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Feasibility of a preoperative strengthening 
exercise program on postoperative function 
in patients undergoing hip or knee arthroplasty: 
a pilot randomized controlled trial
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Abstract 

Background: There are conflicting results on the effect of preoperative exercise programs on long‑term function and 
little evidence on short‑term function. The aim is to assess the feasibility of a preoperative strengthening exercise pro‑
gram in patients undergoing hip or knee joint arthroplasty in terms of trial design, recruitment, and follow‑up rates.

Methods: A randomized controlled feasibility study with patients undergoing hip or knee joint arthroplasty. Patients 
were randomized to a preoperative strengthening exercise program or standard of care. Feasibility outcome measures 
were recruitment rate (≥ 50%) and loss to follow‑up (≤ 15%).

Results: Of the 129 eligible participants, 63 participants consented to participate in the study (49%), and 27 were 
successfully randomized prior to surgery (43%). All 27 participants completed the baseline assessment. Of these, 6 
(22%) had surgery during the exercise period. Of the remaining 21 participants, 20 (95%) completed the pre‑surgery 
assessment. The study was terminated before five participants could be eligible for the 6‑month assessment. Sixteen 
(76%) participants completed the 6‑week post‑surgery assessment. Twelve participants completed the 6‑month 
assessment (75%).

Conclusion: Given the recruitment rate, randomization barriers, and study participant loss to follow‑up, the study 
was discontinued since it was not considered feasible in this current form at our clinical site despite modifications 
made to the protocol. Future investigations into a modified intervention via telerehabilitation should be explored.

Trial registration: ClinicalTrials.gov, NCT03 483519. Retrospectively registered in March 2018.
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Key messages regarding feasibility

• The goal of this pilot study was to investigate the vol-
ume of eligible patients, patient acceptability rate, 
reasons for declining participation, feasibility of ran-
domization and intervention, and outcome comple-
tion rates at all time periods.

• This pilot randomized controlled trial suggests that 
in-person preoperative strengthening exercise pro-
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gram is not optimal for patients undergoing hip and 
knee joint arthroplasty due to travel constraints and 
time requirements.

• Future studies should investigate the delivery of a 
preoperative strengthening exercise program for 
patients undergoing hip and knee joint arthroplasty 
surgery using telerehabilitation.

Background
Joint arthroplasty is the indicated treatment to manage 
hip and knee pain and functional limitations due to a late-
stage localized joint problem (osteoarthritis, avascular 
necrosis, etc.) (JA) [1, 2]. Hip and knee arthroplasties are 
commonly performed surgeries worldwide, and numbers 
are expected to continue rising due to increasing age and 
obesity rates in the general population [3–7]. In 2018, the 
number of hip and knee arthroplasty surgeries performed 
in Canada increased by 17.4% and 17.0%, respectively, 
compared to 5 years earlier [7]. Despite the success of JA, 
over half of patients spend four or more days in the hos-
pital after surgery [7, 8], incurring substantial costs to the 
healthcare system. Improving quicker return to function 
after surgery to reduce hospital length of stay (LOS) and 
associated costs and allowing patients to be able to return 
to activity are a major focus of the healthcare system [9].

One of the key factors affecting recovery after JA is the 
patient’s preoperative physical function [10]. Thus, inter-
ventions addressing modifiable preoperative factors associ-
ated with postoperative function could be beneficial. Most 
patients undergoing JA demonstrate muscle deconditioning 
and decreased physical activity both before and after surgery 
[11–13], limiting their capacity to accomplish basic essential 
functional tasks and increasing the risk of falls [14]. Further-
more, many patients report persistent pain and functional 
disability and demonstrate reduced functional ability and 
return to work capacity over the term [15–17]. Although 
lower-limb musculature in general appears affected in 
patients undergoing JA [13, 18], hip abductors for hip osteo-
arthritis (OA) and quadriceps for knee OA have been shown 
to be the most affected muscle groups [19, 20]. Both are 
essential muscle groups when performing functional activi-
ties such as walking and stair climbing [21, 22].

Traditionally, exercises have been used postoperatively 
in the JA population [23, 24]. Due to the invasive nature 
of JA surgery, patient condition shortly after surgery is not 
optimal for accomplishing intensive exercises needed to 
address post-surgery deconditioning [23]. Furthermore, the 
patient is at increased risk of developing deep vein throm-
bosis and experiencing adverse events to the prosthesis 
[25–28]. The limited capacity to accomplish an activity in 
the recovery period can further decondition the muscles 
[25, 29]. Studies have demonstrated the potential benefits 

of exercises for patients with OA and patients having JA. 
A study assessing an 8-week home-based hip abductor 
strengthening program for patients with knee OA found 
significant improvements in hip abductor strength and 
decreased knee pain post-intervention [30]. Early preop-
erative progressive resistance exercise programs (beginning 
within a month prior to surgery) were also found to signifi-
cantly improve muscle strength for patients undergoing hip 
JA [23]. Conversely, another systematic review [31] of a pre-
operative physiotherapy program showed improvements 
in hip muscle strength and WOMAC scores for patients 
having hip JA, but no significant improvements for knee 
JA. However, the potential benefits of preoperative exercise 
programs on postoperative function in JA remain unclear 
due to the poor therapeutic validity of available studies [17].

To address postoperative exercise shortcomings, preop-
erative exercises have been studied but have shown both 
positive and negative outcome results [17, 25, 31–33]. This 
may be attributable to the low methodology of included 
studies, with reviews acknowledging the need for stronger 
quality trials [32, 33]. Current studies comprised various 
limitations such as (1) exercise programs do not specifically 
target muscles associated with function and instead rely 
on generic exercise programs; (2) exercise parameters are 
often vague, which limits the capacity to apply the inter-
vention; (3) most trials did not assess both short- and long-
term function after hospitalization, which leads to limited 
evidence on the effect of preoperative exercises on short 
and long term benefits; and finally, (4) many trials used 
exercise programs that were not deemed feasible or valid 
for the JA population [17, 23, 25, 31].

Although specific muscle impairments have been 
identified, no study to our knowledge has evaluated the 
impact of managing these patients preoperatively with 
regard to short- and long-term functions. To determine 
whether a large-scale trial was feasible, we proposed a 
randomized controlled feasibility study addressing the 
previously mentioned limitations. The aim was to assess 
the feasibility of a preoperative strengthening exercise 
program in patients undergoing hip or knee arthroplasty 
in terms of trial design, recruitment, and follow-up rates.

Methods
This study was reported based on the CONSORT report-
ing checklist for pilot and feasibility trials [34].

Design and setting
A single-blind randomized controlled feasibility study 
was conducted to evaluate the feasibility and potential 
efficacy of a home-based preoperative strengthening exer-
cise program compared to the standard of care in patients 
undergoing JA. The trial was conducted at a large tertiary 
care center. The trial was registered at ClinicalTrials.gov 
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(NCT03483519), and ethics approval was received from 
the Institutional Review Board (20150684).

Participants
Patients undergoing unilateral JA were recruited from the 
clinical practices of six orthopedic surgeons performing 
elective arthroplasty at a large tertiary care center. The 
inclusion criteria were being 18 years of age and older, 
WOMAC functional subscale of less than 66.5/100 [35, 
36], and undergoing unilateral total hip or knee arthro-
plasty due to OA. The exclusion criteria were other pre-
viously diagnosed lower-limb problems limiting their 
capacity to accomplish the exercise program, joint revi-
sion, bilateral arthroplasty, same-day discharge, surgery 
in less than 10 weeks after recruitment, pregnancy or 
suspected pregnancy, unable or unwilling to commit to 
required study follow-ups, no fixed address, and cognitive 
impairment that may preclude questionnaire completion.

Recruitment and randomization
The initial recruitment method relied on administrative 
assistants contacting the research coordinator when a 
potential patient was cleared for surgery. The study coor-
dinator provided details about the trial to the patient and 
asked for consent to participate. Patients who agreed 
to take part in the study signed the consent form, and a 
baseline assessment was conducted at the same moment. 
When it was not possible to meet patients in person, the 
study coordinator contacted the patient over the phone 
after the consultation appointment to schedule the con-
sent process and baseline assessment at a convenient 
time. Participants were randomized using an institutional 
online software to either the intervention group (preop-
erative strengthening exercise program) or control group 
(standard of care) by the research coordinator directly 
after baseline assessment. A blocked stratified randomi-
zation procedure (varying between 2 and 4) was used 
stratifying by joint, age (< 68, ≥ 68) [7], gender, and pre-
operative WOMAC physical function subscale score (< 
40, ≥ 40) [35]. Study assessors were blinded to the partic-
ipants’ group allocation, but physiotherapists were aware 
of allocation.

Intervention
The intervention consisted of a home-based preoperative 
strengthening exercise program specific to the partici-
pant condition (hip or knee JA) under the supervision of 
a physiotherapist. The exercise program targeted a spe-
cific muscle: hip abductor for participants with hip OA 
and quadriceps for participants with knee OA [37–39]. 
Each week, the difficulty level of the exercise increased. 
Exercise parameters were 3 sets of 10 repetitions, with a 
1-min break between sets, five times a week, for a total 

of 8 weeks (see the Table  2 in Appendix for hip and 
knee exercise program details) [40, 41]. The capacity of 
the participant to perform the exercise and to progress 
was assessed each week during a session with a physi-
otherapist. During the visit, the physiotherapist demon-
strated the exercise to the participant and evaluated the 
participant’s capacity to perform the exercise. Capacity 
was determined in two ways: (1) participant is physically 
capable of performing the exercise and (2) participant 
exertion rating on the Borg Rating of Perceived Exertion 
(RPE) scale during the completion of the exercise (rat-
ing needs to be ≥ 5) [42]. These two conditions had to 
be met for the exercise program to be used during the 
week. If one or both of the conditions were not met, the 
participant continued to use the preceding week’s exer-
cise. Participants in the intervention group started the 
strengthening exercise program between 8 and 10 weeks 
prior to the patient surgery date. Participants could reach 
their attending surgeon if they had any questions with 
regard to the exercise program.

Control
The intervention and control groups received the stand-
ard of care utilized at a large tertiary care center for hip 
and knee arthroplasties. The standard of care consists 
of preoperative patient education with an accompany-
ing booklet. Education included information on the 
surgery and recovery process, anesthesia approach, dif-
ferent surgery approaches, postoperative education, early 
mobilization and ambulation, postoperative analgesia, 
discharge planning, and standardized postoperative 
range of motion exercises.

Outcomes
Feasibility
Primary outcomes were associated with study feasibil-
ity and included recruitment rate, loss to follow-up, and 
missing data [43, 44]. Primary outcomes informed the 
feasibility of a larger randomized control trial (RCT). 
The following criteria had to be met to be considered 
as feasible in our study clinical setting: (1) recruitment 
rate of ≥ 50% and (2) loss to follow-up ≤ 15% [34, 44, 
45]. The recruitment rate was defined as the number of 
patients successfully recruited and randomized from 
those eligible. Loss to follow-up was defined as par-
ticipants who were withdrawn, dropped out, or missed 
follow-up assessment. Power calculation was used to 
inform recruitment rate feasibility. The minimal clinically 
important difference (MCID) for the Timed-Up-and-Go 
(TUG), which was the primary outcome, is 1.4 s [46]. The 
standard deviation (SD) of TUG in this patient popula-
tion is approximately 2.5 s [46]. With an alpha level of 
0.05 and 80% power, a sample size of 100 patients (50 
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per group) would be required for a full RCT. In order to 
account for potential study attrition, a 15% oversample 
rate needs to be used. Therefore, a sample of 118 patients 
(59 per group) would be required for a full RCT. Feasi-
bility outcomes were recorded over a total of 11 months 
between February 2017 and November 2018 with recruit-
ment breaks to allow recruitment strategy adjustment.

Outcome measures
Outcomes included performance-based function, 
patient-reported function, muscle strength (quadriceps 
or hip abductor), and muscle mass (bone density, per-
centage of fat, percentage of lean body mass). Perfor-
mance-based and patient-reported function was assessed 
during orthopedic consultations at baseline, after the 
completion of the exercise program, and 6 weeks and 6 
months after surgery. Muscle strength and muscle mass 
were assessed at the same intervals, except at 6 weeks 
after surgery because of acuteness. Assessors were 
blinded to the study participant group.

Performance-based function was assessed with the 
TUG and the Timed Stair Test. TUG assesses the time 
that a patient takes to rise from a chair, walk 3 m, turn 
around, walk back to the chair, and sit down. It has been 
demonstrated to be reliable, valid [47], and respon-
sive in patients undergoing JA [48]. Furthermore, it has 
been shown to be predictive of hospital LOS, short- and 
long-term function [48–50]. The TUG has been exten-
sively used as an outcome measure in trials with patients 
undergoing JA [48]. The Timed Stair Test assesses the 
time that a patient takes to ascend and descend a flight 
of 10 stairs, while holding on to the handrail [51]. It is a 
recommended test for JA patients [52]. Trained members 
of the research team assisted participants by explaining 
and demonstrating the tests and timed each participant 
attempt. Participants were instructed to do the TUG test 
twice at each assessment visit, with the fastest time of the 
two being used, and the TST once per assessment.

Patient-reported function included the HOOS and 
KOOS questionnaires [53, 54] for disease-specific out-
comes and the EQ-5D-5L questionnaires for general 
health status and quality of life [55]. They have been 
shown to be a valid, reliable, and responsive measure 
among patients undergoing JA and are widely used in this 
field [53–55]. Both questionnaires were given to patients 
in person.

Muscle strength was assessed with a hand-held 
dynamometer by a trained research assistant. For 
patients undergoing hip surgery, hip abductor strength 
was assessed with the patient in the supine position. 
With the patient lying on an examination bed, a research 
assistant used the dynamometer to directly apply force to 
the leg (in the frontal plane, lateral to the midline) and 

instructed the patient to resist the applied force as much 
as possible. The dynamometer measured the strength 
exerted by the patient’s muscles in kilograms. For patients 
undergoing knee surgery, quadriceps strength was 
assessed with the patient in a sitting position with the 
knee flexed at 90°. With the patient sitting on an exami-
nation bed, a research stabilized the dynamometer to the 
leg using a stabilization band and instructed the patient 
to push against the band as much as possible (sagittal 
plane). The dynamometer measured the strength exerted 
in kilograms. The average of three trials was used. These 
methods have been shown to be valid and reliable meas-
ures for assessing hip [56, 57] and quadriceps strength 
[58–60]. Absolute (affected side only) and relative (dif-
ference between non-affected and affected side) strength 
values were calculated.

Muscle mass (bone density and percentage of fat and 
lean body mass) was assessed using the dual-energy 
X-ray absorptiometry (DEXA) method. Patients were 
lying on an examination table while a low-intensity X-ray 
scanned the entire body for approximately 20 min.

Patient demographics were collected at baseline during 
recruitment by the study coordinator.

Data analysis
The analysis was conducted on an intention-to-treat 
basis. Feasibility outcomes were measured using descrip-
tive statistics. The Mann-Whitney U test was used to 
compare the study groups at baseline. A level of signifi-
cance of 0.05 was used to compare the characteristics 
between the intervention and control groups. Analyses 
were accomplished by the study investigators, who were 
blinded to treatment allocation. Analyses were done 
using SPSS (v. 26, IBM, New York).

Results
Feasibility
Of the 129 eligible participants who were approached, 
63 participants consented to participate in the study 
(49% consent rate) (Fig.  1). The most common reason 
to decline participation was unable and/or unwilling to 
do the preoperative program. Randomization was suc-
cessfully made prior to surgery for 27 participants (43% 
of consented participants). The other consented partici-
pants (n = 36) could not be randomized after baseline 
assessment as surgery was either not yet scheduled or 
when the surgery was scheduled not enough time was 
allocated to perform the preoperative exercise program. 
All 27 participants completed the baseline assessment. 
Patient characteristics can be found in Table 1. There was 
no statistical difference between the groups.

Of the 27 randomized participants, 21 (78%) did not 
have surgery during the exercise period, while 6 (22%) 
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Fig. 1 CONSORT flowchart
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did. Of these 21 participants, 20 participants (95%) com-
pleted the pre-surgery assessment, and 16 participants 
(76%) completed the 6-week post-surgery assessment. 
The study was terminated before five participants could 
be eligible for the 6-month assessment. Of the remaining 
16 participants, 12 (75%) completed the 6-month post-
surgery assessment. The predominant reason for missed 
6-week or 6-month assessments was due to orthopedic 
consultation rescheduling without notifying the research 
coordinator.

Study challenges and protocol changes
Several changes were made to the study protocol due to 
challenges in reaching intended recruitment targets, suc-
cessful completion of the intervention, and participant 
retention. First, to increase patient eligibility, patients 
undergoing unicondylar knee arthroplasty or hip resur-
facing due to OA or other localized, non-inflammatory 
joint conditions were also included. These procedures 
were initially excluded as they are not commonly per-
formed by the general orthopedic community. The exclu-
sion criteria were amended to exclude patients always 
needing a mobility aid (walker, crutches, or wheelchair, 
excluding cane) to mobilize since it limits their capacity 
to accomplish the preoperative exercise program.

Second, the recruitment strategy was modified from 
administrative assistants contacting the study coordina-
tor to the surgeons contacting the coordinator. The initial 
recruitment method relying on administrative assistants 
was not optimal as they tended to book the earliest avail-
able time in the surgical calendar, which was often within 
the exercise period. Since there were no common sched-
uling methods between assistants, this complicated the 
maintenance of a patient screening log. A new recruit-
ment strategy was implemented that required surgeons 
and/or residents to contact the research coordinator if a 
patient was cleared for surgery and deemed eligible after 
surgeon consultation. Six surgeons received a half-hour 
training session by the study coordinator, covering the 
inclusion and exclusion criteria of the study and recruit-
ment logistics. Orthopedic surgeons screened the incom-
ing patients for eligibility through an admission checklist 
provided by the study coordinator. If eligible, the surgeon 

asked the patient if they would be comfortable speak-
ing with the clinical research coordinator before leav-
ing the orthopedic clinic. If the patient agreed to speak 
to the coordinator, the coordinator was notified, and 
they approached the patient at the end of their clinic 
visit. After recruitment by the research coordinator, the 
administrative assistant would be notified to allow the 
required intervention time before surgery. However, an 
audit demonstrated that the research coordinator had 
not been contacted for many patients, most probably 
explained by competing interests and limited time avail-
ability of surgeons and/or residents. Following this, the 
final method of recruiting patients was implemented, 
by having a research coordinator present where surgical 
consultations were accomplished and by querying sur-
geon and/or residents in real time on patient eligibility 
once the surgery was cleared.

Third, the burdensomeness of the intervention (exer-
cise program duration and follow-ups) was the princi-
pal reason for declining participation in the study (n = 
35, Fig. 1). Consequently, and as the time before surgery 
was also a problem, the exercise program duration was 
reduced from 8 to 6 weeks. To ease the data collection 
burden, the DEXA muscle mass assessment was removed 
from the protocol, as it required participants to visit a 
separate facility. Finally, the study visits were coordinated 
to combine scheduled physiotherapy visits with outcome 
measure visits. Nonetheless, these modifications did not 
have a significant impact on the recruitment rate.

Discussion
Rehabilitation for patients undergoing lower limb JA usu-
ally includes postoperative exercises to optimize mus-
cle strength and patient function, yet patient condition 
shortly after surgery is not optimal to accomplish inten-
sive exercises needed to address deconditioning and 
decreased function [23, 25, 26, 28]. Alternatively, studies 
evaluating preoperative exercises have shown contradic-
tory results to improve muscle deconditioning and func-
tion which can be attributable to methodological issues, 
exercises not specific to fundamental muscle groups, poor 
intervention details to allow reproduction, and outcomes 
measured only in the long-term. Our study was designed 

Table 1 Demographic of the study cohort

Cohort Intervention Control p-value

Participants 27 13 14 –

Male:female 15:12 6:7 9:5 0.343

Mean age at surgery (range) 60.6 61.1 (38.4–72.0) 60.1 (37.4–85.5) 0.497

Mean BMI (range) 29.2 31.5 (23.1–48.3) 27.1 (22.3–38.9) 0.120

Hip:knee 24:3 10:3 14:0 –
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to overcome those limitations, assessing the feasibility of 
a preoperative exercise program targeting specific func-
tional muscles for patients undergoing hip and knee JA. 
The known methodological limitations of previous studies 
in the literature were addressed in this study. This study 
utilized a preoperative strengthening exercise program 
specifically targeting quadriceps and hip abductor mus-
cles associated with knee and hip function, respectively, 
rather than using a generic exercise program. Further-
more, this trial assessed patient function both 6 weeks 
and 6 months after hospitalization, while the majority of 
previous studies did not assess patient function shortly 
after hospitalization [23, 25, 32, 33].

Findings from this study demonstrate that this study 
was not feasible at our clinical site in this current form 
despite adjustments made to the protocol and was dis-
continued given the recruitment rate, randomization 
barriers, surgery and orthopedic consultation (re)sched-
uling, and loss to follow-up. Recruitment rates were 
below the targeted cutoff even after multiple attempts to 
change the recruitment strategy. As previously stated, a 
sample of 118 patients (59 per group) would be required 
to conduct a RCT with enough power to find significant 
changes between the groups. With our recruitment rate, 
reaching the required number of participants would take 
more than 4 years, thus was not deemed feasible for our 
clinical site. The consent rate was under the target even 
after reducing the intervention burden by decreasing the 
exercise program length. A low consent rate could be 
explained by the common belief in patients that activ-
ity and exercise can further damage the joint [61]. Loss 
to follow-up rates were higher than the targeted cutoff 
even after combining outcomes assessment with clinical 
encounter visits. Patients undergoing JA tend to avoid 
travel they deem unnecessary because of pain and limited 
mobility [61, 62].

Implication for practice and future research
This study allowed for significant insight to be gained 
into the intricacies of the administrative and clinical flow 
at our clinical site, as well as an exploration of barriers 
to patient engagement with a preoperative exercise regi-
men. The results of this study cast doubt on the feasibility 
of an in-person preoperative rehabilitation program for 
patients undergoing JA in our setting. With appropriate 
changes, a preoperative muscle strengthening program 
could still be of benefit in both short- and long-term 
recovery after hip and knee JA.

Given the low recruitment rates due to administrative 
workflow, feasibility could be increased by a computer 
system allowing the identification of eligible patients 
based on clinical characteristics with information auto-
matically relayed to research staff. Furthermore, the 

recruitment strategy should emphasize the benefits of 
exercise and reassure that exercises will not further dam-
age the patient’s joints [61].

Another direction to improve feasibility is to adapt the 
preoperative rehabilitation program to a telerehabilita-
tion program to ease the burden on the site and patients. 
Telerehabilitation provides the opportunity for patients 
to follow their rehabilitation at a distance by connect-
ing the patient to a rehabilitation provider through video 
technology. The results of a meta-analysis evaluating the 
effect of telerehabilitation following JA show equivalent 
efficacy between onsite rehabilitation and telerehabilita-
tion [63]. Furthermore, a study assessing the feasibility 
of a telerehabilitation program and in-person prereha-
bilitation program compared to usual care for JA patients 
found that while patients reported a high level of satisfac-
tion towards the telerehabilitation program, there were 
no significant differences reported in outcome measures 
between the groups [64]. All outcome measures, includ-
ing performance-based measures, could also be com-
pleted via telerehabilitation. However, more studies are 
needed to investigate feasibility and reliability.

Limitations
Our study has limitations to consider. First, an audit of 
orthopedic surgeon recruitment was completed to eval-
uate the recruitment strategy of the pilot study, but the 
quantification of eligible patients missed by surgeons was 
not documented. Second, one participant in the inter-
vention group did not complete the pre-surgery assess-
ment, but the reason was not documented. The following 
limitations have no impact on a pilot RCT, but would be 
applicable in a future larger-scale RCT. Since the validity 
of the TUG has been established in older patients, having 
an age recruitment criterion of 18 years and older could 
be problematic if a substantial number of very young 
patients were recruited. However, the age distribution 
of the recruited sample was similar to patients typically 
receiving elective arthroplasty [65]. Because of the nature 
of the intervention, participants were not blinded to 
study allocation, which could influence study outcomes. 
Moreover, adherence to the preoperative strengthening 
exercise program was not assessed in this pilot study, 
since the intention to treat was applied.

Conclusion
This pilot randomized controlled trial of a preoperative 
strengthening exercise program for patients undergoing hip or 
knee arthroplasty demonstrated to not be feasible in its cur-
rent form at our clinical site due to the low recruitment rates 
and high loss to follow-up. Future investigations into a modi-
fied intervention via telerehabilitation should be explored.
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