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procedure for end-stage osteoarthritis of the knee 
to relieve pain and to improve function and health-
related quality of life (6,11,34). KA is one of the 
fastest growing interventions in medicine, with 
incidences increasing mostly in younger and more 
active patients (11,27,29). Despite the described 
positive effects of KA, 17-19% of patients remain 
dissatisfied after surgery (5,9). It has been described 
that a lack of fulfilment of patient expectations plays 

Knee arthroplasty (KA) is increasingly performed, 
but rehabilitation and the possibility of returning to 
sports after KA are understudied areas. A web-based 
survey amongst physiotherapists was conducted 
to obtain insight in current rehabilitation methods 
and their return to sports advice after KA. 82 
physiotherapists (62%) completed the survey. Broad 
agreement existed concerning important goals of 
rehabilitation, including the improvement of ROM, 
muscle strength, coordination and gait pattern. 
However, physiotherapists use a wide variety of 
treatment strategies to achieve these goals. Return 
to low-impact sports is mostly recommended, while 
return to intermediate- and high-impact sports is 
either advised against or considered impossible. The 
development of new evidence-based guidelines on 
physiotherapy after KA could lead to a more uniform 
approach in the rehabilitation for KA patients. 
Furthermore, investigating effects of individualization 
in the rehabilitation may prove valuable in optimising 
both patient outcomes and cost-effectiveness of this 
worldwide increasingly performed intervention. 

Keywords : physiotherapy ; rehabilitation ; knee ; 
arthroplasty ; return to sports.

INTRODUCTION

Knee arthroplasty (KA) is a well-accepted, 
reliable, cost-effective and suitable surgical 
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an important role (10,12). In particular, the fulfilment 
of expectations regarding the ability to participate 
in sports and leisure time activities after KA is 
lacking, with described satisfaction percentages of 
only about 20% (24).
  Reaching an activity level that matches pre-
operative patient expectations is an important 
goal of the rehabilitation after KA. Although the 
provision of postoperative physiotherapy (PT) is 
almost universal, rehabilitation is one of the most 
understudied areas concerning KA surgery, and the 
available studies do not sufficiently describe what 
‘standard rehabilitation’ consists of (25,31). In recent 
years, length of hospital stay after joint replacements 
has decreased significantly as a result of fast track 
and even day-care joint replacement surgery (26). 
These developments emphasise the importance 
of optimising outpatient rehabilitation strategies 
and PT after KA even more. Although  a recent 
systematic review showed short-term improvements 
of functional results by PT and exercise therapy 
after KA, many aspects concerning rehabilitation 
after KA remain unclear (4). For instance, it is 
unknown to what extent general or individualized 
PT protocols are used in PT practice. Furthermore, 
uncertainties exist concerning the preferred method 
of delivery of outpatient PT. Both individual and 
group-based therapy have been described, as well 
as non-supervised home-based exercises and even 
telerehabilitation settings using modern devices 
to stimulate patients to practice at home (14,17,25).
Finally, a lack of evidence is apparent concerning 
the rehabilitation of highly functioning individuals, 
who wish to return to sports after KA (28). 
  In fact we know that before surgery, younger 
patients (<65 years old) expect to perform better 
on many activities, including a diverse pattern of 
sports (40,41). A recent systematic review showed 
that return to many low- and high impact sports 
was possible after KA, favouring unicondylar knee 
arthroplasty (UKA) over total knee arthroplasty 
(TKA), although in both groups a switch toward 
lower impact types of sports was found (41). Despite 
of their expectations, and although several studies 
have shown that activity levels after KA do not 
negatively impact outcomes (2,22), current literature 
shows that nowadays patients are not very active 

after KA (23). The exact reason is not fully clear, but 
advices of healthcare professionals can influence 
the physical activity level of patients after KA. 
Surveys amongst orthopaedic surgeons provide 
some knowledge about their advices to patients 
(19,20,37). However, physiotherapists actually spent 
most time with patients during their rehabilitation 
after surgery. Therefore, their advice is likely of 
most influence to the patient who wishes to return 
to sports. Thus, it is extremely important to gain 
insight in the advice given by physiotherapists 
concerning return to sports after KA.
  The first step in improving postoperative rehabili-
tation is to gain insight in current rehabilitation 
standards. Therefore, the aims of the current study 
are to evaluate what physiotherapists consider to be 
‘usual care’ in rehabilitation after KA and to reveal 
what physiotherapists recommend KA patients who 
wish to return to sport.

MATERIALS AND METHODS

  We performed a cross-sectional, observational 
study following the STROBE guidelines (http://
www.strobe-statement.org/index.php?id=strobe-
home). A web-based survey was created and sent 
to all physiotherapists working in the region of our 
teaching hospital, where >500 KAs are performed 
annually. Invitations with individual entrance codes 
were sent by mail in April 2015, followed by two 
reminders to physiotherapists who did not respond. 
  The survey started with questions concerning 
practice characteristics, such as the total number of 
physiotherapists working in the practice and number 
of physiotherapists treating KA patients, number of 
treated KA patients per year, duration and location 
of rehabilitation. We then asked questions about 
general aspects of KA rehabilitation, such as the use 
of a protocol (and if so, if this protocol is identical 
for each patient) and if therapists use a form of 
preoperative training, so called ‘pre-rehabilitation’ 
(and if so, what this pre-rehabilitation consists of). 
  Subsequently, we assessed the importance of 
certain physiotherapeutic sub-goals that are regularly 
addressed during rehabilitation. These sub-goals 
were lessening of swelling, pain reduction, mobility/
range-of-motion (ROM), coordination, endurance, 
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gait pattern, muscle strength, core-stability, coping 
style and ways to improve self-confidence. First, we 
asked whether a sub-goal was considered important 
(yes/no), followed by multiple-response questions, 
where therapists could select more than one option, 
to assess how therapists work on reaching these 
sub-goals. 
  Finally, we asked to categorise 32 sports 
activities (both low-, intermediate- and high-
impact types of sport) based on the return to 
sports recommendations after TKA and UKA  
(36). Physiotherapists were requested to allocate 
each sport to one of the following categories: 
‘recommended’, ‘recommended with experience’, 
‘possible, but not recommended’ and ‘impossible’. 
Each sport was assigned to one category, based 
on the highest percentage of therapists giving that 
recommendation (37,39). We differentiated between 
‘possible, but not recommended’ and ‘impossible’ 
in order to investigate the physiotherapists’ view 
on the possibilities for patients to perform certain 
(high-impact) sports, and their expected risks to the 
prosthesis by performing these sports.
  We used descriptive statistics to calculate conti-
nuous data (SPSS, version 21, Chicago, IL, USA). 
Response frequencies were calculated for nominal 
data. Data with a non-normal distribution are 
presented as medians with the range.

RESULTS

  In April and May 2015 we addressed 138 
physiotherapists, of whom 86 responded (response 
rate 62%). One of them partially filled out the 
survey, but then declared that he did not have 

enough experience with KA patients to answer all 
the questions. Three other physiotherapists declared 
that they did not want to participate. Hence, 82 
complete questionnaires were used for the analyses.
  The median number of physiotherapists working 
in a practice was 6 (range 1-19) with a median of 
3 (1-8) physiotherapists treating KA patients. The 
average number of treated KA patients per year 
varied, with 35% treating 0-10 patients annually, 
37% treating 11-20 patients and 23% treating 21-30 
patients. Five percent of the practices treated more 
than 30 patients annually (Table I).
  The duration of postoperative rehabilitation was 
between three and six months for most practices 
(73%), while 18% of physiotherapists treat their 

Table I. — Characteristics of 82 participating
physiotherapy practices

Total number of physiotherapists, median (range) 6 (1-19) 
Number of KA physiotherapists, median (range)    3 (1-8)
Number of treated KA patients per year	   N     (%)
  0-10	   28 (35%)
  11-20	   29 (37%)
  21-30	   18 (23%)
  31-40	    2 (2,5%)
  > 40	    2 (2,5%)
Rehabilitation duration	   N     (%)
  <3 months	     7  (9%)
  3-6 months	   60 (73%)
  6-9 months	   12 (15%)
  9 -12 months	     3  (4%)
Mode of delivery (multiple-response)	   N     (%)
  Individual, practice	 82 (100%)
  Individual, home	   76 (93%)
  Group therapy	   22 (27%)
  Aquatherapy	    3   (4%)
  Self-reliant home therapy	  74 (90%)

PT frequency (%) Week 1-2 Week 3-6 Week 6-12 Month 3-6 Month 6-12

3-6 times per week 51 16 6 0 0

2 times per week 44 80 62 24 9

Once a week 5 3 28 40 14

Once per 2 weeks 0 1 3 22 20

Once per 3-4 weeks 0 0 0 10 15

< Once per month 0 0 1 5 43

  Abbreviations : SD, standard deviation ; KA, knee arthroplasty.

Table II. — Frequency of physiotherapy
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patients for periods up to 12 months and 9% for less 
than three months. Frequency of therapy varied, but 
on average therapists see their patients twice a week 
for the first three months, after which this frequency 
drops to once every one to two weeks between three 
to six months. After six months the majority of 
physiotherapists see their patients less than once a 
month (Table II). 

  All 82 (100%) physiotherapists use individual 
therapy in their practice, 76 (93%) use individual 
therapy at home, 22 (27%) use group therapy, 
three (4%) use aquatherapy and 74 (90%) use 
some form of self-reliant home therapy. We found 
that 65 (80%) physiotherapists use a protocol for 
rehabilitation after KA. Of this group, 45 (69%) 
declared that they adjust this protocol to fit their 

Subgoal Important
Yes, N(%) Method N (%)

Gait pattern 81 (100%)
-	 Walking exercises
-	 Treadmill

71 (87%)
59 (73%)

Muscle strength 81 (100%)
-	 Closed chain exercises
-	 Open chain exercises
-	 Electrotherapy

72 (89%)
58 (71%)
  9 (11%)

Mobility/ROM 80 (99%)
-	 Exercise therapy
-	 Passive manual stretching
-	 CPM

73 (91%)
65 (81%)
13 (16%)

Self-confidence 79 (98%) -	 Expectation management
-	 Instruct family/volunteer caregivers

74 (94%)
51 (65%)

Active coping strategy 79 (98%)

-	 Demonstrate home exercises
-	 Discuss own abilities
-	 Give work instructions
-	 Involve volunteer caregivers
-	 Questionnaires

67 (85%)
61 (77%)
61 (77%)
18 (23%)
14 (18%)

Lessening of swelling 77 (95%)

-	 Excercise therapy
-	 RICE-principle
-	 Manual lymphatic drainage
-	 Massage/manual manipulation

63 (82%)
51 (66%)
27 (35%)
14 (18%)

Endurance 77 (95%)

-	 Home trainer
-	 Treadmill
-	 Outdoor walking
-	 Cross trainer
-	 Rowing machine

69 (93%)
64 (86%)
56 (73%)
42 (55%)
30 (39%)

Coordination 74 (91%) -	 Exercise therapy
-	 Knee stability training

57 (77%)
  9 (12%)

Pain reduction 72 (89%)

-	 Excercise therapy
-	 Cryotherapy
-	 Postural training
-	 Massage
-	 Electrotherapy
-	 Dry-needling

64 (89%)
57 (79%)
52 (72%)
19 (26%)
  7 (13%)
    4 (6%)

Core-stability 59 (73%)
-	 Plank and bridge exercises
-	 Superman exercise
-	 Specific abdominal exercises

19 (32%)
  6 (10%)
  6 (10%)

Table III. — Outcome of multiple-response questions on current practice

  Abbreviations: RICE, rest ice compression elevation; ROM, range of motion; CPM, continuous passive motion
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of motion, endurance, gait pattern, muscle strength, 
coping style, ways to improve self-confidence, pain 
reduction and coordination. The tenth goal, core-
stability, was considered to be important by 75% of 
physiotherapists (Table III). 
  Improving the gait pattern of patients is 
indicated to be an important sub-goal by 81 (100%) 
physiotherapists and 71 (87%) use specific walking 
exercises to improve this. For improvement of 
muscle strength, also indicated as important sub-goal 
by 81 (100%) physiotherapists, 72 (89%) use closed 
chain exercises. The improvement of mobility and 
range-of-motion (ROM) is indicated as important 
sub-goal by 80 (99%) physiotherapists and 73 
(91%) use exercise therapy to attain this goal. 79 
(98%) physiotherapists try to improve patients’ self-
confidence and try to teach them an active coping 
strategy by respectively helping them to manage 

patients’ individual needs. When they stated to 
individualize rehabilitation, they mentioned that 
patient factors such as type of work- and leisure 
time activities (100%), age (98%), co-morbidities 
(98%), preoperative condition (93%) and type of 
prosthesis (TKA or UKA, 81%) play an important 
role. In 56%, physiotherapists see their patients 
before surgery. The main objective of this intake is 
to set rehabilitation goals (91%) based on patient-
specific factors, such as work and leisure time 
activities they used to perform and would like to 
resume. Furthermore, 38% of physiotherapists 
perform some type of preoperative rehabilitation, 
by which they aim to improve muscle strength, 
endurance and range-of-motion.
  Of ten suggested sub-goals, nine goals were 
considered to be important by ≥89% of physio-
therapists, i.e. lessening of swelling, mobility/range 

Recommended (%) Recommended with experience (%) Not recommended (%) Impossible (%)

Golf (69%) Cross-country skiing(53%) Weight-lifting, isokinetic (44%)
Basketball (44%)

(Stationary) cycling (99%) Fencing (47%) Rock climbing (37%)
Volleyball (52%)

Swimming (86%) Table tennis (42%) Singles tennis (43%)
Soccer (61%)

Walking/speedwalking (96%/49%) Weight-lifting, free (36%) Baseball/softball (47%)
Martial arts (57%)

Dancing (62%) Aerobics (43%) Handball (44%)
Waterskiing (38%)

Aquarobics (86%) Hiking (57%) Jogging/running (43%)

Bowling (65%) Horseback riding (44%)

Rowing (48%) Ice skating (52%) 

Sailing (53%) Doubles tennis (54%)

Skiing (41%)

Rollerblading (41%)

Table IV. — Return to sport recommendations*

  * In accordance with Vail et al26 we assessed recommendations for 13 low-impact, 10 intermediate-impact and 9 high-impact sports. Each sport was 
assigned to one category, based on the highest percentage of therapists making that recommendation. 
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(31%) physiotherapists give different advice after 
TKA and UKA. The differences were seen in 
return to low- (n=2), intermediate- (n=4) and high-
impact (n=2) sports activities (Table V). This table 
shows that physiotherapists are more liberal in their 
recommendations for patients after UKA than after 
TKA.

DISCUSSION

  The present web-based survey, which was 
completed by a large number of experienced physio-
therapists, revealed a great variety in ‘usual care’ 
rehabilitation after KA. The general delivery of 
physiotherapy after KA was reasonably consistent 
in terms of duration, frequency and focus : 73% 
treat patients for 3-6 months, 80% treat patients 1-2 
times per week and 100% treat patients individually 
at their practice. In contrast, considerable practice 
variance existed in timing, program content and 
modalities used to achieve sub-goals. Concerning 
recommendations for return to sports, most low-
impact sports (77%) were recommended and 
most intermediate-impact sports (80%) were only 
recommended with experience. In contrast, none 
of the high-impact sports were recommended 
and in 45% of high-impact sports participation 

expectations (94%) and by demonstrating useful 
home exercises (85%). 77 (95%) physiotherapists 
work on lessening of swelling, mostly with the 
use of exercise therapy (82%). Also, 77 therapists 
try to improve endurance and 93% use a home 
trainer to achieve this. To improve coordination, 
indicated as important sub-goal by 74 (91%) of 
physiotherapists, 57 (77%) use forms of exercise 
therapy. Pain reduction is an important sub-goal 
for 72 (89%) therapists and 64 (89%) use exercise 
therapy to achieve this. Finally, core-stability was 
considered an important sub-goal by 59 (73%) of 
physiotherapists and they use a variety of exercises 
to attain this goal, with plank and bridge exercises 
mentioned most often, by 32%.
  Of the low-impact activities, ten suggested 
activities (77%) were recommended and three 
(23%) were recommended with experience. Of 
the intermediate-impact sports, eight activities 
(80%) were recommended with experience and 
two activities (20%) were not recommended. Of 
the high-impact sports, four activities (55%) were 
not recommended and five activities (45%) were 
considered to be impossible after KA (Table IV). 
  Finally, we asked if these recommendations 
were the same after TKA and after UKA. This was 
the case for 55 (69%) of the responders, while 25 

Activity TKP UKP

Cross-country skiing Recommended with experience Recommended

Table tennis Recommended with experience Recommended

Hiking Recommended with experience Recommended

Horseback riding Recommended with experience Recommended

Tennis, doubles Recommended with experience Recommended

Basketball Not recommended Recommended with experience

Soccer Not recommended Recommended with experience

Weight-lifting Not recommended Recommended with experience

Table V. — Differences in recommendations to TKP and UKP patients
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(73%) in our survey. In line with our results, Westby 
et al. found that core stability training after KA was 
the only intervention not considered ‘appropriate 
and somewhat/very important’ by ≥ 80% of 
respondents (38). Thus, expert opinion indicates that 
core-stability does not have to be a main concern in 
rehabilitation after KA, but again, evidence-based 
recommendations are lacking. 
  Regarding preoperative visits (56% of PT 
practices), 91% use them to establish rehabilitation 
goals, but 98% state that they also train muscle 
strength and endurance (89%) or even (try to) 
improve ROM (64%) before surgery. From the 
literature we know that improving the physical 
state of patients preoperatively is only considered 
useful in patients with a poor functional status. 
Improvement of the endurance may accelerate 
postoperative recovery only in these patients (21). 

Until convincing evidence suggests otherwise, 
preoperative rehabilitation should therefore be 
considered with caution as it might produce more 
discomfort than benefit.
  With respect to recommendations of physio-
therapists regarding return to sports after KA, we 
found them mostly in line with literature concerning 
recommendations of orthopaedic surgeons, but a 
few differences were found. Healey et al. surveyed 
members of the Knee Society in 1999 and 2005 
(19,20). Respondents completed surveys regarding 
recommendations for 43 (1999) and 37 (2005) sports 
activities after KA. From 1999 to 2005, the number 
of activities ‘not recommended’ decreased from 
twelve to five. The number of activities considered 
‘allowed’ or ‘allowed with experience’ increased 
from eight to nineteen. These findings indicate 
that over time the surgeons became more liberal 
concerning restrictions to several athletic activities. 
In 2011, Vogel et al. conducted a systematic 
review regarding recommendations on athletic 
activity after joint arthroplasty (37). Outcomes 
showed a comparable trend in favouring a higher 
level of athletic activity. The general tendency 
to allow more sports after TKA was found in all 
studies amongst advices of orthopaedic surgeons 
and also amongst our surveyed physiotherapists. 
A different recommendation between surgeons 
and physiotherapists concerns rowing, which is 

was even considered impossible after KA. Lastly, 
physiotherapists are more liberal in their return to 
sports recommendations after UKA than after TKA.
  Concerning the attainment of certain sub-goals, 
we observed several remarkable findings indicating 
that existing evidence is not always incorporated in 
daily practice. In our survey, 66% of therapists report 
the use of RICE for lessening of swelling and 79% 
use cryotherapy to reduce pain. The term RICE was 
coined in 1978, but recently its use in KA surgery, 
as well as the use of cryotherapy, has been under 
discussion, with new evidence suggesting that RICE 
may not be very effective (1,7,8). We also assessed the 
use of continuous passive motion (CPM) to improve 
ROM, and found that 16% of our respondents use 
CPM. However, literature showed that the use of 
CPM does not have clinically important effects on 
knee pain or function (18). Physiotherapists also 
reported the use of electrotherapy to reduce pain 
(13%), but contradictory results exist concerning 
the analgesic effect of Transcutaneous Electrical 
Nerve Stimulation (TENS), and its general use is 
not recommended (31). In contrast, only 11% of 
physiotherapists used some form of electrotherapy 
for muscle strengthening, while new evidence 
suggests that Neuromuscular Electrical Stimulation 
(NMES) to improve quadriceps muscle strength 
and functional performance could be useful after 
KA (13,31,35). Hence, it can be concluded that the 
observed variety in utilisation of several treatment 
modalities showed that physiotherapists are not 
generally aware of the available evidence for these 
treatments.
  Gait training is generally considered to be 
important in 100% of our respondents. This is in 
line with a survey of Peter et al. in which 95% of 
respondents provide gait training after KA (33). In a 
study by Westby et al. gait training was considered 
‘appropriate and somewhat important’ by ≥ 
80% of respondents (clinicians, researchers and 
patients) (38). In contrast, in an Australian survey of 
physiotherapists only 57% of therapists reported the 
provision of gait retraining (32). These contrasting 
findings indicate a lack of consensus concerning the 
use of gait training after KA and more research is 
needed. Core-stability was the only sub-goal that 
was not indicated as important by >89% of therapists 
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Association (APTA) stated that ‘quality of physical 
therapy is threatened by the inappropriate variation 
in the care delivered’ (15). Preventing practice 
variation in postoperative KA rehabilitation was 
stated to be difficult, mostly due to the absence of 
recent and comprehensive guidelines. The lack of 
evidence-based clinical guidelines is a problem 
that exists worldwide (3,32,39). The present study, 
which is one of few studies that aims to formulate 
expert opinions of ‘usual care’ rehabilitation after 
KA, emphasizes this problem. Because of the 
great variety in responses, it is hard to formulate 
a general definition of what ‘usual care’ consists 
of. A recent review of Mistry et al. discussed 
available literature concerning the use of several 
rehabilitation modalities after TKA, with the aim to 
provide evidence regarding efficacy and practicality 
(31). Interestingly, the authors also proposed general 
recommendations on the rehabilitation after KA 
of active and obese patents, with the underlying 
thought that it might be better to individualize 
rehabilitation strategies. Their general conclusion 
is that joint strengthening and gradual introduction 
to a more active lifestyle is important and that, by 
proper instruction and commitment to rehabilitation, 
patients might be able to achieve higher activity 
levels (31). Uniformity in care and harmonisation of 
outcome measures may improve patient outcomes, 
while reducing costs at the same time (32). However, 
individualization of rehabilitation strategies 
according to more personalized goals seems to be 
of additional value and is an interesting subject for 
further research (42).

CONCLUSION
 
  This survey shows that between the surveyed 
PT practices, the general delivery of physiotherapy 
after KA is reasonably consistent in terms of 
numbers, frequency, and focus, but ‘usual care’ of 
modalities of delivery and program content varies. 
Recommendations concerning return to sports by 
physiotherapists are similar to advice of orthopaedic 
surgeons and are less strict after UKA than after 
TKA. In order to evaluate and subsequently improve 
rehabilitation after KA, evidence-based and more 
uniform guidelines are required. Also research to 

recommended by our participating physiotherapists, 
but according to both Vogel and Healey, orthopaedic 
surgeons would only recommended this sport with 
experience. Another remarkable difference is seen 
in cycling, which is recommended by 99% of 
our respondents and is also recommended by the 
respondents in Healey’s survey. In contrast, the 
orthopaedic surgeons in the survey of Vogel et 
al. only recommend cycling with experience (37). 
This is remarkable since cycling is seen as one of 
the safest activities after KA in terms of joint load 
(16). Part of the explanation can be found in the 
fact that 84% of the Dutch population cycles on a 
regular basis (Dutch Cyclists’ Union, http://www.
fietsersbond.nl). In addition to the recommendations 
after TKA, we also elaborated the recommendations 
after UKA. Previous studies did not focus on this 
distinction, but an interesting tendency of less strict 
recommendations after UKA amongst surveyed 
physiotherapists was seen, which is in line with a 
recent systematic review concerning return to sports 
after KA (41).
  To our knowledge this study is the most 
extensive survey so far describing what ‘usual 
care’ physiotherapy rehabilitation after KA exactly 
consists of and which differences exist between 
PT practices. Furthermore, we are not aware of 
any other study reporting on recommendations by 
physiotherapists concerning return to sports after 
KA. Also, the distinction between recommendations 
after TKA and UKA has not been described before. 
A possible limitation is that extrapolation of the 
findings in our study to other countries might be 
difficult. In the Netherlands PT is widely available 
and standards are high, which might be different 
in other countries. Another limitation is that the 
provision of socially desirable answers of the 
physiotherapists cannot be ruled out, since our study 
is based on self-report. Furthermore, the fact that 
our survey contained multiple-response questions 
may have led to therapists’ overestimation of the 
treatment modalities they actually use. 
  Practice variation has been described in different 
healthcare disciplines and has gained more attention 
in the past few years, because it is a potential 
source of excessive healthcare costs and outcome 
variability (30). The American Physical Therapy 
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