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ABSTRACT

Anterior cruciate ligament (ACL) injury is a risk factor for developing post-traumatic osteoarthritis (PTOA). The burden of ACL
injuries and PTOA is considerable and predicted to increase if there is no change in their management. The efficacy of different ACL
rehabilitation interventions in reducing the incidence of PTOA is unknown. This systematic review aimed to identify, synthesise, and
critique research findings that evaluated the effectiveness of anterior cruciate ligament reconstruction (ACLR) plus rehabilitation
compared to rehabilitation alone on the incidence of PTOA following ACL injury. A quality critique of the selected studies was
undertaken using a modified Downs and Black appraisal tool. Data were extracted and analysed to answer the research question:
What is the effect of ACL reconstruction and rehabilitation compared to conservative management on the incidence of PTOA after
ACL injury? Six good-quality articles were retained for final review. Five studies compared the effect of surgical and non-surgical
management of ACL injuries on developing PTOA. One study investigated the impact of different ACL rehabilitation protocols on
the development of PTOA. The incidence of PTOA following ACL injury was comparable regardless of the surgical or non-surgical
intervention and rehabilitation compared in each study. Further high-quality studies are needed to inform ACL injury management to
reduce the impact of PTOA following ACL injury.
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INTRODUCTION Data suggest that Maori and Pasifika are disproportionately
affected by ACL injuries and PTOA in Aotearoa New Zealand
(Pryymachenko et al., 2023). Maori have higher participation
rates than non-Maori in sports identified with an increased risk
of acute ACL injuries (KTV Consulting, 2017). For example,
Maori are highly represented in all levels of rugby participation
(New Zealand Rugby, 2017), recorded as the most common
means of ACL injury in Aotearoa New Zealand (New Zealand
ACL Registry, 2021).

Anterior cruciate ligament (ACL) injuries frequently occur in
active young people involved in pivoting sports such as rugby,
netball, and football in Aotearoa New Zealand (New Zealand
ACL Registry, 2021). ACL injury permanently escalates the risk
of early onset and accelerated progression of knee osteoarthritis
(OA) at a comparatively young age (Whittaker, Culvenor et

al., 2022). Post-traumatic osteoarthritis (PTOA) results in an
extended period of joint disease and reduced quality of life

compared to people with non-traumatic OA (Lie et al., 2019). ACL reconstruction (ACLR) numbers are increasing, with 2,575
The burden of PTOA following ACL injury is predicted to people undergoing ACLR in 2021 (New Zealand ACL Registry,
increase if there is no change in managing these injuries (Chua 2021). People who require ACLR are five times more likely to

et al., 2020). experience PTOA (Snoeker et al., 2019), five times more likely to
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undergo total knee joint replacement (TKJR), and at a younger
age than the comparable non-injured population (McCammon
et al., 2021). Pasifika and Maori have the highest rates of TKJR
for OA in Aotearoa New Zealand (Lao et al., 2019), tend to be
younger at the time of TKJR, and have smaller functional gains
post-operatively than non-Maori (Singleton et al., 2013). The
social and financial cost of knee OA and TKJR in Aotearoa New
Zealand is considerable (Deloitte Access Economics, 2018; Kigozi
et al., 2018). The burden of knee OA is predicted to increase

for the foreseeable future, as there is no cure and only modest
symptom management. By 2038, healthcare costs of knee OA
are estimated at $370 million, with 9,040 TJKR per annum
(Wilson & Abbott, 2019). Effective management programmes to
reduce the impact of ACL injury and support the growing ACLR
population are required (Whittaker, Truong et al., 2022).

Filbay (2019) describes the aim of ACL management as being to
restore knee function, address psychological barriers to activity
participation, prevent further knee injury (including PTOA), and
optimise long-term quality of life supported by the best available
evidence at the time regardless of the treatment chosen (surgical
or conservative). ACLR is primarily undertaken to improve knee
stability and return symptomatic patients to activity. Research
suggests that ACLR decreases further injury by increasing knee
stability (McCammon et al., 2021). However, the rate of OA
remains high in this population (Friel & Chu, 2013). Although
ACLR improves knee stability, Abram et al. (2019) suggest it
alters the biomechanics, and Watt (2021) the inflammatory
pathways within the joint, which may contribute to PTOA and
TKJR.

New programmes and interventions, including varying
combinations of exercise and advice, with variable delivery
methods and variable outcomes, are being developed worldwide
in response to the risk and costs of PTOA following ACL injury
and reconstruction (Patterson et al., 2021; Whittaker, Truong et
al., 2022). These programmes promote self-management and
healthy lifestyles with adherence to accompanying exercise,
potentially offering additional long-term outcomes and
reduction in PTOA after ACL injury (Whittaker, Losciale et al.,
2022). While it is recognised that the development of PTOA
(following ACL injury) is multifactorial (Wang et al., 2020), a
gap in the previous literature was identified considering the
impact of rehabilitation following ACL injury on the subsequent
incidence of PTOA. This systematic review aimed to critically
appraise literature describing rehabilitation interventions
following ACL injury and subsequent impact on PTOA to answer
the research question: What is the effect of ACL reconstruction
and rehabilitation compared to conservative management on
the incidence of PTOA after ACL injury?

METHODS

Design, protocol, and registration

This systematic review used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
for conducting and reporting systematic reviews (Moher et al.,
2009). The review protocol was prospectively registered with
PROSPERO (receipt number: 313167).
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Search strategy and information sources

A systematic search of CINAHL, SPORTDiscus, MEDLINE (via
EBSCO), and Scopus was undertaken in April 2022 to retrieve
all relevant articles, using a modification of keywords and MeSH
terms to answer the review question (Table 1).

Reference lists from these articles were manually cross-checked
to identify any additional literature.

Table 1
Search Strategy for EBSCO Health Database

Search Keyword(s)

S1 (Acl or "anterior cruciate ligament") n4 (injur*)

S2 (OA or osteoarthritis or PTOA or "post-traumatic
osteoarthritis") n4 (knee)

S3 ST AND S2

sS4 Interven* or manage* or treat* or prevent* or
rehab*

S5 S3 AND S4

S6 rct or "random™* control* trial*" or "clinical trial*"

S7 S5 AND S6

Note. S = search.

Screening and article selection

Titles and abstracts of all the identified articles (n = 248) were
evaluated based on inclusion and exclusion criteria to screen for
eligibility. All articles were imported into EndNote version X9
(Thomson Reuters, Philadelphia, PA USA), where duplicates were
excluded (n = 175). Full-text articles were obtained and reviewed
where the title and abstract met the inclusion criteria (n = 18).
The primary author (CM) completed all abstract screening,
article selection, and data extraction. BD and JS oversaw article
selection and data extraction, and each reviewed a selection of
articles.

Inclusion and exclusion criteria

The search focused on identifying clinical studies evaluating the
efficacy of ACL injury rehabilitation on the development of PTOA
in humans. Articles were included if they were randomised
controlled trials (RCT) or clinical studies (e.g., prospective/
retrospective case studies and cohort trials) considering ACLR
and rehabilitation, or conservative management following

ACL injury and were available in full text in English. Objective
outcome measures of early OA were required for inclusion.
Based on previous research, these included imaging using X-ray
or magnetic resonance imaging (MRI) (Ajuied et al., 2014) or
relevant biomarkers such as bone morphogenetic proteins (BMP)
and inflammatory cytokines, such as tumour necrosis factor-
alpha, interleukin-1 (IL-1B), and IL-6 (Friel & Chu, 2013).

Articles were excluded if OA was implied via clinical
measurement of signs and symptoms indicative of impaired
knee function (e.g., knee laxity) or via subjective (e.g., Knee
Injury and Osteoarthritis Outcomes Score [KOOS]), or objective
assessment of knee stability and function. While a clinical
diagnosis of OA may be made based on symptoms, these
articles were excluded due to the subjectivity and challenges
describing the progression of OA disease via symptomology in



the absence of accompanying objective measures. For example,
the American College of Rheumatology (Kolasinski et al., 2019)
and National Institute for Health and Care Excellence guidelines
(2022) better reflect non-traumatic OA. Trials comparing
different surgical methods or graft material, and non-surgical
interventions such as intra-articular injections were excluded for
not meeting the rehabilitation criteria for inclusion. Studies of
non-human subjects were also excluded. A minimum follow-up
time was not specified due to the low literature volume.

Study quality appraisal

The methodological quality of articles was critically appraised
using the Downs and Black checklist (Downs & Black, 1998). The
checklist was selected because it is appropriate for various study
designs, including RCTs and clinical trials. The checklist includes
27 items designed to assess methodological components of
reporting, external and internal (bias and confounding) validity
and power. The final item (27) was modified to record Yes = 1
or No = 0 about whether a power calculation was performed
rather than allocating a range of study powers with scores up
to a maximum of 5 (Zadro et al., 2019). This change made the
maximum score possible for the checklist 28 rather than 32.

A score of 0 indicated the lowest methodological quality and
28 the highest. Hooper et al. (2008) assigned methodological
quality levels to a range of Downs and Black scores to enable
categorisation: Excellent (26-28), Good (20-25), Fair (15-19),
and Poor (< 14).

The primary author (CM), and two additional peer reviewers

(BD and JS) (Aotearoa New Zealand registered, practising
physiotherapists), independently appraised the quality of each
study, with discrepancies in scoring resolved through discussion
and consensus. Before the independent evaluation of the
included literature, the reviewers met to discuss the checklist
and completed a trial evaluation of an article outside the search
criteria but consistent with the parameters of being a recent
English language RCT to ensure consistency in the application of
each question.

Data extraction and synthesis

Data extraction was conducted by CM for all identified articles
using the Patient, Intervention, Comparison, Outcome (PICO)
framework (Eriksen & Frandsen, 2018). The data extracted
included patient demographics, intervention details, comparison
interventions, outcome measures for the interventions, and the
intervention results. The heterogeneity of the interventions and
reported outcomes in the included studies precluded meta-
analysis. Hence, a narrative synthesis was used to investigate
and report the included studies’ similarities, differences, and
results.

RESULTS

Study selection

Figure 1 illustrates the process of selecting the studies for quality
appraisal and data extraction. The search of electronic databases
identified 423 records. After removing duplicates (175), 248
studies were screened by reviewing the title and abstract. After
reviewing abstracts, 230 studies were excluded. The three

main reasons for exclusion at this stage were not including

a radiological measure of OA disease (i.e., X-ray or MRI) or

relevant biomarkers of early OA, animal-based studies, or studies
that solely focused on comparing surgical techniques and did
not describe rehabilitation. Of the 18 full-text studies retrieved
and reviewed in full, two were excluded as they were not RCTs
but were study protocols for RCTs, and 10 were excluded as the
outcome measures did not include an objective OA measure. Six
studies were retained for the final analysis.

All six studies included were RCTs. Five compared surgical to
conservative management of ACL injury, with follow-up ranging
from 2 to 15 years. One study compared the influence of three
different types of ACL injury rehabilitation on OA biomarkers,
with follow-up at eight weeks and six months after ACL injury
or reconstruction.

Study quality appraisal

Six studies were included in this systematic review, including
488 participants who had sustained a primary ACL injury to a
previously un-injured knee. Table 2 shows the individual Downs
and Black scores of the included studies. The methodological
quality of all studies was categorised as good (Hooper et al.,
2008), with studies scoring between 20 and 24 out of 28 on the
modified Downs and Black checklist.

Trends were noticed across the appraised studies. All studies
scored 0 (No) for item 14 (Was an attempt made to blind

study subjects to the intervention they have received?). This is

a common finding, as it is difficult to blind participants to the
intervention they receive in this type of clinical trial. Conversely,
all studies scored 1 (Yes) for item 15 (Was an attempt made to
blind those measuring the main outcomes of the intervention?)
and scored 1 (Yes) for item 23 (Were study subjects randomised
to intervention groups?).

Of note, most studies also scored poorly for item 8 (Have all
adverse events that may be a consequence of the intervention
been reported?) and item 11, considering external validity (Were
the subjects asked to participate in the study representative of
the entire population from which they were recruited?).

Three studies (Frobell et al., 2013; Meunier et al., 2007;

Nambi et al., 2020) scored highly (10/11) on the first 10 items
measuring reporting quality. Three studies (Meunier et al., 2007,
Nambi et al., 2020; Wirth et al., 2021) also scored highly (2/3)
on items 11 to 13, considering external validity. All studies
scored well in items 14 to 20, considering internal validity/bias,
with all studies scoring 5 (Frobell, 2011; Nambi et al., 2020) or 6
out of 7. Frobell et al. (2013) and Nambi et al. (2020) scored full
marks (6/6) from items 21 to 26, considering internal validity/
confounding. The modified power question 27 scored 1 (Yes) in
all studies.

Table 3 demonstrates the key characteristics extracted from the
retained studies using the PICO format and the corresponding
Downs and Black scores.

Participants and population

The participants in all six studies were described as previously
physically active, aged between 18 and 35 years and had
sustained a primary acute ACL knee injury. Four of the six
studies included participants with meniscal tears but excluded
other associated injuries known to be risk factors for PTOA, such
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Figure 1
PRISMA Diagram Demonstrating Study Selection
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Databases (n = 423)

Duplicate records removed
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!

Studies included in review
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protocol for randomised
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e Reason 2 (n = 10): outcome
measure does not include
osteoarthritis

as total collateral ligament rupture and chondral injuries. Nambi
et al. (2020) and Tsoukas et al. (2016) excluded participants with
other soft tissue injuries.

The mean duration since ACL injury ranged from 2 to 15

years after injury, except for Nambi et al. (2020), who failed to
report this. Four studies included male and female participants,
and two (Nambi et al., 2020; Tsoukas et al., 2016) included
males only. Five studies recorded body mass index (BMI), with
all participants’ mean scores between 22 and 24 (kgs/m?),
indicating they were within healthy ranges. Meunier et al.
(2007) did not report BMI scores. Most studies reported no

or very few losses to follow-up, except for Wirth et al. (2021)
who did not report on this. Participants were recruited from
hospital attendance for ACL injuries in Sweden (Frobell, 2011;
Frobell et al., 2013; Meunier et al., 2007; Wirth et al., 2021)
and Saudi Arabia (Nambi et al., 2020). Mean Tegner scores > 5
and < 10 indicated participants were from moderately active to
competitive sporting populations while excluding professional
athletes (Lysholm & Tegner, 2007). Most ACL injuries occurred
while participating in competitive sports (Frobell, 2011; Frobell
et al., 2013; Nambi et al., 2020; Wirth et al., 2021), with mean
Tegner scores > 7.

Intervention

The impact of a variety of interventions was investigated across
the included studies. Surgical ACLR via hamstring or bone-
patellar tendon-bone autografts were described in the more
recent surgical comparisons (Frobell, 2011; Frobell et al., 2013;
Wirth et al., 2021). However, Meunier et al. (2007) considered
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augmented and un-augmented ACLR occurring between

1980 and 1983. Delayed ACLR was an option for participants
experiencing ongoing instability in four studies (Frobell, 2011;
Frobell et al., 2013; Meunier et al., 2007; Wirth et al., 2021).
Details of physiotherapy-supervised, structured rehabilitation
was described in four studies (Frobell, 2011; Frobell et al., 2013;
Nambi et al., 2020; Wirth et al., 2021). In the follow-up to the
KANON trial (Frobell, 2011; Frobell et al., 2013; Wirth et al.,
2021), rehabilitation was based on a best-practice consensus-
informed programme, commencing with early weight bearing,
followed by goal-based progressions combining closed- and
open-kinetic chain quadriceps strengthening and neuromuscular
training (Frobell et al., 2010). Nambi et al. (2020) describe
participants receiving isokinetic, sensory-motor training or a
standard home exercise programme. Intervention durations were
described in four studies and varied from 4 weeks (Nambi et al.,
2020) to 8 months (Tsoukas et al., 2016). Participant compliance
with study interventions was high in four of six studies but could
not be determined in the remaining two (Frobell, 2011; Nambi
et al., 2020).

Control or comparison

Table 3 shows that five studies compared the impact of

initial surgical ACLR with conservative management on the
development of PTOA after ACL injuries. Three of these (Frobell,
2011; Frobell et al., 2013; Wirth et al., 2021) provided sufficient
detail about the conservative management to compare surgical
ACLR with a structured, supervised rehabilitation programme.
The other two (Meunier et al., 2007; Tsoukas et al., 2016
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provided insufficient information about the conservative
intervention for the same comparative analysis; instead,

their comparison was limited to that of surgical ACLR with
conservative management. Nambi et al. (2020) compared the
impact of training regimes on existing PTOA after ACL injury
and failed to record if participants had or had not undergone
ACLR. Several studies (Frobell, 2011; Frobell et al., 2013;
Meunier et al., 2007; Wirth et al., 2021) allowed delayed ACLR
for participants randomised to the conservative management
group. In these studies, between 30% and 50% of participants
progressed from conservative management to having ACLR.

Outcomes

The outcome column of Table 3 includes the objective outcome
measures of OA, with suitable sensitivity and specificity
identified as inclusion criteria for this review. While the outcome
measures varied across studies introducing clinical diversity and
preventing direct comparisons, the studies included known valid
and reliable measures. Follow-up durations ranged from 2 to 15
years’ duration from the index injury.

Study results

All six studies reported no significant differences between the
intervention and the comparison/control groups for evidence

of radiographic OA, MRI visualisation of cartilage thickness,

or bone morphologic proteins. Nambi et al. (2020) reported a
reduction in inflammatory biomarkers at 6 weeks and 8 months
after a 4-week isokinetic training programme compared to a
sensory-motor or standard home exercise programme.

PTOA was recorded within 2 to 15 years of ACL injury in five
of the six included studies. Nambi et al. (2020) reported PTOA
measures at 8 weeks and 6 months following rehabilitation
intervention, with an unclear duration since the original ACL
injury. Study participants were between 18 and 35 years old

at the time of ACL injury, meaning PTOA following ACL injury
occurred in a disproportionately younger population than other
forms of OA would be anticipated.

DISCUSSION

This systematic review identified six good-quality RCTs that
explored the impact of ACL injury management approaches

on the development of PTOA. Five of the six studies compared
surgical approaches with conservative management, and the
synthesis of these studies suggests the likelihood of developing
PTOA may not be affected by receiving surgical or conservative
management after ACL injury. In contrast, only one study
(Nambi et al., 2020) compared post-operative rehabilitation
approaches.

Synthesis of the reviewed studies shows that the rates of PTOA
following ACL injury appear comparable regardless of whether
someone undergoes surgical or conservative management. This
summation is supported by Filbay (2019) and Friel and Chu
(2013), who propose early ACLR is not superior to evidence-
based rehabilitation in reducing subsequent PTOA after ACL
injury. Some researchers argue that the onset of PTOA is caused
by ACL injury (Frobell et al., 2013) and is not influenced by
post-injury management interventions. Cuzzolin et al. (2021)
proposes that the mechanism of ACL injury has a traumatic
impact on all knee structures, predisposing the knee to PTOA,

and is not just a ligament injury. Potter et al. (2012) found that
all ACL injuries are associated with chondral damage at the
time of injury and proposed that this will deteriorate over time.
Moreover, Frobell et al. (2013) hypothesises that events at the
time of ACL injury may cause a cascade of biologic sequalae
contributing to early PTOA, with the later progression of

PTOA linked to altered biomechanics following ACL injury and
reconstruction. To establish controlled research cohorts, isolated
ACL rupture, excluding other soft tissue injuries, was studied
by Nambi et al. (2020) and Tsoukas et al. (2016). This limits the
generalisability of their studies to ACL injury epidemiology more
broadly due to the prevalence of other associated injuries in the
general population at the time of ACL rupture.

Although the modified Downs and Black tool scores suggested
that the quality of the included studies was “good”, some
fundamental limitations remain. Three such limitations include
the relatively short length of follow-up (between 6 months

and 5 years) and small sample sizes in many studies, plus the
different measures of PTOA across studies employed different
sensitivity. These study limitations potentially limit the precision
of their reported findings and the accurate reporting of PTOA.
Additionally, four studies (Frobell, 2011; Frobell et al., 2013;
Meunier et al., 2007; Wirth et al., 2021), allowed optional
delayed ACLR. Cross-over from conservative management to
surgical treatment occurred with 30% to 50% of participants in
these studies, further limiting the ability to appreciate between-
group differences.

Therefore, our synthesis of the available studies indicates limited
evidence of a difference between ACLR and rehabilitation
compared to conservative management on the incidence of
PTOA after ACL injury. Research indicates surgery may provide
benefits by improving joint stability and reducing the risk of

a secondary injury such as meniscal tears (Chu, 2019). There

is also conflicting evidence that surgery may exacerbate and
prolong the intraarticular inflammatory response, subsequently
increasing the risk of PTOA (Thomas et al., 2017). Shen et al.
(2022) report that early ACLR, compared to optional delayed
ACLR, does not show improved functional outcomes. Synopsis
of the current literature suggests considering delayed ACLR

in some circumstances may optimise the benefits of surgical
stability and offset the risks of the inflammatory response.

For example, early ACLR when ACL injury is associated with
other joint injuries, and delayed ACLR for ongoing or recurrent
instability.

Limited recommendations can be made following this systematic
review about differing rehabilitation protocols following ACL
injury because only one included study compares different

ACL injury rehabilitation protocols (Nambi et al., 2020).

This study shows that including isokinetic muscular training
within structured rehabilitation after ACL injury (plus or minus
ACLR) might reduce inflammatory biomarkers compared

to sensory-motor and standard home exercise programme
rehabilitation protocols. The impact of this on PTOA is unclear,
particularly since the follow-up period was so small in this
study. This finding is supported by Wang et al. (2020), who
report that the involvement of ACL injury in the development
of PTOA is complex and multifactorial, proposing structural,
mechanical, and neuromuscular factors in addition to biological
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(inflammatory) factors; however, they conclude that the

precise mechanism remains unclear. Whittaker and Roos

(2019) highlight the gap in knowledge about evidence-based
rehabilitation to prevent or delay the onset of PTOA after an
ACL injury and are trialling an approach combining exercise and
education based on the current evidence-based understanding
of causal factors of OA (Whittaker, Culvenor et al., 2022).

The findings of this review have identified a significant gap in
the current literature, highlighting limited evidence comparing
different rehabilitation options following ACL injury or ACLR

to reduce the likelihood of developing PTOA. Increased
understanding of the causes of PTOA will also improve the
management of the onset and progression after ACL injury

and lead to future studies comparing specific intervention
protocols targeting the causal mechanisms. In the meantime,
future studies should consider comparing modes of ACL injury
rehabilitation delivery to optimise adherence to a healthy
lifestyle, including education and exercise boosted with

periodic face-to-face supervision (Cinthuja et al., 2022), group
rehabilitation (da Silva et al., 2015), or app-based rehabilitation
(Clark et al., 2019; Clausen et al., 2020) to enhance
engagement, monitored over an extended duration. Moreover, a
recent consensus statement by Whittaker, Culvenor et al. (2022)
to guide clinical practice without empirical research supports
these recommendations.

Strengths and limitations

Strengths of this systematic review include prospective registration
with PROSPERO (receipt number: 313167) and using the Downs
and Black checklist by multiple reviewers following a structured
search of available literature leading to a robust, reproducible,
structured synthesis of current research. Several limitations, in
addition to the previously noted limitations within the studies
themselves, should be considered when interpreting the findings
of this review. A potential limitation is completing abstract
screening, article selection, and data extraction using one
reviewer. Rigorous application of the search strategy excluded
non-English publications and studies lacking an objective
measure of OA. These excluded studies focused on subjective
measures, including clinical indicators of OA such as pain

and laxity. This limited data extraction to only six studies that
assessed the efficacy of ACL injury management on objective
outcome measures of OA included in this systematic review.
Heterogeneity is noted in these studies, and quantitative analysis
by pooling outcome data (meta-analysis) was impossible. While
quantitative synthesis of the findings was not possible due to the
heterogeneity of the interventions and outcome measures used,
the findings were broadly consistent. In the existing literature,
only one study investigated the impact of particular rehabilitation
protocols on OA outcomes following ACL injury.

Future research

This review supports findings that ACL injury may increase

the likelihood of PTOA regardless of injury management.
Considering this, long-term engagement in healthy lifestyle
behaviours (i.e., weight management and physical activity)

may be needed to reduce the potential sequelae of the injury
(Frobell et al., 2010). However, more clinical trials comparing the
impact of different rehabilitation approaches over time on the
incidence, progression, and burden of PTOA, and the inclusion
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of a wider variety of outcome measures to assess efficacy and
impact, are required before clinical recommendations are made
for one rehabilitation strategy over another in relation to ACL
injury management. Furthermore, using a consensus definition
of symptomatic PTOA (Lie et al., 2019) and standardised clinical
criteria for radiographic OA (Jiestad et al., 2009) will enable
meta-analysis of future study findings. Recent pre-clinical (Aman
et al., 2022) and initial human studies (Lattermann et al., 2017;
Wang et al., 2017) have looked at whether early modification
of the inflammatory response to injury and surgery may have a
protective effect on the development of PTOA. Future research
considering how this may integrate with rehabilitation-based
approaches may support improved clinical outcomes after

ACL injury. Maori and Pasifika are overrepresented in rates

of ACL injury and TKJR for OA. Further research to consider
culturally acceptable programmes for ACL injury prevention and
management, and secondary prevention of PTOA is indicated to
ensure equitable application in Aotearoa New Zealand.

Clinical implications

This review provides evidence from a small collection of studies
that show we do not yet know if undergoing ACLR or not
changes the likelihood of developing PTOA after ACL injury. In
parallel with the multifactorial contributors to PTOA following
ACL injury, there appear to be multifactorial considerations

for injury management. Delaying ACLR in conjunction with
rehabilitation, regular, ongoing review, and shared decision-
making may help align client expectations with outcomes

for ACLR and improve satisfaction with outcomes in many
instances. An ACL injury can have a life-long impact, so
multiple rehabilitation interactions, over an extended duration
are likely beneficial for optimal long-term clinical outcomes
(Whittaker, Culvenor et al., 2022). Isokinetic training may
reduce inflammatory biomarkers more than other rehabilitation
programmes (Nambi et al., 2020); however, this finding should
be treated cautiously as the mechanism and association with
PTOA remain unclear. In addition, ACL injury prevention is an
essential consideration for physiotherapists working with young
athletes participating in pivoting sports. Primary ACL injury
prevention mirrors re-injury prevention and further injury (PTOA)
management (Thorborg et al., 2017), providing a double layer
of protection against initial ACL injury and the sequelae of
PTOA.

CONCLUSION

The results of this review highlight that surgical and conservative
management appear to have comparable outcomes for most
people following ACL injury, but neither approach necessarily
reduces the chances of developing PTOA in the long term.
However, limitations within the studies mean further research is
needed to conclude definitively that there is no difference in the
likelihood of developing PTOA with ACLR or not. Few clinical
trials assess the impact of different rehabilitation programmes
on the onset and progression of PTOA after ACL injury. Given
the known burden of PTOA following ACL, more high-quality
studies are needed to inform best practice. However, it is

crucial that clinicians apply the current evidence for ACL injury
prevention and management and encourage people at risk of
PTOA to seek and receive ongoing rehabilitation beyond acute
injury or surgical reconstruction.



KEY POINTS

1. There are increased rates of PTOA in the ACL-injured
population regardless of intervention.

2. There is no evidence of a difference in rates of PTOA with
surgical or conservative management of ACL injury.

3. There is limited research considering the efficacy of
rehabilitation on the development of PTOA following ACL
injury, and further research is required.

4. Physiotherapists should provide ACL injury prevention and
management advice throughout the lifespan for people at
risk of PTOA after ACL injury.
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