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a b s t r a c t

Objectives: To evaluate the perspectives and clinical practice of physiotherapists regarding rehabilitation
after anterior cruciate ligament reconstruction (ACLR).
Design: Online survey.
Setting: Survey platform.
Participants: Greek physiotherapists.
Outcome measures: The survey consisted of 7 sections: participant demographics, importance of ACLR
rehabilitation, clinical measurements, practice, criteria to progress rehabilitation, return to running and
return to sport.
Results: Significant variability in measures and criteria used for clinical decision-making were found
including: limb symmetry in strength and function, knee range of motion and effusion, progression, and
return to sport criteria. The majority of the practitioners (28.3%) extrapolate knee strength from hop
capacity. Return to running ranged from 3 to 5 months post-operatively reflecting that this was tied to
physical capacities, not time from surgery. 70.0% of the Greek physiotherapists would allow return to
sport �9 months after ACLR. Agreement was found in using: physical measures, function, and dynamic
stability in ACLR rehabilitation, but the mode and interpretation varied substantially. Less than 29.0% of
the physiotherapists reported using patient-reported outcome measures in their decision-making.
Conclusion: Current ACLR rehabilitation practices in Greece are largely not aligned with the contem-
porary scientific evidence and guidelines.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Anterior cruciate ligament (ACL) injuries are one of the most
common injuries to the knee and represent a significant burden in
both the general population and elite athletes (Della Villa et al.,
2021a; Grassi et al., 2020; Sanders et al., 2016). Although conser-
vative management could be an option following an ACL injury,
edicine Hospital, Doha, PO
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early ACL reconstruction (ACLR) is considered the gold standard
treatment (Shea et al., 2015). Staged, structured, progressive reha-
bilitation has been suggested for both operative and non-operative
ACLR management. Rehabilitation aims to address: neuromuscular
impairments, strength and range of motion (ROM) deficits; motor
control, balance, knee functional stability; and then to safely return
to sport (RTS) (Buckthorpe & Della Villa, 2020; Buckthorpe et al.,
2020; Carter et al., 2020; Gokeler et al., 2017a; Paterno, 2017; van
Melick et al., 2016; Welling et al., 2019; Wilk & Arrigo, 2017).
Comprehensive test batteries including strength tests, hop tests,
measures of quality of movement, and on-field rehabilitation have
been recommended prior to clearance for RTS (Grindem et al.,
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2016; vanMelick et al., 2016;Webster&Hewett, 2019). Adhering to
these test batteries as RTS criteria appear to reduce the risk of
subsequent ACL graft rupture (Kyritsis et al., 2016; Losciale et al.,
2019; van Melick et al., 2016; Webster & Hewett, 2019).

Significant variation in both clinical practice and perceptions of
physiotherapists have been documented in rehabilitation and RTS
evaluation following ACLR (Aquino, 2021; Ebert et al., 2019;
Greenberg et al., 2018). Clinical practice varies according to differ-
ences in training and medical systems in different countries. The
practice and perceptions regarding ACLR rehabilitation have been
documented in the USA (Greenberg et al., 2018), Brazil (Aquino,
2021), Australia (Ebert et al., 2019), and Belgium (Dingenen et al.,
2021) but not Greece where insurance reimbursement requires a
doctor's referral and prescription for rehabilitation. The individual
physiotherapist's preferences will likely be influenced by the
recency of their formal clinical training, their practice experience
with ACLR patients, as well as the doctor's instructions. Therefore,
the main objectives of this study were to explore: a) the trends in
clinical practice (assessment and treatment) among members of
Panhellenic Physical Therapy Association (PPTA), and b) their cur-
rent perspectives in methods evaluating progression and RTS
criteria following ACLR. We a priori hypothesized that, similar to
other countries (Aquino, 2021; Ebert et al., 2019; Greenberg et al.,
2018), there will be variability in criteria used for clinical
decision-making and a disparity between clinical practice and the
contemporary scientific evidence in ACLR rehabilitation.

2. Materials and methods

2.1. Study design

By using a cross-sectional design, a survey was constructed and
disseminated via an online platform (Survey Monkey). Ethical
approval was granted by the institutional ethics committee (4e1/
03-06-2020). Participants were advised that completion of the
survey was accepted as informed consent.

The survey was promoted on social media, physiotherapy
groups, and through the PPTAmember networks between June and
August 2020.

2.2. Survey design and piloting

Three physiotherapists experienced in ACLR assessment and
rehabilitation conducted the initial survey item generation. Items
were generated based on a literature review, clinical expertise, and
items identified by previously published relevant surveys (Aquino,
2021; Ebert et al., 2019; Greenberg et al., 2018). Subsequently, five
physiotherapists independently evaluated the item pool generated
based on the content, edited or merged items they perceived as
redundant, and eliminated items considered less relevant. Upon
completion of their independent work, they convened to discuss
the items until agreement was reached. From the 48 items initially
gathered, consensus was reached for 38 items that were tested
through a structured content analytic method (Dunn et al., 1999).
The items were distributed to 7 judges (2 academics, 1 sport
physician, and 4 physiotherapists; all holding higher degrees in
relevant areas) that matched each of the 38 items, based on their
content relevance to the survey objectives, to a five-point Likert
scale (1 ¼ poor to 5 ¼ excellent relevance). This process quantified
item ratings, allowing evaluation of judgments using quantitative
statistical procedures (Aiken, 1985). The Aiken's V statistic provides
statistical significance of judges' ratings about an item's content-
match with the construct to be measured. The Aiken's V values
are compared against a right-tailed binominal probability table
provided by Aiken and values range from 0 to 1 (1 ¼ perfect
104
agreement). From the 38 items evaluated (demographics excluded),
five items were excluded with Aiken's V values < 0.70, thus 33
items with Aiken's V values ranging from 0.925 to 1.0 (p < 0.01)
were retained for pilot testing.

The survey consisted of 7 sections: 1) demographics and pro-
fessional characteristics inquiring about respondents’ age, gender,
primary practice setting and location, years of experience, and
volume of ACLR patients (items 1e9), 2) time-point the physio-
therapists prefer to consult their patient after their ACLR surgery,
frequency of supervised sessions throughout rehabilitation, and
importance of pre- and post-ACLR rehabilitation in post-operative
patient outcomes (items 10e19), 3) clinical evaluation measure-
ments with regards knee joint strength, signs and symptoms,
treatment options and practices, and biomechanical or “virtual
reality equipment used in clinical practice (items 26, 34e36,
38e40), 4) time and criteria to initiate open kinetic chain (OKC)
exercises in rehabilitation (item 37), 5) specific criteria used to
progress rehabilitation (item 20) and return to running (items
21e23), 6) criteria to allow the patient to unrestricted RTS (items
24,25,27e33), and 7) their recommendations on injury prevention
programs (items 41e42) (Supplementary file S1).

Twelve physiotherapists (8 males and 4 females; age range
26e54 years) piloted the survey for feasibility, readability, and face
validity. The feasibility analysis addressed 5 domains: compre-
hensibility, type and ease of administration, survey length, and
completion time. Each of these were rated as positive for all the
respondents except the survey length and completion time which
were positively rated by 11/12. Finally, testing identified a few
required formatting changes and adjustments to enhance read-
ability and the survey went live in June 2020.

2.3. Data analyses

Survey data was analyzed using SPSS 21.0 and Microsoft Excel.
All responses received were included in the analyses regardless of
missing data. Categorical data were expressed as counts and
percentages.

To test the hypothesis that the relative proportions of selected
rehabilitation criteria, practices, and strategies were independent
of clinician years of experience (�5 years or >5 years) and volume
of ACLR patients treated (�5 patients, >5 patients per year)
(Greenberg et al., 2018) the Pearson's Chi Square or the Fisher's
exact test (expected cell count <5 in 2 � 2 tables) of independence
were used. In contingency tables with multinomial dependent
variables, when the Chi Square test assumptions were not met, we
collapsed categories accordingly and re-ran the procedure.

For dichotomous (2 � 2 tables) analyses the level of significance
was set at 0.05. For analyses involving multiple comparisons (R x 2
tables) Bonferroni adjustments were performed to determine sta-
tistical significance. We reported Phi (f) and calculated the odds
ratio (OR) and respective p-values (Altman & Bland, 2011) for
dichotomous variables and Cramer's V for multinomial variables to
quantify the strength of association (Field, 2009).

3. Results

3.1. Survey response

A total of 632 physiotherapists accessed the online survey, of
which 93 were excluded due to answering only the demographics
part of the survey. The sample included in the analyses represented
about 7% of the registered physiotherapists in PPTA. A post-hoc
power analysis (Survey Monkey power calculator) showed that a
sample of 366 participants was required for a 95% confidence level
and a 5% margin of error, given that the total number of registered
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physiotherapists in PPTA at the time of the survey was 7700, sug-
gesting that the survey was adequately powered. The 42-item
anonymous survey provided to therapists including items,
response options, and number of respondents per item is presented
in Supplementary file S1.
3.2. Respondent characteristics

All Greek geographical locations were represented (Table 1).
Most respondents were male (71.2%), working in private practice
(80.7%), were <39 years of age (69.2%), had >5 years of clinical
experience (67.0%), and a low volume (1e5) of patients post ACLR
treated annually (53.2%).
Table 1
Demographic and descriptive characteristics of the study respondents.

Characteristic % (n)

Sex
Male 71.24 (384)
Female 25.97 (140)
Prefer not to say 2.78 (15)

Age
�29 years 35.62 (192)
30e39 years 33.58 (181)
40e49 years 21.15 (114)
50e59 years 7.24 (39)
�60 years 1.3 (7)
Prefer not to say 1.11 (6)

Primary practice setting
Private practice 80.71 (435)
Other health sector 6.67 (36)
Sports team or federation 8.72 (47)
Unemployed 3.90 (21)

Number of physiotherapists in practice
1 (solo practitioner) 30.06 (162)
2-3 43.60 (235)
4-10 17.44 (94)
�11 5.75 (31)
Prefer not to say 3.15 (17)

Region of practice
Attica 43.23 (233)
Central Greece (except Attica) 5.56 (30)
Macedonia 17.07 (92)
Thrace 0.93 (5)
Epirus 2.23 (12)
Thessaly 4.45 (24)
Peloponnese 5.94 (32)
Crete and islands 11.13 (60)
Cyprus 4.27 (23)
Other countrya 4.82 (26)
Prefer not to say 0.37 (2)

Qualifications
BSc (only) 53.62 (289)
MSc 23.38 (126)
PhD 2.41 (13)
BSc plus other diplomas & certificatesb 18.74 (101)
Prefer not to say 1.86 (10)

Time in practice as a physical therapist
0e5 years 33.02 (178)
>5 years 66.98 (361)

ACLs treated per year
1-5 53.25 (287)
6-12 29.68 (160)
13-20 10.95 (59)
�21 6.12 (33)

Abbreviations: BSc, Bachelor of science; MSc, Master of science; PhD, Doctor of
philosophy; ACL, anterior cruciate ligament.

a Qatar n ¼ 11 (2.04%), United Kingdom n ¼ 9 (1.67%), Switzerland n ¼ 3 (0.56%),
Germany n ¼ 2 (0.37%), United Arab Emirates n ¼ 1 (0.19%).

b Other diplomas and certificates included: manual therapy, McKenzie method,
acupuncture, clinical Pilates, FIFA medical diploma.
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3.3. Associations with years of experience and patient volume

The significant associations between the relative proportions of
selected rehabilitation criteria, practices, and strategies with the
years of experience and volume of ACLR patients treated by the
clinicians are presented Figs. 2, 4 and 5 (Supplementary files S2 and
S3).

3.4. Timing, importance, and frequency of ACLR rehabilitation

The majority (83.3%) of the surveyed physiotherapists preferred
consulting their patients for the first time within the first week
post-ACLR and rated the pre-operative rehabilitation as
“extremely” or “very” important (92.2%). The recommended fre-
quency of weekly rehabilitation sessions presented a descending
trend over the course of ACLR rehabilitation (Fig. 1a,b,c; Fig. 2a and
b; Supplementary files S2 and S3).

3.5. Clinical practice and equipment

Several methods were utilized to assess lower limb muscular
strength and knee ROM with most practitioners using goniometry
to evaluate ROM (Fig. 1d) and extrapolating strength from other
measures such as single leg hop for distance (Fig. 3a;
Supplementary files S1 and S2).

The assessment of knee effusion included: tape measure
(29.6%), observation only (23.3%), palpation (15.1%), patella tap test
(7.0%), sweep test (7.0%), tape measure and palpation (11.0%), tape
measure and sweep test (5.2%), and both patella tap and sweep test
(1.7%).

The surveyed physiotherapists predominantly use a mixture of
active treatments; however, several “passive” treatments were also
employed (Figs. 2d and 3b; Supplementary files S2 and S3).

Only 4.1% of the physiotherapists use 3-D motion analysis sys-
tems and force plates and 16.3% use video games, virtual reality, or
similar equipment in ACLR rehabilitation, with most being virtual
reality platforms (51.8%, i.e., Nintendo Wii, Microsoft Kinect, HTC
Vive), or balance rehabilitation systems (28.6%, i.e., Bobo©) (Fig. 2e
and f; Supplementary files S2 and S3).

3.6. Open kinetic chain exercises

Introduction of OKC exercises was based on both time since
surgery and specific criteria by most physiotherapists (64.3%)
(Fig. 1e; Supplementary files S2 and S3).

3.7. Progress to rehabilitation and running

The most often used rehabilitation findings, tests, and criteria
for progression were: knee ROM (86.5%), signs and symptoms of
the joint (81.7%), single-leg functional tests (78.5%), and strength
(78.0%). These are presented in Figs. 3c and 4a,b,c (Supplementary
files S2 and S3).

Rationale, time, and criteria to return to running are presented
in Fig. 1f and g, Figs. 3d and 4d,e (Supplementary files S2 and S3).

3.8. Return to sports

Most physiotherapists (74.1%) implement on-field rehabilitation
before RTS, and given that prespecified discharge criteria were met,
would allow their patient to return to sports at 6e9months (58.7%)
post-ACLR (Fig. 1h). Only 7.7% of the respondents specified the
PROMs they administer at RTS. The most used tools were Anterior
Cruciate Ligament-Return to Sport after Injury - ACL-RSI (n ¼ 12),
Knee injury and Osteoarthritis Outcome Score - KOOS (n ¼ 10),



Fig. 1. Physiotherapists' responses in survey items with categorical choices presented as percentages. The full items of the survey can be found in Supplementary file S1, and the
response options are listed on the right side of each bar.
Notes: a) Readiness refers to patient readiness, c) Surveyed physiotherapists that selected “other” reported that the number of weekly sessions depends on: i) the post-operative
clinical presentation and the physical activity level of the patient (up to 6 months post-operatively) and ii) if needed after 6 months, due to not meeting criteria, presence of pain, or
usually the patient is training with a strength and conditioning coach and having on-field rehabilitation, f) Surveyed physiotherapists that selected “other” reported that this is a
shared decision with the surgeon.
ACL: anterior cruciate ligament; PRE: pre-operative rehabilitation; ROM: range of motion; RTS: return to sports; LSI: limb symmetry index; m: months; w: weeks.
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Fig. 2. Distribution, X2 statistic, p values, and effect sizes of the significant associations that were found between clinical experience and ACLR annual patient volume with the
frequency of supervised rehabilitation sessions (a and b), the importance of ACLR rehabilitation in post-operative patient outcomes (c), the use of passive modalities in clinical
practice (d - instrument assisted soft tissue mobilization), and the use of virtual reality, and biomechanical evaluation devices in their clinical setting (e and f). The number of
physiotherapists is presented as percentage, the full description of the survey items can be found in Supplementary files, and the response options are listed on the left side of each
bar graph.
ACLR: anterior cruciate ligament reconstruction; m: months; w: weeks.
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International Knee Documentation Committee - IKDC (n ¼ 9), and
Tampa Scale of Kinesiophobia (n ¼ 8) (Supplementary files S2 and
S3).

The criteria and examination findings that respondents used to
assist in the decision to RTS (such as soccer, volleyball, and
basketball) are presented in Figs. 3e, and Fig. 5a,b,c (Supplementary
files S2 and S3).

To determine lower limb functional capacity to RTS a battery of
hop tests was used by most of respondents (73.6%) (Fig. 3f;
Fig. 5d,e,f,g; Supplementary files S2 and S3).

The cutoff point used for the limb symmetry index (LSI) to
107
evaluate strength and lower limb functional capacity presented
significant variation in responses (Fig. 1i and j). Nevertheless, 78.4%
and 79.3% of the respondents selected an LSI >85% for strength and
lower limb functional capacity respectively (Supplementary files S2
and S3).

Psychological readiness was assessed through discussion with
the patient (85.0%) and PROMs (11.0%), of which the most
frequently used was the ACL-RSI (50.0%), while 2.7% of the phys-
iotherapists did not evaluate psychological readiness
(Supplementary files S2 and S3).



Fig. 3. Physiotherapists' responses as percentages in items that allowed multiple selections. The full description of the survey items can be found in Supplementary files and the
response options are listed on the left side of each bar graph.
HHD: hand-held dynamometry; MT: muscle testing; SLHD: single-leg hop for distance; RM: repetition maximum; IASTM: instrument-assisted soft tissue mobilization; NMS:
neuromuscular stimulation; NM: neuromuscular; BFR: blood flow restricted training; ex: exercises; DL: double leg; SL: single leg; PROMs: patient-reported outcome measures;
ROM: range of motion; HT: hop test; CMJ: countermovement jump; SLJ: single leg jump; TRHD: triple hop for distance test; SLHD: single leg hop for distance.
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3.9. Injury prevention programs

Most physiotherapists (83.09%) would recommend injury pre-
vention programs after ACLR (Figs. 1k and 5h, Supplementary files
S2 and S3), with the majority recommended the F�ed�eration Inter-
nationale de Football Association 11þ (40.9%), followed by the
Prevent Injury and Enhance Performance program (24.3%), and an
individually adapted program or the Sportsmetrics ACL Interven-
tion Training Program (5.8%). From those that would recommend
injury prevention programs, 17.4% did not specify the program.
4. Discussion

The most prominent findings of the survey were the variability
in measures and objective criteria used for clinical decision-making
and the disparity between clinical practice and the contemporary
scientific evidence in ACLR rehabilitation. These findings are in
accordance with previous reports (Aquino, 2021; Dingenen et al.,
2021; Ebert et al., 2019; Greenberg et al., 2018).
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4.1. Timing, importance, and frequency of ACLR rehabilitation

Immediate rehabilitation has been proposed by guidelines as
being critical to restore joint ROM, reduce knee pain and ward off
soft tissue-related adverse events (Andrade et al., 2020). Substan-
tial differences are evident among countries with 83.3% of Greek as
compared to 61.7% of Flemish, 53.4% of Australian and 38.5% Bra-
zilian physiotherapists initiating rehabilitation within the first
week post-ACLR.

Agreement was noted between Greek and Australian physio-
therapists (Ebert et al., 2019) rating the pre-operative rehabilitation
as “extremely” or “very” important for the different phases up to 6
months post-ACLR (>85.0%). This perception was reinforced by the
preference of most physiotherapists for �2 weekly sessions for up
to 6 months post-ACLR (Fig. 1); however, less experienced practi-
tioners weremore likely to continue consulting their patients twice
a week after 6 months following ACLR. A consensus statement
recommends continuation of rehabilitation for 9e12 months (van
Melick et al., 2016) and evidence suggests that rehabilitation up
to 9 months reduces substantially the ACL reinjury rate (Grindem



Fig. 4. Distribution, X2 statistic, p values, and effect sizes of the significant associations that were found between clinical experience and ACLR annual patient volume with the
criteria reported to be used to progress ACLR rehabilitation (a, b, and c) and return to running (d and e). The number of physiotherapists is presented as percentage, the full
description of the survey items can be found in Supplementary files, and the response options are listed on the left side of each bar graph.
ACLR: anterior cruciate ligament reconstruction; PROMs: patient-reported outcome measures.
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et al., 2016). Only 52.0% of surveyed physiotherapists perceived the
rehabilitation as essential after 6 months post-operative and 66.0%
preferred “less sessions as possible and periodic review”.

4.2. Clinical practice and equipment

Evidence suggests isokinetic dynamometry is the gold standard
for assessing quadriceps and hamstring strength following ACLR
(Undheim et al., 2015). Fewer than half of the worldwide surveyed
physiotherapists use any form of instrumented strength testing and
less than 25.0% use isokinetic dynamometry. Plausibly this is due to
cost and availability, as 26.0% of physiotherapists in the current
survey refer their patients externally for evaluation (Ebert et al.,
2019; Greenberg et al., 2018). Interestingly, manual muscle
testing methods and handheld dynamometry are employed inter-
nationally by 12.0e56.0% and 10.0e27.0% of the physiotherapists,
respectively. Manual muscle testing is a frequently employed
method in clinical practice that may lack the sensitivity (<75.0%
between sides) to detect residual strength deficits in ACLR patients
and its diagnostic accuracy is <78% when compared to handheld
dynamometry (Bohannon, 2005). On the other hand, handheld
dynamometry may overestimate quadriceps index (Sinacore et al.,
2017). Despite the limitations of instrumented strength testing,
most alarming is that 28.3e48.9% of the practitioners may not
measure strength at all, as they extrapolate knee strength from
other measures such as hop capacity (Ebert et al., 2019; Greenberg
109
et al., 2018). Knee strength explains 26%e50% of the variance of
vertical hop height (Fischer et al., 2017; Laudner et al., 2015;
Petschnig et al., 1998), and only 13%e25% of the variance of hori-
zontal hop performance (Nagai et al., 2020; Palmieri-Smith &
Lepley, 2015; Schmitt et al., 2012) e deficits in knee strength may
therefore be masked through hip and ankle compensation, espe-
cially for horizontal hop (Kotsifaki et al., 2021a, 2021b).

ROMmeasurement is an essential component of clinical practice
and is used as a criterion to evaluate deficits and the effects of the
rehabilitation process (Shelbourne & Klotz, 2006). All reported
methods of ROM measurements have clinically acceptable intra-
tester reliability (Milanese et al., 2014; Watkins et al., 1991). Vi-
sual estimates of knee ROM add greater error than those takenwith
a goniometer (Watkins et al., 1991), and smaller error of measure-
ment values again for smartphone applications have been reported
(Milanese et al., 2014). We suggest that in the presence of subtle
knee flexion contractures following ACLR the additional error
associated with visual estimates would affect the usefulness of the
measurement and the smartphone applications may be a more
appropriate than goniometry.

Despite the importance of knee effusion assessment in ACLR
rehabilitation, there is no consensus for the most reliable evalua-
tion method among: clinical observation (Hauzeur et al., 1999),
specific tests (Fritz et al., 1998; Sturgill et al., 2009), or circumfer-
ential measurements (Bednarczyk et al., 1992; Kirwan et al., 1979).
This was reflected in the results of this survey with no specific



Fig. 5. Distribution, X2 statistic, p values, and effect sizes of the significant associations that were found between clinical experience and ACLR annual patient volume with the
criteria reported to be used to the return to sport decision (aeg) and the recommendation of an injury prevention program after ACLR rehabilitation (h). The number of phys-
iotherapists is presented as percentage, the full description of the survey items can be found in Supplementary files, and the response options are listed on the left side of each bar
graph.
ACLR: anterior cruciate ligament reconstruction; RTS: return to sports; PROMs: patient-reported outcome measures.
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method or combination used by more than 30% of the participants.
The use of “passive” treatments, such as manual therapy and

physiotherapy modalities (electrotherapy and taping) has been
respectively reported by 33.0% and z10.0% of physiotherapists in
ACL pre-habilitation in a worldwide survey (Carter et al., 2021).
110
Interestingly, despite that international clinical practice guidelines
for rehabilitation after ACLR suggest that only neuromuscular
electrostimulation should be used according to individual circum-
stances (Andrade et al., 2020), our findings indicated that a variety
of “passive” treatments were employed by up to 54.0% of the
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respondents. This may be explained either by the lack of adherence
to guidelines, or by national health system policies that compen-
sate the use of passive modalities.

A small percentage, of predominantly high volume and more
experienced, Greek physiotherapists incorporate biomechanical
and virtual reality devices in ACLR rehabilitation but there is no
comparative data from other countries to make meaningful in-
ferences. Evidence suggests that whole body biomechanical (ki-
netic and kinematic) deficits and adaptations still exist in ACLR
patients even at 9 months after surgery despite the normalized
strength or performance metrics (King et al., 2018a, 2018b, 2021;
Kotsifaki et al., 2020, 2021b). Unfortunately, all the valuable infor-
mation on the status of the knee joint and the whole kinetic chain
cannot be acquired with clinical testing but require biomechanical
analyses with apparatus that, as seen in our survey, is typically not
available in the clinical setting. However, recent research has
shown that proxy variables of these biomechanical measures from
lower cost wearable technology (Di Paolo et al., 2021) or other
approaches (Della Villa et al., 2021b) allow a valid and reliable
monitoring of these parameters in the clinical setting. There was
also a very low percentage of respondents that incorporated low-
cost, commercially available assistive rehabilitation such as vir-
tual reality devices and video game consoles. There is emerging
evidence suggesting that the integration of virtual reality or gaming
technology into ACLR rehabilitation has the potential to enhance
motor learning capabilities (Gokeler et al., 2016), and improve
muscle strength, dynamic balance and functional performance
similarly to conventional ACLR rehabilitation (Baltaci et al., 2013).
Future research should evaluate the use of these devices in other
countries, as well as the barriers to the use of this affordable
technology in standard ACLR rehabilitation.

4.3. Open kinetic chain exercises

Clinical guidelines, systematic reviews, and expert opinion
suggest that OKC exercises (90-45�) can be safely added in reha-
bilitation as early as 4 weeks post-ACLR; however, clinicians’
knowledge of the tissue healing response and ranges of motion
where the graft is under the most strain may guide appropriate
rehabilitation progression (Andrade et al., 2020; Noehren &
Snyder-Mackler, 2020; Perriman et al., 2018; van Melick et al.,
2016). Almost half of the surveyed physiotherapists introduce
OKC exercises before 6 weeks post-operatively and about 20.0%
after 12 weeks. Comparative data from other countries is limited,
but Greek surveyed physiotherapists seemed to align with ACLR
rehabilitation guidelines with the vast majority (64.3%) introducing
OKC exercises based on a combination of criteria (signs and
symptoms of the knee joint, graft type, ROM) and time since sur-
gery. Interestingly, 61.7% of the Flemish physiotherapists never use
OKC knee extension exercises during rehabilitation, and it has been
argued that this may stem from the traditional belief that OKC knee
extension exercises are dangerous for the ACL graft (Dingenen et al.,
2021; Noehren & Snyder-Mackler, 2020). We cannot definitively
explain this discrepancy, but we assume a more conservative
approach in ACLR rehabilitation to be utilized by the Flemish
physiotherapists.

4.4. Criteria to progress rehabilitation and running

A recent scoping review (Rambaud et al., 2018) reported that
time was the most frequently reported criterion for clearing pa-
tients to return to running (median 3 months). Full knee ROM, pain
<2/10 on a visual analogue scale, and LSI>70% in strength and hop
tests where the most frequently reported performance-based
criteria in previous studies (Rambaud et al., 2018). Our survey
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found more experienced physiotherapists were more likely not
using knee ROM and low-volume physiotherapists were more
likely not using PROMs as a criterion to return to running following
ACLR. While most of the Australian physiotherapists agreed that
return to running should occur from 3 to 4 months (Ebert et al.,
2019), agreement among Greeks was less apparent with the ma-
jority using a combination of time and criteria resulting in a range
of return to running from 3 to 5 months and plausibly reflecting
that return to running was tied to physical capacities, instead of
only time from surgery.

Knee joint ROM, signs and symptoms, strength, single and
double-leg functional tests, muscle mass, time since surgery, and
laxity tests were reported as basic criteria to determining readiness
for progression throughout all phases of rehabilitation, aligning
with ACLR recommendations (Buckthorpe & Della Villa, 2020; van
Melick et al., 2016). The criteria Flemish physiotherapists used to
progress within the RTS continuum postoperatively were very
general, non-specific, and highly variable between respondents,
with about 50.0% evaluating muscle strength, but jump height or
hop distance were rarely reported (Dingenen et al., 2021). Signifi-
cant agreement between American physiotherapists has been re-
ported in using: physical measures, lower extremity function, and
dynamic stability in ACLR rehabilitation, but e similar to Greek
physiotherapists e the mode and interpretation of these principles
varied substantially (Greenberg et al., 2018). Interestingly, more
experienced Greek physiotherapists were more likely not using
formal PROMs or patient perception as criteria for progression.
Perhaps these more experienced therapists no longer feel they
need to incorporate formal or informal patient perception and
instead are relying on their clinical experience or other clinical
findings to progress.

4.5. Return to sports

Recommendations indicate continuation of rehabilitation for
9e12 months (van Melick et al., 2016) and evidence suggests that
rehabilitation up to 9 months reduces substantially the ACL rein-
jury rate (Grindem et al., 2016). The timing to RTS is highly variable
between physiotherapists with the country of practice possibly
playing a decisive role. Low-volume and more experienced phys-
iotherapists were more likely to use time since surgery as a crite-
rion to unrestricted RTS following ACLR. Worryingly, 95.3% of the
Brazilian, 70.0% of the Greek, 67.7% of the Flemish, and 40.2% of the
American physiotherapists would allow RTS �9 months after ACLR
(Aquino, 2021; Dingenen et al., 2021; Greenberg et al., 2018). Only
the Australian physiotherapists appeared to align with guidelines
where only 22.0% would allow an earlier discharge (6e9 months)
(Ebert et al., 2019). However, other factors irrespective of the
discharge criteria, such as the patient's sporting level, may have
played a role in this decision suggesting caution in the generaliz-
ability of these findings.

4.6. Limb symmetry results are interpreted heterogeneously

Inconsistency was observed when analyzing LSI of strength and
functional capacity criteria for RTS. ACLR practice guidelines sug-
gest a LSI>90% or�100% for pivoting sports as a cut-off point to RTS
(van Melick et al., 2016) and symmetry on hop testing has been
associated with reduced re-injury risk (Grindem et al., 2016;
Kyritsis et al., 2016). About 40.0% of the surveyed physiotherapists
using cut-off values less than 90% LSI, suggesting that a significant
number of ACLR patients could be discharged with residual
strength and functional deficits. This finding was independent of
clinician experience and volume of ACLR patients. This finding is
more troubling given contemporary evidence indicating that LSI
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may overestimate post-ACLR knee function (Wellsandt et al., 2017),
erroneously assuming the contralateral limb is an acceptable
standard (Patterson et al., 2020), and masking information about
movement deficits and different strategies employed (Gokeler
et al., 2017b; Kotsifaki et al., 2020; Thome�e et al., 2012).

4.7. Balance, functional, and strength tests were most often used for
RTS

The most often reported criteria, tests, and findings used to
assist in the decision to RTS were single-limb functional/balance
tests (95.38%), bilateral-limb functional tests (82.34%), and knee
strength (74.73%). Practice variation was evident in functional ca-
pacity testing for RTS. The use of balance and a hop test battery
were the common tests reported by the majority as part of their
practice to determine RTS, a consistent observation among
different countries (Dingenen et al., 2021; Ebert et al., 2019;
Greenberg et al., 2018). More experienced physiotherapists were
more likely not using triple hop, crossover hop, or countermove-
ment jump, but were more likely to use balance tests as criteria to
RTS. No consensus could be identified in the domains of each
functional test battery, but the most inappropriate test to evaluate
knee function in a standard clinical setting e single-leg hop for
distance - was used by half of the respondents (Kotsifaki et al.,
2021a).

Unfortunately, only 29.0%, 14.0% and 20.0% of physiotherapists
in this sample reported using PROMs as part of their decision-
making criteria to progress rehabilitation, return to running, and
RTS, respectively. These findings are in line with previous surveys
among American, Brazilian, and Flemish physiotherapists (Aquino,
2021; Dingenen et al., 2021; Greenberg et al., 2018). More experi-
enced practitioners weremore likely not using PROMs as a criterion
for ACLR rehabilitation progression and RTS in contrast to current
recommendations in the literature (Ardern et al., 2014; Czuppon
et al., 2014; Dingenen & Gokeler, 2017; van Melick et al., 2016).
The majority of respondents (85%) informally evaluated psycho-
logical readiness through discussion with the patient.

4.8. Clinicians aren't using the evidence perhaps because the
evidence is not clear or well disseminated

The explanation of the disparity between clinical practice and
the contemporary scientific evidence in ACLR rehabilitation is
multifactorial. We suggest that plausibly the reasons were: i)
despite the clear recommendations for the components of a reha-
bilitation protocol and the RTS decision-making, clear recommen-
dations and guidelines regarding the use of specific measurements
for the quantity and the quality of movement have not been
established, ii) validation of the criteria to progress through the
phases of ACLR rehabilitation are lacking and based only on expert
opinion (Buckthorpe & Della Villa, 2020; Buckthorpe et al., 2020;
van Melick et al., 2016), iii) the substantial delay of research find-
ings being incorporated into clinical practice (Morris et al., 2011),
and iv) scientific publications not typically being used as sources of
information to inform clinical practice with about 90% of healthcare
professionals using different sources (Whiteley, 2021).

In addition, several barriers have been documented in incor-
porating available evidence in clinical practice, such as lack of
knowledge and skills, lack of access to journal articles, and lack of
time (Scurlock-Evans et al., 2014).

4.9. Limitations

We acknowledge as a limitation that the survey has not been
formally validated, but the evaluation of the item content relevance
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added to the external validity of the findings. A selection bias that
may overestimate the quality of ACLR rehabilitation practices or
underestimate the true variability of respondents in Greece could
be present, as only physiotherapists treating ACLR patients
completed the survey. We haven't explored the gender effect in our
results as suggested by the under-representation of female re-
spondents and this should be explored in future studies. Finally, the
survey length may be another limitation that could explain the
decreasing responses rate especially in the second half of the
survey.

5. Conclusion

A significant variability in measures and objective criteria used
by physiotherapists for clinical decision-making was found in this
survey with specific differences noted depending on practice
experience and ACLR volume. These findings are largely in accor-
dance with worldwide reports of ACLR rehabilitation. Current ACLR
rehabilitation practices are largely not aligned with the contem-
porary scientific evidence and guidelines. Future research should
be directed towards understanding the barriers clinicians face in
implementing the results of research into their practice, improving
pathways of research dissemination, and enhancing uptake of
clinical research into practice.
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