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Objective: To determine the feasibility and estimates
of effects of a supervised exercise- and education-
based prehabilitation programme aiming to improve
knee functioning compared with usual care in
patients awaiting total knee arthroplasty.

Design: A randomized controlled pilot study.
Subjects: Patients receiving primary, unilateral
total knee arthroplasty.

Methods: Patients randomized to the intervention
group participated in a personalized 4-8-week
prehabilitation programme before surgery. Feasibi-
lity of the intervention and self-reported knee fun-
ctioning, pain, physical performance and hospital
stay were assessed at baseline, immediately pre-
operatively, 6 and 12 weeks after surgery.

Results: Twenty patients (mean age 72.71+5.95
years) were enrolled in this study. The personali-
zed prehabilitation programme was found to be fea-
sible and safe, with an exercise adherence of 90%.
Significant medium interaction effects between
groups and over time favouring prehabilitation
were reported for the sport subscale of the Knee
Osteoarthritis Outcome Score (F(3/54)=2.895,
p=0.043, n2=0.139) and Tegner Activity Scale
(F(2.2/39.1)=3.20, p=0.048, n2=0.151).
Conclusion: The absence of adverse events and high
adherence to the programme, coupled with benefi-
cial changes shown in the intervention group, sup-
port the conduct of a full-scale trial investigating
the effectiveness of prehabilitation.
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otal knee arthroplasty (TKA) represents a major
life event for patients with end-stage knee osteo-
arthritis where conservative treatments have been
exhausted (1). With 16,555 surgeries in 2021 and an

(LAY ABSTRACT A
Physical and mental preparation before major surgery,
known as prehabilitation, can reduce the risk factors
for prolonged recovery time and allow a faster return to
daily activities. This pilot study investigated whether a
personalized programme based on exercise and educa-
tion over a period of 4-8 weeks is acceptable and tolera-
ble for patients with severe knee osteoarthritis who are
scheduled for total knee replacement surgery. This study
also investigated how this additional stage of the patient
journey fits into existing clinical routines and how it af-
fects pain and physical activities. The results show that
this programme is safe and well accepted by patients,
and that it can enable a return to more demanding phy-
sical activities after total knee arthroplasty compared
with usual care. It is important to inform and educate
patients early about the potential benefits of preopera-
tive preparation to ensure high participation rates and

\sustainable implementation into clinical practice. )

increase of 7.3% since 2020, primary TKA is one
of the most common procedures in Switzerland (1).
A similar increase can be seen in the UK, where, in
2019, the number of primary TK As more than doubled
compared with 2004 (2). Despite low complication
rate, perioperative procedures and postoperative
rehabilitation remain a multidisciplinary challenge
with dissatisfaction rates as high as 30% (3). These
patients report persistent pain or fail to achieve mea-
ningful functional improvements. Preoperative risk
factors for poor outcome, dissatisfaction and delayed
recovery after TKA include low physical capacity (e.g.
loss of muscle function and strength), limited partici-
pation in activities of daily living (ADL), increased
symptoms (e.g. pain) and psychological aspects (e.g.
inappropriately high expectations) (4, 5). Moreover,
long waiting periods between indication for and actual
surgery promote a sedentary lifestyle with further
physical deconditioning and increasing functional
limitations (6).

In the search for methods to improve outcomes after
TKA, physical and mental preparation of patients
within the framework of a prehabilitation (prehab)
programme could be a possible strategy to optimize
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the basis for rehabilitation (7). However, evidence
is still limited and contradictory regarding potential
mid- to long-term benefits, content of prehabilitation
and selection of target groups. In a meta-analyses, we
concluded that the evidence for the effectiveness of
preoperative exercise on knee functioning is low to
very low and the effects disappeared after 3 months
postoperatively (8). Beaupre et al. (9) were unable
to demonstrate benefits in knee functioning at any
time-point after a 6-week exercise programme, while
Griénicher et al. (10) found positive differences up to
12 weeks postoperatively after a 4-week resistance
and sensorimotor programme compared with no
prehabilitation. Moreover, the effectiveness of the
exercise programme may have been reduced in several
prehabilitation studies, because the same intervention
was administered to all patients, meaning that the
intervention was not tailored to individual exercise
capacity, performance level or physical impairments
and symptoms or comorbidities (8). Thus, significant
treatment effects after non-personalized, ineffec-
tive training interventions cannot be expected (11).
Furthermore, the content or intensity of prehabilitation
programmes is hardly described in detail, which limits
the interpretation of results and transferability (12). For
complex intervention studies, preceding feasibility and
pilot studies are recommended to identify barriers (e.g.
clinical routines, adherence to the intervention) before
conducting a definitive large-scale trial (13).

Therefore, the main objective of this study was to
assess the feasibility of a clinic- and home-based,
supervised exercise- and education-based prehabilita-
tion programme prior to TKA. Secondary objectives
were: (i) to report preliminary effects of this piloting
intervention immediately after prehabilitation, 6
and 12 weeks after surgery compared with baseline
and compared with patients receiving usual care (no
prehabilitation); (if) to investigate readiness for
discharge (length of stay; LOS) from the hospital;
and (iii) to guide sample size calculation for future
trial planning.

METHODS
Trial design

This pilot study was designed as a parallel-group randomized
controlled trial conducted at Balgrist University Hospital,
Zurich, Switzerland. The study protocol was registered and
previously published on ClinicalTrials.gov (ID: NCT05314985)
and approved by the local ethics committee of Zurich, Swit-
zerland, prior to recruitment (BASEC-Nr 2020-03060). This
study was conducted in accordance with Good Clinical Practice
guidelines, the guiding principles of the Declaration of Helsinki,
and was reported according to the Consolidated Standards of
Reporting Trials (CONSORT) 2010 statement extension to
randomized pilot and feasibility trials (13).
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Participants

Recruitment and eligibility criteria. Patients were consecutively
recruited from the orthopaedic department of the Balgrist Uni-
versity Hospital, Switzerland. Eligibility for study participation
was assessed by an independent study nurse. Inclusion criteria
were: (i) adult persons (age > 18 years); (ii) awaiting primary
unilateral TKA. Exclusion criteria were: (i) body mass index
(BMI) >35 kg/m?; (i) patella alta (Caton Deschamps Index
>1.2); (iii) muscle weakness due to neurological diagnosis; (iv)
known or suspected non-compliance (e.g. dementia; rejective
behaviour towards physiotherapy or active physical treatments);
(v) known depression or other psychiatric disorders; (vi) acute
pain exacerbations or inflammation; (vii) patellar instability;
(viii) non-German speaking. All patients had to provide formal
written informed consent before baseline assessment.

Randomization and blinding. Twenty patients were randomized
to the intervention group (IG), participating in the prehabilita-
tion programme, or the control group (CG), receiving usual
care (no prehab). Assignment to the groups was performed by
an independent study nurse by a random selection procedure:
drawing a sealed envelope containing the group allocation. Due
to the nature of the exercise intervention, neither the patient
him/herself nor the physical therapists (PTs) or the investigators
could be blinded to the group allocation. The postoperative PTs
and the hospital staff were unaware of the group allocation. To
prevent cross-contamination between groups, the content of
the prehabilitation programme was known only to the IG. The
sample size 0f 20 (10 in each group) was considered as sufficient
to assess feasibility and plan for a larger trial.

Interventions

Patients randomized into IG passed through a supervised 4—8-
week exercise and education programme at Balgrist University
Hospital with a minimum of 2 training sessions per week (clinic-
and/or home-based). The first session always took place at the
clinic and a specially trained team of experienced PTs performed
the prehabilitation intervention. The PT selected the exercises
from a standardized catalogue with the highest possible intensity
(following the recommendations of the American College of
Sports Medicine (ACSM) (11)) and difficulty based on the pa-
tients’ needs, individual impairments and goals regarding knee
functioning. For each exercise, the number of repetitions and
sets was recorded and, if necessary, the intensity was adjusted
to ensure appropriate intensity. Topics for patient education
were based on a general checklist available to every PT (e.g.
pain education and management, information on perioperative
procedures, wound-healing process, mobility in ADLs, walking
with aids and transfers) (14). A typical prehabilitation session
consisted of a warm-up, exercise training and/or education and
a cool-down component. A session lasted 30 min and patients
were allowed to continue using the clinics’ training facility af-
terwards for further exercising. More details on the intervention
are given in Table SI.

Patients in the CG received no additional pre-surgical treat-
ment, which corresponded to the up-to-date procedure before
TKA among surgeons. The hospital’s usual brochures for pa-
tients receiving a TKA, consisting of information regarding
surgical and rehabilitation procedures, were provided. The CG
was asked to keep the activity level the same during the preope-
rative stage and not to start a new type of therapy or training. All
patients received a primary, unilateral TKA performed by the
same surgical team. After TKA, all patients, regardless of their
group allocation, received individual, non-monitored medical
treatment independent of this pilot study.

J Rehabil Med 56, 2024
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Outcome measures

Feasibility data, such as recruiting rate, adherence to and safety
of the prehabilitation programme, and health economic data
(LOS), were retrieved from the clinic’s information system
(KISIM, version 5.4.1.5, Cistec AG, Zurich, Switzerland).
Adverse events (AE) and serious adverse events (SAE) were
defined according to the International Council for Harmo-
nisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH) guideline for good clinical practice (15)
and systematically recorded by the research team. Physical
performance-based outcome measures were assessed at ba-
seline (T1), immediately before surgery (T2) and 12 weeks
after surgery (T4). Self-reported outcomes were assessed at
4 assessment points, including 6 weeks after surgery (T3) in
addition to those previously mentioned. Data on subjective as-
sessment of health-related quality of life (HRQoL), feasibility
of the use of a personal diary (e.g. compliance, applicability)
to continuously assess self-reported daily pain levels will be
reported elsewhere.

Feasibility of the prehabilitation programme. Feasibility of the
prehabilitation programme was assessed by participation rate,
adherence to and safety of the intervention. Participation rate
was analysed by successful recruitment to target sample size,
consent rate (% of eligible patients participating in the study)
and retention rate (% of randomized participants assessed at
baseline and included in the analysis). The participation rate was
considered feasible, if the consent rate was >72% and retention
rate was >88%, according to Jacques (16). The intervention
was declared feasible when >80% of the planned preoperative
therapy sessions were completed and no AE or SAE in relation
with the study procedure occurred.

Self-reported outcomes. Self-reported knee functioning was
assessed by the Knee Osteoarthritis Outcome Score (KOOS)
(17). The KOOS is a questionnaire covering 5 dimensions:
pain (9 items), knee-specific symptoms (symptoms) (7 items),
ADL (17 items), sport and recreation function (sports) (5
items), and knee-related quality of life (KRQoL) (4 items) and
is a valid, reliable, and responsive outcome measure in patients
undergoing TKA (17). Current pain symptoms were assessed
at all 4 time-points by the valid and reliable numerical rating
scale (NRS) to assess pain intensity in patients with knee
osteoarthritis (18). The Tegner Activity Scale (TAS) is com-
monly used to assess knee functioning and physical activity
level after knee ligament injuries, with the German versions
of'the TAS (Tegner-G) validated with acceptable psychometric
performances for patients after TKA (19). The Patient Global
Impression of Change (PGIC) score reflects a patient’s belief
about the efficacy of therapeutic and surgical treatment and
was assessed at 12 weeks postoperative measurement only
(20, 21).

Physical performance-based outcomes. Strength was measured
by the 5 Times Sit-To-Stand (5STS) test (22) and maximum grip
strength (MGS) using the JAMAR® Smart Hand Dynamometer
(JAMAR® Smart, Cedarburg, Wisconsin, USA), a validated
measurement for assessing the strength of knee extensors and
flexors (23). Walking performance was assessed by the Timed
Up and Go (TUG) (24) and 2-min Walking Test 2MWT) (25).
Knee pain intensity (NRS) was documented after completion
of'the test. Stair negotiation was assessed by the Stair-climbing
Test (SCT) using steps with a height of 16 cm (26). Joint mo-
bility of the involved knee was assessed by active knee range
of motion (ROM) in degrees (°) with a long-legged goniometer
with extendable legs (76.5 cm) in the supine position (27). LOS
was defined by the number of days from surgery until readiness
for discharge according to the hospital criteria: (7) independent
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mobility with walking aids (transfers, walking, stair-climbing);
and (ii) dry wound conditions.

Statistical methods

Qualitative data were presented as mean and standard
deviation (SD) and categorical data were described
as absolute and relative frequencies. Feasibility out-
comes (adherence to the programme, participation
rate, safety) and LOS were analysed using descriptive
statistics or qualitative data wherever appropriate.
Sample size was calculated based on the results of the
KOOS ADL immediately before surgery (T2) for use
in future larger studies. This outcome parameter best
represents the construct of knee functioning and, at
this point, immediately after the intervention phase,
the exploratory effect of the prehabilitation programme
could be analysed without the confounding influence
of surgery. Normality of data was evaluated and pa-
rametric methods were used for exploration of group
x time interaction. To present the difference between
IG and CG over time, a 2-way analysis of variance
(ANOVA) (2 groups: IG and CG; 4 time-points: base-
line, preoperative, 6- and 12-weeks postoperative) with
repeated measures on self-reported outcomes (KOOS,
pain, TAS) and 2x3 ANOVA for physical performance
outcomes (5STS, TUG, 2MWT, pain 2MWT, MGS,
SCT, ROM) was performed. Furthermore, the effect
size eta-squared (n?) was calculated (<0.02=trivial;
0.02—-0.13=small; 0.13-0.26 =medium; >0.26 =large).
An intention-to-treat analysis (ITT) was performed
where missing value imputation was applied using
the last observation carried forward method for single
missing values and the mean value of the respective
group for those patients who were lost to follow-up.
A prior sensitivity analysis was performed with the
highest, lowest and mean value of each group, which
did not lead to different results in terms of significance.
PGIC was compared between the groups using an in-
dependent #-test. Analyses were conducted with SPSS
software version 29.0 (SPSS, Chicago, IL, USA), and
significance was tested 2-sided and set at p<0.05.

RESULTS
Participants

Between August 2021 and May 2022, a total of 135
patients scheduled for TKA were assessed for eligibi-
lity. Seventy-six met the eligibility criteria, whereof
20 patients were included (10 per group) (Fig. 1). The
demographics and baseline characteristics of the parti-
cipants are shown in Table 1. There were no between-
group differences at baseline, except for a higher BMI
(»=0.013), higher knee pain under load (p=0.023) and
after 2MWT (p=0.007) in the CG.

J Rehabil Med 56, 2024
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Feasibility and readiness for discharge

Recruitment to target sample size was successful
with 20 enrolled patients. The consent rate of eligible
patients was insufficient at 26% (20 out of 76), with
a further 5 patients unable able to participate due to
participation in other trials. Most patients declined
participation due to long travel distance between their
home and the clinic (35.6 +15.7 km) and/or because the
additional therapy was too much effort in this phase
before surgery (n=22). Most frequent reasons for not
fulfilling inclusion criteria were: BMI>35 (n=17),
subsidiary diagnosis (n=12), not German-speaking
(n=12); were not reachable by phone and/or mail or
e-mail several times (n=28). There were no AE or SAE,
and the programme proved to be safe and tolerable for
this patient group. Between August 2021 and Septem-

Assessed for eligibility
(n=135)

"Prehabilitation before total knee arthroplasty” p. 4 of 10
ber 2022, patient recruitment, baseline assessments,
intervention implementation and follow-up proceeded
as planned, with no major obstacles experienced. The
retention rate was 90% and a total of 9 (90%) patients
in the IG completed all individually scheduled therapy
sessions (7 sessions (2-11)) as planned during the 4-8-
week period, whereas 1 patient declined to attend the
prehabilitation programme due to face mask obliga-
tions (due to SARS-CoV-2 (COVID-19)) at the clinic.
No complications occurred during the surgery, but 1
patient in the IG developed an accidental strain of the
gluteal muscle shortly before the 12-week follow-up
and was therefore not able to complete the physical
assessments at T4. LOS was similar in both groups,
with no significant differences between the number of
days to reach discharge criteria (CG 5 days (4-9); 1G
4 days (3-8)). For the IG a total number of 46 days at
the hospital was recorded, whereas the
CG stayed for a total of 54 days.

In addition, the sample size for future

Excluded (n=115) due to:

much effort (n=22)
Not interested (n=15)
Not available (n=11)

e Not meeting inclusion criteria (n=54)
e Travel distance too long and/or too

Already receiving physiotherapy (n=8)
Participating in another study (n=5)

studies investigating the efficacy of
prehabilitation on knee functioning
using the current KOOS ADL results
at T2 as the primary outcome was cal-
culated. Accordingly, a group size of
35 patients is recommended to ensure
a power of 80% (a=0.05).

Allocation

Intervention Group Control Group
(n=10 (n=10)
| Baseline

=
0 O
52

5
gm
o 2

S
)
o

Self-reported outcomes

Statistics of self-reported outcomes
at baseline and changes preoperati-
vely and 6 and 12 weeks after surgery
are summarized in Table II. Among
self-reported outcomes, significant

No additional
therapy
(n=10)

Prehab Test 1 (n=20)
Preoperative

therapy
(n=9)

Discontinued intervention
due to mask-wearing
obligation (COVID-19)

interaction effects were observed in
the ITT analyses for KOOS sports

(n=1)

>
2%
g3 Preoperative
S o
& % Prehab Test 2 (n=19)
- !
Total Knee Arthroplasty
(n=19)

@ >
X

R
O D
=S ®5
© o

Prehab Test 3 (n=18)

12 weeks
after
surgery

Prehab Test 4 (n=18)

IG analysed (n=10) CG analysed (n=10)
All included in All included in
analysis analysis

Lost to follow-up
(n=1)

Fig. 1.
Standards of Reporting
Trials (CONSORT) flow chart
of randomized controlled
trials. CG: control group;
IG: intervention group;
prehab: prehabilitation.

(F(3/54)=2.895, p=0.043,11>=0.139)
and TAS (F(2.2/39.1)=3.20, p=0.048,
1n2=0.151) between groups and over
time (Fig. 2). The improvement over
time reached minimum important
change (MIC) in KOOS sports (17),
but not in TAS (28). Within-group
analysis between the time-points sepa-
rately revealed that, in IG, the KOOS
sports improved significantly from 6
(T3) to 12 (T4) weeks postoperatively
(p<0.001) (Fig. 3) and TAS scores
increased significantly from T1 to T2
(»=0.021) and decreased from T2 to
T3 (p=0.023) (Fig. 4). CG shows no
significant changes between any time-
points in KOOS sports or TAS. The
PGIC was assessed only at T3 and

Consolidated
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Table I. Baseline demographic and clinical characteristics for intervention group (IG) and control group (CG)

Total (n=20) IG (n=10) CG (n=10)
Demographics Mean (SD) Mean (SD) Mean (SD) p-value
Sex, F/M 15/5 8/2 7/3 0.628
Age, years 72.70 (5.95) 73.40 (4.60) 72.00 (7.24) 0.612
Height, cm 165.95 (9.15) 167.50 (10.42) 164.40 (7.92) 0.463
Weight, kg 77.90 (15.50) 73.20 (16.01) 82.60 (14.11) 0.181
BMI, kg/m? 28.15 (4.43) 25.80 (3.20) 30.49 (4.35) 0.013*
Self-reported outcomes
KOOS pain, score 0-100 46.39 (15.39) 51.11 (16.68) 41.67 (12.8) 0.173
KOOS symptoms, score 0-100 45.71 (12.78) 48.93 (12.26) 42.5 (13.09) 0.272
KOOS ADL, score 0-100 60.04 (16.68) 66.41 (18.83) 53.68 (11.93) 0.088
KOOS sports, score 0-100 20.25 (16.34) 21.00 (16.47) 19.50 (17.07) 0.844
KOOS KRQoL, score 0-100 26.15 (13.61) 27.29 (16.59) 25.00 (10.62) 0.717
Pain at rest, NRS 0-10 2.20 (2.38) 1.90 (2.38) 2.50 (2.44) 0.586
Pain under load, NRS 0-10 6.35 (1.73) 5.50 (1.84) 7.20 (1.14) 0.023*
TAS, level 0-10 2.75 (1.12) 2.90 (0.99) 2.60 (1.27) 0.563
Physical performance outcomes
5STS, s 13.03 (4.50) 12.72 (5.28) 11.37 (5.22) 0.767
MGS, kg 27.00 (9.44) 26.53 (10.18 27.46 (9.16) 0.832
TUG, s 8.96 (3.03) 8.17 (2.52) 9.75 (3.41) 0.540
2MWT, m 154.15 (46.18) 167.50 (43.45) 140.80 (47.11) 0.204
Pain 2MWT, NRS 3.50 (2.48) 2.10 (1.97) 4.90 (2.18) 0.007*
SCT, s 17.27 (8.75) 17.47 (10.50) 17.07 (7.16) 0.920
ROM knee flexion, © 118.30 (16.86) 122.20 (9.58) 114.40 (21.79) 0.314
ROM knee extension, © 3.95 (8.15) 4.90 (6.98) 3.00 (9.45) 0.615

*Significant p < 0.05; 2MWT: 2-minute walking-test; 5STS: 5-Times Sit-To-Stand test; ADL: activities of daily living; BMI: body mass index; KOOS: Knee Osteoarthritis
Outcome Score; KRQoL: knee-related quality of life; MGS: maximum grip strength; NRS: numerical rating scale; p-value: independent t-test; SCT: stair-climbing
test; SD: standard deviation; TAS: Tegner Activity Scale; TUG: Timed-Up and Go test.

showed no significant between-group differences (1G
2.11 (1.45) vs CG 2.44 (1.65), p=0.280).

Physical performance outcomes

There were no significant interactions detected in any
physical performance outcome regarding strength,
walking performance, stair negotiation or knee joint
mobility between groups over time (Table II1). How-
ever, the IG reached the MIC in SCT at 12 weeks
postoperatively compared with baseline (—2.95 s) (29).

DISCUSSION

This study investigated the feasibility and estimates
of effects of a personalized education- and exercise-
based prehabilitation programme in patients awaiting
TKA. Participation in the programme proved to be safe
and feasible and barriers to patient recruitment in the
clinical pathway were identified. Compared with usual
care, patients participating in prehabilitation benefited
from higher levels of pre- and post-operative activity
and were able to participate in more demanding phy-
sical tasks.

Feasibility

Alternative settings to clinic-based prehabilitation may
be considered, as consent rate showed that almost 30%
(22 of 76) of eligible patients declined participation
due to travel distance and/or too much effort. Offering
(partly) remote therapy or a more flexible combination

of home- and clinic-based programmes may motivate
more patients to participate in prehabilitation sessions,
as, for example, preoperative tele-therapy already
proved to be feasible (30). In addition, offering only
clinic-based prehabilitation is likely to be a barrier to
the working population, as patients who did not want
to participate were, a mean of 6 years younger than
those who did. To remove further barriers to participant
engagement, patients already receiving physiotherapy
for their osteoarthritis should be adequately educated
on the different therapeutic strategy of prehabilita-
tion and the purpose of the concept compared with
classical conservative therapy should be explained in
more detail. Furthermore, we assume that the consent
rate might be higher in an open clinical programme
outside a trial, as participation in the prehabilitation
programme no longer depends on chance and comp-
liance of IG was high.

Overall, clinical implementation of the prehabilita-
tion patient journey, from indication for and up to the
actual surgery, was safe and feasible and well tolera-
ted by patients, with all but 1 patient participating in
their scheduled therapy sessions. This patient decided
not to participate in the programme after the baseline
assessment due to protective measures during the
SARS-CoV-2 (COVID-19) pandemic, which, it is
hoped, will not be a barrier in future studies or in a
future routine clinical implementation. Nevertheless,
there were several confounding factors observed
during this pilot trial. First, the randomized-controlled
design ensured low selection bias, but since patients
were not blinded to group allocation, performance

J Rehabil Med 56, 2024
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Table II. Changes in the dimensions of self-reported outcomes between different measurement time-points

IG (n=10) CG (n=10) Main effect of Main effect of Group x time

Variable [Scale]  Time-point Mean (SD) Mean (SD) time p-value  group p-value p-value ... N? i eraction interaction
KOOS pain [score  Baseline T1 51.11 (16.68)  41.67 (12.83)  <0.001** 0.032* 0.742 0.023 (3/54)=0.416
0-100] AT1-T2 8.46 (23.61) 2.22 (6.52)

AT2-T3 7.41 (25.26) 11.67 (15.87)

AT3-T4 10.19 (12.00)  14.20 (20.05)
KOOS symptoms Baseline T1 48.93 (12.26)  42.50 (13.09)  <0.001%* 0.110 0.930 0.008 (3/54)=0.149
[score 0-100] AT1-T2 9.40 (15.71) 8.21 (17.82)

AT2-T3 2.78 (14.16) 3.65 (21.61)

AT3-T4 13.49 (15.68)  9.13 (9.24)
KOOS ADL [score  Baseline T1 66.41 (18.83)  53.68 (11.93)  <0.001** 0.068 0.665 0.028 (3/54)=0.528
0-100] AT1-T2 2.06 (18.03) 2.65 (11.80)

AT2-T3 8.17 (17.25) 14.43 (16.92)

AT3-T4 6.05 (10.66) 5.80 (21.20)
KOOS sports [score Baseline T1 21.00 (16.47)  19.50 (17.07)  <0.001** 0.119 0.043* 0.139 (3/54)=2.895
0-100] AT1-T2 5.67 (18.38) -2.50 (16.03)

AT2-T3 -2.78 (21.87)  2.44 (9.49)

AT3-T4 31.11 (20.11)  9.44 (21.40)
KOOS KRQoL [score Baseline T1 27.29 (16.59)  25.00 (10.62)  <0.001*x* 0.154 0.594 0.034 (3/54.10)=0.637
0-100] AT1-T2 9.51 (18.68) 1.25 (7.68)

AT2-T3 9.72 (20.65) 6.39 (12.92)

AT3-T4 15.28 (15.62)  19.44 (24.90)
Pain at rest [NRS Baseline T1 1.90 (2.38) 2.50 (2.46) 0.015% 0.101 0.673 0.022 (2/36.6)=0.405
0-10] AT1-T2 -1.34 (1.53) -0.40 (1.71)

AT2-T3 1.11 (1.10) 0.34 (2.58)

AT3-T4 -1.56 (1.42) -1.22 (2.86)
Pain under load Baseline T1 5.50 (1.84) 7.20 (1.14) <0.001%* 0.002* 0.925 0.009 (3/54)=0.157
[NRS 0-10] AT1-T2 -1.28 (2.97) -0.80 (2.15)

AT2-T3 -1.56 (2.54) -2.29 (2.00)

AT3-T4 -0.89 (1.79) -0.56 (2.22)
TAS [Score 0-10]  Baseline T1 2.90 (0.99) 2.60 (1.27) 0.283 0.003* 0.048* 0.151 (2.2/39.1)=3.20

AT1-T2 0.88 (0.99) -0.60 (1.26)

AT2-T3 -1.11 (1.29) 0.11 (1.10)

AT3-T4 -1.60 (1.71) -2.96 (1.78)

*Significant p<0.05; **significant p<0.01; A: change; ADL: activities of daily living; F: Fisher test; KOOS: Knee Osteoarthritis Outcome Score; KRQoL:
knee-related quality of life; n?: eta-square; NRS: numerical rating scale; p-value: 2-way analysis of variance (ANOVA) with repeated measures; SD: standard
deviation; T1: baseline; T2: preoperative; T3: 6-weeks postoperative; T4: 12-weeks postoperative; TAS: Tegner Activity Scale.

bias may have occurred and CG may has changed its
behaviour towards being more active (31). Secondly,
rehabilitation care could not be standardized due to
local standard policies; therefore, it was not possible
to estimate the influence of individual procedures (e.g.
inpatient vs home-based rehabilitation) on postope-
rative outcome parameters. Thirdly, several patients
reported pain during MGS assessment by JAMAR®
Smart due to trapeziometacarpal arthritis; thus, the
limiting factor was not necessarily pure strength but
rather a pain-induced strength limitation. A more

Tegner Activity Scale: T1-T4

appropriate assessment tool for this population might
be the Martin Vigorimeter (32). Fourthly, no direct
effect on health economic outcomes related to LOS
was found, as days to discharge did not differ signi-
ficantly between IG and CG, although, for the CG a
total of 9 days more than IG was recorded. Therefore,
this could be a result of interest in a cost-effectiveness
analysis in larger future studies. However, analysis
of the hospital’s internal planning processes revealed
that established hospital routines influenced LOS more
than patient’s condition or achievements of recovery

Hs
10 | N W
9 s
8
7 4
6
5 3
4
3 2 Fig. 2. Frequency distribution of
2 Tegner Activity Scale (TAS) levels
1 . . -_- .1 T1-T4 per group. CG: control
N [€] CG IG CG IG CG 1G CG Tegner  group; IG: intervention group;
T ™ T3 T4 Score preop: preoperative; postop:
Baseline Preop Poston 6-wk Postop 12-wk postoperative; wk: weeks.

J Rehabil Med 56, 2024



JRM

JRM

JRM

P. Grénicher et al. "Prehabilitation before total knee arthroplasty”

% 55.00
g = '
e 4
o
g 28.89
8 20 21.00
19.50
g 1w l | l
0 17.00 19.44
T T2 T3 T4
Baseline Preop Postop 6-wk Postop 12-wk
—— (ol

Fig. 3. Change of mean values in Knee Osteoarthritis Outcome Score
(KOOS) sports. Preop: preoperative; postop: postoperative; CG: control
group; IG: intervention group; wk: weeks.

milestones, which agrees with experiences by Janssen
et al. (33) and therefore, the shorter stay may not be
attributed to prehabilitation alone.

Effectiveness of prehabilitation programme

In this pilot trial, a preoperative exercise- and educa-
tion-based intervention of 4—8 weeks with 10 patients
in IG awaiting TKA showed significant benefits in
levels of physical activity and self-reported knee
functioning up to 12 weeks after surgery compared
with patients receiving usual care. Despite the small
sample size these results resemble the findings of Ohno
et al. (34), where a 3-week training intervention was
associated with improved knee functioning assessed
by the Western Ontario and McMaster Universities
Osteoarthritis Index up to 1 month after surgery, and
the study of Hashizaki et al. (35), who applied a 3-week
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Fig. 4. Change of mean values on Tegner Activity Scale (TAS). Preop:
preoperative; postop: postoperative; wk: weeks; CG: control group; IG:
intervention group.

preoperative strength- and endurance training (IG) and
reported significant improvement in physical function
up to 3 months after TKA compared with exercise
instruction only (CG), as measured by 6-min walk
distance. Similarly, in this study, patients in IG were
able to significantly improve their activity during the
prehabilitation programme and may have therefore
been more confident to engage in more demanding
activities as assessed by the KOOS sports domain
3 months postoperatively. The decreasing TAS-score in
IG at the short-term follow-up may be associated with
higher expectations of respective patients regarding the
continuation of their ability to be active at high levels
immediately after surgery (36). Nevertheless, compa-
red with CG, IG managed to exceed their baseline TAS
level 12 weeks postoperatively.

Table III. Changes in the dimensions of physical performance outcomes between different measurement time-points

IG (n=10) CG (n=10) Main effect of Main effect of Group x time 5
Variable [Scale] Time-point Mean (SD) Mean (SD) time p-value group p-value p-valueimeracﬁon N nteraction Fintmm.On
5STS [s] Baseline T1 12.71 (5.28) 13.35 (4.06) 0.430 0.536 0.888 0.007 (3/36)=0.119
AT1-T2 -1.40 (3.89) -0.97 (1.67)
AT2-T4 0.73 (5.69) 1.24 (4.27)
MGS [kg] Baseline T1 26.53 (10.18)  27.46 (9.16) 0.493 0.723 0.173 0.093 (2/36)=1.850
AT1-T2 0.71 (2.86) 0.17 (2.37)
AT2-T4 -2.19 (1.70) 0.45 (4.50)
TUG [s] Baseline T1 8.17 (2.52) 9.75 (3.41) 0.941 0.225 0.556 0.032 (2/36)=0.597
AT1-T2 -0.21 (2.17) 0.01 (1.09)
AT2-T4 0.45 (1.62) -0.602.98)
2MWT [m] Baseline T1 167.50 (43.53) 140.80 (47.11) 0.860 0.098 0.910 0.003 (1.5/27.0)=0.049
AT1-T2 -1.06 (20.98) -3.80 (13.54)
AT2-T4 1.92 (18.38) 1.22 (33.16)
Pain 2MWT NRS Baseline T1 2.10 (1.97) 4.90 (2.18) <0.001%x* 0.005%* 0.547 0.031 (1.8/31.5)=0.573
[0-10] AT1-T2 0.01 (2.53) -0.60 (2.80)
AT2-T4 -1.89 (1.59) -2.30 (2.26)
SCT [s] Baseline T1 17.47 (10.50) 17.07 (7.16) 0.407 0.782 0.735 0.017 (2/36)=0.310
AT1-T2 -1.28 (8.05) 0.52 (2.14)
AT2-T4 -1.67 (6.65) -1.33 (5.36)
Knee flexion [°] Baseline T1 122.20 (9.58) 114.40 (21.79) 0.005* 0.419 0.255 0.073 (1.8/17) =1.425
AT1-T2 1.24 (5.39) 9.70 (12.41)
AT2-T4 -6.33 (6.46) -12.50 (12.89)
Knee extension [°] Baseline T1 4.90 (6.98) 3.00 (9.45) 0.119 0.544 0.222 0.082 (1.4/36)=1.600
AT1-T2 -5.79 (3.47) -3.00 (16.69)
AT2-T4 1.22 (4.05) 5.83 (11.15)

*Significant p<0.05; **significant p<0.01; A: change; 2MWT: 2-minute walking-test; 5STS: 5-Times Sit-To-Stand test; F: Fisher test; MGS: maximum grip
strength; n?: eta-square; NRS: numerical rating scale; p-value: 2-way analysis of variance (ANOVA) with repeated measures; SD: standard deviation; SCT:
stair-climbing test; T1: baseline; T2: preoperative; T3: 6-weeks postoperative; T4: 12-weeks postoperative; TUG: Timed-Up and Go test.
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Akey element in the current exercise programme was
the individually determined level of difficulty and the
regular adjustments regarding intensity according to
international guidelines of ACSM to ensure maximum
training benefit (11). Nevertheless, no significant dif-
ference between the groups has been shown in any
objectively assessed physical performance test at any
time-point. Possible reasons are: (i) that 50% of the
patients in the IG were exercising <6 weeks, and the-
refore, strength-related outcomes, such as 5STS, TUG,
MGS or SCT and aerobic capacity (e.g. 2MWT), could
not be expected to improve to a notable extent (37).
Moreover, (i7) the spectrum of preoperative physical
capacity was wide in both groups with TAS levels 2-5
(IG) and 1-5 (CG), including both high- and low-risk
patients in the same programme. Therefore, exercise
selection and intensity varied largely in IG, and prio-
rities and goal setting for individual programmes dif-
fered. As a result, not all patients showed meaningful
changes after prehabilitation, as effect estimates in low-
risk patients may be weaker, explaining non-significant
improvements in performance-based outcomes across
the group or compared with CG. The personalized
approach and its feasibility (safety and compliance)
were weighted higher in this pilot trial than large tre-
atment effects in IG, as our sample size was too small
to present meaningful differences. However, these fin-
dings provide valuable insights for future trials, where
subgroups and stratification according to individual
goal setting, risk factors, level of physical activity and
exercise priority are recommended (38). In addition, it
is recommended that the personal activities of IG and
CG are objectively monitored (e.g. by accelerometers),
as it was not possible to estimate the contrast between
physical activity levels of the groups or to ensure that
the CG did not change their behaviour during the study
period. Furthermore, (7if) another reason for the lack
of differences between groups after TKA may be that
the major beneficial effects of surgery outweigh those
of the prehabilitation programme. As the influence of
surgical stress decreases and confounding factors, such
as non-standardized rehabilitation and other medical
problems, increase after surgery, the initial advantage
of prehabilitation seems to diminish compared with
usual care, as several clinical trials have shown (8).
Moreover, the original goal of prehabilitation is to
target perioperative risk factors to avoid complications,
enhance early recovery and faster regain independent
mobility. It is therefore not realistic to expect long-term
improvements based on interventions with short-term
effectiveness (39). However, the preoperative period
possibly designates an ideal time window, not only to
decrease risk factors for prolonged early recovery, but
also to induce sustainable changes in habits to achieve
long-term improvements in movement behaviour by,
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for example, enhancing health literacy and self-efficacy
(40). Last, but not least, (iv) 10 patients in each group
was too few to detect meaningful changes or estima-
tions of effects before and after prehabilitation.

Strengths and limitations

The lack of blinding of patients, PTs and investigators
to the group assignment is a limitation of this study and
may have led to measurement bias. PTs and patients
may have been blinded by implementing an additional
placebo group or subliminal sham intervention ins-
tead of a group without preoperative intervention and
investigators by increasing personnel resources. The
smaller improvement in physical activity level in the
TAS and lower knee functioning in the KOOS sport in
the CG may be biased by the significantly higher BMI
and preoperative pain levels under load at baseline.
Higher body weight promotes more pain under load;
therefore, these patients were more prone to sedentary
behaviour (41). A larger sample size would have pre-
vented heterogeneity between groups, but our primary
aim was to assess the feasibility of the pilot interven-
tion and provide the effect estimates needed to design
a large-scale study. Missing data were imputed with
the advantage that all patients remained in the analysis,
but the robustness of the results may be compromised
(42). As the sensitivity analysis supported the use of
mean values for imputation, this risk was minimized.

The strengths of this pilot study were (7) its ran-
domized controlled design; (i7) the low risk of inef-
fectiveness due to the standardized, but customizable,
prehabilitation programme delivered by a specially
trained group of PTs; (ii7) the same surgical team per-
forming all TKAs and; (iv) safety and high compliance
rate with and feasibility of the programme.

Conclusion

The feasibility and preliminary effectiveness of the
prehabilitation programme before TKA were sup-
ported, but further research with larger sample sizes
and improved study design and recruiting procedures
is recommended to confirm and expand upon these
findings.
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