(o) Teylor & Francis
Physical Therapy Reviews

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/yptr20

The relationship between the quantity and
duration of post-operative physiotherapy
treatment and patient outcomes following
primary anterior cruciate ligament reconstruction:
a systematic review

Wayne A. Fausett, Duncan A. Reid & Peter J. Larmer

To cite this article: Wayne A. Fausett, Duncan A. Reid & Peter J. Larmer (2023) The relationship
between the quantity and duration of post-operative physiotherapy treatment and patient
outcomes following primary anterior cruciate ligament reconstruction: a systematic review,
Physical Therapy Reviews, 28:2, 111-134, DOI: 10.1080/10833196.2023.2195213

To link to this article: https://doi.org/10.1080/10833196.2023.2195213

8 © 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

% Published online: 30 Mar 2023.

\J
CJ/ Submit your article to this journal &

II|I Article views: 1655

A
& View related articles &'

View Crossmark data &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=yptr20


https://www.tandfonline.com/action/journalInformation?journalCode=yptr20
https://www.tandfonline.com/loi/yptr20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10833196.2023.2195213
https://doi.org/10.1080/10833196.2023.2195213
https://www.tandfonline.com/action/authorSubmission?journalCode=yptr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=yptr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10833196.2023.2195213
https://www.tandfonline.com/doi/mlt/10.1080/10833196.2023.2195213
http://crossmark.crossref.org/dialog/?doi=10.1080/10833196.2023.2195213&domain=pdf&date_stamp=30 Mar 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/10833196.2023.2195213&domain=pdf&date_stamp=30 Mar 2023

PHYSICAL THERAPY REVIEWS
2023, VOL. 28, NO. 2, 111-134
https://doi.org/10.1080/10833196.2023.2195213

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ (] Checkforupdates‘

The relationship between the quantity and duration of post-operative
physiotherapy treatment and patient outcomes following primary anterior
cruciate ligament reconstruction: a systematic review

Wayne A. Fausett®

, Duncan A. Reid® and Peter J. Larmer®

®Faculty of Health and Environmental Sciences, Auckland University of Technology, Auckland, New Zealand; ®Centre for Health
and Social Practice, Waikato Institute of Technology, Hamilton, New Zealand

ABSTRACT

Background: Functional rehabilitation following anterior cruciate ligament reconstruction
(ACLR) is often physiotherapist-led, and generally required to achieve patient goals. The
quantity and duration of physiotherapist-led following could therefore potentially influence
outcomes following ACLR, although the nature of this relationship is not clear.

Objective: To clarify the relationship between the quantity and duration of post-operative
physiotherapy treatment and patient outcomes following ACLR.

Methods: A search of the PubMed/MEDLINE, Google Scholar, Cochrane Library, and EBSCO
databases was made from inception to March 2021 to identify relevant studies. Key charac-
teristics of the selected studies were extracted, with methodological quality evaluated using
a modified version of the Downs and Black appraisal tool.

Results: The search strategy identified 1137 studies, 15 of which met inclusion criteria. Two
studies were rated strong methodological quality, eight were rated moderate, and five were
rated limited. Results across all 15 studies provided conflicting evidence regarding the
effects of the quantity and duration of physiotherapy treatment on patient outcomes follow-
ing ACLR.

Conclusions: Based on evidence of variable methodological quality, a clear relationship
between the quantity and duration of physiotherapy treatment and patient outcomes fol-
lowing ACLR could not be established. Several themes were identified to guide future
research in this area, including ensuring participant homogeneity, monitoring participant
adherence to unsupervised rehabilitation, and utilising rehabilitation interventions that repli-
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cate everyday physiotherapy practice.

Introduction

An anterior cruciate ligament (ACL) rupture is a
devastating injury leading to a loss of structural
knee stability and reduced functional ability in the
short term, and decreased activity levels and an
increased risk of knee osteoarthritis in the long-
term [1-3]. The optimal management of an ACL
rupture remains elusive, with multiple factors influ-
encing whether the injury is managed conservatively
ACL reconstruction (ACLR) is
often considered necessary to reduce subsequent

or surgically [4].

episodes of knee instability, permit a return to pre-
injury activities, and preserve long-term knee joint
health [5-7]. Despite increased knowledge of how to
prevent ACL injuries [8], acceptable outcomes with
conservative management [9], and a high incidence
of subsequent ACL injury after ACLR [10], rates of

ACLR have increased significantly in recent years
[11-13].

Multiple factors can influence patient outcomes
following ACLR, including, but not limited to, age,
gender, concomitant injury, time from injury to sur-
gery, and post-injury/ACLR rehabilitation [14-17].
Post-ACLR rehabilitation typically involves a signifi-
cant functional component [18], although may also
include psychological and vocational elements [19,
20]. The functional component typically includes
exercises and activities to re-establish knee joint
mobility, rebuild muscle strength, and optimise
neuromuscular control [21, 22], followed by a grad-
uated return to pre-injury activities [23].

With evidence-based clinical knowledge in
rehabilitation and exercise therapy [24], physiothera-
pists possess the requisite skills to lead the func-
component of an ACLR

tional rehabilitation
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programme [25, 26]. Following ACLR, the quantity
and duration of physiotherapy treatment is associ-
ated with an increased rate of return to sport [27-
29], a decreased re-injury risk [30], greater self-
reported knee function [31], and better performance
on functional and clinical tests [17, 32]. Results are
equivocal however, with studies also reporting the
quantity and duration of post-ACLR physiotherapy
treatment has no effect on knee strength [33],
patient-reported outcomes [34], and re-injury
rates [35].

Numerous patient reported outcome measures
(PROMs) have been developed to evaluate outcomes
following knee injury [36], with over 50 related to
the ACL deficient knee alone [37]. PROMs provide
an objective measure of an individual’s subjective
perception in relation to their functional status [38,
39]. The increasing use of PROMs to assess patient
outcomes has realised the following benefits:
increased patient-centred care, greater ability to
establish treatment value, and improved patient out-
comes [40]. Factors associated with superior patient
reported outcomes following ACLR include younger
age, male sex, not smoking, receiving a hamstring
tendon autograft, and the absence of concomitant
injuries [15].

Although physiotherapist-led rehabilitation fol-
lowing ACLR can have a positive effect on patient
outcomes [41], the optimal dosage of post-ACLR
physiotherapy treatment is currently unknown [42].
It is also not clear how the quantity and duration of
post-ACLR  physiotherapy treatment influences
patient outcomes [43]. Therefore, the aim of this
review is to determine the relationship between the
quantity and duration of post-operative physiother-
apy treatment and patient reported outcomes fol-
lowing primary ACLR.

Methods
Registration

This review was registered on 1/4/21 with the
PROSPERO International Register for Systematic
Reviews. The ID  for this
CRD42021240112.

review is:

Information sources

Following advice from an experienced university
librarian, a literature search was undertaken by the
primary investigator (identifier removed for review
process) using electronic databases accessible via the
Auckland  University of Technology library.
Pubmed/MEDLINE, Google Scholar, Cochrane
Library, Sportdiscus, AMED, and CINAHL were
searched from inception to March 2021. Search

terms used included: patient reported outcome
measures, outcome, physiotherapy, “physical
therapy”, rehabilitation, ACL, “anterior cruciate liga-
ment”, “anterior cruciate ligament reconstruction”,
duration, quantity, supervis®, unsupervis*, “home
based”. Boolean operators were used to combine
search terms. An example of the search strategy for
PubMed is shown in Figure 1. Only full text studies
published in English were selected. Reference lists of
included studies were searched to identify any eli-
gible studies that may have been missed during
database searches.

Eligibility criteria

The following inclusion criteria were applied to
select primary research studies relevant to the aim
of this review:

1. Randomised controlled trials and non-rando-
mised prospective cohort studies.

2. Participants had undergone primary ACLR.

3. Participants had received post-operative physio-
therapy treatment.

4. Validated outcome data recorded prior to, and
at the conclusion of, post-ACLR rehabilitation.

Studies were excluded if they met one of the

following criteria:

1. Retrospective designs, single case studies,
abstracts, and expert reviews.

2. Participants underwent revision ACLR.

3. The dosage of post-ACLR physiotherapy
treatment could not be quantified.

4. Participants were less than 18 years of age.

5. Participants had significant concomitant knee
injury e.g. multi-ligament rupture, fracture, joint
dislocation.

Study selection and data collection

Once databases searches were complete, all results
were either included or excluded for review in
accordance with the PRISMA study selection pro-
cess for systematic reviews [44]. After duplicates
were removed, titles and abstracts of remaining
studies were screened for relevance by one reviewer
(WE). The full texts of articles that appeared rele-
vant to the aim of the review were retrieved and
independently screened by two reviewers (WF and
DR). with inclusion and exclusion criteria subse-
quently applied. Any discrepancies regarding study
selection were resolved by consensus discussion,
with involvement of a third researcher (PL) if
required.



PHYSICAL THERAPY REVIEWS . 113

Search Actions Details Query Results

#21 > Search: #11 AND #12 AND #13 AND #19 AND #20 Sort by: Publication 10
Date

#20 e > Search: #16 OR #17 OR #18 Sort by: Publication Date 94,629

#19 > Search: #1 OR #15 Sort by: Publication Date 1,973,391
#18 el > Search: "home based"[Title/Abstract] Sort by: Publication Date 12,223
#17 > Search: unsupervis*[Title/Abstract] Sort by: Publication Date 14,364
#16 > Search: supervis*[Title/Abstract] Sort by: Publication Date 73,274
#15 mns > Search: outcome*[Title/Abstract] Sort by: Publication Date 1,973,391
#14 > Search: #1 AND #11 AND #12 AND #13 Sort by: Publication Date 0
#13 see > Search: #9 OR #10 Sort by: Publication Date 725,572
#12 vee > Search: #6 OR #7 OR #8 Sort by: Publication Date 26,002
#11 > Search: #3 OR #4 OR #5 Sort by: Publication Date 217,454
#10 wes > Search: quantity[Title/Abstract] Sort by: Publication Date 91,189
#9 > Search: duration[Title/Abstract] Sort by: Publication Date 637,769
#8 > Search: "anterior cruciate ligament reconstruction”[Title/Abstract] 7,687
Sort by: Publication Date
#7 > Search: "anterior cruciate ligament"[Title/Abstract] Sort by: 20,602
Publication Date
#6 > Search: ACL[Title/Abstract] Sort by: Publication Date 18,283
#5 > Search: rehabilitation[Title/Abstract] Sort by: Publication Date 183,432
#4 oss > Search: "physical therapy"[Title/Abstract] Sort by: Publication Date 23,256
#3 > Search: physiotherapy[Title/Abstract] Sort by: Publication Date 22,070
#1 eee > Search: "patient reported outcome measures”[Title/Abstract] Sort by: 6,433

Publication Date

Figure 1. Example of the search strategy for PubMed.

Data was extracted from the selected studies by
the lead author (identifier removed for review pro-
cess) and tabulated under the following headings:
(1) study type, (2) participant demographics, (3)
intervention, (4) control, (5) outcome measures, (6)
results.

Risk of bias assessment

Included studies were independently analysed by
two reviewers (identifiers removed for review pro-
cess) using a modified Downs and Black checklist.
Any discrepancies were resolved via collective scien-
tific debate, which included a third reviewer if
necessary (identifier removed for review process).
The modified Downs and Black checklist consists of
27 questions, with a maximum possible score of 28
points. The lower the overall score, the lower the
methodological quality of the study. There are 4 sec-
tions, which look at reporting (x/11), external

validity (x/3), internal validity (bias) (x/7) and
internal validity-confounding (selection bias) (x/6)
of a study. The final question relates to the overall
power of the study (x/1). As utilised in previous sys-
tematic reviews [45, 46], the last question was modi-
fied from the original version, which had a score
out of five, to a score out of one, with one point
being awarded if a calculation of the study’s power
was included. As per previous systematic reviews
[45, 46], a quality index was calculated, with studies
rated as having strong, moderate, limited, or poor
methodological quality (Table 1).

Results
Study selection

The literature search identified 1137 records, with
15 studies meeting the inclusion criteria (Figure 2).
Physiotherapy treatment data was then extracted
from the 15 studies, which were divided into two
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Table 1. Quality index scores.

Total score modified Downs and Black checklist (/28) Percentage of total score Quality Index
21+ 75%+ Strong
14-20 50-74% Moderate
7-13 25-49% Limited
<7 <25% Poor
|
5 Records 1dentified through Duplicates removed
'g database searching ™ (n=196)
i (n=1137)
£
c
[
2
| S
— Records screened Records excluded with reasons
(n=1041) (n=1934)
w » Studv did not invelve ACLE =739
E « Mot a climical tnial = 195
o
o
(7]
(]
Full-text articles assessed Articles excluded with reasons
L for eligibility — (n=102)

(n=107)

* Dosage of post-ACLR physiotherapy

S treatment could not be quantified = 93
» Not ECT or prospective design =8
» Notin English=1

>
=
=
= g :
= Studies meeting
inclusion criteria
(n=5)
| S
— Additional studies identified from
reference lists
(n=10)
o
T Studies included in
2 qualitative synthesis
= (n=15)
—
Figure 2. PRISMA flow diagram of study selection process.
groups - studies reporting the effects of the  cohort studies (Table 2). The four Duration studies

Quantity of post-ACLR physiotherapy treatment on  consisted of two RCTs and two prospective cohort
patient outcomes (n=11), and studies reporting the  studies (Table 3).
effects of the Duration of post-ACLR physiotherapy
treatment on patient outcomes (n =4).
Participants

Study characteristics For Quantity studies, participant numbers ranged

The 11 Quantity studies consisted of nine rando- from 26 [47, 48] to 145 [49], with the total number
mised controlled trials (RCTs) and two prospective of participants being 651 (30% female) (Table 2).
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The average age of participants across the 22 study
groups was 28 years (range 21-39 years). Eight of 11
Quantity studies reported an average time between
ACL injury and ACLR, which ranged from less than
12 weeks to 52 months, with one study reporting up
to an 18-year interval between ACL injury and
ACLR for some participants [50].

For Duration studies, participant numbers ranged
from 22 [51] to 60 [52], with the total number of
participants being 173 (14% female) (Table 3). The
average age of participants across the 10 study
groups was 28years (range 23-35years). The aver-
age time from ACL injury to ACLR ranged from
56 days to 33 weeks, with one study not reporting
the time between ACL injury and ACLR [53].

No Quantity study reported an objective measure
of pre-injury activity level for participants. Two of
four Duration studies reported a pre-injury activity
level for participants, with Tegner Activity Scale
score ranging from five to eight [51, 52].

Interventions

Rehabilitation interventions for the Quantity studies
are summarised in Table 2. The average number of
post-ACLR physiotherapy treatments for the lesser
treatment groups was 3 (range 0-14). Four studies
did not clearly report the duration of physiotherapy
treatment for the lesser treatment group. The aver-
age number of post-ACLR physiotherapy treatments
for the greater treatment groups was 21 (range
12-46).

Rehabilitation interventions for the Duration
studies are summarised in Table 3. Post-ACLR
physiotherapy treatment duration across all study
groups ranged from 8 to 19 weeks for shorter dur-
ation groups and from 27 to 32weeks for longer
duration groups. In both studies by Beynnon and
colleagues, where participants in the 19- and 32-
week groups completed the same rehabilitation pro-
gramme, the 19-week group completed the same
volume of rehabilitation in a shorter time [51, 54].
In both studies by Krélikowska and colleagues, par-
ticipants in the shorter duration groups elected to
discontinue physiotherapist-supervised rehabilitation
but were advised to continue with home-based
rehabilitation [52, 53].

Controls

None of the 11 Quantity studies included a control
group, with all studies comparing results between
groups of participants receiving different quantities
of post-ACLR physiotherapy treatment (Table 2).
Two Duration studies included a control group
where participants had not undergone ACLR and

received no rehabilitation, with two studies compar-
ing results between groups of participants under-
going post-ACLR physiotherapy treatment of
different durations (Table 3).

Methodological quality

The methodological quality and Quality Index (%
and categorisation) of the Quantity and Duration
studies are presented as tables in Appendices 1 and
2 respectively. For Quantity studies, the average
quality score was 17/28 (range 8-26), with an aver-
age Quality Index of 63% (range 21-93%).
Regarding methodological quality, two studies rated
‘strong’, six rated ‘moderate’, and three rated
‘limited’. Scores ranged from 3-11/11 in the
Reporting section, from 0-3/3 in the External
Validity section, from 2-6/7 in the Internal Validity
(Bias) section, and from 1-6/6 in the Internal
Validity (Confounding) section. Only six of 11
Quantity studies reported a power analysis.

For Duration studies, the average score was 15/28
(range 10-20), with an average Quality Index of
53.5% (range 36-71%). Two studies rated ‘moderate’
methodological quality and two rated ‘limited’ meth-
odological quality. Scores ranged from 8-10/11 in
the Reporting section, from 0-1/3 in the External
Validity section, from 3-5/7 in the Internal Validity
(Bias) section, and from 2-6/6 in the Internal
Validity (Confounding)
Duration studies reported a power analysis.

section. Two of four

Outcomes

A wide range of patient-reported, clinical, and func-
tional outcome measures were used in the Quantity
studies (Table 2). For patient-reported outcome
measures, two studies reported a positive effect for a
greater quantity of physiotherapy treatment [48, 55],
one study reported a positive effect for a lesser
quantity of treatment [56], and one study reported a
positive effect for both greater and lesser quantities
of physiotherapy treatment [57]. For clinical out-
come measures, two studies reported a positive
effect for a greater quantity of physiotherapy treat-
ment [48, 58], one study reported a positive effect
for less treatment [49], and one study reported a
positive effect for both greater and lesser quantities
of physiotherapy treatment [59]. For functional out-
come measures, two studies reported a positive
effect for a greater quantity of physiotherapy treat-
ment [48, 55]. Four studies reported the quantity of
post-ACLR physiotherapy treatment had no signifi-
cant effect on any outcome measure [47, 50, 60, 61].
Average follow up periods across all Quantity study
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Table 4. Overall levels of evidence.

Level of Evidence Requirement

Strong Consistent findings among multiple high
quality randomised controlled trials (RCTs)

Moderate Consistent findings among multiple low
quality RCTs and/or case-controlled trials
(CCTs) and/or one high quality RCT

Limited One low quality RCT and/or CCT

Conflicting Inconsistent findings among multiple trials
(RCTs and/or CCT)

groups ranged from  12weeks [49] to

38 months [56].

A range of patient-reported, clinical, and func-
tional outcome measures were also used in the
Duration studies (Table 3). The duration of post-
ACLR physiotherapy treatment had no effect on
patient-reported outcome measures (IKDC, KOOS,
Tegner score, VAS pain score). A longer duration of
physiotherapy treatment had a positive effect on
functional outcomes (vertical jump performance,
agility run performance) [52, 53] and clinical out-
comes (quadriceps strength, thigh circumference)
[52, 54]. Follow up periods across all Duration study
groups ranged from 27 weeks [52] to 24 months
[51, 54].

Strength of evidence

Meta-analysis was not possible due to the hetero-
geneity of the selected studies. A synthesis of the
overall evidence was therefore performed using the
criteria described in Table 4 [62].

For Quantity studies, the two studies rated
‘strong’ methodological quality either reported
superior outcomes for a group of ACLR patients
receiving a lower number of physiotherapy treat-
ments compared to a group receiving a higher num-
ber, or no difference in outcomes between the
groups. Of the six studies rated ‘moderate’ methodo-
logical quality, two reported the quantity of post-
ACLR physiotherapy treatment had no effect on
patient outcomes, two reported the quantity of post-
ACLR physiotherapy treatment had conflicting
effects on patient outcomes, and two reported the
quantity of post-ACLR physiotherapy treatment had
a positive effect on patient outcomes. Of the three
studies rated ‘limited’ methodological quality, one
reported the quantity of post-ACLR physiotherapy
treatment had a positive effect on patient outcomes,
and two reported the quantity of post-ACLR physio-
therapy treatment had no effect on patient out-
comes. Overall, the level of evidence for the
Quantity  studies is  best  described  as
‘Conflicting’ [62].

For Duration studies, the two studies rated
‘moderate’ methodological quality reported the dur-
ation of post-ACLR physiotherapy treatment had no
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effect on patient outcomes. The two studies rated
‘limited’ methodological quality reported a longer
duration of post-ACLR physiotherapy treatment was
associated with better patient outcomes. Overall, the
level of evidence for the Duration studies is best
described as ‘Conflicting’ [62].

Discussion
Summary of main findings

The literature search identified 15 articles where
post-ACLR physiotherapy treatment data could be
extracted from and used to determine the relation-
ship between the quantity and duration of physio-
therapy treatment and patient outcomes following
ACLR. Based on the findings of the selected studies,
it is not clear if the quantity and duration of physio-
therapy treatment significantly influences patient
outcomes following ACLR. Considerable heterogen-
eity in the methodologies of the selected studies
regarding sample size, time from ACL injury to
ACLR, the dosage of post-ACLR physiotherapy
treatment, outcome measures used, and final evalu-
ation timeframes likely contributed to the inconclu-
sive findings.

Comparison to existing literature

Previous systematic reviews have reported the quan-
tity of physiotherapy supervision during post-opera-
tive rehabilitation following ACLR does not
significantly influence patient outcomes [21, 22, 42,
63-66]. All seven reviews included at least three
studies from the current review, and all highlighted
significant methodological inadequacies in the
selected studies, including small sample sizes,
absence of sample size calculation, inadequate ran-
domisation, non-blinding of assessors, gender bias,
and no reporting of compliance.

As part of wider systematic reviews on post-
operative rehabilitation following various knee sur-
geries, a clear benefit of supervised rehabilitation
over unsupervised/home-based rehabilitation follow-
ing ACLR could not be established [67, 68]. A
recent scoping review on the frequency and dur-
ation of supervised rehabilitation following ACLR,
which included 11 of the 15 studies from the cur-
rent review, concluded moderately or minimally
supervised rehabilitation is at least as effective as
fully supervised high-frequency rehabilitation, and
at least 6 months of supervised rehabilitation is asso-
ciated with more favourable outcomes after
ACLR [43].

Several inconsistencies were noted between previ-
ous reviews and the current review regarding assess-
ment of methodological quality for selected studies.
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For example, the study by Grant et al. (2010) was
scored 4/10 by Gamble et al. (2021), indicating a
lower quality study, but the current review scored
Grant et al. (2010) at 93%, indicating a high-quality
study. The study by Ugutmen et al. (2008) scored
90/100 by Papalia et al. (2013), which suggests a low
risk of bias, whereas the Quality Index of Ugutmen
et al. (2008) in the current review was scored as
36%, which suggests a high risk of bias. As different
quality assessment tools assess different biases [69],
whichever tool is chosen to assess the methodo-
logical quality of selected studies has the potential to
significantly influence the overall findings of the
review.

Nine of the 11 Quantity studies compared clinic-
based, physiotherapy-led rehabilitation with home-
based rehabilitation. The average quantity and dur-
ation of physiotherapy for clinic-based rehabilitation
and home-based rehabilitation was 21 treatments
over 26weeks and 4 treatments over 25weeks
respectively. In the 12months following ACLR in
New Zealand, patients receive an average of 10-12
physiotherapy treatments, over an average duration
of 143-161 days [20]. The majority of Flemish phys-
ical therapists use 41-60 treatments over 6-7 months
following ACLR [70]. Therefore, the quantity and
duration of physiotherapy treatment in the selected
studies may not be an accurate reflection of every-
day physiotherapy practice. To increase external val-
idity, future research on ACLR rehabilitation should
include interventions that replicate usual physiother-
apy practice.

In the first 12weeks following ACLR, 25-38
rehabilitation sessions have been recommended [23],
with a physiotherapist review at least every two
weeks to ensure adequate progress is maintained
[26]. Up to 35 physiotherapy treatments may be
required in the 12months following ACLR [20].
The optimal frequency of rehabilitation supervision
has yet to be determined [43], and the number of
physiotherapy treatments required is likely depend-
ent on the progress of the individual patient [26].

Results from this review, and previous reviews,
suggest there is no singular optimal dosage of
physiotherapy treatment following ACLR that can
be applied to all patients. Contemporary ACLR
rehabilitation is now less prescriptive, with progress
through rehabilitation determined by the patient’s
achievement of functional milestones, not time from
surgery [42, 71]. Similarly, the dosage of post-ACLR
physiotherapy treatment should also not be pre-
determined, but instead be the end-product the
quantity and duration of treatment required for the
patient to achieve their post-operative goals [26].

Other person-related factors, such as age, gender,
activity levels, and concomitant injury at ACLR

potentially have a greater effect on post-operative
outcomes than the dosage of physiotherapy treat-
ment. The average age of participants across all 15
studies in the current review was 28 years, with 27%
of participants female. Outcomes for patients over
30 years of age, and for female patients, are typically
worse following ACLR [15, 72]. Therefore, a high
percentage of male participants, and participants
under 30 years of age, in a sample could result in an
artificially high number of participants achieving
better outcomes. However, a significant percentage
of ACL injuries occur in females and in people over
30 years of age [73]. Therefore, future ACL research
should ensure a distribution of participants related
to age and gender that represents of the current
demographic of ACL injury.

A higher activity level prior to ACL injury is
associated with a higher activity level following
ACLR [74]; however, it is not clear if patient activity
level influences the dosage of physiotherapy treat-
ment required following ACLR. Elite athletes may
require more advanced rehabilitation and a greater
level of supervision than recreational athletes, or
conversely, elite athletes may possess a higher level
of motivation to complete rehabilitation, leading to
a lesser need for supervision [66]. For multiple rea-
sons, including the dosage of post-ACLR physio-
therapy, a greater percentage of elite athletes return
to pre-injury activity levels compared to non-elite
athletes [75]. Future research should investigate the
dosage of physiotherapy required to achieve accept-
able outcomes in ACLR patients who encompass the
spectrum of activity levels.

Across 13 of the 15 studies in the current review,
the time between ACL injury and ACLR ranged
from 56days to 18years, with two studies not
reporting a time [48, 60]. A longer time to ACLR is
associated with an increased risk of secondary
meniscal and chondral injury due to recurrent
instability episodes [76, 77], and the presence of
meniscal or chondral injury at the time of ACLR is
associated with worse patient outcomes [78, 79].
Therefore, a longer time between injury and ACLR
could negatively influence patient outcomes. Only
seven of 15 studies in the current review reported
excluding participants with concomitant meniscal or
chondral injuries at the time of ACLR, which, when
combined with the wide range of times between
injury and surgery, could have influenced the results
of the studies in this review.

Overall, findings from the current review add to
the previous literature that indicates the quantity
and duration of physiotherapy treatment following
ACLR does not appear to significantly influence
post-operative outcomes. Previous have
focused on the level of supervision during post-

reviews



ACLR rehabilitation, or home-based verses clinic-
based rehabilitation, than the actual quantity and
duration of physiotherapy treatment. The current
review is therefore unique, as it is the first review to
specifically address the quantity and duration of
physiotherapy treatment following ACLR.

Quality of selected studies

The average Downs and Black score for all studies in
the current review was 16.9/28 (range 8-26), which
equates to an average Quality Index of 60%. Overall,
the level of evidence is best summarised as
‘Conflicting’ [62]. Several methodological issues can
be identified within the selected studies. Regarding the
Quantity studies, only one - Hohmann et al. (2011) -
evaluated the effect of a physiotherapist-led rehabilita-
tion program versus a fully unsupervised rehabilitation
program. Across all other Quantity studies, both study
groups received a degree of physiotherapist input dur-
ing rehabilitation, with the quantity of that input dif-
fering between groups. It is possible the difference in
the number of physiotherapy treatments between
study groups was not sufficient to show any signifi-
cant between-group differences [66]. The lack of out-
come data for completely unsupervised subjects needs
to be considered when evaluating the evidence that a
home-based exercise program is equally effective as a
clinic-based program [65].

Only 25% of studies in the current review
reported, or attempted to measure, participant com-
pliance with rehabilitation protocols. Increased com-
pliance with rehabilitation following ACLR is
associated with better patient outcomes [27, 80].
Compliance data is an important variable due to the
dose-response relationship for effectiveness [21].
Measuring participant compliance with unsupervised
rehabilitation may enable a more accurate compari-
son with patient outcomes following supervised
rehabilitation.

Studies published more recently have shown a
positive association between the quantity of post-
ACLR rehabilitation and patient outcomes [43], and
results of the current review support that finding.
Three Quantity studies in the current review were
published from 2019 onwards [48, 55, 58] - all
reported a greater quantity of post-ACLR physiother-
apy treatment was associated with improved patient
outcomes. Six Quantity studies in the current review
were published prior to 2010 [47, 49, 50, 57, 60, 61] —
none reported an association between a greater
amount of post-ACLR physiotherapy treatment and
improved patient outcomes. There is little difference
between the methodological quality of the newer
verses the older studies, with the average Quality
Index of the post-2019 studies being 57% (range 46-
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64%), and the average Quality Index of the pre-2010
studies being 59.5% (range 29-89%).

There was no clear relationship between meth-
odological quality and the overall findings of the
Quantity studies. Four Quantity studies scored
greater than 70% on the Quality Index. One study
reported the quantity of post-ACLR physiotherapy
treatment had no effect on patient outcomes [47],
with three reporting equivocal findings regarding
the quantity of post-ACLR physiotherapy treatment
and patient outcomes [49, 56, 57]. Three studies
scored less than 50% on the Quality Index - two
reported the quantity of post-ACLR physiotherapy
treatment had no effect on patient outcomes [60,
61] and one reported a greater amount of post-
ACLR physiotherapy treatment was associated with
improved patient outcomes [55].

The timing of the final evaluation following a
post-ACLR intervention could influence the overall
findings of a study. If the final evaluation was per-
formed when subjects are unlikely to have achieved
optimum function, then the final evaluation may
not fully capture the total effects of any interven-
tion. Functional measures can improve for up to
two years after ACLR [81]. Four Quantity studies
reported results with a follow-up period of six
months or less after ACLR - two reported the quan-
tity of post-ACLR physiotherapy treatment had no
effect on outcomes [47, 50], one reported less
physiotherapy treatment resulted in better outcomes
[49], and one reported more physiotherapy treat-
ment resulted in better outcomes [58]. The remain-
ing seven Quantity studies used follow-up periods of
12 months or greater (range 12-38 months) - two
studies reported the quantity of post-ACLR physio-
therapy treatment had no effect on outcomes [60,
61], two reported more physiotherapy treatment is
associated with improved patient outcomes [48, 55],
one reported less physiotherapy treatment is associ-
ated with improved outcomes [56], and two
reported improved outcomes with more and less
physiotherapy treatment [57, 59]. Overall, our
results indicate the timing of the final subject evalu-
ation following post-ACLR rehabilitation has little
influence on the results of the Quantity studies.

With regards to Duration studies, two reported
the duration of post-ACLR physiotherapy treatment
had no effect on patient outcomes - both were rated
as ‘Moderate’ quality, were published earlier, and
had longer follow-up periods (24 months) [51, 54].
Two studies reported a longer duration of post-
ACLR physiotherapy treatment resulted in better
outcomes — both were rated ‘Limited” quality, were
published later, and had shorter follow-up periods
(27-33 weeks) [52, 53]. Due to lack of published
studies, it is not possible to conclude if study
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quality, date of publication, and the timing of the
final subject evaluation influenced the findings of
the Duration studies.

Limitations

This review is not without limitations. Of the 15
included studies, only two Duration studies were
conducted with the expressed aim of prospectively
examining the effects of the quantity or duration of
post-ACLR physiotherapy treatments on patient out-
comes. None of the 11 Quantity studies specifically
investigated the effects of the quantity of post-ACLR
physiotherapy treatment on patient
Although the intended purpose of the majority of
included studies did not completely align with the
intended purpose of the review, it was considered
appropriate to include them, as the dosage of post-
ACLR physiotherapy treatment could be extracted
from the articles. As such, the conclusions of this
review regarding the effects of the quantity and dur-
ation of post-ACLR physiotherapy treatment are
based on data that was not collected for the purpose

outcomes.

for which it has been used. The literature search
was completed up to March 2021, and therefore we
cannot exclude the possibility further studies have
been published since this date that may provide
additional insights into the research question. As we
excluded articles not published in English and did
not search for unpublished studies, we may not
have
Considerable heterogeneity between the included
studies precluded quantitative meta-analysis, while
preventing any between-study comparison of inter-

captured all the relevant literature.

ventions and outcomes.

Conclusions

The current review has not clearly established the
quantity and duration of physiotherapy treatment
following ACLR has a significant effect on patient
outcomes. Similar outcomes are achieved irrespect-
ive of the dosage of physiotherapy treatment. This
review adds to the findings of previous reviews that
have shown no clear benefit of supervised rehabilita-
tion over home-based or unsupervised rehabilitation
following ACLR. Constant monitoring of post-
ACLR rehabilitation by a physiotherapist does not
appear necessary, although regular therapist review
allows for ongoing patient assessment, education,
and progression. High-quality RCTs investigating
the optimal dosage of physiotherapy treatment fol-
lowing ACLR, or the level of supervision required
during post-ACLR rehabilitation, to achieve accept-
able patient outcomes are lacking.
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