was 
soms merkbaar. Promoveren is wèl meer dan alleen een logisch gevolg 
van een manier van werken. Bedankt voor je steun, luisterend oor, op-
beurende woorden, begrip, verzorging en voor al die andere zaken die ik 
nu niet aan het papier toevertrouw.  
Zonder jou was het niet gelukt en was het resultaat voor mij veel minder 
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Ton Lenssen werd geboren op 22 november 1961, te s-Hertogenbosch. 
Na zijn middelbare schoolopleiding gevolgd te hebben aan de Albert 
Schweizer scholengemeenschap te Geleen studeerde hij fysiotherapie 
aan de hogeschool Heerlen. Na het behalen van zijn diploma fysiothera-
pie in 1986, werkte hij kortdurend in verschillende fysiotherapie prak-
tijken in Limburg en het Duitse grensgebied. Vanaf 1987 werkt hij bij de 
afdeling fysiotherapie in het academisch ziekenhuis Maastricht. Tussen 
1989 en 1997 participeerde Ton meermaals in verschillende weten-
schappelijke onderzoeken. Tussen 1998 en 2001 studeerde hij bewe-
gingswetenschappen aan de Universiteit Maastricht. Na behalen van 
zijn Master titel (cum laude) werkt hij als fysiotherapeut-onderzoeker bij 
de afdeling fysiotherapie in het azM. Daarnaast werkt hij sinds 2000 als 
docent bij de opleiding fysiotherapie van de hogeschool Zuyd in Heerlen 
waar hij zich vooral richt op doceren van evidence based handelen en 
begeleiding van afstudeerprojecten van studenten fysiotherapie en stu-
denten die de opleidingen bewegingswetenschappen en fysiotherapie 
combineren. 
 
Deze thesis is opgebouwd uit studies die Ton in de afgelopen 6 jaar in 
zijn functie als fysiotherapeut-onderzoeker binnen het azM, heeft uitge-
voerd.  
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