AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Physiotherapy Treatment and Patient Outcomes
Following Anterior Cruciate Ligament Reconstruction
Surgery in New Zealand

Wayne Fausett

MHPrac (Hons), BHSc (Physiotherapy),
PGDipPECred), BPhEd

A thesis submitted to
Auckland University of Technology
in partial fulfilment of the requirements for the degree of
Doctor of Health Science

2023
School of Clinical Sciences

Primary Supervisor: Professor Duncan Reid
Secondary Supervisor: Associ®®fessorPeter Larmer



Abstract

An anterior cruciate ligament (ACL) rupture is a devastating injuryfibatiently

occurs during sporting activities. Surgical reconstruatibtne disrupted ligament,
followed by extended rehabilitation, is often undertaken as a means to restore pre
injury functional ability Rehabilitation, which typically includes physiotherapy
treatment, can have a significant impact on patientcomesfollowing ACL
reconstruction (ACLR) surgery; however, the relationship between treatment and
outcome is not clear. Therefore, we undertook a series of four studies to determine
the nature of the relationship between the quantity and duration of poperative
physiotherapy treatment and patient outcomes following primary ACLR in New

Zealand (NZ).

In study onephysiotherapy treatment data from the Accident Compensation
Corporation ofNZrevealedNZ ACLRatientsreceived between &2 physiotherapy
treatments over 143161 days following surgery. The absence of patient outcome data

did not allowthe relationship withphysiotherapytreatment datato be determined.

Study two was aystematic revievof previous literature, which showeub clear
relationship béween thequantity and duration of posbperative physiotherapy

treatment and patient outcomes following primaACLR could be established

In study three, we usepatient outcome data from the NZ ACL Registmyl
physiotherapy treatment data fro’ACQGo show physiotherapy treatment in the first
12 months after ACLR increased the likelihood of achieving a patient acceptable
symptom state on the Kae Injury and Osteoarthritis Outconfore questionnaire
However, pst-operative fhysiotherapy treatment did not increase the likelihood of
achieving a normative Marx Activity Rating Scale score in the 24 mimtithsing
ACLRAlso identified was thalZ ACLR patients received less thaphysiotherapy

treatments over an average oB% daydollowing surgery

In study four, we surveyed NZ physiotherapists regarding their beliefs and practices on
ACLR rehabilitationnian attempt to understand possible reasons ttoe dosageof
treatment patients receive following surgernfhe dosge of physiotherapy treatment

NZ physiotherapists believe they are providing is not consistent with the dosage of



iii
treatmentNZ ACLR patients are receiving, #mutilisation of patientreported

outcome measures and validated objective methods to assaisrmi outcomes by NZ

physiotherapists followind\CLR is low

Although NZ ACLR patients received a low dosage of physiotherapy treatment
following surgerythe absolute quantity of treatment does not appear to have a
significant effect on patient outconsg with other factors (patient age, gender, delay to
ACLRpossibly havingreater impacs. Physiotherapy treatmerfbllowing ACLRan,
however,increasea patientsacceptance of angngoingpost-surgical symptoms and
functional limitations Multiple fadors, including ACC policy and processes, likely
influence the dosage of physiotherapy treatment received by NZ ACLR patients.
Regular assessment of the patients status and function by the physiotherapist during
ACLR rehabilitation may increase adheretwcthe rehabilitationprogramme,

potentially increasing the dosage of treatment received and improving patient
outcomes. NZ physiotherapists may needncrease their knowledge and skills
regardingend-stage ACLR rehabilitation to effectively man#gar patient throughout

areturn to pre-injury activities.
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Chapter 1

Introduction

1.1 Anterior Cruciate Ligament Injury

As theanterior cruciate ligament (ACt) the kneeresists anterior tibial translation
and rotational loadsit is akey stabiliser of the joint during dynamic activitibst
involvejumping, pivoting, andapid changsof direction(Badawy et al., 2022; Duthon
et al., 2006) Knee injuries commonly occur during sporting activities, withAk one
of the most frequently injured structures in the kn@dajewski et al., 2006)Every
year there are over two millioACLinjuries worldwide(Renstrom, 2013)with an
annual incidence rate between 0.01 and 0.05%,-di7 $er 100,000 peopléMoses et
al., 2012) In a retrospective 2§ear analysis of a United States (US) population, the
annual incidence of ACL injury was reported as 68.6 per 100,000 pgesos with a
peak incidence between 148 years of age for females and-29 years for males
(Sanders, Maradit, Bryan, Larson, et al., 2016¢idence rates of ACL injufgpend on
the population being studied, with a younger, more active population likely to have a
higher rate of ACL injuiiMall et al., 2014) ACL injuryatesin amateurand
professional athletes ramgfrom 0.03% to 1.62% ar@i15% to 3.67%espectively
(Moses et al., 2012)

ACLreconstruction (ACR) rates are often used as surrogates for ACL injury rates
(Granan et al., 2008)The annual incidence &CLRsurgery in New Zealand (NZ)
between 200€2016 was 58.2 per 100 000 persgpears(Sutherland et al., 201%)a

58% increase since 20(Gianotti et al., 20099 with a peak incidence in the 159

year age group for females and the-28 year age group for maléSutherland et al.,
2019) Significant increases in ACLR rates, with sipdak incidence trends, have
also been reported in Austral{@brojkiewicz et al., 2018he USBuller et al., 2014;
Herzog et al., 2018}he United KingdonfAbram et al., 2020; Nogaro et al., 202and
Italy (Longo et al., 2020)Multiple factors have likely contributed to increased rates of
ACL injury and ACLR, including greater injury reporting, advances in diagnostics, early
sports specialisation in youth aradiolescents, higher participation rates inragk

activities, a greater number of surgeons providing ACLR, and evolving patient
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treatment preferencegAbram et al., 2020; Sanders, Maradit, Bryan, Larson, et al.,
2016; Sutherland et al., 2019s not all ACL injuries are formally diagnosed and not
all ACL injuries proceed to reconstructjoime true incidence of ACL injury is likely

significantly higher than the ACLR r&lanssen et al., 2011)

The majority of sporting ACL injuries in NZ that undergo ACLR are fromcamiaiat
mechanism during tearballsports such as rugbyootball, and netbal{Gianotti et al.,
2009; New Zealand ACL Registry, 202ZT)e percentage of ACLR from sports injuries in
NZ increased from 65% to 76% from 26@®to 200616 (Sutherland et al., 2019)
Between 2009 and 2019, the Accident Compensation Corporé@Cpf NZ received
23,352 claims for sporielated ACL injuries, with ACC fumgli20,069 ACLR surgeries
(ACC, 2021a)ndicating over 85% of ACL injurdeging that periodoroceededto

ACLR, which ishagher percentage thapreviouslyreported (Cevallos et al., 2021;
Kakavas et al., 202

1.2 TheAccident @mpensation Corporation of New Zealand

New Zealand (N4jnplemented the worlds first, and only, Ffault personal injury
insurance scheme in 1974odd, 2011)which isgoverned by theAccident
Compensation Aatf 2001(Connell2019) andadministeed bythe Accident
Compensation Corporation of NAhe schemprovides insurancé all NZ citizens,
residents, and temporary visitors fphysical and mental injuries that can be causally
linked to an accident ever{Bkinner, 2007; Todd, 2011pPnceaclaim is accepted for
cover,the injured persorcan easily access entitlemeniscludingmedical treatment,
rehabilitation, and earningselated compensabon (ERC)Duncan, 2019)Claimants

are only eligible to receive ERC if they were in paid employment at the time of their
injury. Being in receipt of ERC further entitlesl@mantto fully funded vocational
rehabilitation(VR) which often includes physiotherapikd functional rehabilitation
(ACC, 2021c)Peple not in paid employment at the time of their injury are not
entitled to receive ERC but are still entitled to receive A@@ed treatmentand non-
vocationalrehabilitation(Flood, 200Q) In return for being able to access entitlements,
claimants forgo the right to sue for damages arising out of any personal {fijismark
& Paterson, 2006)
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ACC directly purchases primamgdical services and otheon-urgent treatment
including physiotherapyfpr claimantgFrench et al., 201). While ACC is the primary
funder of private physiotherapy services in NZ for accidefdted conditiongReid &
Larmer, 2007)the ACC payment often does not meet the full cost of the treatment,
which can result in the provider charging tpatient a cepayment(Fitzjohn, 2007)

ACC has historically placenhiis on the number of physiotherapy treatments it would
fund for a musculoskeletal injury e.g. the maximum number of treatmesais 16for

an ACL injury These treatment limgtwere the result ofmultiple workshops

throughout NZ where physiotherapists d@ted the appropriate number of

treatments for approximately 150 of the most common musculoskeletal injuries. Once
a consensus was reached on an appropriate number of treatments, agreement from
ACC was sought to fund that number of treatments for thaiypjP. Larmer, personal

communication, October 27, 2022).

Oncean injured persorhas received thallocatednumber ofphysiotherapy

treatments, theprovideris required to submit their clinical records and a completed
ACC32 formto ACC to request furgior F RRAGA 2yl f GNBIF dYSyidao
Advisor team, who areften physiotherapists themselves, review teabmitted
informationand recommendhe request be either approved or declined. If the

request is declined, the patiemd thenliable for thefull cost of any further

physiotherapy treatments.

As a means to promotguality improvement ACQequiresphysiotheapistsworking
under the Allied Health contratb collectvalidatedoutcome measures relevant to the
patients condition(ACC, 2021b)However, ACBas no process tensure
physiotherapists areegularly collecting this outcome data, nor does it routinely collect
and collate this data frorproviders Approximately 45% of privaqaractice
physiotherapists itNZdo not work under the Allied Health contract, insteadoicing
ACC under the Cost of Treant Regulationsand are therefore not requiredy ACC

to collect patient outcome measurgs. Wilkins, personal communicatiohygust 13,
2022) There isalsono expectation of physiotherapisis NZto regularlycollect

objective strength measures aurictional performance datduring a course of

treatment. As suchwhen physiotherapistapply to AC@ fund additional
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treatments,dinical Advisordecisionsare oftenbasedsolelyon the subjective

information contained in the physiotherapist clinical records

C2NJ O2yRAGA2Yya&a y2G O20SNBR o6& !/ /3 bSs
public health service aims to achieuriversal coverage, equal access to services, and
efficiency of public servisgBohm et al., 2013; Lameire et al., 199Blpwever,

persistent sociadlemographidanequalitiescontribute to disparate outcomes across all
areas of the NZ healthcare systé@®oodyeatrSmith & Ashton, 2019; Jatrana &
Crampton, 2009) People inNZcanuse private medical insuranae selffund private
medical treatmentfor any noraccident related conditionhoweverthe st of
treatmentremainsa barrier to accessing healthcare services for a significant number

of peoplein NZ(Jatrana & Crampton, 20Q9)

1.3 Cost ofAnterior Cruciate Ligamehtjuries

The management of ACL injuries places a significant financial burdée &z

healthcare systeng a burdenmet almost exclusively by ACC. Between 2009 and 2019,
ACL injuries accounted for <1% of all sports related injuries; however, ACL injuries
accounted for >10% of total sports injury claim cd&€C, 2021a)Between 2000 and
2005, the average cost to ACC for treatment of an ACL injury was $11,157, including
specialist consultations, surgery, pagterative rehabilitation, and ERGianotti et al.,
2009) From 2016 to 2021, the total cost to ACC of all activai@ly claims

exceeded $36,000,000(ACC, 2021ayvith surgical costs and ERC accounting for 53%
and 31% of total costs respectively. In the US, where up to 350,000 ACLR are
completedannually at an average cost of US$24,000 per ABokhan et al., 2019;
Burroughs et al., 202 1)otal medical costs including diagnosis, surgical reconstruction,
and postoperative rehabilitation of ACL injuries are estimated at $3 billion per year
(Luc et al., 2014)In Australia, the estimated direct cestf primaryACLRn 201415

were $142 million, which does not include the rehabilitation, disease burden, and
societal costs associated with the injyBbrojkiewicz et al., 2018)ACLR appears to be

a more costeffective management strategy than néCLR, withdtal lifetime costs to
sodety following an ACL&stimated to beUS$38,000, compared witin estimated
US$88,000 fonon-ACLRFarshad et al., 2011; Mather et al., 2014; Mather et al.,
2013)

Yo
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1.4 How is arAnterior Cruciate Ligamehtjury Managed?

Decidinghow an AClinjury is managedhould be a shared decisiamaking process
between the patientand their healthcare teanwith patientgoals and expectations
driving the final decisio(Diermeier et al.2020) Patient and injuryspecific factors
includingage,gender,concomitant injury, pranjury activity levels, andecurrent
episodes oknee instability mayinfluence the decisiommaking procesgGrevnerts et

al., 2020; Grevnerts et al., 2021; Sanders, Maradit, Bryan, Kremers, et al., 2016)
Outcomes following ACL injury are not predictable and satisfactory outcomes can be

achieved withone of three treatment pathwaygqFilbay & Grindem, 2019)

1. Early ACLR as fidgte treatment, followed by posbperative rehabilitation.
2. Preoperative rehabilitation, followed by ACLR and pogerative rehabilitation.
3. Conservative management, witehabilitation as the firstine treatment

(followed by ACLRclinically indicatednd postoperative rehabilitation).

Early ACLR is typically advocassda means to safely return to pigjury activity levels
and preserve longerm knee joint healthin young, active peopléiermeier et al.,
2020; ®erman et al., 2021)While early ACLRanincrease the likelihood of returning
to pre-injury activities(Muller et al., 2021,)this outcomeis far from guaranteed
(Ardern et al., 2014)Early ACLR mlsoassociated witha greaterrisk of revisiolACLR,
potentially because of aearly return to preinjury activitiesor insufficienttime for
pre-ACLR rehabilitatio(Ding et al., 2022; Snaebjornssoraét 2019) Early ACLR can
reducethe risk of secondary meniscal tedPetersen et al., 2022; Snoeker et al.,
2019) with alonger delay to ACLR incraagthe risk for subsequenimeniscal and
chondral injury, likely due to recurrent instability evei@havez et al., 2020;
Hagmeijer et al., 2019; James et al., 2021; Mehl et al., 2019; Prodromalis 202,
Riepen et al., 2022; Sommerfeldt et al., 2018)eniscal and chondral injuries at the
time of ACLR are associated with worse kergn patient outcomegPedersen et al.,
2020) Despite undergoingACLRa significant number of peoplill go on todevelop
knee jointosteoarthritis OA) (Kvist et al., 2020; Webster & Hewett, Z)2and while
early ACLR may result in a lower incidenceadfographicknee OAat longterm
follow-up, the effect orsymptomaticknee jointOAis not as clea(Kvist et al., 2020;

Sanders, Kremers, et al., 201@)enyear outcome data from the Swedish Knee
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Ligament Registry reveals a higher proportion of gratts treated with early ACLR

report acceptable knee function and superior overall knee function compared with
delayed ACLR, with no additional benefit of delayed ACLR over nqBe&g&son et

al., 2022) Therefore, theevidence regaruhg the benefits of early ACLR verses delayed

ACLRemainsequivocal(Ferguson et al., 2019)

Pre-operative rehabilitation, followed by ACLR and pogérative rehabilitation is a
more recently developed strategg manageACL injuryAlshewaier et al., 2017and

can result in superior outcomes compared to patients who do not undertake the pre
operative rehabilitation componer(fFailla et al., 2016; Grindem, Granan, et al., 2015)
Several systematic reviews have shown-p@LR rehabilitatiormprovesclinical
measuresand patientreported outcomes following ACL{arer et al., 2020; Giesche

et al., 2020; Potts et al., 2@p Although there is good evidence for ph€LR
rehabilitation, almost 40% of surgeons performing ACLR in Australia do not consider
pre-operative rehabilitation importan{Ebert et al., 2019Wwhich maynegatively

impactpatientengagement in préACLR rehabilitation.

Conservative management of an ACL injypjcallyinvolvesfunctional and exercise
basedrehabilitationto improve lower limb strength and neuromuscular contfeilbay
& Grindem, 2019) Longitudinal studies of people with akCLdeficient knee indicate
conservative management, incorporatiagpropriate rehabilitation and activity
modification can result irsatisfactory functional outcomeg#ostogiannis et al., 2007,
Meuffels et al., 2009; Muaidi et al., 200Hlowever,data from Scandinavian Knee
Ligament Registries show people with conservatively managed ACL injuries report
worse outcomes and require more subsequé&nteesurgery than people wihave
undergone ACLRMelbye et al., 2022; Persson et al., 2Q2)nservative verss
surgical management of an ACL injuasdebatedfor many yeargFarshad et al.,
2011; Keays et al., 2022yith sveral reviews on the topic have been unable to
establish a clear benefit of one management strategy over the df@balmers et al.,

2014; Delincé & Ghafil, 2012; Smith et al., 2014)

If patient goals are not achievesith conservative managemertien ACLR may be
consideredDiermeier et al., 2020)A significantnumber of AClinjured people who

initially choose conservative managemeaenitl eventually decidéo undergo delayed
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ACLRGrindem et al., 2014; Sanders, Maradit, Bryan, Kremers, et al.,.2B&6)lts
from two recent controlled trials, wher ACLinjured patients were randomised to
receive eitherearly ACLR or rehabilitation followed by optional delag€tl R, show
39-50% of patients whaitially receiverehabilitationwill undergo ACLR within two
years of injurybecause of recurrent instability evenfsrobell et al., 2010; Reijman et

al., 2021)

1.5 How AreOutcomesEvaluated-ollowingAnterior Cruciate Ligament

Reconstruction Surge?y

Outcomes following ACLR can be classifiediasa (strength, range of movement

etc.), functional (hop test performance, return to sport etc.), recurrent ACL injury, and
patientreported outcome measure®®ROMsjLynch et al., 2015; Svantesson et al.,
2020) Time since ACLR can influence the appropriateness of the outcome measure of
interest (Svantesson et al., 2020For example, reporting rates of knee joint OA within
the first 1-:2 years of ACLWRill likelyprovide limited data, as the condition may not
become established until-50 years possurgery(Webster& Hewett, 202). In

contrast, the outcome of septic arthritis or hardware failure can be established soon
after ACLRtherefore a followrup periodof less than six months may be appropriate

(Svantesson et al., 2020)

Maximizing joint movement and lower lirgdtrength in particular quadriceps and
hamstringsfollowing ACLRs essential tahe recovery of knee function and reducing
the risk of developing knee QArhos et al., 2020; Cristiani, Mikkelsen, et al., 2020;
Schmitt et al., 2012; Shelbourne & Klotz, 2008)person suffering an ACL injury

and/or undergoing ACLR has significantly greater odds of developing knee joint OA and
subsequently requiring a knee joint replacement than a person who has not suffered
an ACL injurgBrophy et al., 2014; Khan et al., 2018; Poulsen et al., 2019; Suter et al.,
2017) However, in the shoft mediunt, and longterm, quadriceps strengtbf the
affected limbin people undergoing ACLk&mnains lower than the unaffected limb
possibly indicatig inadequate or inappropriate rehabilitatigBrown et al., 2021;
Myklebust et al., 2003; Petersen et al., 2014; Tengman et al., 2028ije sngle leg

hop tests are commonly used to assess functional performandeto determine

readiness foRTSafter ACLRBarberWestin & Noyes, 201 1hop test performance
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does not always correlate witlower limb strength nor does itconsistently predict a

successfuRTSr identify risk of reinjury (Davies et al., 2020)

PROMgrovide an objective measure of a subjective construct by captiravgthe
patient believes the condition and treatment has impacted their (Haywood, 2006;
Kyte et al., 2015)PROMSs to assess outcome after ACLR include measures of
symptons and function, activity level, health related quality of life, RTS, and
psychological statud.ynch et al., 2015; Svantesson et al., 2020hough over 50
PROMs are available to assess the ACL deficient(Bokason & Smith, 2001the
Knee Injury and Osteoarthrit@utcome ScoréKOOSandMarx Activity Rating Scale
(MARSHre often recommended, anditilised, following ACLinjury and ACLR
(Kanakamedala et al., 2016; Wang et al., 2010; Wera et al.,.2014)

The KOO®as developed in Sweden in 1998 to assess shor longterm patient
outcomes following a knee injury that could potentially lead to(@Aos et al., 1998)
(Appendix & The KOOS consists of 42 questions across five subs&iaptoms,

Pain, Activities ofDaily Living, Sports and RecreationandQuality of Life ¢ with each
subscale scored separately from zero (extreme knee problems) to 100 (no knee
problems)(Collins et al., 2011)An aggregate score is not routinely calculated to allow
analysis and interpretation of the five dimensions separatRlyos & Lohmander,

2003) however, a sum of four subscal&rptoms,Pain, Soorts and Recreationand
Quality ofLife) hasbeen used tevaluateoutcomes after ACLRFrobell et al., 2010;
Frobell et al., 2013) Althaugh not specific to patients with an ACL injury, the KO&S
been reported to be valid and reliable tool for measuring outcomes following ACLR
(Collins et al., 2016; Roos et al., 1988) iscommonly used by ACL registr{dsaletis

et al., 211) PrimaryACLRmproves alsubscales of the KO@sthe short (3-24
months),medium (five yearsand longterm (20 yearsjAhldén et al., 2012; Heijne et

a @ HampT | Attt 3 hQ[ SIFNBZIZ HAnwmoiTparfichlsgf R S
the Sport and Recreation subscale, which highlights the importance of knee stability

for sports activitiegWinkler et al., 202).

TheMARSSs an activity rating scale thatas developed and validated ACL patients
by a group of US Orthopaedic surge¢liarx et al., 2001) AppendixH). TheMARS,

whichis notdiseasespecific to ACL injufyneasureghe frequency oparticipation in



25

ACLEdependent activities.e. running, cutting, decelerating, and pivotingithin the
previous 12 monthg¢Collins et al., 2011)Thefrequency of each activity s&cored from
zero to four, then added giving a total score from zero to 16, with higher scores
representing higher actiwtlevels(Cameron et al., 2015)fhepsychometric properties
of the MARS have not yet been fully established, which may limit its usefulness in a
research settingCollins et al 2011; Letchford et al., 2012Primary ACLR does
improve presurgery MARS scorasNZ(New Zealand ACL Registry, 2021thoud
international researclshowsover 50% of patients do not achietteeir pre-injury

MARS score two yeaadter ACLRDunn et al., 2010)

PROMsre typically reporte as mean and standard deviation of the change in score,
which may lack clinical relevance for usefshe tool (Tubach, Wells, et al., 2005As
such, thepatient acceptable symptom state (PAS®ybea more meaningful outcome
for the patient(Tubach, Raval, et al., 2005) The PASS is defined as the score beyond
which patients consider themselves well and their symptoms accep{@amins et al.,
2020; Tubach et al., 20Q7Jollowing ACLR, 55% and 66% of patients perceive their
symptoms as acceptable at six months and two years resmdgtingelsrud et al.,

2015) and a higher percentage of patients perceive their symptoms as acceptable

after ACLR compared to conservatively managed pti@ersson et al., 2022)

Healthcare registries collect data regarding surgical technique, adverse events, and
patient outcomes following medical procedur@snd et al., 2009) Registries provide a
mechanism to improve patre outcomes via feedback to clinicians, optimise quality
control, and to identify prognostic factors associated with bptsitive and negative
outcomes(Senorski, Svantesson, Engebretsen, et al., 20IBg first naonal ACL
registry was developed in Norway in 2004, followed by registries in Sweden and
Denmark in 200%Granan, Forssblad, et al., 2009 ollective data from these
registries has been used in many studies to evaluate factors associateBR@Ms
following ACLIRSenorski, Svantesson, Baldari, et al., 20PRROMsre often used by

ACL registries as they minimise potential bias in the (latanan et al., 2008)

The NZ ACL Registry, which commenced in 204#entlyenrolls90% ofACLR
patientsin NZ, withapproximatey 15,000 patients enrolled as of mid21(New
Zealand ACL Registry, 2028jince 2017, it is mdatory for all Orthopaedic surgeons



26

in NZ who perform ACLR to actively participate inRbgistry to achieve
recertification(Rahardja et al., 2020)The NZ ACL Registoflects KOOS and MARS
scorespre-operatively, then a6-, 12, 24, and 66months postACLR, with an

estimated preinjury MARS score also collect@dew Zaland ACL Registry, 202NZ

ACL ReqistigOOS and MARS scores-atl@, and 24monthsafter ACLRre

equivalentto scores from other international registries, in terms of absolute values

and improvementovertmé | Af f 9 hQ[ SFNEZ wHanmoT Y@Aal
Registry, 2021)

1.6 WhatFactordnfluencePatientOutcomes Followingnterior Cruciate

LigamenReconstructiorsurgery

The outcome of an ACLR is influenced by multiple factors, including, but not limited to,
surgical techniquéKing et al., 2020; Rahardja et al., 2020; RardhetLal., 2022)
concomitant injury(Muller et al., 2021; Senorski, Svantesson, Baldari, et al., 2019)
psychosocial factor&rindem, Risberg, et al., 2015;mzaud et al., 2022; Webster et

al., 2019) previous knee injur{Scherer et al., 2016pre-injury activity leve(de Valk

et al., 2013; Muller et al., 2021pwer limb strength and functional performance
(Middlebrook et al., 2021; Paterno et al., 2017; Scherer et al., 2pa6gnt lifestyle
choiceqde Valk et al., 2013; Middlebrook et al., 202hsurance statugBeletsky et

al., 2020; Chava et al., 2022}hnicity(Bram et al., 2020Q)and socieeconomic status
(Ziedas et al., 2021)

Threefactorsalso shown to consistently influence outcomes followirgl_R are

patient age, gender, and the time between ACL injury and A@idrerson et al., 2016;
de Valk et al., 2013)Younger age at the tienof ACLR is associated whigher PROM
scoreg(Scherer et al., 2016; Senorski, Svantesson, Baldari, et al., 2a@ir¥®reased

rate ofreturn to sport(RTSjMuller et al., 2021 )greaterhop test performance
(Webster & Feller, 2017andhigher activity level§Senorski, Svantesson, Baldari, et
al., 2019¥ollowing surgery. Younger age &R is also associated with an increased
risk of revision ACLristiani ¢ al., 2021) which likely reflects the high rate of young
people returning to AGHependent activities fotlwing their primary ACLRVebster &
Feller, 2018)
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Multiple studies and systematic reviews have examined the effect of gender on
outcomes following ACLRRatient-reported outcomesandfunctionalperformance
scoresfollowing ACLRre worse for femalesompared to male¢Cristiani, Mikkelsen,

et al., 2020; de Valk et al., 2013; Senorski, Svantesson, Baldari, et al., 2019; Senorski et
al., 2018; Webster & Feller, 201 Although males caexperience higher reupture

rates(Mok & al., 2022) In contrast, the risk for graft failure or contralateral ACL injury

is reportedly not different between males and fema(@atel et al., 2021; Ryan et al.,

2014) Overall, outcomes following ACLR are not equal between genderdewittles

either the same or worse compared to malesutcomes for females rarely, if ever,

exceedtheir male counterpartg¢Elison et al., 2021; Tan et al., 2016)

As with gender, multiple studies have reportedw the length of time between ACL
injury andACLRnay potentially influencg@atient outcomes.Systematic reviewsn

the topichave shown no difference outcomesbetween and early and delaye&CLR
(Smith et al., 2010_ee et al., 2018andhigher postsurgeryactivity levelswith early
AQ.R(de Valk et al., 2013yvith methodological differencebetween the reviews likely
contributing to the equivocafindings. A longer delay to ACLdan beassociatedvith a
decreased RT@uller et al., 2021)decreased likelihood of achieviag?ASS scorn
PROMgForsythe et al., 2021and an increased risk of revision surg@yistiani et al.,
2021) A longer delay to ACLR is associated witigherincidence of meniscal and
chondral pathology at the time afurgery, which likelgontributes to thenegative
effect on patient outcomegCristiani, Janarv, et al., 2020; Ralles et al., 20Lbgre

are no universally accepted definitions of early or delayed ACLR, with early ACLR
defined as within two days to seven months of ACL injury and delayed ACLR defined as
three weeks to 24 year@nderson et al., 2016)vhich makes drawing definitive

conclusions from the research in this area difficult.

Aspreviouslystated, rehabilitationcan have gositiveinfluence on patient outcomes
following ACLRCulvenor & Barton, 2018; Janssen et al., 20P8)- and postsurgcal
rehabilitationhas been shown to improvgost-operative outcomes for patients
undergoing ACL&arter et al., 2020; Grindem, Granan, et al., 20xspite no
consensgon the optimal components a postACLR rehabilitatioprogramme(Lolb
et al., 2012) systematic reviews suppothe use ofimmediate mobilisatiorafter

surgery, open and closed kinetic chain exerciedacrease lower limb strength
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neuromuscular electrical stimulation to facilitate muscle activation, and proprioeepti
re-trainingto improveneuromusculacontrol (Andrade et al., 201%ruse et al., 2012;

Risberg et al., 2004; van Grinsven et al., 2010)

Effective ACLR rehabilitation invoheesultidisciplinary teanworking collaboratively
towards agreed goal@Vade, 202Q)and shouldncludegood communication between

the Orthopaedic surgeon and rehabilitation provid€ilbay & Grindem, 2019van

Melick et al., 2016)Optimal ACLR rehabilitation should also involve assessment of the
patient experience and functional performanaeregular interval¢Grindem, Risberg,

et al., 2015) as this helps develop and maintairtigat motivation (Risberg et al.,

2016) while providing reatime, objectivefeedback to the rehabilitation providem

the effectiveness of the rehabilitation programmBespite near universal acceptanc

of its importance, posACLR rehabilitation remains soptimal for some patientsand
incomplete rehabilitation likely contributes tworse patient outcomes following ACLR
(Ebert et al., 2018; Edwards et al., 2Q18) underutilisation of rehabilitation

following ACLR can be duertailtiple factors, includingremature discharge

inadequate or inappropriatecontent, financial or access barriers, patient ron
compliance/adherenceand a lack of patient knowledgegardingthe importance of
rehabilitation(Cailliez et al., 2012; Dunphy & Gardner, 2020; Grindem, Arundale, et al.,
2018; Risberg et al., 2016)

1.7 Rehabilitation and Physiotherapy Treatment Following Anterior

Cruciate Ligament Reconstruction

Physiotherapysthe process by which movement and physical function azated

when an individual experiences injury, iliness, or disab#ibdis an important
component of rehabilitation following soft tissue injury in the kr{€@ark, 2015)Due

to their scientificallypased clinical skills, physiotherapists are the health professonal
most often involved in the delivery and oversight of pA&€ILR rehabilitatio(Clark,

2015 Glattke et al., 2021)A recentsurvey of over 300 ACLR patientf\umstralia

reported over 97% received rehabilitation from a physiotheraisalker et al., 2021)
and inNZ, physiotherapists are the lead providers of functional rehabilitation following
ACLRACC, 2021b)in a research setting, ACLR rehabilitation is most often delivered
by a physidterapist(Dunphy et al., 2020)Asphysiotherapsts are the main providers
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of ACLR rehabilitationthe number of postACLR physiotherapy treatments, and
duration of that treatment, can provide a reasonable indication of the dosage of

rehabilitationreceivedfollowing ACL surgery.

The quantity ofpostoperativephysiotherapy visits for communtyased ACLR

patients can range from <5 to >fDempsey et al., 2019; Feller et al., 2004; Han et al.,
2015; Heijne & Werner, 2010Retrospective studiemdicate ACLR patients in the US
receive an average of 11@ physiotherapy treatments following surggBurroughs et
al., 2021; Christensen et al., 2017; Miller et al., 2017; Zhang et al.,.2Bddn a

sample of over 7000 ACLR patiemt$NZ the average number of prand postACLR
treatments received was reported as 14 andr&8pectively(Gianotti et al., 2009)
although it is not clear if these were exclusively physiotherapy treatments or also
included surgeon reviews as wels such, theumberof physiotherapy treatmersgt

patients receivedllowingACLR in Ni& currently uncertain

Following ACLR,gaeater number of physiotherapy treatmentiss beerassociated
with higher PROM scoré€hristenseret al., 2017; Han et al., 2015hcreased odds of
RTYHan et al., 2015)xand a decreased risk of revision surg@wller et al., 2017)
However, other studies report thguantity of postACLR physiotherapy treatment has
no effecton PROM scores, knee strength, agraft rupture rategDe Carlo & Sell,
1997; Feller et al., 2004; Vincent et al., 201&hougha doseresponse relationship
between the amount of physiotherapy treatmentlfowing ACLR and patient
outcomes might be expectedhe optimal number of physiotherapy treatments
following ACLR remains unkno@WWalker et al., 2020)

There are clear parallels between the levekapervision during posACLR
rehabilitation and the quantity of posACLR physiotherapy treatment received
(Gamble efal., 2021; Uchino et al., 2022Multiple systematic reviews have reported
no differencein selfreported knee function, sports participation, knee strengtid
range of motion, sagittal plane knee laxity, single leg hop performance, or quality of
life betweenpatientswho have more intensive supervised rehabilitation following
ACLR and those who have less supervised, or Hmased, rehabilitatior{fKruse et al.,
2012; Lobb et al., 2012; Risberg et al., 2004; Wright et al., 2@08)cent scoping

review concluded a moderately or minimally supervised rehabilitation programme is at
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least as effective as a fully supervised Higlguency rehabilitation programe
(Walker et al., 2020)

ACLR rehabilitation is recommended to last@months¢ dependent on the goals of
the patientq although criterionbased progressiaarenow favoured over timéased
progressiors (van Melick et al., 2016 However, retrospective studies from the US
report ACLR rehabilitation only lasts between 127 and 171 (@lysstensen et al.,
2017; Dempsey et al., 2019; Miller et al., 201FF)om a NZ context, the duration of
post-operativerehabilitation for peoplevho have undegone ACLR has not been

previously reported.

Theoverallduration of physiotherapyreatmenti.e. number of days from first
treatment to last treatmentafter ACLRaninfluencepatient outcomes. A longer
duration of rehabilitation is associated with increased knee flexor and extensor
strength(Krélikowska, Sikorski, et al., 2018geater leg symmetry during jumping
tasks(Krolikowsa, Czamara, & Reichert, 20,18nhd an increased rate of R{Y&broudi
et al., 2021) Longer, more comprehensive, pgSCLR rehabilitation is associated with
greater limb symmetry during hop tests and lower limb strength, which translates into
an increased rate of RTBbert et al., 2018; Edwards et al., 2Q18jowever, longr
post-ACLR rehabilitatiodoesnot improve jumping performance in female soccer
players(Arundale et al., 2019r the peak torque angle in the muscles of ACL
reconstructed kneegKrolikowska et al., 20197t least sk monthsof structured
supervised rehabilitation is associated with more favourable outcomes after ACLR,
with 9-12 months of supervised rehabilitatidikely tooffer further benefits(Walker et
al., 2020.

A number of factors contribute to the overall of dosage of physiotherapy received
during a course of treatment, includinige length of time of each treatment, the
number of treatments, and the length of time those treatments are delivered over
(Snodgrass et al., 2014)nthe currentcontext, the dosage of physiotherapy

treatment is defined as the number of physiotherapgatments over the period of

time those treatments are delivereddowever, the duration of each individual
physiotherapy treatment will influence the overall dosage of treatment. For example,

if two patients both receive 10 physiotherapy treatments, buae patient receives 20
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minute treatments and the other patient 40 minute treatments, there will be a

significant difference in the overall dosage of treatment received.

A distinctionalsoneeds to be made between trapsageof physiotherapy treatment
communitybased ACLR patients receive compared withdbgageof treatment an

ACLR patient may receive as part of controlled resealrtla. community

physiotherapy setting, theosage of treatmenis at the discretion of the treating
therapist and potentlly influenced by multiple factor@-ilbay & @ndem, 2019)
Conversely, patients in a controlled trial typically receive a predefined number of
treatments, at regular intervals, over a set period of tim&recent scoping review of

14 controlled trials of ACLR rehabilitation repamtthe mediannumber of

physiotherapy sessions per week was 3 x 60 minutes, over interventions ranging from
3-36 weekgDunphy et al., 2020)As suchthe dosage of physiotherapysed in a

controlled trial may not be applicable srealworld clinicalsetting.

Physiotherapist opinion regarding the dosage of treatment required following ACLR
can vary dependent on the healthcare environment that treatment is provided in.
Australian therapists indicatieetween 21 and 3%reatments are necessary in the 12
months pst-ACLREDert et al., 2019Wwhereas the majority of Flemish and Greek
physiotherapists suggest 40 treatments are needed between six and nine months
after ACLRDingenen et al., 2021; Kakakis et al., 2021)Onereason fa this
variabilitycould bethe different funding models for physiotherapy treatment in each
country i.e. privately verses publicly fundedhich has been shown tofluence

provider behaviour regarding the dosage of treatment providBdraseet al., 2021)
Although fhysiotherapiss are the main providers of rehabilitation following AGLR
NZ(ACC, 2021b)he quantity and duration of treatment they believe is necessary
after ACLR isurrently unknown.What is also not clear is if the quantity and duration
of treatment physiotherapists believe is required after ACLR corresponds to the actual
guantity and dwation of treatment patients receive after ACLR, as there is no
published data regarding this relationshifphe opinions and practideeliefsof
physiotherapistsegardingACLR rehabilitation amsoimportant, as they provide an
indication of physiotheapist awareness of begiractice guidelines, and whether
patients are receiving the recommended dosage of ACLR rehabili{@ingenen et

al., 2021; Ebert et al., 2019)
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1.8 Summary

An ACL rupture is a significant injury with significant consequences. The number and
rate of ACL injuries is increasing, with the costs to manage the jajudyto society

overall increasing as a resultOutcomes following ACL injury are frequently
unpredictable suboptimal and influenced by multipléactors No two ACL injuries are
identical which means the true natural history of an ACL injury cannot be confidently
described(Beynnon, Johnson, et al., 2005)ccordingly, there is no one trea¢mt
pathway that is suitable for all ACL injurid®habilitation is aressentiapart of any
potential pathway formanagingan ACL injuryyith physiotherapy treatment ofterma

fundamentalcomponent of the overall rehabilitation programme.

From a NZ pepective, thequantity and overall length of physiotherapy treatment
received has not been quantified, despite this data beewgily availablesia ACC
Patientreported outcomes following ACLR are also collected in NZ; however, the NZ
ACL Registry hag wisibility of the dosage of physiotherapy treatment patients
receive. Thereforghe relationship between the dosage of physiotherapy treatment

following ACLR in and patiergported outcomesn NZ is yet to belefined.

A patients rehabilitation jouray following ACLR is influenced by many things and there
is considerable variability e dosage of physiotherapy treatment requirbegtween
individualsto restore functional ability. Although recommendations have been made
regarding the dosage of phggherapy treatmentnecessaryollowing ACLR, the actual
guantity of treatment patients receive, both prand postACLR, has not been widely
reported. There are also marked inconsistencies between the recommended dosage
of treatment, the actual dosagef treatment patients receive, and the dosage of
treatment physiotherapists report they provide to patients. Several different
physiotherapist populations around the world have been surveyed on their beliefs and
attitudes regarding posACLR rehabilitatiofjowever, the opinions of NZ

physiotherapists on the topic remain unknown.

1.9 Significance dhis Thesis

ACC is an integral component of the NZ healthcare sygiemaiding thefundingfor

timely access to medical treatment and rehabilitation services for accicdzated
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conditions. While legislative barriers exist to safeguard the-tengp viability of the
scheme, such barriers can at times limit a patients access to necessary andragiprop
treatment. AC@nd physiotherapists in NZ are intrinsically linkasoneis the
predominant funder of treatment foaccidentrelated conditions and the othas the
predominantprovider of treatment for accidentrelated conditions.Funding decisins
regarding physiotherapy treatment are based on physiotherapist clinical records, with
no objective evidence tassist thedecisionmakingprocess. ACC fundser 100

million dollars of physiotherapy care in NZ annydligwever, theabsence obbjective
outcome dataresults inACChavinglittle insight into the effectiveness of that

treatment and overall patient outcomes.

Physiotherapists should have knowledge of the dosage of treatment that may increase
the likelihood of a positive outcome followimgjury. The dosage of treatment

received may indicate further treatment is required, or further investigation or onward
referral is necessaryHowever, it is important the expected dosage of physiotherapy
treatment required for an injury be based on emgpal data, rather than hypothetical

scenarios, as this ensures a level of robustness to any clinical decision making.

Physiotherapist beliefs are important as they provide insight into how effective the
translation of research knowledge into clinicaagptice is. If the beliefs and practices

of physiotherapists do not align with what research evidence recommends, this may
indicate barriers to implementing evidendmsed practicare present Knowledge of
physiotherapist beliefs regarding managemenadpecific injury e.g. ACL injury, also
allows for comparisons to be made to actual clinical practice. Discrepancies between
what treatment physiotherapists believe is required and what treatment is actually

delivered can be highlighted, aqmebssiblereasons for those discrepancies explored.

From a personalgrspective there areseveral motivations for undertaking this
research. Aa physiotherapistl am interested in the optimal dosage of treatment
required for a given injury, as this may influence decision making onttnovanage
the injury, guide treatment planning, and assist with clinidatisiormakingduring
treatment. | amalsointerested inthe outcomes my patientachieve, as this provides
both feedback orthe effectivenes®f mytreatment and objectivity regarding

treatment decisions As a Clinical Advisor at ACC, | am interestg@atient outcomes
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as these provide objectivdata when asessindgunding requests for additional

treatment. ACC is also interested in tiedationship betweerpatient outcomes and

the treatment purchased as thisallows ACC toonsiderthe overall valueof that

treatment. My overallgoal for this thesis is tonprove patient outcomes following
ACLR. | beliewseveral factors can help achieve this goal: 1) establishinguhatity

of physiotherapy treatment NZ ACLR patients are currently receiaimyhow long

they are receiving that treatment fo2) knowingif there is an optimal number of
physiotherapy treatments, and overall duration of physiotherapy treatmtas leads

to the best outcome3) increasing the awareness and utilisation of outcome measures

by physiotherapists.

1.10Objective Aims and Structue ofthis Thesis

Theprimaryresearch question for this thesis is:

1 What is therelationshipbetween thedosageof physiotherapy treatment and

patient outcomes following primary ACLRNA?
Several sulguestionsemerge from theprimaryresearch question:

1 What is the quantity and duration of physiotherapy treatment received by
patients following primary ACLR iZ®

1 Does thequantity and duration of physiotherapy treatment receiviegd NZ
ACLR patients align with theliefs and practices of NZ physiotherapists
delivering the treatment?

1 Dothe beliefs and practices of NZ physiotherapists regarding ACLR
rehabilitaton influence the quantity and duration @ost-ACLR physiotherapy

treatment?

The main body of this thesis consists of four separate, but-im&ed, studiegFigure
1.1). The first study is a descriptive analysigAa&f(ohysiotherapy treatment and
rehabilitationdata fora cohort of patients following an ACL injury in NZ between 2013

and 2016. The aim ofi¢ studyisto describe the quantity and duration of
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physiotherapy treatment patienteeceiveafter ACL injury, and prior to and following
ACLR.

Thesecondstudy is a systematic reviesf published datawith the specific aim to
determineif arelationshipcan be establishedetween the quantity and duration of
post-operative physiotherapy treatment and patient outcomes following primary

ACLR.

Thethird study is a quantitative analysis investigatthe relationship between the
quantity of phyiotherapy treatment and patieateported outcomes following ACLR in
NZ. Physiotherapy treatment data from ACC and patiepbrted outcome data from
the NZ ACL Registyll be usedas data sources.

The fourth studysa survey of NZ physiotherapista their beliefs and practices
regarding preand postsurgical rehabilitation andeturn to sportcriteria following
ACLRThe aims of the studgreto determine the dosage of physiotherapy treatment
NZ physiotherapists believe is required following A€kRnine any discrepancies
between those beliefs and actual physiotherapy treatment data, and explore NZ

physiotherapy practices regarding ACLR rehabilitation.

The last chapter of this thesis will interpret and explain the results from chapters two
through five, while providing recommendations for futustate physiotherapeutic

managemenbf ACL injury and ACLR in NZ.

Please note that athisthesis is presented in a series of published papsrimes
there is necessary repetition of key research in the introduction sectitins.not

possible to avoid this.
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Flow diagram of thesis chapters
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Chapter One
General literature review of anterior cruciate ligament

injury and significance of thesis.

|

Chapter Two
Physiotherapy treatment and rehabilitation following

anterior cruciate ligament injury in New Zealand.

|

Chapter Three
The relationship between the quantity and duration of post-operative
physiotherapy treatment and patient outcomes following primary anterior

cruciate ligament reconstruction: A systematic review.

|

Chapter Four
The relationship between physiotherapy treatment
and patient-reported outcomes following anterior

cruciate ligament reconstruction in New Zealand.

|

Chapter Five
Current perspectives af New Zealand physiotherapists on
rehabilitation and return to sport following anterior

cruciate ligament reconstruction.

|

Chapter Six
Discussion of thesis results, conclusions,

and clinical significance of findings.
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Chapter 2
Physiotherapylreatment andRehabilitation Following

Anterior QuciateLigamentinjury in New Zealand

This chapter comprises of the following manuscript:

Fausett, W., Wilkins, F., Reid, D., Larmer, P., & Potts, G. (2019). Physiotherapy
treatment and rehabilitation following anterior cruciate ligament injury in New
Zealand: Are we doing enoughlew Zealand Journal of Physiotherggy(3). 139-149.
doi:10.1589/NZJP/47.3.02

To maintain consistency of style throughout the thesis, the manuscript is presented

herein a format that differs slightly to the published artigl&@ppendix A

2.1 Preface

Physiotherapy treatment often forms the mainstay of rehabilitatiotlowing ACL

injury in NZ.A small number of retrospective studif'em other countrieshave

reported the dosage (quantity and duration) of physiotherapy treatment received
following ACRvarieswidely and may not alwayse consistent with evidenecbased
recommendations. The dosage of physiotherapy treatment received following ACL
injury and ACLR in NZ has not previously been repoKeawing the dosage of
physiotherapy treatment is the first step on the journey to better understanding the
effects ofthat dosage.Therefore, this studgimedto quantifythe dosage of
physiotherapy treatment received by NZ patients who had suffered an ACL injury, and
the dosage of posbperative treatment received by those patients wphmceededto

ACLR.
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2.2 Abstract

Physiotherapists are lead providers of rehabilitation following anterior cruciate
ligament(ACL)njury in New ZealandRehabilitation isonsidered an essential
component following anterior cruciate ligament injuries, but there is considerable
variability regarding preand post-operative managementThis study used data from
the Accident Compensation Corporation (ACC) for the years 2013/2@15/16 to

gain insight into the physiotherapy management of anterior cruciate ligament injuries
in New Zealand.Data wereextracted from 647 claims from people with a completed
anterior cruciate ligament reconstructiddCLRand 221 claims from people with
confirmedACLnjury who did not undergo surgeryn the 12 months following either
anterior cuciate ligament injury or surgery, 8186claimants had fewer than 15 ACC
funded physiotherapy treatments, and 13% of claimants had nofacded
physiotherapytreatments. Nine percent of claimants had a previous or subsequent
claim for an anterior cructa ligament injury.Compared tdest practice literature,

the results indicate a significant number of people in New Zealand received fewer than
the recommendechumber of physiotherapy treatments following anterior cruciate
ligament injury. Possible reamns may include the cost of privapdysiotherapy

services, a lack of endorsement from the respective orthopaedic surgeon, decreased
patient adherence/motivatiorand decreased patient understanding of the importance

of rehabilitation.

2.3 Introduction

Injury to the anterior cruciate ligament (ACL) of the knee is a common occurrence in an
active populationGianotti et al., 2009; Majewski et al., 2006pllowing AC injury,

the two traditional management pathways are 1) eak@L reconstruain (ACLR)
surgeryfollowed by rehabilitation and 2) conservative management consisting of
rehabilitation, with the option of delayed ACLR if requi(Bgynnon, Johnson, et al.,

2005; Risberg et al., 2004; Zadro & Pappas, 2018 exact incidence of ACL injury is

not known as not all ACL injuries are diagnosed or proceed to suidpergsen et al.,

2011) ACL surgery rates are often used as surrogate estimates of injury(kébses

et al., 2012; Sanders, Maradit, Bryan, Larson, et al., 20R#&esof ACLRare

increasingvorldwide (Sanders, Maradit, Bryan, Larson, et al., 2016; Zbrojkiewicz et al.,
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2018) An increasing ACLR rate is associated with increased work absenteeism
rehabilitation costsand an increased rate of degenerative knee conditiors lamee

joint arthroplasty(Barenius et al., 2014; Cinque et al., 2017; Janssen et al., 2011; Khan
et al., 2018; Suter et al., 2017)

The Accident Compensation Corporation (ACC) of NZ providesu24&omprehensive
no-fault accident insurance to compensate the injured person and assist them in
returning to independence by covering medical costs, ogrgitlements, and ensuring
timely access to treatmenlood, 200Q) AnnuallyACC spends over $25 million on
ACL surgeries and over $100 million on physiotherapy services for all itATES
2018a) Entitlements and cost of physiotherapy treatment will vary dependinghen
injuredLISNE 2y Q& $2NJ] adal Gddza 2N OF LI OAGesz |yR
physiotherapist. ACC purchases physiotherapy treatrire8tways via the cost of
treatment regulations the physiotherapy services contrg@&CC, 2018bprvocational
rehabilitation services (VRSJhe ACC contribution may not fully cover the cost of
treatmentvia regulation or contracand some private physiotherapy practices charge
a copayment ofup to $50 per treatment (Fitzjohn, 2007) daimants who are unable

to complete work duties and receivaarnings relatecompenssion (ERCare entitled

to VRSwhich support and facilitate a return to wqrdre fully funded, and may include

physiotherapistled functional rehabilitatiofACC, 2018c)

Rehabilitationfollowing ACL injurnpr ACLRshould encompass a biopsychosocial
approach(Scott et al., 2018)consisting of patient education, physical rehabilitation,
and addressing psychological barridrdbay & Grindem, 2019; Risberg et al., 2016;
Zadro & Papas, 2018) The physical component of rehabilitation involvestoration
of knee range of movement, lower limb strengthening, neuromuscular and
proprioceptive retraining, and activilgpecificexercisegAdams et al., 2012; Myer et
al., 2006) Physicalehabilitation following ACL injuiig safe and efficaciougEitzen et
al., 2010) with the ultimate goal of rehabilitation to achieve a sustainable return to
pre-injury activities(Risberg et al., 2004Physiotherapists, with expertise in the
function of the musculoskeletal system, have the kfedge and skills to implement
and progress the physical and functional components of ACL rehabilitaaonMelick

et al., 2016)
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A structured preoperativephysicalrehabilitation progammeis associated withetter
post-operativefunctionaloutcomes(Eitzen et al., 2009; Failla et al., 2016; Logerstedt
et al., 2013) Supervised physiotherapy is routinely prescribed following ACL surgery
(Han et al., 2015)nd supervised rehabilitatiocan beassociated with better
outcomes than unsupervisghristensen et al., 2017Physical @habilitation lating

up to 12 months is recommendedter ACLRo restore function and stability to the
knee(Adams et al., 2012; Zadro & Pappas, 2048 to optimise possurgical
outcomes(Grindem, Granan, et al., 2015Recenevidence suggests people may not
be completing sufficient posACLR rehabilitation before returning to pirgury
activities(Ebert et al., 2018; Grindem, Arundale, et al., 201&espective ohow an
ACL injury is managed significant percentage of people do not return to{ogiry
activity levels(Ardern et al., 2014; Qiestad et al., 2018; Webster & Feller, 201.8)
suffer a subsequent ACL injui@rawford et al., 2013; Lai et al., 2018; Wrightlet a
2011)

The content and quality of ACL rehabilitation protocols is highly var{aipled et al.,
2014) which may lead to confusion among patients and physiotherafigthni et

al., 2016) Patient outcomes following ACL rehabilitation could also be influenced by
patientindividualityand variability in physiotherapiginplementation of specific ACL

rehabilitation protocolfAdams et al., 2012; Greenberg et al., 2018; Myer et al., 2006)

The aim of this study was to undertake a retrospective review ofjad8 period of
ACC claim data to gain insights into the management of ACL injury in NZ, with a
particular focus on the quantity and duration of physiotherapy treatment following

injury, and during the preand postoperative rehabilitation period.

2.4 Methods

A descriptive methodology wadilisedfor this study. The study cohort included all
claims with amapproved ACLR request for the 2013/14, 2014/15, and 2015/16 years
(the year being July 1st to June 31st). Claims with an approved ACLR request were
assumed to have a confirmed diagnosis of an ACL rupt&feC claim numbers were
used to identify claimsClaims were categorisdal whether surgery had been
completed(Surgery groupdr not completedNonsurgery group)and stratified by
gender and age at date of injury (DOI) (<2022030339, 4049, 50+ years old)Using
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a random number generator in Migsoft Excel, a sample of 20 claims from each age
group and gender, from each year, were selected. Where there were less than 20
claims in an age group and gender for that year, all claims were included in the sample.
Convenience sampling was used to aestine total sample included a similar number

of males and females, and all age ranges were equally represented.

A X 4 oA

Forthe Surgery and Nosurgery groups  RIF G 02t t SOGSR QAL 1 [/

and payments systenmcluded

claimant sex

date ofbirth

age at date of ACL injury

mechanism of injury (MOI)

activity being performed when ACL injury occurred
date of last physiotherapy treatment

total days earnings related compensation (ERC) days paid under that claim

=4 =/ = 4 -4 -4 A -2

whether there was an approved purchesrder for vocational rehabilitation in
the 12 months following surgery or injury

1 whether the client had suffered a previous or subsequent ACL injury.

Additional data collected for th8urgerygroup included the date of surgery, number
of pre-operative ACLR physiotherapy treatmengs)ydnumber of postACLR
physiotherapy treatments within 12 months of surgery. Additional data collected for
the Nonsurgerygroup included the total number of physiotherapy treatments within
12 months of injury. The X2onth period was chosen as this is the recommended
duration of rehabilitation following ACL injury (van Melick et al., 2016 addition,
claims where the person had undergoA€L surgergnore than 364 days aftddOl

g SNBE OF (S 32 NkuigbrRank this grobifbvias ahdyBed separately.

Use of ACC claim data compliidh standard ACC consent and legal obligations
related tocover. Ethical approval was sought retrospectivdipwever, the study did
not meet the threshold to requirethical approval as all data remained-akentified

during collection and analysis.
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2.5 Results

The selection of claims for analysis is describdeigare2.1. From theSurgerygroup,

2 claims were excluded as the clients had not undergone ACLR, cdaith was

excluded as the ACL was found intact at the time of surgery. FroMdhsurgery

group, 6 claims wee excluded as the ACL was subsequently revealed to be intact, and
7 claims were excluded as the clients had undergone ACLR within 12 months of injury.
Overall, the Surgery, Delayed surgery, and-Norgery groups represented 8%, 2.5%,
and 3.5% of the ta@l number of ACclaims with an approved ACLR request between

2013/14 and 2015/1@espectively.

Figure2.1

Flow diagram describing sample selection and how each study group was determined.

Number of claims with approved ACL
surgery request for 2013/14, 2014/15,
2015/16 years=6210

V¥

Random sample of claims drawn from total

population = 868

N ¥

Mumber of claims where surgery Number of claims where surgery

was completed = 586 was notcompleted =282

N d

Number of claims where

Number of claims where

surgery was completed =
364 days after DOI =30

surgery was completed =
364 days afterDOI = 61

Surgery group = Delayed surgery group = Non-surgery group =

496 claims 151 claims 221 claims
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Across the three groupsyverageage at DOWas33.4 + 13.2 year@ange9-74 year$.

The percentage of male subjects in tBargery Delayedsurgery and Norsurgery

groups was 48%, 62%, and 58% respectively. The most common activity being
performed when suffering an ACL injury was Sports followed by Recreational activities
(Figure2.2). The most common sport being played when suffering an ACL injury was
netball, bllowed by rugby, soccer, and tou@frigure2.3), and 74%4642/868)of ACL

injuries involved a nowwontactMOI.

Figure2.2

Activity being performed when ACL injury occurred.

nknow
A%
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Figure2.3
Sport being played when ACL injury occurred.

2.5.1 Physiotherapy Treatment

For theSurgerygroup @ =496), 120 claims (24.2%) had pr@-ACLR physiotherapy
treatments(Figure2.4). Of the 376 claims (75.8%) with pp&CLR physiotherapy
treatments, the average number of treatments was 7 + 5 (rang8)1 In the 12
months following ACLR, 456 claims (91.9%) had-AG4R physiotherapy treatments,
with the average number of treatments being 12 + 8 (rangell(Figure2.5). The
average time between surgery and the last physiotherapy treatment was 161 + 143

days.



Figure2.4
Number of Physiotherapy treatments for Surgery group prior to ACLR surgery.
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Figure2.5
Number of Physiotherapy treatments per claim for the Surgery and Delayed surgery groups

in the 12 months following ACLR surgery.
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For the Delayedurgerygroup g =151), 109 claims (72.1%) had physertpy
treatments in the 12 months following DOI, and the average number of treatments
was 8 + 8 (range-49) (Figure2.6). In the 12 months following ACLR, 115 cfaim
(76.1%) had physiotherapy treatments, with the average number of treatments being
10 + 9 (range-b9) (Figure2.5). The average time between surgery and the last

physiotherapy treatment was 143 + 95 days.
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Figure2.6
Number of Physiotherapy treatments per claim for the Naurgery and Delayed surgery

groups in the 12 months following ACL injury.
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For the Norsurgey group f1 =221), 157 claims (71.0%) had physiotherapy treatments
in the 12 months following DOI, and the average number of treatments was 8 + 6
(range 142)(Figure2.6). The agrage time between DOI and the last physiotherapy

treatment was 90 + 84 days.

2.5.2 Earnings Relatedompensation and Vocational Rehabilitation

For theSurgerygroup,80 claims (16.1%) had earnings relatedhpensation(ERC)

paid in the 2 weeks prior to ACLRollowing surgery, 247 claims (49.8%) had ERC paid,
for an average of 102 £ 93 days (rang&(®). Inthe 12 monthsafter ACLR, 129 claims
(26.0%) had approved VRS, with an average duration of 149 + 100 days (@0@j)e 3

of ERMaid. For claims withpprovedVRSthe average number of physiotherapy
treatments in the 12 months following ACLR was 11 + 8 (rarigBh.10f the 40 claims
(8.0%) with no posACLR physiotherapy treatmengshad approved VRS, and the

average number cERQGlays paid on thosel@ms was 181 + 63.
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For the Delayedurgerygroup,9 claims (6%) had ERC paid in the 2 weeks prior to
ACLRFollowing surgery, 63 claims (41.7%) had ERC paid, for an average of 93 + 104
days (range 1:611). h the 12 monthsafter ACLR, 35 claims (23.lk&ad approved

VRS, with an average duration of 118 + 122 days (ran@gd. 2/JER(aid. For claims

with approved VRS, the average number of physiotherapy treatments in the 12
months following ACLR was 11 + 7 (rang®p Of the 36 claims (23.8%) with past-
ACLR physiotherapy treatmen&had approved VRS, with an average numbeeREC

days paid of 84.

For the Norsurgerygroup, in the 12 months following injurg,claims (4.0%) had
approved VRS, with an average of 147 + 98 days (rangé AdofER(aid. For claims
with approved VRS, the average number of physiotherapy treatments in the 12
months following DOl was 9 £ 7 (rang@3). Of the 64 claims (28.9%) with no
physiotherapy treatments in the 12 months following D2had approved VRS, it

an average number @RQ@lays paid of 173.

2.5.3 Days taurgery

For theSurgerygroup, the average number of days between DOI and ACLR was 121 +
74 (range 22361), with 228 people (45.9%) undergoing ACLR within 90 days of injury
and 397 people (80.0%ndergoing ACLR within 180 days of injifigure2.7). For

the Delayedsurgerygroup, the average number of days between DOI and ACLR was

908 * 565 (range 362939).
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Figure2.7
Number of days between ACL injury and ACLR for Surgery group.
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2.5.4 Multiple ACUnNjury

Forall groups i =868), 95 people (10.9%) had suffered multiple ACL injuAesoss

the Surgeryand Delayedurgerygroups 6 =647), 50 people (7.7%) sufferad

subsequent ACL injury following AGLE3 (5.1%) ACL graft ruptures and 17 (2.6%)
contralateral ACL injuriesThe average number of days between ACLR and subsequent
ACL injury was 617 + 371 and 1210 * 855 foiSimgjeryand Delayedurgerygroups
respectively. For both groups, 28 people (4.3%) had suffered a previous contralateral

ACL injury an8 people had stiered a previous ipsilateral ACL injury.

For the Norsurgerygroup, 1 person suffered a contralateral ACL injury 392 days after
the initial ACL injuryll people had suffered a previous contralateral ACL infiof,
which had undergone ACLR, witsuffering subsequent ACL graft rupture.
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2.6 Discussion

The aim of this study was to present a retrospective descriptive analy8i§C claim
data to gain insights into the duration and quantityphysiotherapy treatment

following ACL injury in NZ.

Sporting and recreational activities accounted for the majority of ACL injuries, with
popular changeof-direction activities in NZ (netball, rugby, soccer, touch) responsible
for the greatest numbeof sporting ACL injuries, which is similar to previous findings
(Gianotti et al., 2009; New Zealand ACL Registry, 20Ne3rly three quartersf all

ACL injuries in the current study involved a remmtact mechanism of injury, which is

consistent with previous reports of 72@oden et al., 2000)

2.6.1 Duration of Physiotherapy

Our results suggest people in NZ are not receiving physiotherapy treatment for an
appropriate duration following ACL injury or surgeBostACLRehabilitationlasting
up to 12 monthsis associated with improved knee flexor/extensor strengilyeerg

et al., 2008; Heijne & Werner, 2007; Risberg & Holm, 2Qfi@ater performance
during functional testingEbert et al., 2018)agreater rate ofreturningto pre-injury
activities(Ardern et al., 2014; Della Villa et al. 12Q Edwards et al., 2018; Han et al.,
2015; Rosso et al., 201&nd decreased rjury risk(Grindem et al., 2016)
Traditional progressions through ACL rehabilitation have been-tiased which can
result in suboptimal outcomes, aime after ACLR is not necessarily related to
functionalperformance(Myer et al., 2012) Although possurgical rehabilitation is
recommend to last 42 months(van Melick et al., 2016}riterion-basedmeasureof
functional performance, incorporated within adpsychosociairamework,are also
recommended to determine rehabilitation progred3ingenen & Gokeler, 2017; Larsen

et al., 2015; Myer et al., 2006)

2.6.2 Quantity of Physiotherapy

Our results have highlighted a potential undilisation of physiotherapy treatment
following ACL injury and surgery, and prior to ACL surgery, in NZ. Physiotherapists
consider preoperative rehabilitation to have an important influence on pogierative

outcomes(Ebert et al., 2019) Astructured physiotherapyed pre-operative
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rehabilitation programme of up to 27 sessions has been shown to be effective, safe,
and improve outcomes two years after AGRARhewaier et al., 2017; Eitzen et al.,
2010; Eitzen et al., 2009; Failla et al., 2016; Logerstedt et aB).20de have shown
24% of people did not receive physiotherapy treatment prior to ACL surgery, which
suggets the postoperative outcomes for almost one quarter of peopleour sample

may have beersub-optimal.

While many factors potentially influence outcomes after AQiry andsurgery,
rehabilitation remains an important variab(&bert et al., 2019)and isalmost
universally recommende@dams et al., 2012; Lobb et al., 2012; van Melick et al.,
2016) Over 80% oAustralianphysiotherapists believe-62 treatments are required
in the first 6 weeks after ACL surgé¢Bbertet al., 2019)with a physiotherapist review
every two weeksecommendedFilbay & Grindem, 2019 herefore, rehabilitation
lasting 912 months would equate to between 25 physiotherapy visits within 12
monthsfollowing ACL surgenjit appears people in the current study received
considerablyless physiotherapy treatment thagvidencebasedguidelinessuggest

the reasons for which require further evaluation.

There are multiple barriers to people engaging in a healthcare service, which includes
physiotherapy following ACL injury/surgdyarrillo et al., 2011)Patientspecific
barriers include health literacy/understanding of the condition, cultuslldfs, and
sociceconomic status; providespecific barriers include clinician skills/lknowledge and
patient interactions; healthcare system barriers include cost, accessibility/waiting
times, location of services, and the involvement of multiple provigBegh et al.,

2016; Douthit et al., 2015; Scheppers et al., 2006)NZ, barriers to engaging with
primary health care services include location, cost, suitability, and awareness of
servicegMinistry of Health, 2001) Strategies to overcome these barriers include
encouraging early, appropriate intervention within a patients locale, ensuring cost
effective services within an accountable healthcare system esnpowering people

by improving health literacy through quality educati@vinistry of Health, 2016)

The cost of private physiotherapy services may influence physiotherapy utilisation
(Ebert et al., 2019)ACL rehabilitation in NZ is commonly supplied by private
physiotherapy providers, who may charge apayment of up to $50 per treatment.
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Although physiotherapy is available via the public Healtstem at no cost, the vast

majority of people seek physiotherapy from private provid@€C, 2018byvho make

dzLJ FfyY2ad tvm>r 2F b¥%Qa LKEaA2GKSNI LR ¢2NJ°
Although there are a small number of private physiotherapists invNZdo not

charge a cgpayment, unlesshe person is receiving VRS from ACC, they will likely have

to contribute to the cost otheir physiotherapy treatment or rehabilitation services.

As such, socteconomic status can be a barrier to utilisation of phylsespy services.

A lack of endorsement of rehabilitation by the Orthopaeslicgeonmayhave
influenced physiotherapy treatment numbers in this studtmost 40% of
Orthopaedicsurgeonsn Australia do not consider pi&CLR rehabilitation necessary
anda small percentage even consider p@sILR rehabilitation unnecesséBbert et
al., 2019) Whilethe surgeonis responsible fothe surgery, the physiotherapist should
lead the decisionmaking in rehabilitatiorfvan Melick et al., 2016)Good
communication between theurgeonand physiotherapist is essential following ACL
injury (Grindem, Arundale, et al., 2018p overcome any potential disconnect

between providergvon Aesch et al., 2016)

ACL rehabilitation is described as time consuming, boring, and uraplevide
sufficient results within a reasonable timefrar{iehorstensson et al., 20Q9yhich
likely contributes to decreased compliance to rehabilitation exercises following ACLR
(Risberg et al., 2016Pooradherence tareatment may influence physiotherapy
utilisation andhave asignificantimpact on clinical outconmsPizzari et al., 2002;
Vermeire et al., 2001) Early physiotherapeutiaoterventionafter ACL injury, including
education on the importance of rehabilitatiowan positively influence the patient
experience and may increase adherence to rehabilitaifGrindem, Risberg, et al.,
2015; Risberg et al., 2016; Scott et al., 201l8creased adherence to rehabilitation
positively associated with functional ability following ACBRwer et al., 2000; Pizza
et al., 2005; Rosso et al., 2018)

Patients may not be adequately informed of the rehabilitation requirements after ACL
surgery(Calilliez et al., 2012Decreased patient understanding of the importance of
rehabilitationcan negatively influence patient motivatig¢@rindem, Risberg, et al.,

2015) Patient have high expectations regarding functionatome after primary ACL
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surgery(Webster & Feller, 2019)Although patient expectations align closely with the
surgeongKhair et al., 2018}he reality is these expectations are frequently not met
(Ardern et al., 2014) A lack of patient education regarding the rehabilitatio
requirements may contribute to the unrealistic patient expectations regarding
outcomes of ACL surgeflyeucht et al., 2016; Heijne et al., 2008 effective
cliniciargpatient relationshipincorporating education on the requirements and
importance of rehabilitation may improve patientotivationand adherence,
increasing physiothapy utilisation and the likelihood of an optimal outcoif&cott et
al., 2018)

Although the number of AGfonded physiotherapy treatments under a claim may give
an indication of the amount of rehabilitation the person received, it cannot be
assumed this accurately reflects tpersons total rehabilitation. Other potential

sources of rehabilitation include th@rthopaedic surgeoor other allied health
professionalgEbert et al., 2019 ACCfunded rehabilitation under VRS, natinically

led rehabilitation (fitness trainer, gym instructor), privately funded physiotherapy, or
selfdirected rehabilitation.Our results showedof claims with approved VRS in the 12
months following ACL injuror surgery, the average number of physiotherapy
treatments was very similar to claims without approved VRS, which indicates VRS had

a negligiblampact on the number of physiotherapy treatments per claim.

There is no clear evidence supervised rehattitn after ACL surgery results in
superior outcomes compared to minimally supervised rehabilita(famderson et al.,
2016; Lobb et al., 2012vhich may have contributed tow physiotherapy treatment
numbers in the current study. Selected groups of patients, including young, athletic
people mayachieve acceptable outcomester ACL surgenyith a minimally

supewised rehabilitatiorprogramme involving less than 10 physiotherapy treatments

over 312 months(Feller et al., 2004; Grant & Mohtadi, 2010; Hohmann et al., 2011)

Our resuls show over 70% of people in NZ engage in physiotherapy treatment after
ACL injury, and over 90% engage in physiotherapy after ACL surgery. Ebert and
Edwards et al. (2018) reported 91% of people engagedpersised
rehabilitation/physiotherapyafter AQ. surgery, bu#5% of people repoetd

rehabilitation following surgery lasted 3 months or le§herefore, the majority of
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people are initially receiving physiotherapy treatment following ACL injury or surgery,
but our results suggest people do not remaimgaged irrehabilitationfor an

appropriate duration.

Although our results suggest possible underutilisation of physiotherapy led services in
the 12 months following ACL injuian absence of outcome data meathe

relationship between utility and outsme is currently unknown. The NZ ACL Registry
reports outcome data for people undergoing AGNBw Zealand ACL Rstgy, 2018)

but as details regarding the type, amount, or duration of rehabilitation received prior
to or following surgery are unknown, it is not possible to correlate these outcomes
with rehabilitation parameters. Although outcomes following ACIlaly appear to be
influenced by posbperative rehabilitationEbert et al., 2018; Edwarés al., 2018)

this data was collected retrospectively, wplrticipantssubjectively grading the
amount, type, and duration of rehabilitation they received. As details of the-AGHR
rehabilitation were not prospectively quantified, it is possible the subjects grading of

their rehabilitation was not an accurate reflectiofitbe actual rehabilitation received.

2.6.3 Daydo Surgery

Almost half of theSurgerygroup proceeded to ACLR within 90 days of injury, and 80%
within 180 days of injury. There is no accepted definition for early or delayed ACLR
(Beynnon, Johnson, etal., 2085) ¢ A G K WS NI &Q RSTAYSR | & 0o
of DOl,andPRSt @ SRQ | a 0S¢ S@nberson e .,2018)Therg R H n
are equivocal diffeences in outcomes between patients undergoing early verses

delayed ACLERANnderson et al., 2016; Eriksson et al., 2018; Lee et al., 2018; Smith et al.,
2014; Wittenberg et al., 1998although early surgical intervaonh may reduce the risk

of subsequent meniscal or chondral injury, both of which are associated with worse

outcomes following ACL(Rinque et al., 2018; Cox et &014)

Early ACLR is common practice, both domesti¢aliyy Zealand ACL Registry, 2018)
and internationally(Delay et al., 2001; Sanders, Maradit, Bryan, Larson, et al.,.2016)
However, it can take at least six months following ACL injury for the true functional
disability to be definedNoyes et al., 1983)Asignificant number of patients who may
initially appear unable to cope with an ACL injury are able to cope following sithenon

of rehabilitation(Moksnes et al., 2008)The time interval from ACL injury to ACLR may
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be lessimportant as the condition of the knee at the time of surg@rgttermann et

al., 2018) Better pre-operative knee functiofs associated with less posurgical
complications and greater posiperative knee functiorfBeynnon, Johnson, et al.,
2005; Filbay et al., 2017; Risberg et al., 20 Tkherefore, treatment followig ACL
injury should involve physical rehabilitation to optimise functional ability before any
decisions regarding surgical intervention are m@dgzen et al., 2010; Thoma et al.,
2019)

2.6.4 Multiple ACL Injury

Across all three groups, 11% of people had suffered multiple ACL injwheas is

slightly less than the overall rate for all ad®#giggins et al., 2016)Younger people

have a significantly higher rate of subsequent ACL injury after MZelsster & Feller,

2016) Five percent of all people had suffered a previous ACL injury, and 2% went on
to suffer a subsequent contralateral ACL injury. Following ACLR, graft rupture occurred
in 5% of people, which is consistent with previously reported graft rupture rates
(Crawford et al., 2013; Lai et al., 2018; van Yperen et al., 2018; Wright et al., 2011)

2.6.5 Limitations

No outcomes measures were collected for any clients, as this was not the purpose of
the study,which limits the conclusions regarding the adequacy of the physiotherapy
treatment received. No attempt was made to make any between group comparisons
or to make any associations between variables, as without outcome data, these

analyses would not offerrgy additional insights.

2.7 Conclusion

ACL injuries are a common injury in NZ, with ACC the primary funder of treatment for
the condition. Rehabilitation following ACL injury can influence short andtérng
outcomes Our resultandicatethe number ofACGfunded physiotherapysessions and
duration over time following ACL injury is highly varialfRossible reasons for this
variability include financial barriers, a lack of patient understanding, a lack of
endorsement of rehabilitatiofy the surgeonand the structure of the NEealthcare
system. No clinical or functional outcome data was collected in the current study,

which limits the conclusions that can be drawHoweverwhen compared with
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previous researciour results indicate people in NZ may not be accessing sufficien
physiotherapy treatment following ACL injury. Future research should utilise validated
measures to clarify outcomes from ACL injuriNih The use of such measuvalt

allow for investigationnto associatios betweenpatient outcomesand multiple

variables along the ACL injury management pathway.
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Chapter 3
TheRelationshipBetween theQuantity andDuration ofPost-
operativePhysiotherapylreatment andPatient OQutcomes
FollowingPrimary Anterior QruciateLigamentReconstruction A

SystematicReview

Thischapter comprises the following manuscript:

Fausett, W.Reid, D., & Larmer, 2023).The relationship between the quantity and
duration of postoperative physiotherapy treatment and patient outcomes following
primary anterior cruciate ligament reconstition: A systematic reviewPhysical
Therapy Review28(2). 111-134,d0i:10.1080/10833196.2023.2195213

To maintain consistency of style throughout the thesis, the manuscript is presented

herein a format that differs slightly to thpublishedarticle Appendix B)

3.1 Preface

Chapter two highlighted the low dosage of physiotherapy treatment received by ACL
injured people in NZ, irrespective of whether the injury is managed conservatively or
surgically. Previous research has investigated the effecteedévelof supervision

during ACLR rehabilitation on patient outcomes, with a clear relationship between the
two variablesunableto be established. However, the effects of the quantity and
duration of physiotherapy treatment on patient outcomes follogiACLR is currently
unknown,asthat questionhas received little direct scrutiny to daterhereforethe

aim ofthe study in this chapteisto review the literature tadetermineif arelationship
between the quantity and duration of physiotherapy treatment and patient outcomes

following ACLR can be established
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3.2 Abstract

Background: Functional rehabilitation following anterior cruciate ligament
reconstruction (ACLR) is often physietapistled, and generally required to achieve
patient goals. The quantity and duration of physiotheragest following could

therefore potentially influence outcomes following ACLR, although the nature of this

relationship is not clear.

Objective: To larify 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 inceptidviarch 2021 to identify relevant studies.
Key characteristics 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 113@d&s, 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 dion of physiotherapy treatment on

patient outcomes following ACLR.

Conclusions: Based on evidence of variable methodological quality, a clear relationship
between the quantity and duration of physiotherapy treatment and patient outcomes
following ACLRould 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 reficate everyday physiotherapy practice.

3.3 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 arcreased risk of knee osteoarthritis in the letegm
(Beynnon, Johnson, et al., 2005; Lindanger et al., 2019; Suter et al., Z0i& pptimal

management of an ACL rupture remains elusive, with multiple factors influencing
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whether the injury is managed conservatively or surgic@lgnstrom, 2013) ACL
reconstruction (ACLR) is often considered necessary to reduce subsequertespito
knee instability, permit a return to prajury activities, and preserve losigrm knee
joint health(Ardern et al., 2014; Marx et al.0@3; Sanders, Kremers, et al., 2016)
Despite increased knowledge of how to prevent ACL inji¥sbster & Hewett,
2018) acceptable outcomes with conservative managet{&robell et al., 2013)and
a high incidence of subsequent ACL injury after A@L&yins et al., 2016)ates of
ACLR have increased significantly in recent y@gam et al., 2020; Sutharid et al.,
2019; Zbrojkiewicz et al., 2018)

Multiple factorscaninfluence patient outcomes followingCIR, including, but not
limited to, age, gender, concomitant injury, time from injury to surgery, and-post
injury/ACIR rehabilitation(Cristian, Mikkelsen, et al., 2020; Ebert et al., 2018; Paterno
et al., 2017; Senorski, Svantesson, Baldari, et al., 25t ACLR rehabilitation
typically involves a significant functional componéAndrade et al., 2019xalthough

may also include psychologi@aid vocational elementArdern, Kvist, et al., 2016

(See sectio.5.2. The functional component typically includes exercises and
activities to reestablish knee joint mobility, rebuild muscle strength, and optimise
neuromuscular controlAndersson et al., 2009; Risberg et al., 206)owed by a

graduated return to pranjury activities(/Adams et al., 2012)

With evidencebased clinical knowledge in rehabilitation and exercise thefagrk,

2015) physiotherapists possess the requisite skills to lead the functional component of
an ACLR rehabilitain programme(Filbay & Grindem, 2019; Zadro & Pappas, 2018)
Following ACLR, the quantity and duration of physiotherapy treatment is associated
with an increased rate of return to spafitlan et al., 2015; Rosso et al., 2018; Yabroudi
et al., 2021)a decreased rnjury risk(Law et al., 2021 greater sekreported knee
function (Miller et al., 2017)and better performance on functional and clinical tests
(Ebert et al., 2018; Krélikowska, Sikorski, et al., 201B&sults are equivocal however,
with studies also reporting the quantity and duration of p@sELR physiotherapy
treatmenthas no effect on knee streng{®e Carlo & Sell, 199 fatientreported

outcomes(Feller et al., 2004)and reinjury rates(Vincent et al., 2017)
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Numerous patient reported outcome measures (PROMs) have been developed to
evaluate outcomes following knee injufgollins et al., 201 1yvith over 50 related to

the ACL deficient knee alori@dohnson & Smith, 2001PROMs provide an objective
YSIF&dzZNBE 2F 'y AYRA DA R dzHibn@xitheiafdactigndl Status @ S
(Dingenen & Gokeler, 2017; Haywood, 2008he increasing use of PROMSs to assess
patient outcomes has realised the following benefits: increased patentred care,
greater ability to establish treatment value, and improved patient outcoligde et

al., 2015) Factors asociated with superior patient reported outcomes following ACLR
include younger age, male sex, not smoking, receiving a hamstring tendon autogratft,

and the absence of concomitant injuri€Senorski, Svantesson, Baldari, et al., 2019)

Although physiotherapisked rehabilitation following ACLR can have a positive effect
on patient outcomegGrindem, Granan, et al., 201%he optimal dosage of po#iCLR
physiotherapy treatment is currently unknowwman Melick et al., 2016)It is also not
clear how the quantity and duration of pestCLR physiotherapy treatment influences
patient outcomegWalker et al., 2020)Theefore, the aim of this review is to
determine the relationship between the quantity and duration of poperative

physiotherapy treatment and patient reported outcomes following primary ACLR.

3.4 Methods

3.4.1 Registration

This review was registered on 1/4/21ttvthe PROSPERO International Register for
Systematic ReviewsThelD for this review is: CRD42021240112.

3.4.2 Information Sources

Following advice from an experienced university librarian, a literature search was
undertaken by the primarinvestigator WH using electronic databases accessible via
the Auckland University of Technology liboraBubMedMEDLINE, Google Scholar,
Cochrane Library, Sportdiscus, AMED, and CINAHL were searched from inception to
March 2021. Search terms used ir®d: patient reported outcome measures,
outcome, LK@ aA 2 G KSNY LIBE aLIKEaAOrt GKSNI LREE
fAIFYSYGueés Gl yGSNR2NI ONHzOA | S fsapariist,Sy
dzy & dzLJS NIJ A & F = BdolKad ¥pSratardrete 8ded to combine search terms

LJS |

(NN
NJ
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(Appendix 1).Only full text studies published in English were selected. Reference lists
of included studies were searched to identify any eligible studies that may have been

missed during database searches.

3.4.3 Eligibilly Criteria

The following inclusion criteria were applied to select primary research studies

relevant to the aim of this review:

(1) Randomised controlled trials and neandomised prospective cohort studies.

(2) Participants had undergone primary ACLR.

(3) Particpants had received posiperative physiotherapy treatment.

(4) Validated outcome data recorded prior to, and at the conclusion of ,-p@itR
rehabilitation.

Studies were excluded if they met one of the following criteria:

(1) Retrospective designs, single casadies, abstracts, and expert reviews.
(2) Participants underwent revision ACLR.

(3) The dosage of posACLR physiotherapy treatment could not be quantified.
(4) Participants were less than 18 years of age.

(5) Participants had significant concomitant knee injarg. multiligament

rupture, fracture, joint dislocation.

3.4.4 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 process for systematic
reviews(Page et al., 2021)After duplicates were removed, titles and abstracts of
remaining studies were screened for relevamgeonereviewer(WH. The full texts of
articles thatappeared relevant to the aim of the review were retrievaat

independently screened by two reviewgFand DR. with inclusion and exclusion
criteria subsequently appliedAny discrepancies regarding study selection were
resolved byconsensus discussi, with involvement of d@hird researche(PL) if

required.
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Data was extracted from the selected studies by the lead authté) @nd tabulated
under the following headings: (1) study type, (2) participant demographics, (3)

intervention, (4) control, (5putcome measures, (6) results.

3.4.5 Risk of Bias Assessment

Included studies were independently analysed by two reviewas énd DRusing a
modified Downs and Black checklist. Any discrepancies were resolved via collective

scientific debate, which includea third reviewer if necessar?l). 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 sections, whilook at reporting (x/11), external validity (x/3),
internal validity (bias) (x/7) and internal validigonfounding (selection bias) (x/6) of a
study. The final question relates to the overall power of the study (x/1). As utilised in
previous systematireviewgErdrich et al., 2020; McGowan et al., 2Q1Ag last

question was modified from the original version, which had a score out of five, to a
d02NB 2dzi 2F 2ySs gA0K 2yS LRAyG o0SAy3
was included. As per prews systematic review&rdrich et al., 2020; McGowan et

al., 2017) a quality index was calculated, with studies rated as having strong,

moderate, limited, or poor methodological qualitygble3.1).

Table3.1

Quality index scores.

Total score modified Down: Percentage of Quality Index
and Black checklist (/28) total score
21+ 75%+ Strong
14¢20 50¢74% Moderate
7¢13 25¢49% Limited

<7 <25% Poor

!
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3.5 Results

3.5.1 StudySelection

The literature search identified 1137 records, with 15 studies meeting the inclusion
criteria Figure3.1). Physiotherapy treatment dateasthen extracted from the 15
studies, which were divided into two groupstudies reporting the effects of the
Quantityof postACLR physiotherapy treatmeon patient outcomes (n = 11), and
studies reporting the effects of thBurationof postACLR physiotherapy treatment on

patient outcomes (n =4).
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Figure3.1

PRISMA flow diagram of study selection process
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3.5.2 StudyCharacteristics

The 11Quantitystudies consisted of nine randomised controlled trials (RCTs) and two
prospective cohort studiesT@ble3.2). The fouDurationstudies consisted of two

RCTs and tavprospective cohort studie§ éble3.3).
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Characteristics of selected studies reporting the effects of theagtity of physiotherapy treatment on patient outcomes following ACLR.

Author/ Participant Intervention Control Outcome Results Downs and Black
Study Type Demographics Measures Quality Assessment

(Schenck et al., All subjects underwent Cliniecbased group None 1. Knee joint ROM No difference between Total score x/28 = 8
1997) arthroscopic bonepatella Completed clinidbhased 2. Knee joint laxity Homebased rehabilitation

tendon-bone ACLR functional rehabilitation 3. Lysholm score versus Clinibased Quality Index = 29%
Randomised Average number of PT 4. VAS pain scale rehabilitation for all
controlled trial  Averageage of all subjects = 24 treatments = 14 (range-80) 5. Sickness Impagrofile outcomes Quality Index Category

guestionnaire = Limited
Subject activity level = Homebased group 6. Singleleg hop for
Recreational athletes Completed an exercise distance
based functional program,
Time from ACL injury to ACLR =  monitored by a PT as Average followup was 21.6
not stated required months (range 12 to 48
Average number of PT months)
Subjects: N = 37 (9 female) treatments = 3 (range-8)
Clinicbased rehabilitation group
N =15
Homebased rehabilitation group
N =22

(Beard & Dodd, All subjects underwent All subjects completed same None . IKDC score No difference between Total score x/28 = 20

1998) arthroscopic bonepatella
tendon-bone ACLR
Randomised
controlled trial ~ Subject activity level = not stated
Homebased rehabilitation group
N =13 (3 female)
Average ge at ACLR = 27
Average ime from ACL injury
to ACLR =47 months

Supervised rehabilitation group
N =13 (ZFemale)

rehabilitation for first 46
weeks postACLR, then
randomised to either
Supervised or Hombased
rehabilitation group

Supervised group
Performed an identical
programme to the Home
based group, but also
attended a supervised PT
led exercise class twice
weekly.

1

2. Lysholm score

3. Tegner activity score

4. VAS for sports
participation and
activities of daily living

5. Isokinetic strength of the
thigh muscles

6. Passive anterior sagittal
translation of the knee
joint

Outcome measures recordec
pre-ACLR, and-&nd 6

Homebased rehabilitation
versus Supervised
rehabilitation for all
outcomes

Quality Index = 71%

Quality Index Category
= Moderate
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(Fischer et al.,
1998)

Randomised
controlled trial

(Grant et al.,
2005)

Randomised
controlled trial

Average ge at ACLR = 29
Average ime from ACL injury
to ACLR = 52 months

All subjets underwent
arthroscopic bonepatella
tendon-bone ACLR.

Time from ACL injury to ACLR fc
all subjects ranged from 1.5 to
216 months

Subject activity level = not stated

Homebased rehabilitation group

Median number of classes
attended = 16 (range 1P2)
out of a possible 32

months postACLR

Homebased group
Performed rehabilitation
exercises eitheat home or
using commercial/private
facilities. Attended théT
department for assessment,
education, modification, and
progression of rehabilitation
programme

Homebased group None 6/12/24 weeks
Prescribed & Ttreatments Knee ROM
in the first 12 weeks post Thigh girth

ACLR; subjects averaged 5
(range 37) PTtreatments stability
Knee joint laxity
Clinicbased group
Subjects averaged 20 (range
10-28) PTtreatment

sessions

12/24 weeks
Lysholm score

24 weeks

Manual tests for knee

N =27 (11 female)
Average ge at ACLR = 32

Clinicbased rehabilitation group
N = 27 (14 female)
Average ge at ACLR = 27

All subjects underwent
arthroscopic bonepatella
tendon-bone ACLR

Homebased group
Qubjects averaged 3+1
(range 08) PTtreatment
sessiondollowing ACLR

Subject activity level = not stated

Supervised group

Home based rehabilitation group  Subjects averaged 14+4

None

N

Hop test battery (tleg

hop for distance, timed-6
metre hop, triple hop for
distance, triple slalom hop
for distance)

Health Status
Questionnaire

ACLQOL questionnaire
Knee joint ROM

Knee joint ROM during
walking

Knee joint laxity
Isokinetic quadriceps anc
hamstrings strength

No difference between
Homebased rehabilitation
versus Clinibased
rehabilitation for all
outcomes

Higher percentage of patients
in Homebasedrehabilitation
grouprecordedacceptable
knee joint ROM at 1-#veek
follow up

Nodifference between

Totalscore x/28 = 17
Quality Index = 61%

Quality Index Category
= Moderate

Total score x/28 = 25
Quality Index = 89%

Quality Index Category
= Strong
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(Ugutmen et al.,
2008)

Randomised
controlled trial

(Revenas et al.,
2009)

Randomised
controlled trial

N =73 (26 female)

Average ge at injury = 26
Average ime from ACL injury
to ACLR: 17 months

(range 220) PTtreatment
sessiongollowing ACLR

Supervised rehabilitation group
N =72 (34 female)
Average ge at injury = 26
Average ime from ACL injury
to ACLR = 20 months

All subjects underwent All subjects received weekly
arthroscopic ACLR with hamstrir instruction on exetises for 6

graft weeks postACLR

Gender Homebased group
Male = 103 Subjects seen 14 times by
Female =1 physiotherapists and the

orthopaedic surgeon for
physical examination and
measurements

Averageage of all subjects = 31.£
years

Averagdime between ACL injury Clinicbased group
and ACLR for all subjects =34.3  Number ofPTtreatments
months (range 2144 months) not stated

Subject activity level = not stated

Homebased rehabilitation group
N =52

Clinicbased rehabilitation group
N =52

Subjets underwent arthroscopic  Guided Therapy group
bone-patella tendorbone or Individual rehabilitation
hamstring tendon ACLR programme at least 2 x
weekly, from 724 weeks
postACLR, with PT review ¢
required

Guided Therapy group
N =27 (11 female)

None

None

All outcome measures
recorded 6 and 12weeks
postACLR

=

Hospital of Special
Surgery score

IKDC score

Lysholm score

Thigh atrophy

Knee joint laxity
Knee joint ROM
Clinical tests for knee
stability

8. VAS pain scale

Nooakswd

Average followup time =
31.1 months (range 186
months).

1. IKDC score

2. Lysholm score

3. Tegner activity score

4. Isometric quadriceps
strength

5. Single leg hop for

Homebased rehabilitation
versus Supervised
rehabilitation forROM during
walking, joint laxity, an#nee
strength at 12week follow
up

Nodifference between Total score x/28 = 10
Homebased rehabilitation
versus Cfiic-based
rehabilitation for all

outcomes

Quality Index = 36%

Quality Index Category
= Limited

Guided Therapyehabilitation Total score x/28 = 20
groupreported higher
Lysholm scorat 6-month

follow-up

Quality Index = 71%

Quality Index Category

Guided Therapyehabilitation = Moderate
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(Grant &
Mohtadi, 2010)

Randomised
controlled trial

(Hohmann et
al., 2011)

Randomised
controlled trial

Average ge = 2416-40)
Subjects with prenjury Tegner
score 910 = 52%

Average ime from ACL injury
to ACLR = 22 months (range 4
177)

= 3 (range @)

Knee Class group
Individual rehabilitation
programme at least 2 x
weekly, plus Pled Knee
Class 2 x weekly fromZ4
weeks postACLR

Knee Class group
N = 24 (7 female)
Average ge = 21(16-39) Median number of Knee
Subjects with prénjury Tegner  Claswisits = 15 (range 13
score 910 = 67% 36)

Average ime from ACL injury
to ACLR =9 months (range 3
44)

All subjects underwent
arthroscopic bonepatella
tendon-bone ACLR

Homebased group
Qubjects averaged 3+1
(range 08) PTtreatment
sessiongollowing ACLR

Subject activity level = not stated

Supervised group
Subjects average 14+4
(range 220) PTtreatment
sessiondollowing ACLR

Home based rehabilitation group
N =40 (13 female)
Average ge at injury = 26
Average ime from ACL injury
to ACLR = 17 months

Supervised rehabilitation group
N = 48 (25 female)
Average ge at injury = 26
Average ime from ACL injury
to ACLR = 20 months

All subjects underwent
arthroscopic bonepatella

Supervised group
Prescribed 1®Tsessions

tendon-bone ACLR following ACLR
{dzo2S0G I OG A @A { Homebased group
F OGA@SE Subjects given handout with

Median number of PT visits

None

None

distance
6. Knee joint ROM

Outcome measures recordec
6- and 12months postACLR

ACLQOL questionnaire
IKDC score

Knee joint ROM

Knee joint laxity
Isokinetic quadriceps anc
hamstrings strength

aghrwNE

Outcome measures recordec
at an average of 38 months
(range 2652) postACLR

=

Lysholmscore

Tegner activity score

3. Isokinetic quadriceps anc
hamstring strength

4. Hop test battery (single

hop for distance, timed

n

groupreported greater
increase irLysholm scorat
12-month follow-up

Knee Classehabilitation
group reported higher Tegnel
activity score afl2-month
follow-up

Non-compliant subjectén
Knee Clasehabilitation
groupreported greater
change irLysholm scor¢han
compliant subjects

Homebasedrehabilitation Total score x/28 =@
groupreported sgnificantly
higher ACIQOL scores Quality Index = 93%
Nodifference between
Homebased rehabilitation
versus Supervised
rehabilitation forlKDC score,
ROM, joint laxity, or
quadriceps and hamstrings
strength

Quality Index Category
= Strong

Homebasedrehabilitation Total score x/28 = 19
grouprecordedgreater
isometric knee extensor
strength at 3month follow-
up Quality Index Category

= Moderate

Quality Index = 68%
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rehabilitation protocol hop and vertical jump) Supervisedehabilitation
Supervised rehabilitation group following ACLR, with n@T grouprecordedgreater
N = 20 (4 female) sessions prescribed All outcome measures isokinetic knee extensor
Average ge at injury = 28 recorded preACLR, then-3  strength at 6month follow-
Average ime from ACL injury 6-, 9, and 12months post up
to ACLR = <3 months ACLR
Nodifference between
Home based rehabilitation group Homebased rehabilitation
N =20 (6 female) versus Supervised
Average ge at injury = 27 rehabilitation for Lysholm
Awerage tme from ACL injury score,Tegner activity score
to ACLR = <3 months and hop test battery.
(Lim et al., All subjects underwent Supervised group None 1. Isokinetic quadriceps and Nodifference between Total score x/28 = 18
2019) arthroscopic ACLR with hamstrir  Prescribed 44 R3upervised hamstring strength Homebased rehabilitation
graft rehabilitation sessions post 2. Proprioception (Biodex versus Supervised Quality Index = 64%
Randomised ACLR. No horrgased Stability System) rehabilitationfor quadriceps
controlled trial ~ Subject activity level = not stated  exercises performed and hamstring strength Quality Index Category
Outcome measures recordec =Moderate
Supervised rehabiltion group Homebased group pre-ACLR and 24 weeks pos Supervisedehabilitation
N = 15 (5 female) Advised to complete ACLR grouprecordedincrease in
Average age 32 rehabilitation exercises proprioception
Average ime from ACL injury twice per weelfollowing
to ACLR = >3 months ACLR Wekly follow-up

with physiotherapist via
Home based rehabilitation group  phone
N = 15 (6 female)
Average age 39
Average ime from ACL injury
to ACLR = >3 months

(Przybylak et al., Hamstring tendon ACLR Supervised group None 1. Kujala Anterior Knee Supervisedehabilitation Total score x/28 = 13
2019) N =39 Prescribed 46 RP3upervised Pain Questionnaire groupreported greater

Bonepatella tendonrbone ACLR rehabilitation sessions 2. Tegner activity score increases in the KOOS Quality Index = 46%
Prospective N=11 following ACLR 3. KOOS Symptoms, QoL, and Sport
cohort¢ non- 4. Knee joint ROM subscales, Tegner score, anc Quality Index Category
randomised Subject activity level = Amateur Homebased group 5. Functional Movement  Functional Movement Screer = Limited

recreational athletes Prescribed 5 R3upervised Screen score

rehabilitation sesions
Supervised rehabilitation group following ACLR Outcome measures recordec

N = 25 (7 female) pre-ACLR and @honths
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(Rhim et al.,
2021)

Prospective
cohort¢ non-
randomised

Average age 34
Average ime from ACL injury
to ACLR = >6 months

Homebased ehabilitation group
N = 25 (6 female)
Average age 27
Average ime from ACL injury
to ACLR = >6 months

All subjects underwent
arthroscopic ACLR with hamstrir
graft

Subject activity level = not stated

Time from ACL injury to ACLR =
not stated

Sipervised rehabilitation group
N = 13 (3 female)
Average ge = 27 years

Homebased rehabilitation group
N = 13 (4 female)
Average ge = 29 years

Supervised group

None
Subjects received 12 PT
treatments in the first 12

weeks postACLR, then bi

weekly treatments at the
discretion at the PT for an
unspecified duration

Homebased group

Subjects received instructior
on postACLR rehabilitation
exercises as an-patient,
and then underwent PT
review at 2, 6, 12, and 24
weeks postACLR

postACLR

1. Isokinetic quadriceps anc Supervisedehabilitation

hamstring strength

2. Dynamic postural
stability (Biodex Stability
System)

3. Lysholm score

All outcome measures
recorded preACLR, and-6
and 12months postACLR

grouprecordedgreater
hamstring strength at 12
month follow-up

Supervisedehabilitation
group demonstrated greater
postural stability at 6and 12
month follow-up

Supervisedehabilitation
groupreported higher
Lysholm scores at #fdonth
follow-up

Total score x/28 = 17
Quality Index = 61%

Quality Index Category
= Moderate

Abbreviations: ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament reconstruction; VAS = visual anajdi§D&seahtaational Knee
DocumentationCommittee; PT = physiotherapghysiotherafist; KOOS = Knéwgjury andOsteoarthritisOutcome Sore; ROM = range of motion; QOL =

guality of life; VAS = visual analogue scale.
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Characteristics of selected studies reporting the effects of the duration of physiotherapy treatt on patient outcomes following ACLR.

Author/ Participant Intervention Control Outcome Results Downs and Black
Study Type Demographics Measures Quality Assessment
(Beynnon, Uh,  All subjects underwent arthroscopic Both groups attended supervise None 1. IKDC score No difference between Totalscore x/28 = 19
et al., 2005) bone-patella tendorbone ACLR. rehabilitation sessions with AT 2. KOOSs Accelerated
3x/week and performed hom 3. Tegner activity rehabilitation versus Quality Index = 68%
Randomised Subject activity level = btlerately active exercises on other days score Nonaccelerated

controlled trial

(Beynnon et al.,
2011)

Randomised
controlled trial

(Preinjury Tegner score %b)

Acceleratedehabilitationgroup
N = 10 (5 female)
Average age at ACLR =30
Average ime from ACL injuryo ACLR:
91 days

Nonaccelerated rehabilitation group
N = 12 (6 female)
Average age at ACLR =35
Average ime from ACL injuryo ACLR:
124 days

All subjects underwent arthroscopic
bone-patella tendorbone ACLR.

Subject activity level = not stated

Acceleratedehabilitationgroup
N =19 (6 female)
Average age at ACLR = 30
Average ime from ACL injuryo ACLR:
56 days

Nonaccelerated rehabilitation group
N = 17 (8 female)
Average age at ACLR =30
Average ime from ACL injuryo ACLR:

Both rehabilitation programmes
included the same
exercises/activities

Accelerated group
Post-ACLR rehabilitation leet
19 weeks

Nonaccelerated group
Post-ACLR rehabilitatiolasted
32 weeks

Both groups attended supervise None
rehabilitation sessions with AT
3x/week and performed home
exercises on other days.

Both goups competed the same
volume of postACLR

rehabilitation

Accelerated group
Post-ACLR rehabilitation laest
19 weeks

Nonraccelerated group
Post-ACLR rehabilitatiolasted
32 weeks

>

Knee joint laxity
5. Single leg hofor
distance

Outcome measures
recorded at 3, 6-,
12- and 24months
postACLR

1. IKDC score

KOOSs

3. Tegner activity

score

Knee joint laxity

5. Single leg hop for
distance

6. Isokinetic
quadriceps and
hamstrings
strength

7. Proprioception

n

>

Outcome measures
recordedpre-ACLR,

rehabilitation for all
outcomes

Accelerated
rehabilitation group
recordedgreater
quadriceps sength at
3-month follow-up

Nodifference between
Accelerated
rehabilitation versus
Non-accelerated
rehabilitation for all
other outcomes

QualityIndexCategory=
Moderate

Total score x/28 = 20
Quality Index = 71%

QualityIndexCategory=
Moderate
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(Krolikowska,
Czamara, Szuba
et al., 2018)

Prospective
cohort¢ non-
randomised

(Krdlikowska,
Sikorski, et al.,
2018b)

Prospective
cohort¢ non-
randomised

66 days

All subjectdn Groups 1 and @nderwent
arthroscopicACLR with hamstring graft

Subject activity level = not stated

Group 1
N = 20 (0 female)
Average age = 26
Average ime from ACL injury to ACLR
not reported

Group 2
N = 15 (0 female)
Average age = 27
Average ime from ACL injury to ACLR
not reported

Group 3
N = 20 (0 female)
Average age = 23
No knownorthopaedic problems

All subjectsn Groups 1 and @nderwent
arthroscopicACLR with hamstring graft

Subject activity level = Pimjury Tegner
activity score # and <9

Group 1
N =15 (0 female)
Average age = 25
Average ime from ACL injury to ACLR
33 weeks

Group 2
N = 15 (0 female)

Group 1

Average of 28 weeks PT
supervisedehabilitationpost
ACLR

Group2

Average of 11 weeks PT
supervisedehabilitationpost
ACLR, then continued with
home-based, unsupervised
rehabilitation
Compliance/adherence to
homebasedrehabilitation not
recorded

Group 1

Average of 2Mveeksof PF
supervised rehabilitation
followingACLR

Group2

Average of 8&veeks ofPTF
supervised rehabilitation
following ACLR, then
continued with homebased,
unsupervised rehabilitation
Compliance/adherereto
home-based rehabilitation not
recorded

Group 3
No
rehabilit
ation

Group 3
No
rehabilit
ation

thenat 3-, 6-, 12
and 24months post
ACLR

1. Vertical ground
reaction force
during one and
two-legged
verticaljumps

Group 1
Final evaluation at
28 weeks post
ACLR

Group 2
Final evaluation at
32 weeks post
ACLR

=

IKDC score

2. Knee joint
circumference

3. Thigh
circumference

4. Knee joint ROM

VAS pain scale

6. Agility run test

o

Group 1
Final evaluatior27
weeks postACLR

Group 2

Group 1 recorded
greater limb symmetry
during twolegged
vertical jump
compared to Group 2

Group 2 recorded
worse performance on
agility run test than
Groups 1 and 3

Duration of supervised
rehabilitation
significantly correlated
with agility run test
performance

Total score x/28 = 10
Quality Index = 36%

QualitylndexCategory=
Limited

Total score x/28 = 11
Quality Index = 39%

QualityIndexCategory=
Limited
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Average age = 28 Final evaluatior33
Average ime from ACL injury to ACLR weeks postACLR
33 weeks

Group 3

N = 30 (0 female)
Average age = 25
No knownorthopaedic problems

Abbreviations: ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament reconstruction; VAS = visual anajdi§D&seadhternationghee
DocumentationCommittee; PT = physiotherapist; KOOS = Knpgy andOsteoarthritisOutcome Sore; ROM = range of motion.
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3.5.3 Participants

ForQuantitystudies, participant numbers ranged from @Beard & Dodd, 1998; Rhim et al.,
2021)to 145(Grant et al., 2005)with the total number of participants being 651 (30%
female)(Table3.2). The average age of participants across the 22 study groups was 28
years (range 2 39 years). Eight of IQuantitystudies 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 18ear interval between ACL injury and ACLR for some participants

(Fischer et al., 1998)

ForDurationstudies, participant numbers ranged from @eynnon, Uh, et al., 200&) 60
(Krolikowska, Sikorski, et al., 2018Wjth the total number of participantbeing 173 (14%
female)(Table3.3). The average age of participants across the 10 study groups was 28
years (range 28 35 years). The average time from ACL injarixCLR ranged from 56 days
to 33 weeks, with one study not reporting the time between ACL injury and ACLR

(Krélikowska, Czamara, Szuba, et al., 2018)

No Quantitystudy reported an objective measure ofgainjury activity level for participants.
Two of fourDurationstudies reported a prénjury activity level for participants, with Tegner
Activity Scale score ranging from five to ei@@eynnon, Uh, et al., 2005; Krolikowska,
Sikorski, et al., 2018b)

3.5.4 Interventions

Rehabilitation interventions for th@uantitystudies are summarised ifable3.2. The
average number of posACLR physiotherapy treatments for the lesser treatmeatigs

was 3 (range-4). Four studies did not clearly report the duration of physiotherapy
treatment for the lesser treatment group. The average number of @3t R physiotherapy

treatments for the greater treatment groups was 21 (range46).

Rehabiitation interventions for theDurationstudies are summarised ifable3.3. Post
ACLR physiotherapy treatment duration across all study groups ranged fi@m@&eksor
shorter duration groups and from 232 weeks for longer duration groups. In both studies
by Beynnon and colleagues, where participants in theab® 32week groups completed

the same rehabilitation programme, the 4eek group completed the same wohe of
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rehabilitation in a shorter tim¢Beynnon et al., 2011; Beynnon, Uh, et2005) In both

studies by Krolikowskand colleagues, participants in the shorter duration groups elected to
discontinue physiotherapistupervised rehabilitation but were advised to continue with
home-based rehabilitatior{Krélikowska, Czamara, Szuba, et al., 2018; Krolikowska, Sikorski,
et al., 2018h)

3.5.5 Controls

None of the 11Quantitystudies included a control group, with all studies comparing results
between grous of participants receiving different quantities of p@SCLR physiotherapy
treatment (Table3.2). TwoDurationstudies included a control group where participants

had not undergone ACLR and received no rehabilitation, with two studies comparing results
between groups of participants undergoing p@sELR physiotherapy treatment of different
durations Table3.3).

3.5.6 MethodologicaRQuality

The methodological quality and Quality Index (% and categorisation) @uhaetityand

Durationstudies are presenteth Table3.4 and Table3.5 respectively ForQuantitystudies,

the average quality score was 17/28 (rang2@,with an average Quality Index of 63%

(range 23p o’z 0 @ wS3AFNRAY3I YSOGK2R2f23A0Ft ljdzl t AG&3
WY2RSNI 0SQ> | yR (KNBS NI H18/Rl indtie Reparindedioh, { O2 N
from 0-3/3 in the External Validityestion, from 26/7 in the Internal Validity (Bias) section,

and from 16/6 in the Internal Validity (Confounding) section. Only six dpaéantity

studies reported a power analysis.

ForDurationstudies, the average score was 15/28 (range@)) with an average Quality

Index of 53.5% (range 36 M 0 ® ¢tg2 altdzRASa NI OGSR WY2RSNJI G
G2 NIGSR WEAYAGSRQ YSiK2R2I0AHMtkEREportindz £ A ( & @
section, from 61/3 in the External Validity section, from537 in the Internal Validity (Bias)

section, and from /6 in the Internal Validity (Confounding) section. Two of fouration

studies reported a power analysis.
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Modified Downs and Black scores for studies reporting the effect of the quantity of p@SLR physiotherapy treatment on patient outcomes.
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Schenk  Beard & Fi Grant Ugutmen  Revenas Grant  Hohmann . Przybylak .
ischer et Lim et al Rhim et
et al Dodd al (1998) et al et al et al et al et al (2019) et al al (2020)
(1997) (1985) 2005) (2008) (2009) (2010) (2011) (2019)
Reporting

1. Is the hypothesis/aim/objective of the 1 1 1 1 0 1 1 1 1 1 1
study clearly described? (yes = 1, no = 0)

2. Are the main outcomes to be measured 1 1 1 1 1 1 1 1 1 1 1
clearly described in the Introduction or
Methods section? (yes = 1, no = 0)

3. Are the characteristics of the patients 0 0 1 1 0 1 1 1 1 1 1
included in the study clearly described?
(yes=1,n0=0)

4. Are the interventions of interest clearly 1 1 1 1 0 1 1 1 1 1 1
described? (yes = 1, no = 0)

5. Are the distributions of principal 0 1 0 2 0 2 2 0 1 0 1
confounders in each group of subjects to
be compared clearly described? (yes = 2,
partially = 1, no = 0)

6. Are the main findings of the study clearly 1 1 1 1 1 1 1 1 1 1 1
described? (yes =1, no = 0)

7. Does the study provide estimates of the 0 1 1 1 0 0 1 1 1 1 1
random variability in the data for the main
outcomes? (yes = 1, no = 0)

8. Have all important adverse events that 0 0 0 0 0 0 1 0 0 0 0
may be a consequence of the intervention
been reported? (yes =1, no = 0)

9. Have the characteristics of patients lost to 0 0 1 1 1 1 1 1 1 0 0
follow-up been described? (yes =1, no =
0)

10. Have actual probability values been 0 0 0 1 0 1 1 1 1 1 1
reported (e.g. 0.035 rather than <0.05) for
the main outcomes except where the
probability value is less than 0.001? (yes
=1,n0=0)

Reporting Score x/11 4 6 7 10 3 9 11 8 9 7 8

External validity
11. Were the subjects asked to participate in 0 0 0 1 0 1 1 1 0 0 0



12.

13.

the study representative of the entire
population from which they were
recruited? (yes = 1, unable to determine =
0,no =0)

Were those subjects who were prepared
to participate representative of the entire
population from which they were
recruited? (yes = 1, unable to determine =
0,no =0)

Were the staff, places, and facilities
where the patients were treated,
representative of the treatment the
majority of patients receive? (yes = 1,
unable to determine = 0, no = 0)

External Validity Score x/3

Internal validity - Bias

14.

15.

16.

17.

18.

19.

20.

Was an attempt made to blind study
subjects to the intervention they have
received? (yes = 1, unable to determine =
0,n0 =0)

Was an attempt made to blind those
measuring the main outcomes of the
intervention? (yes = 1, unable to
determine = 0, no = 0)

If any of the results of the study were

based on fAdata dr edc¢

clear? (yes = 1, unable to determine = 0,
no = 0)

In trials and cohort studies, do the
analyses adjust for different lengths of
follow-up of patients, or in case-control
studies, is the time period between the
intervention and outcome the same for
cases and controls? (yes = 1, unable to
determine = 0, no = 0)

Were the statistical tests used to assess
the main outcomes appropriate? (yes =1,
unable to determine = 0, no = 0)

Was compliance with the intervention/s
reliable? (yes = 1, unable to determine =
0,no0 =0)

Were the main outcome measures used
accurate (valid and reliable)? (yes =1,
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unable to determine = 0, no = 0)

Internal Validity i Bias Score x/7

Internal validity 1 Confounding (selection
bias)

21.

22.

23.

24.

25.

26.

Were the patients in different intervention
groups (trials and cohort studies) or were
the cases and controls (case-control
studies) recruited from the same
population? (yes = 1, unable to determine
=0,n0=0)

Were study subjects in different
intervention groups (trials and cohort
studies) or were the cases and controls
(case-control studies) recruited over the
same period of time? (yes = 1, unable to
determine = 0, no = 0)

Were study subjects randomized to
intervention groups? (yes = 1, unable to
determine = 0, no = 0)

Was the randomized intervention
assignment concealed from both patients
and health care staff until recruitment was
complete and irrevocable? (yes = 1,
unable to determine = 0, no = 0)

Was there adequate adjustment for
confounding in the analyses from which
the main findings were drawn? (yes = 1,
unable to determine = 0, no = 0)

Were losses of patients to follow-up taken
into account? (yes = 1, unable to
determine = 0, no = 0)

Internal Validity 1 Confounding Score x/6

Power

27.

Did the study have sufficient power to
detect a clinically important effect where
the probability value for a difference being
due to chance is less than 5%? (yes =1,
unable to determine = 0, no = 0)

Total score x/28
Quality Index
Quality Index Category

8
29%
Limited

20
71%
Moderate

17
61%
Moderate

25
89%
Strong

10
36%
Limited

20
71%
Moderate

26
93%
Strong

19
68%
Moderate

18
64%
Moderate

13
46%
Limited
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17
61%
Moderate
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Table3.5

Modified Downs and Black scores for studies reporting the effect of the duration of p8SLR physiotherapy on patient outcomes.

Beynnonetal Beynnon et Krélikowska Krolikowska

(2005) al (2011) etal (2018a) et al (2018b)
Reporting
1. Is the hypothesis/aim/objective of the study clearly described? (yes =1, no = 0) 1 1 1 1
2. Are the main outcomes to be measured clearly described in the Introduction or Methods section? (yes = 1, 1 1 1 1
no =0)
3. Are the characteristics of the patients included in the study clearly described? (yes = 1, no = 0) 1 1 1 1
4. Are the interventions of interest clearly described? (yes = 1, no = 0) 1 1 1 1
5. Are the distributions of principal confounders in each group of subjects to be compared clearly described? 2 2 1 1
(yes = 2, partially = 1, no = 0)
6. Are the main findings of the study clearly described? (yes = 1, no = 0) 1 1 1 1
7. Does the study provide estimates of the random variability in the data for the main outcomes? (yes = 1, no 1 1 1 1
=0)
8. Have all important adverse events that may be a consequence of the intervention been reported? (yes = 1, 0 0 0 0
no =0)
9. Have the characteristics of patients lost to follow-up been described? (yes = 1, no = 0) 1 1 0 0
10. Have actual probability values been reported (e.g. 0.035 rather than <0.05) for the main outcomes except 1 1 1 1
where the probability value is less than 0.001? (yes = 1, no = 0)
Reporting Score x/11 10 10 8 8
External Validity
11. Were the subjects asked to participate in the study representative of the entire population from which they 1 1 0 0
were recruited? (yes = 1, unable to determine = 0, no = 0)
12. Were those subjects who were prepared to participate representative of the entire population from which 0 0 0 0
they were recruited? (yes = 1, unable to determine = 0, no = 0)
13. Were the staff, places, and facilities where the patients were treated, representative of the treatment the 0 0 0 0
majority of patients receive? (yes = 1, unable to determine = 0, no = 0)
External Validity Score x/3 1 1 0 0
Internal Validity - Bias
14. Was an attempt made to blind study subjects to the intervention they have received? (yes = 1, unable to 0 0 0 0
determine = 0, no = 0)
15. Was an attempt made to blind those measuring the main outcomes of the intervention? (yes = 1, unable to 0 1 0 0
determine = 0, no = 0)
16.1 f any of the results of the study were based on 1 1 1 1
determine = 0, no = 0)
17. In trials and cohort studies, do the analyses adjust for different lengths of follow-up of patients, or in case- 1 1 0 1

control studies, is the time period between the intervention and outcome the same for cases and controls?



(yes = 1, unable to determine = 0, no = 0)

18. Were the statistical tests used to assess the main outcomes appropriate? (yes = 1, unable to determine =
0,no0 =0)

19. Was compliance with the intervention/s reliable? (yes = 1, unable to determine = 0, no = 0)

20. Were the main outcome measures used accurate (valid and reliable)? (yes = 1, unable to determine = 0,
no =0)

Internal Validity 1 Bias Score x/7

Internal validity T Confounding (selection bias)

21. Were the patients in different intervention groups (trials and cohort studies) or were the cases and controls
(case-control studies) recruited from the same population? (yes = 1, unable to determine = 0, no = 0)

22. Were study subjects in different intervention groups (trials and cohort studies) or were the cases and
controls (case-control studies) recruited over the same period of time? (yes = 1, unable to determine = 0,
no =0)

23. Were study subjects randomized to intervention groups? (yes = 1, unable to determine = 0, no = 0)

24. Was the randomized intervention assignment concealed from both patients and health care staff until
recruitment was complete and irrevocable? (yes = 1, unable to determine = 0, no = 0)

25. Was there adequate adjustment for confounding in the analyses from which the main findings were
drawn? (yes = 1, unable to determine = 0, no = 0)

26. Were losses of patients to follow-up taken into account? (yes = 1, unable to determine = 0, no = 0)

Internal Validity 1 Confounding Score x/6

Power
27. Did the study have sufficient power to detect a clinically important effect where the probability value for a
difference being due to chance is less than 5%? (yes = 1, unable to determine = 0, no = 0)

Total score x/28
Quality Index
Quality index Category

= O

19
68%
Moderate

- O

20
71%
Moderate

= O

10
36%
Limited
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= O

11
39%
Limited
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3.5.7 Outcomes

A wide range of patienteported, clinical, and functional outcome measures were
used in theQuantitystudies Table3.2). For patientreported outcome measures, two
studies reported a positive effect for a greater quantity of physiotherapy treatment
(Przybylak et al., 2019; Rhim et @D21) one study reported a positive effect for a
lesser quantity of treatmen{Grant & Mohtadi, 201Q)and one study reported a
positive effect for both greater and lesser quantities of physiotherapy treatment
(Revenas et al., 2009¥or clinical outcome measures, tstdies reported a positive
effect for a greater quantity of physiotherapy treatme(him et al., 2019; Rhim et al.,
2021) one study reported a positive effect for less treatmé@tant et al., 2005)and
one study reported a positive effect for both greater and lesser quantities of
physiotherapy treatmenfHohmann et al., 2011)For functional outcome measures,
two studies reported a positive effect for a greater quantity of physiotherapy
treatment (Przybylak et al., 2019; Rhim et al., 202Epur studies reported the
guantity of postACLR physiotherapy treatment had no significant effect on any
outcomemeasure(Beard & Dodd, 1998; Fischer et al., 1998; Schenck et al., 1997;
Ugutmenet al., 2008) Average follow up periods acrossQ@ilantitystudy groups

ranged from 12 week&rant et al., 2005p 38 months(Grant & Mohtadi, 2010)

A range of patienteported, clinical, and functional outcome measures were also used
in the Durationstudies Table3.3). The duration of posfACLR physiotherapy

treatment had no effect on patienteported 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)
(Krélikowska, Czamara, Szuba, et al., 2018; Krélikowska, Sikorski, et al.,a2@{18b)
clinical outcomes (quadriceps strength, thigh circurafeze)(Beynnon et al., 2011;
Krélikowska, Sikorski, et al., 2018Hollow up periods across Bllirationstudy

groups ranged from 27 weekKrolikowska, Sikorski, et al., 2018»24 months
(Beynnon et al., 2011; Beynnon, Uh, et al., 2005)
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3.5.8 Strength of Evidence

Meta-analysis was not possible due to the heterogeneity of the selected studies. A
synthesis bthe overall evidence was therefore performed using the criteria described
in Table3.6 (Van Tulder et al., 2003)

Table3.6

Overall levels of evidence.

Level of Evidence Requirement
Strong Consistent findings amongultiple high quality randomised
controlled trials (RCTSs)
Moderate Consistent findings among multiple low quality RCTs and/or-ca
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)

ForQuantitya t dzZRA Sasx GKS (g2 adGdzZRASaA NIGSR WaidN
lesser quantity of posACLR physiotherapy treatment was positively associated with

patient outcomes. Of KS &AE &0dz2RASE NI} GSR WY2RSNI GS
reported the quantity of posACLR physiotherapy treatment had no effect on patient
outcomes, two reported the quantity of po®tCLR physiotherapy treatment had

conflicting effects on patient daomes, and two reported the quantity of pesiCLR
physiotherapy treatment had a positive effect on patient outcomes. Of the three
da0dzZRAS&a NIGSR WEAYAGSRQ YS(iK2R2f 2-BOLBI f  |j «
physiotherapy treatment had a posigweffect on patient outcomes, and two reported

the quantity of postACLR physiotherapy treatment had no effect on patient outcomes.
Overall, the level of evidence for tiguantityd 1 dZRA S& A& 0Said RS&ONJ
(Van Tulder et al., 2003)

ForDurationd 0 dzZRA S&a > (KS (g2 aiddzRASa NIGSR WY2R
reported the duration of posACLR physiberapy treatment had no effect on patient
2dzi 02YSaod ¢KS G2 addzRAS&a NI GSR WEAYAGS)

duration of postACLR physiotherapy treatment was associated with better patient
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outcomes. Overall, the level of evidence for Darationstudies is best described as
W/ 2 y T {VanOildeyedan, 2003)

3.6 Discussion

3.6.1 Summary oMainFindings

Theliterature searchdentified 15 articles where posACLR physiotherapy treatment
data could be extracteffom and used to determine the relationship between the
quantity and duration of physiotherapy treatment and patient outcomes following
ACLR Based on the findings of the selected studies, it is not clear if the quantity and
duration of physiotherapy tratment significantly influences patient outcomes
following ACLR. Considerable heterogeneity in the methodologies of the selected
studies regarding sample size, time from ACL injury to ACLR, the dosage ACh&5t
physiotherapy treatment, outcome measurased, and final evaluation timeframes

likely contributed to the inconclusive findings.

3.6.2 Comparison t&xisting_iterature

Previous systematic reviews have reported the quantity of physiotherapy supervision
during postoperative rehabilitation following BLR does not significantly influence
patient outcomegAndersson et al., 2009; @Gle et al., 2021; Kruse et al., 2012; Lobb

et al., 2012; Risberg et al., 2004; van Melick et al., 2016; Wright et al.,.280&even
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 rasdtion, nonblinding of

assessors, gender bias, and no reporting of compliance.

As part of wider systematic reviews on pagterative rehabilitation following various
knee surgeries, a clear benefit of supervised rehabilitation over unsupervisedfhome
based rehabilitation following ACLR could not be establis{@&oppola & Collins, 2008;
Papalia et al., 2013)A recent scoping review on the frequency ahudation of

supervised rehabilitation following ACLR, which included 11 of the 15 studies from the
current review, concluded moderately or minimally supervised rehabilitation is at least

as effective as fully supervised hiffequency rehabilitation, andtdeast 6 months of
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supervised rehabilitation is associated with more favourable outcomes after ACLR
(Walker et al., 2020)

Several inconsistencies were noted between previous reviews and the cuengatv
regarding assessment of methodological quality for selected studies. 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 938igahng 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 kighlrias. As
different quality assessment tools assess different bigBesgp et al., 2018)whichever

tool is chosen to assess the methodological quality of selected studies has the

potential to significantly influence the overall findings of the review.

Nine of the 11Quantitystudies compared clinibased, physiotherapied

rehabilitation with homebased rehabilitation. The average quantity and duration of
physiotherapy for clinibased rehabilitation and homkeased rehabilitation was 21
treatments over 26 weeks and 4 treatments over 25 weeks respectively. In the 12
months following ACLR in New Zealand, patients receive an averagela@f 10
physiotherapy treatments, over an average duration of 1463 dayqSee sections
2.6.1and2.6.2. The majority of Flemish physical therapists us&@ireatments over
6-7 months follaving ACLRDingenen et al., 2021)Therefore, the quantity and
duration of physiotherapy treatment in the selected studies may not be an accurate
reflection of everyday physiotherapy practice. To increase external validityefu
research on ACLR rehabilitation should include interventions that replicate usual

physiotherapy practice.

In the first 12 weeks following ACLR;Z5rehabilitation sessions have been
recommended Adams et al., 2012ith a physiotherapist review at least every two
weeks to ensure adequate progress is maintaiffeitbay & Grindem, 2019)Up to 35
physiotherapy treatments may be required in the 12 months following AGe®
section2.6.2. The optimal frequency of rehabilitation supervision has yet to be

determined(Walker et al., 2020)and the number of physiotherapy treaents
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required is likely dependent on the progress of the individual patiEibay &
Grindem, 2019)

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 rehétation is now less prescriptive, with progress through
NEKFOAfAGFGAZ2Y RSGSNXYAYSR o6& GKS LI GASYy G
time from surgery(Meredith et al., 2020; van Melick et al., 201&imilarly, the

dosage of posACLR physiotherapy treatment should also not begetermined, bu

instead be the engbroductof the quantity and duration of treatment required for the

patient to achieve their posbperative goalgFilbay & Grindem, 2019)

Other personrelated factors, such as age, gender, activity levels, and concomitant
injury at ACLR potentially have a greater effect ortjoperative outcomes than the
dosage of physiotherapy treatment. 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 paseate typically worse following
ACLRSenorski, Svantesson, Baldari, et al., 2019; Tan et al.,.20h6gfore, 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 femadkeis greople over

30 years of ag€Sanders, Maradit, Bryan, Larsohaé, 2016) Therefore, future ACL
research should ensure a distribution of participants relatedde 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 ACLRDunn et al., 201Qhowever, it is not clear if patient activity level
influences the dosage of physiotherapy treatment 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 superviggamble

et al., 2021) For multiple reasons, including the dosage of paGLR physiotherapy, a
greater percentage of elite athletes return to pigury activity levels compared to

non-elite athletes(Lai et al., 2018) Future research should investigate the dosage of
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physiotherapy required to achieve acceptable outcomes in ACLR patients who

encompass the spectrum of activity levels.

Acros 13 of the 15 studies in the current review, the time between ACL injury and
ACLR ranged from 56 days to 18 years, with two studies not reporting §Rinn@ et

al., 2021; Schenck et al., 1997 longer time to ACLR is associated with an increased
risk of secondary meniscal and chondral injury due to recurrent instability episodes
(Granan, Bahr, et al., 2009; Soerfeldt et al., 2018)and the presence of meniscal or
chondral injury at the time of ACLR is associated with worse patient outc(@megue

et al., 2018; Cox et al., 2014Therefore, 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, fidings 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 postperative outcomes. Previous reviews have focused on
the levelof supervision during posACLR rehabilitation, or hordeased verses clinic
based rehabilitationtather than the actual quantity and duration of physiotherapy
treatment. The current review is therefore unique, as it is the first review to
specifically adress the quantity and duration of physiotherapy treatment following

ACLR.

3.6.3 Quality ofSelectedstudies

The average Downs and Black score for all studies in the current review was 16.9/28
(range 826), which equates to an average Quality Index of 60%erdll, the level of
SOARSYOS Aa 0Said a¢ueanTuldwheldh RO0OB)Zeverdl 2y Tt A O .
methodologicaissues can be identified within the selected studies. Regarding the
Quantitystudies, only one€ Hohmann et al(2011)¢ evaluated the effect of a
physiotherapistied rehabilitation program versus a fully unsupervised rehabilitation
program. Across all oth€uantitystudies, both study groups received a degree of
physiotherapist input during rehabilitation, witiné quantity of that input differing

between groups. It is possible the difference in the number of physiotherapy
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treatments between study groups was not sufficient to show any significant between
group differencegGamble et al., 2021)The lack of outcome data for completely
unsupervised subjects needs to be considered when evaluating the eedbat a
home-based exercise program is equally effective as a dliased progranfLobb et

al., 2012)

Only 25% of studies in the current review reported, or attempted to measure,
participant compliance with rehabilitation protocols. Increased compliance with
rehabilitation following ACLR is associated with betteigratoutcomegHan et al.,

2015; Pizzari et al., 2005 Comphknce data is an important variable due to the dose
response relationship for effectivene@Risberg et al., 2004)Measuring participant
compliance with unsupervised rehabilitation may enable a more accurate comparison

with patient outcomes following supervised rehabilitation.

Studies publiséd more recently have shown a positive association between the
quantity of postACLR rehabilitation and patient outcom@galker et al., 2020)and
results of the current review support that finding-hreeQuantitystudies in the

current review were published from 2019 onwardsm et al., 2019; Przybylak et,al.
2019; Rhim et al., 202%)all reported a greater quantity of po®tCLR physiotherapy
treatment was associated with improved patient outcomes Giantitystudies in the
current review were published prior to 201Beard & Dodd, 1998; Fischer et al., 1998;
Grant et al., 2005; Revenas et al., 2009; Schenck et al., 199feélyet al., 20083,

none reported an association between a greater amount of fdSLR physiotherapy
treatment and improved patient outcomes. There is little difference between the
methodological quality of the neweverses the older studies, with the average Quality
Index of the pos019 studies being 57% (range-@4%), and the average Quality
Index of the pre2010 studies being 59.5% (range@®%).

There was no clear relationship between methodological quatity the overall

findings of theQuantitystudies. FouQuantitystudies scored greater than 70% on the
Quality Index. One study reported the quantity of p@€LR physiotherapy treatment
had no effect on patient outcomd8eard & Dodd, 1998vith three reporting
equivocal findings regarding the quantity of p@SCLR physiotherapy treatment and
patient outcomegGrant & Mohtadi, 2010; Grant et al., 2005; Revenas et al., 2009)
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Three studies scored less than 50% on the Quality Indew reported the quantity of
post-ACLR physiotherapy treatment had no effect on patient outco(Bebtenck et al.,
1997; Ugutmen et al., 200@8nd one reported a greater amount of peACLR
physiotherapy treatment waassociated with improved patient outcomé@3rzybylak
et al., 2019)

The timing of the final evaluation follving a postACLR intervention could influence
the overall findings of a study. If the final evaluation was performed when subjects are
unlikely to have achieved optimum function, then the final evaluation may not fully
capture the total effects of any iervention. Functional measures can improve for up
to two years after ACLfRoewer et al., 2011)FourQuantitystudies reported results
with a followrup period of six months or less after AQLR0 reported the quantity of
post-ACLR physiotherapy treatment had effect on outcomeg¢Beard & Dodd, 1998;
Fischer et al., 1998bne reported less physiotherapy treatment resulted in better
outcomes(Grant et al., 2005)and one reported more physiotherapy treatment
resulted in betteroutcomes(Lim et al., 2019) The remaining seveQuantitystudies
used followup periods of 12 months or greater (range-32 months); two studies
reported the quantityof postACLR physiotherapy treatment had no effect on
outcomes(Schenck et al., 1997; Ugutmen et al., 2008 reported more
physiotherapy treatment is associated with improved patient outcoifi@zybylak et
al., 2019; Rhim et al., 20219ne reported less physiotherapy treatment is associated
with improved outcomegGrant & Mohtadi, 201Q)and two reported improved
outcomes with more and less physiotherapy treatmédbhmann et aJ.2011,

Revenas et al., 20090verall, our results indicate the timing of the final subject
evaluation following posACLR rehabilitation has little influence on the results of the

Quantitystudies.

With regards tdDurationstudies, two reported theluration of postACLR

physiotherapy treatment had no effect on patient outcomglsoth were rated as
Wa2RSNI 0SQ ljdzh t AGeZ 6 SNB Lldapfperiad& (@R St NI A
months)(Beynnon et al., 2011; Beynnon, Uh, et al., 200B)o studies reported a

longer duration of posACLR physiotherapy treatment resulted in better outcomes

020K 6SNB NIUGSR W[AYAUSRQ ljdzZ f AGag ¢SNB |

periods (2733 weeks)Krolikowska, Czamara, Szuba, et al., 2018; Krdlikowska,
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Sikorski, et al., 2018b)Due to lack of published studies, it is not posstblconclude if
study quality, date of publication, and the timing of the final subject evaluation

influenced the findings of thBurationstudies.

3.6.4 Limitations

This review is not without limitations. Of the 15 included studies, only@waation

studies were conducted with the expressed aim of prospectively examining the effects
of the quantity or duration of posACLR physiotherapy treatments on patient
outcomes. None of the 1Quantitystudies specifically investigated the effects of the
quantity of postACLR physiotherapy treatment on patient outcomes. 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 pasACLR physiotherapy treatment could be extracted from the articles. As
such, the conclusions of this review regarding the effects of the quantity and duration
of postACLR physiotherapy treatment are based on data that was not collected for the
purpose br which it has been used. As we excluded articles not published in English
and did not search for unpublished studies, we may not have captured all the relevant
literature. Considerable heterogeneity between the included studies precluded
quantitative neta-analysis, while preventing any betwestudy comparison of

interventions and outcomes.

3.7 Conclusions

The current review has not clearly established the quantity and duration of
physiotherapy treatment following ACLR has a significant effect on patiecbomes.

Similar outcomes are achieved irrespective of the dosage of physiotherapy treatment.
This review adds to the findings of previous reviews that have shown no clear benefit
of supervised rehabilitation over hordesed or unsupervised rehabilitatidollowing
ACLR. Constant monitoring of p@sCLR rehabilitation by a physiotherapist does not
appear necessary, although regular therapist review allows for ongoing patient
assessment, education, and progression. Hjgality RCTs investigating the aptl

dosage of physiotherapy treatment following ACLR, or the level of supervision required

during postACLR rehabilitation, to achieve acceptable patient outcomes are lacking.
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Chapter 4
The Relationship Between Physiotherapy TreatmenPatidnt
Reported Outcomes Followingtarior QuciateLigament

Reconstructionn New Zealand

This chapter is comprised of the following manuscript:

Fausett, W, Reid, D., & Larmer,,R& Garrett, N. (2023). Patient acceptance&onée
symptoms and function after anterior cruciate ligament reconstruct®improved by
physiotherapy treatment New Zealand Journal of Physiotherapi(1), 53;69.
doi:10.15619/NZJP/51.1.07

To maintain casistency of style throughout the thesis, the manuscript is presented

herein a format that differs slightly to thpublished articl§{Appendix C)

4.1 Preface

In NZ, ACLR rehabilitation typically equals physiotherapy treatniggults from

chapter twoshow NZ ACLR patients receive a low dosage of physiotherapy treatment
following surgery Asobjectivepatient outcome data was not regularly collected by

the providerduringthe course otreatment, it is not possible to determine the
effectiveness of that physiotherapy treatment. Furthermaresults fromchapter

three revealed previous research has not established a clear relationship between the
dosage of posACLR physiotherapy treatmieand patient outcomesTherefore this
studywill matchphysiotherapy treatment datand patient-reported outcome data,

using a large cohort of NZ ACLR patients, to determine the nature of the relationship

between postACLR physiotherapy treatment andt@nt outcomes.
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4.2 Abstract

Physiotherapy is considered an important component of rehabilitation following
anterior cruciate ligament reconstruction (ACLRhe relationship between
physiotherapy treatment and patieneported outcomes following ACLRNiew

Zealand (NZ) is not cleawe used repeated measures logistic regression to examine
the relationship between patienteported outcome data from the NZ AREgistry and
physiotherapy treatment data from the Accident Compensation Corporation (ACC).
Oucome measures utilised wetbe patient acceptable symptom state (PASS) on the
Knee Injury Osteoarthritis and Outcome Score (KP&®I a normative scoren the
Marx Activity Rating Scale (MARS) within 24 months of AB&R.from 5,345
individuals werencluded in the final analysigjith a mean (SD) of 11.7 (10.5) (range
0¢91) physiotherapy treatments received, over an average (SD) of 185 (153) (ange O
725)days, in the two years following ACLIRysiotherapy treatment posACLR
increased the likelihad of achieving a KOOBASS scora 6 and 12 months, but not

at 24 months, following surgeryPhysiotherapy did not increase the likelihood of
achieving a normativMARS score in the 24 months after ACMRiltiple factors likely
contribute to people wb have had an ACLR in NZ receiving alasage of
physiotherapy treatment following surgeryhysiotherapy treatment after ACLR may
increase patient acceptance of apgstsurgical symptoms and functional limitations,

but the effect on posbperative acivity levels is less clear.

4.3 Introduction

Functional rehabilitationincluding lower limb strength and neuromuscular trainirsgy
generally recommendetbllowinganterior cruciate ligament reconstruction (ACIdR)
increase the likelihood of a patient achieving their psstgical goaléAndrade et al.,
2019) In NZ, physiotherapists typically oversee rehabilitation following ASe&
section2.3). Therefore, the quantity and duration of pesperative physiotherapy
treatment likely provides an accurate estimation of the dosage of rehabilitation
receivedfollowing ACLR in NZhere remains no consensus on the optimal quantity
and duration of postACLR physiotherapy treatmefWalker et al., 2020)with
equivocal evidence as to whether the dosage loygotherapy treatment following

ACLR significantly influences patieaported outcome scores, knee strength,
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functional ability, andyraft re-rupture rates(Beynnon et al., 2011; Grant et al., 2005;
Hohmann et al., 2011; Przybylak et al., 2019; Rhim et al., 2021; Vincent et al., 2017)

The dosage of physiotherapy treatment received by commtingisedACLR patients
following surgery can vary widelyRetrospective studies show ACLR patients receive
between 1550+ physiotherapy treatments following surgéBurroughs et al., 2021;
Christensen et al., 2017; Dempsey et al., 2019; Miller et al., 2018 number of
treatments physiotherapists report using following ACLR ranges from 20 to 60 but can
exceed 10@Dingenen et al., 2021; Eberta&it, 2019; Korakakis et al., 202The

reported duration of postACLR rehabilitation for communibased ACLR patients

ranges from 127175 daygChristensen et al., 2017; Dempsey et al., 2019; Miller et al.,
2017) with the duration rarely exceeding six monifidunphy & Gardner, 2020; Ebert

et al., 2018; Edwards et al., 2018)

Outcomes following ACLR are typically evaluated with a combinatifumcitional
measures and patieateported outcomes measures (PRONK)bay & Grindem,

2019) There areover 50PROMSs related to thanterior cruciate ligament (ACL)
deficient kneg(Johnson & Smitt2001) however, the Knee Injury Osteoarthritis and
Outcome Score (KOOS) and the Marx Activity Rating Scale (MARS) are two PROMs
consistently utilised in ACL research dnydACL registrieKanakamedala et al., 2016;
Senorski, Svantesson, Engebretsen, et al., 20A94iscrepanciesanexist between
post-operative PROM scores andtigat satisfaction levels, the concept of a patient
acceptable symptom state (PASS) may better facilitate interpretation of a PROM
(Cristiani, Mikkelsen, et al., 2020; Wright et al., 20I8)e PASK defined as the

PROM scoreeyond which patients consider themselves weélibach, Wells, et al.,
2005) PASS thresholds have been developed for each subscale of the(MOI@8Eet

al., 2016) and measurement of the PASS is a valuable complement to the KOOS in ACL
injury (Svantesson et al., 2020pASS thresholds, which are derived frapopulation

with the cordition of interest, differ from normative scores, which are derived from

people who have never had the condition.

The Accident Compensation Corporation (ACC) of New Zealand (NZ) is a government
funded nefault insurance scheme, which funds treatment aetiabilitation costs for

personal injuries caused by an accidesd defined by the ACC Act of 2qUddd,
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2011) Aninjury claim is lodged on behalf of the patient by their treatment provider,
andif accepted, treatment costs are funded under that specific ci@mmark &
Paterson, 2006)AsACLinjuries in NZ are typically the result of an accid@sitanotti

et al., 2009) treatmentand rehabilitationcosts for ACL injuries in NZ aisuallymet

by ACCACC is the primary funder of private physiotherapy services {(iRBid &

Larmer, 2007%)however, patients receiving treatment from private physiotherapists
are typically charged a gmayment, as ACC funding does not usually cover the full cost
of the treatment(Fitzjohn, 2007) ACC requirephysiotherapy providers to collect

visual analogue scale (VAS) pain scores and patient specific functional scale (PSFS)
scores from patients; however, ACC does not collect this data from providers.
Therefore, although ACC has visibitegardingthe dosage ofehabilitation provided
following ACLR, it has no knowledge of the specific outcome, or effectiveness, of that
rehabilitation. ACC has also historically placed limits on the number of physiotherapy
treatments it would fund following a musculoskeletal injury, with the maximum
number of reatments following ACL injury being 16nce the treatment number limit
has been reached, the physiotherapist must apply to ACC for funding of additional

tfreatments.

ACL registries provide a unique opportunity to understand and interpret factors
affecting patientreported outcomes after ACL(Rrentice et al., 2018)The NZ ACL
Registry las been collecting PROM data for NZ ACLR patientsZiddewith almost
90% of ACLRs performed in 2020 enrolled by the redisew Zealand ACL Registry,
2021) To date, it has not been possible to correlate these patiett@mes with the
rehabilitation received, as the NZ ACL Registry does not collectelatad topost
surgicalphysiotherapy treatment Therefore, thepurpose of this study is texplore
the quantity and duration of physiotherapy treatment following primaunilateral
ACLR in NZ, and ¢ietermine the relationship betweethat dosageof physiotherapy

treatment and patientreported outcomesn the two yeardollowing surgery

4.4 Materials and Methods

4.4.1 Data Sources

The NZ ACL Registry forwarded the followidgloO2 YS RI GF G2 '/ / Q& !

Research unit in a passwepdotected Microsoft Excel spreadsheet: ph€L injury
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MARS score, prfACLR KOOS/MARS scores, andpG&tR KOOS/MARS scores at 6
12-, and 24months. As outcome data was collected independeithe physiotherapy
provider, all subjects had the opportunity to complete PROMs at all data collection
points, even if the subject was not engaged in physiotherapy treatment at the time of
PROM data collection.

Using subject identifierg National He#dh Index (NHI) number, and/or date of birth,
and/or date of ACL injury outcome data was matched to the ACC claim the ACLR was
funded under. Once subject outcome data and the ACC claim were matched, the
following variables were extracted from the AC&rk management software system

(FirEos) into a passworgrotected Microsoft Excel spreadsheet:

Age at date of ACLR

Gender

Date of ACLR.

Number of days between ACL injury and ACLR.

Number of physiotherapy treatments in the 12 months prior to ACLR.

4o 48 Ja 48 Ja e

Number of physiotherapy treatments betweerd) 7-12, and 1324 months
postACLR.
i Date of first and last physiotherapy treatment after ACLR.

$ Whether the subject had received vocational rehabilitation following ACLR.

Once extractedpatientdata was dedentified and forwarded to the primary

investigator for analysis. Due to the large number of subjects available, subjects were
excluded ifpatient-reported outcome data was either missing or unavailable from

more than one posACLR time point. Unavailaldata was defined as data yet to be
collected as that time point after ACLR had not yet been reached. Other exclusion
criteria included revisioMCLR, as subjective outcomes for this population are typically
worse than for primary surgerrind et al., 2012; Wright et al., 2018) nonrACC

funded ACLR, as no physiotherapy treatment datauld be available from ACC for

these subjects
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4.4.2 Outcome Measures

The primary outcomes were the achievement of a KEEXSS score or a normative

MARS score. The KOOS is composed of 5 subscales: pairglktes symptoms,

activities of daily living (ADLfunction in sport and recreation, and kneslated

quality of life (QoLjRoos et al., 1998)Items on the KOOS are scored from 0 (no

problem) to 4 (extreme problem) on afint Likert scale. Scores from each subscale

are transformed to a €100 scale, with zerorépS a Sy G Ay 3 aSEGNBYS vy
Mann NBLINBaSYyGAy3d ay 2 4i§ah SbragedeBrédf fBuy & ¢ @ ¢ K
subscales, where the ADL subscale is excluded to avoid a ceiling effect, as younger,

more active patients rarely have difficulties with adtes of daily livindFrobell et al.,

2010) Excluding the ADL subscale mitigates the risk of a high score on the ADL

subscale artificially inflating the KOG8ore.

The achievement of a KOEBASS score was based on individual KOOS subscale
trSakK2t R O fdzSa Saidlof AAaKSR o0& adzZ £t SN S
account of all the activity you have during your daily life, your level of pain, and also
your activity limitations and participation restrictions, do you consider theenirr
aidrasS 27F @2 dzNJ(Nuwese al. 22Dlik)Caredpandirgy RASIS Falues for

the KOOS subscales were: Pain > 88.9, Symptoms > 57.1, Sport and Recreation > 75.0,
QoL > 62.5, which equated to a KG®ASS score of 70.Subjects were not required

to achieve a PASS score on each of the four subscales.

The MARS is a knepecific questionnaire that evaluates activity level in people with
various knee disorder@larx et al., 2001) The MARS assesses the ability to perform

four functional activities: running, cutting, decelerating, and pivotiRguticipants

record how often they perform these activities on & @cale, with 4 being most active.

The maximum possible MARS score is 16. We used a MARS score of 11 for females and

12 for males as normative valugSameron et al., 2015)

4.4.3 Statistical Analysis

A comparative analysis of descriptors for subjects included and subjects excluded was
performed. Initial descriptive analysis examined the distributions of the oate and
explanatory measures. The available confounding factors were identified as gender,

age groupreceived vocational rehabilitation petCLR, number of days between ACL
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injury and ACLR, and for MARS scores, arguey MARS scoreA repeated measas
logistic regression with unstructured correlation was used to examine the association
between dichotomous outcome measures and physiotherapy treatment, adjusting for

the confounders and time varying effects.

4.5 Results

Outcome data for 9562 subjects wasceived from the NZ ACL registfygure4.1).
Outcome data was unable to matched to an ACC claim for 4% of subjects due to a
missing NHI number, date of birth, or date of ACL injury. Physiotherapy treatment
data was not recorded for% of subjects. Two out of three peSCLR outcome data
points were either missing or unavailable for 33% of subjects. Sufficient outcome data
was available and able to be matched to the corresponding ACC claim, from which

physiotherapy treatment data wsable to be extracted, for 56% of subjects.
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Figure4.1

Flow chart showing derivation of final data set.

Cutcome data received from Cutcome data unable to be matched
NZ ACLRegistry. * to an ACC claim.
n = 5562 n =367
¥
Outcome data matched to MNo physiotherapy treatment
ACC claim. data available.
n= 95155 n=677
¥
Outcome data matched to ACC claim, Missing outcome data at 6 and/or 12
with physiotherapy treatment and/or 24 manths post-ACLR.
data available. n = 1410
n=g8518

Unavailable outcome data at 6 and/or 12
and/or 24 manths post-ACLR.

L n=1763
Outcome data available and matchedto

ACCclaim, with physiotherapy treatment
data available.

n=5345

Descriptive analysisf the subject groups included and excluded from the final set
revealed thepercentage of malediffered across all groups, with males more likely to
have missing physiotherapy treatment data and missing outcome (datiale4.1).

Subjects wh missing outcome data were more likely to be younger at the time of
ACLR but less likely to have received vocational rehabilitation (VR). Subjects with
missing physiotherapy treatment data had a longer delay to ACLR but were less likely

to have receivd VR.
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Descriptive covariate values for subjects includedrses subjectexcluded from the final data set.

98

Outcome data  Outcome data  Physiotherapy =~ Outcome data ~ Outcome data  Physiotherapy
received from unmatched to  treatment data missing unavailable treatment data
NZ ACL Registry ~ ACC claim missing (n = 1410) (n=1763) and outcome
(n =9562) (n=367) (n=677) data available
and matched
(n =5345) p-value*
Gender Male (%) 57.6 63.2 69.4 70.7 54.3 53.3 <0.0001
Age at ACLR
(years; mean + SD 27.8+x11.1 28.8£10.5 29.4+£10.9 25.6 £9.3 28.7£10.8 294+£11.2
range) (8-70) (11-64) (9-70) (10-63) (10-69) (8-69)
Age at ACLR 8-20 yrs (%) 29 20 23 36 26 24
21-30 yrs (%) 38 47 38 40 38 37
31-40 yrs (%) 18 18 22 15 20 20
41-69 yrs (%) 15 15 17 9 16 19 <0.0001
Days from ACL
injury to ACLR 289+ 723 290 £ 928 422 + 975 252 £ 637 234 + 605 287 + 708
(mean * SD; range (12-16025) (14-15418) (17-8801) (16-14406) (12-16025) (14-12163)
Days from ACL
injury to ACLR 14-79 (%) 26 29 22 27 26 25
80-126 (%) 24 20 24 23 24 25
127-230 (%) 25 23 23 25 29 25
231+ (%) 25 23 31 25 21 25 <0.0001
Missing (%) - 5 - - - -
Had vocational
rehabilitation Yes (%) 33.4 - 22.2 40.1 32.3 35.6
No (%) 66.6 - 77.8 59.9 67.7 64.4 <0.0001
Preinjury MARS
score (mean * SD) 11.4+49 11.4+£5.0 104 +£5.3 11.2+5.2 11.6+4.8 11.7+4.8

NZ = New Zealand; ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament reconstruction; ACC = Accidetib@ @opemsdion; SD =
standard deviation; yrs = yearshisquare test
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4.5.1 Physiotherapy Treatment Following ACLR

Theaverage number of physiotherapy treatments in the 12 months prior to ACLR was
5.5 £ 5.2 (range-89) (Figure4.2). The average number of physiotherapy treatments
from 0-6 months postACLR was 9.2 £ 7.2 (rang671), from 712 months postACLR

was 1.9 = 3.7 (range®4), and from 1324 months postACLR was 0.6 + 2.4 (range O

35). Average total physiotherapy treatments the 24 months postACLR was 11#

10.5 (rangé)-91). The percentage of subjects who did not receive physiotherapy
treatment preACLR and from-6-, 7-12-, and 1324-months postACLR was 22%, 12%,
57%, and 88% respectivelyidure4.2).

Figure4.2
Average number of physiotherapy treatmenia the 12 months prior to, and 24 months

following, ACLR
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12-0 months pre-ACLR  0-6 months post-ACLR ~ 7-12 months post-ACLR  13-24 months post-ACLR

Time

The duration of posACLR physiotherapy treatment was less teemmonths for 57%

of subjects, while posACLR physiotherapy treatment lasted longer than nine months
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for 25% of subjectd{gure4.3). The average number of days from the first pASILR
physiotherapy treatment to the last treatment was 18353 days (range-025).

Figure4.3
Number of days between first and last physiotherapy treatment following ACLR.
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4.5.2 Patient Reported Outcomes Following ACLR
KOOS

The likelihood of a subject achieving a KORYSSS score following ACLR increased
significantly over time (p = <0.000able4.2). The percentage of subjects achieving
a KOOSPASS score p#&CLR, and at612-, and 24months postACLR was 17%, 53%,
70%, and 75% respectivéRigure4.4).
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Table4.2
Unadjusted odds rations for the likelihood of achieving a KO®8SS score following ACLR.

- , 5 -
T'Z‘Eigce Odds Ratio 95 /c;n?:rf\l/itlance p-value
PreACLR 1.00 -
6 months 5.34 (4.92,5.79)
12 months 10.87 (9.96,11.86)
24 months 13.99 (12.64,15.49) <0.0001
Figure4.4

Subjects achieving a KOOBASS score over time.
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MARS

The likelihood of a subject achieving a normative MARS score following ACLR increased
significantly over time (p = <0.000{able4.3). The percentage of subjects achieving
anormative MARS scome-ACLR, and at612-, and 24months postACLR was 5%,

11%, 23%, and 28% respectiv@tigure4.5).
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Table4.3
Unadjusted odds ratios for the likelihood of achieving a normative MARS score following
ACLR.

Time since : 95% Confidence
ACLR Odds Ratio Interval p-value
PreACLR 1.00
6 months 2.20 (1.90,2.55)
12 months 5.86 (5.10,6.73)
24 months 7.53 (6.52,8.70) <0.0001
Figure4.5

Subjects achieving a normative MARS score over time.
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4.5.3 Relationship Between Physiotherapy Treatment and Patient Reported
Outcomeg; UnivariateAnalysis
PostACLR physiotherapy treatment was grouped into 074, &1d 5+ treatments, as
these treatment numbers approximated quartile divisions. Initial analgbes/ed a
statistically significant increase in the likelihood of achieving a KBASS score for
one physiotherapy treatment over no physiotherapy treatments froi &d 712
months postACLR (p = 0.04), with lesser mgnificant increases for-2 and5+
treatments(Table4.4). There was no effect of different quantities of p@stLR
physiotherapy treatment on the likelihood of achieving a normative MARS score.
Therefore, the physiotherapy treatment groups weralapsed into whether

physiotherapy treatment was present or not

Table4.4
Unadjusted odds ratios fodifferent quantities of physiotherapy treatment and the

likelihood of achieving a KO®@BASS score flolwing ACLR.

. . Number of .
Tm’&%illgce Physiotherapy Odds Ratio 95‘%;n(t3;)rr\1/fallc|ience
Treatments

0-6 months 0 1.00 -
1 1.45 (1.01,2.09)
2-4 1.20 (0.96,1.49)
5+ 1.18 (0.99,1.39)

7-12 months 0 1.00 -
1 1.31 (1.08,1.59)
2-4 1.12 (0.96,1.31)
5+ 1.17 (0.99,1.39)

13-24 months 0 1.00 -
1 0.90 (0.62,1.33)
2-4 0.88 (0.60,1.27)

5+ 0.77 (0.50,1.17)
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KOOS

Thepercentageof subjects who achieved a KOPASS scomt each time point,

based on whether theyeceived physiotherapy treatmenis shown inFigure4.6.

Overall, there was a significant association between receiving physiotherapy treatment
and the likelihood of achieving a KG®ASS score following ACLR (p = 0.00d4)
physiotherapy tratment between 712 months associated with an increased

likelihood of achieving a KOGASS score at 12 months péstLRTable4.5).
Physiotherapy treatment betwae13-24 months was associated with a neignificant
decreased likelihood of achieving a KOBASS score at 24 months pésELR.

Figure4.6
Subjects achieving a KOOPASS score and if they received physiotherapy treatment.
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Table4.5
Unadjusted odds ratios for subjects receiving physiotherapy treatment and the likelihood of

achieving a KOGPASS score following ACLR.

Time since Physiothera . 95% Confidence
ACLR T):eatmenton Odds Ratio Interval
0-6 months No 1.00
Yes 1.12 (0.95,1.31)
7-12 months No 1.00
Yes 1.21 (1.08,1.36)
13-24 months No 1.00
Yes 0.86 (0.68,1.09)
MARS

Thepercentageof subjects who achievedreormative MARScoreat each time point,
based on whether theyeceived physiotherapy treatmenisshown inFigure4.7.

Overall there was a significant association between receiving physiotherapy treatment
and the likelihood of achieving a normative MARS score following ACLR (p =,0.0003)
with physiotherapy treatment between-I2 and 1324 months associated with an
increased likeliood of achieving a normative MARS score atal® 24months after

surgeryrespectively Table4.6).
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Subjects achieving a normative MARS score and if they received physiotherapy treatment.
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Unadjusted odds ratios for subjects receiving physiotherapy treatment and the likelihood of

achieving anormative MARS score following ACLR

Time since

Physiotherapy

95% Confidence

ACLR Treatment Odds Ratio Interval
0-6 months No 1.00
Yes 0.95 (0.71,1.27)
7-12 months No 1.00
Yes 1.27 (1.12,1.46)
13-24 months No 1.00
Yes 1.40 (1.12,1.75)
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4.5.4 Relationship Between Physiotherapy Treatment and Patient Reported
Outcomesg; MultivariateAnalysis
When adjusted foconfounding variableghere was a significant relationship between
physiotherapy treatment and likelihood athieving a KO®8ASS score following
ACLR (p = 0.0038)able4.7) (Appendix Y] Physiotherapy treatment between-@
months and 712 months increased the likelihoad achieving a KO®BASS score at
6- and 12 months respectivelyHowever, when adjusted for confounders, the
relationship between physiotherapy treatment and the likelihood of achieving a
normative MARS score following ACLR did not reagpfificance (p = 0.15)
(AppendixK). Physiotherapy treatment during all peseperative time periods was not
associated with an increased likelihood of achieving a normative MARS score at any

post-operative time point.

Table4.7
Adjusted odds ratios for receiving physiotherapy treatment and the likelihood of achieving a

KOOSPASS score and a normative MARS score following ACLR.

Time since Physiothera . 95% Confidence
ACLR T):eatmentpy Odds Ratio Interval
KOOS 0-6 months No 1.00
Yes 1.19 (1.01,1.41)
7-12 months No 1.00
Yes 1.18 (1.05,1.33)
13-24 months No 1.00
Yes 0.84 (0.67,1.07)
MARS 0-6 months No 1.00
Yes 0.91 (0.68,1.23)
7-12 months No 1.00
Yes 1.13 (0.97,1.31)
13-24 months No 1.00

Yes 1.24 (0.97,1.58)
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4.6 Discussion

Theaim of this studywasto explore the dosage of physiotherapy treatment following
ACLR in NZ, and tietermine the relationship betweethe quantityof physiotherapy
treatment and patientreported outcomesn the two yeardollowing surgery. Our

results showeghysiotherapy treatment in the first 12 months following ACLR was
associated with an increased likelihood of achieving a KBASS score

Physiotherapy treatment in the 24 months following ACLR was not associated with an
increased likelihood of achieving a normative MARS scargreater number of
physiotherapy treatments following ACLR was not associated with an increased
likelihood of achiging a KOO'FPASS score or a normative MARS score in the 24
months following surgeryOverall, subjects receivaallow dosage of physiotherapy

treatment following ACLR in NZ.

This is the first study to show a relationship between physiotherapy treatraedthe
achievement ot KOOSPASS score following ACIRher factors associated with
achieving a KO®8ASS score after an ACLR include the absence of a concomitant
medial collateral ligament injury and receiving a hamstring tendon ¢®&fihorski et

al., 2018) Age, gender, quadriceps symmetry, absence of concomitant cartilage and
meniscal injuries, and hop test performance are also associated with achieving PASS
scores on subscales of the KOOS following AQHifRiani, Mikkelsen, et al., 2020;
Senorski, Svantesson, Baldari, et al., 2019; Senorski et al., Z0flB)ese factors, only
quadriceps symmetry and hop test performance can be modified by rehabilitation i.e.
physiotherapy treatment.Physiotherapy treatment following ACLR has been shown to
improve quadriceps and hamstring strendiPempsey et al., 2019; Rhim et al., 2021,
Walston & Barillas, 2028nd lower limb functior{(Ebert et al., 2018; Lim et al., 2019)
Therefore, physiotherapy treatment potentially contributes to the positive catreh

between functional performance and KOOS scores following ARHifke et al., 2011)

Physiotherapy treatment between 13 and 24 months after ACLR was associated with
decreased likelihood of achieving a KOBASS score, both in the univariate and
multivariate analyses, although results did noacé statistical significance lower
percentage of patients who received physiotherapy treatment fror24d3nonths

achieved a KOGBBASS score at 24 monthBhysiotherapy treatment after ACLR is
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recommended to last up to 12 montlfgan Melick et al., 2016)Therefore, if
physiotherapy treatment is required after 12 months, there have potentially been
post-operativecomplicationg Eckenrode et al., 2017; Lord et al., 2Q2@hich

necessitated prolonged physiotherapy treatment and contributed twoaseoutcome.

In the univariate analysis, physiotherapy treatment betweebh27and 1224 months

after ACLR was associated with a significantly increased likelihood of achieving a
normative MARS scoraVhen considered with other confounding variables, there was
a trendfor physiotherapy treatment between-Z4 months to be associated with an
increased likelihood of achieving a normative MARS score, but significance was not
reached. The relationship between physiotherapy treatment and MARS scores
following ACLR has not &e previously reportedHowever, physiotherapy treatment
following ACLR has been associated with higher scores on the Tegner Activity Scale
(Przybylak et al., 2019; Revenas ket 2009) which, as with the MARS, quantifies

activity level following knee injur§Collins et al., 2011)

Not unexpectedly, the percentage of subjects achieving K@ASS scores and
normative MARS scores improved over time following AQUR.resultsshow75% of
ACLR patientgerceive their symptoms as acceptalat two years possurgery which

is consistent with previous resear@imgelsrud et al., 2015)YOnly 28% of subjects had
achieved a normative MARS scaitedwo years postACLR Although the percentage of
subjects achieving a normative MARS score increased over time, the average MARS
score at 24 months posACLR was only 61% of the averageipjary score, suggesting

a low rate of return to prenjury acivity levels after 24 monthsPrevious research,

using MARS data from the same population, reported only 11.1% and 15.5% of ACLR
patients in NZ have returned to pigjury activity levels at 1:2and 24months
respectively(Rahardja et al., 20210ur study therefore adds to the bgf work
showinga significant number of people do not achieve jmmgury activity levels two

years after ACLRANntosh et al., 2018; Cox et al., 2014; Dunn et al., 2010)

Preliminary analysis of the KOQfata used a normative score as the dependent
variable in the statistical modeHowever, the number of subjects achieving a
normative KOOSscore at each time point was so low the statistical mddiéd.

Previous research has shown most people do not achieve normative KOOS scores
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within two years of ACLfMerrington, 2013) As a significant number of ACLR patients
achieve a PASS8ore on four out of five KOOS subscales at 12 months after ACLR
(Senorski et al., 20182 KOOSPASS score was therefore selected as a dependent
variable. Anormative MARS score waslectedas a dependent variable in the current
study, as b date, no PAS&oreshave been published for thélARS.

Normative valuesieed to be considered in the context of the population from which
they were derived.The normative MARS values used in the current study were
derived from a cohort of United States military academy recruits, with an average age
of 18.8 + 0.9 years for nfes and 18.7 + 0.7 years for fema(€ameron et al., 201%)

the only published normative MARS scores to datethe current study, average age

of subjects at ACLR was 29¢as for males and 29.3 years for females, with a range
from 869 ¢ only 11% of subjects were aged-19 years.Younger people have higher
participation rates in AGtlependent activitiegEime et al., 2016which would be
reflected in higher MARS scordsollowing ACLR, MARS scores decline with increasing
age(Randsborg et al., 2022; Spindler et al., 2018)erefoe, the average age of
subjects in the current study likely contributed to the low percentage achieving a
normative MARS score following AGItiRthe MARS may not be appropriate to assess

outcomes following ACLR in a population with a wide range of ages.

Patientreported outcome measures are not routinely utilised by physiotherapists in
clinical practicdJette et al., 2009)Although there is no data on thgeneralutilisation
of PROMs by NZ physiotherapists, only 52% of NZ physiotherapists report using PROMs
when considering a return to sport (RTS) after ACRd® sectio.5). Patientreported
outcome data following ACLR in NZ is collected by an ACL RegistAC&unded
organisation set up by thKknee and Sports Societyhich is a branch of the NZ
Orthopaedic AssociatiofNew Zealand ACL Registry, 2020he NZ ACL Registry has
no links to physiotherapy providers in NEherefore, the collection of PROM data
following ACLR is independent of the providers delivering the-pagical
rehabilitation¢ independencedhat eliminates any bias the physiotherapist may
introduce during collection of the PROM datdowever, collection of the PROM data
by the NZ ACL Registsynot correlated specifically to a particular stage of
rehabilitation and the physiotherapisiverseeing the rehabilitatiomas no visibility of

the PROM score?ROM data is collected by the NZ ACL Registry 82-6and 24
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month intervals following ACLRore frequent collection of PROM data by the
physiotherapist may offer greater insights irttee patients rehabilitation progress,

with the rehabilitation plan able to be adjusted or modified if required.

Our results show ACLR patients in NZ receive a low dosage of physiotherapy treatment
following surgery, with less than 12 treatments over 18ysl Previous retrospective
studies have shown communityased ACLR patients can receiveb83reatments

over 127175 dayqChristensen et al., 2017; Dempsey et al., 2019; Miller et al., 2017)
The large range of physiotherapeatment reflects the lack of a consensus regarding
an optimal number of physiotherapy treatment following AQWRlker et al., 2020)

While no optimal number of physiotherapy treatment exists that can be applied to all
ACLR patients, the number of treatments required by each patient will be a product of
the clents postoperative goals and individual progress through their rehabilitation
programme. Following ACLR, a fortnightly review with the treating physiotherapist is
suggested as the minimum requiremgiilbay & Grindem, 2019and if rehabilitation
lasts the recommended-22 months(van Melick et al., 2016)hen the minimum

number of postACLR physiotherapy treatments would be2d8 Ultimately, the

optimal number of physiotherapy treatments for each patient will be the number of

treatments the patient requires to achieve their pagterative goals.

The temporal utilisation of a limited number of physiotherapy treatments following
ACLR could also influence the duration of rehabilitatiBatients in the current study
received 79%f postACLR physiotherapy treatments within six months of surgery
finding consistent with a recent database analysis of over 11,000 ACLR patients that
reported 90% of posACLR physiotherapy treatments were received within four
months of surgeryBurroughs et al., 2021)f the majority of allocated treatments are
utilised within a short timeframe after surgery, then the premature cessation of
rehabilitation may be decided by the allocated number of treants rather than the

achievement of patient goals.

For almost 60% of subjects in the current study, pdSLR physiotherapy treatment
lasted less than six months, with physiotherapy lasting at least nine months for only a
quarter of subjects. Although ime-based rehabilitation following ACLR has now been

succeededy criterionbased rehabilitatior{Meredith et al., 202Q)time from surgery
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is still the most considered factor when assessing a(BRIigi et al., 2019)Few ACLR
patients achieve recommended criteria to resume-prgiry activities within nine
months of surgeryHerbst et al., 2015; Toole et al., 2017; Welling et al., 2C8) a
return to pre-injury activities before nine months significantly increases the risk-of re
injury (Beischer et al., 2020; Bodkin et al., 2022; Grindem €2@1.6) The risk of re
injury following ACLR is also highest in the firéR@nonths of a return to prénjury
activities(Paterno et al., 2012; Webster & Feller, 2Q16herefore, physiotherapist
treatment and oversight of redbilitation from 712 months after ACLR may help
reduce the risk of ACL4Rjury at a time when most patients are considering returning

to pre-injury activities.

The final phase of ACLR rehabilitation typically involves a resumption of functional
activities, sportspecific training, and a graduated return to grgury sports
(Buckthorpe, 2019)with mostpatients expedhgareturn to pre-injury activities
between 612 monthsafter surgery(Armento et al., 2020; Feucht et al., 2016)
Subjectsn the current studyreceived on average less than two physiotherapy
treatments between 712 months after ACLR, with 58% of subjects receiving no
physiothergy treatment during this time Therefore, our results suggest NZ ACLR
patients are undertaking endtage rehabilitation without adequate professional
oversight(Ebert et al., 2019; Filbay & Grindem, 2018pw numbers of physiotherapy
treatmentsbetween 712 months could reflect increased setanagemeni{Ebert et
al., 2019) decreased patient complian¢Risberg et al., 2016& lack of physiotherapist
skill and knowledge to manage an ACLR patient thrabghRTS phas@Valker et al.,
2020) or the ue of nonphysiotherapy providers for rehabilitation guidan@&alker

et al., 2021)

Multiple factors likely contribute to ACLR patients receiving a low dosage of
physiotherapy treatment, including low patient motivation to complete rehabilitation
(Thorstensson et al., 2009 lack of patient education regarding p@StLR
rehabilitation(Cailliez et al., 2012pr a laclof surgeon endorsement of rehabilitation
(Ebert et al., 2019)Patients report frustration and disappointment with a
physiotherapists aility to manage latestage ACLR rehabilitatigidvalker et al., 2022)
which could lead to patients prematurely disengaging in physiotherapy, resulting in a

low number of treatments.
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From a N&pecific perspective, therovider copayment, which can be up to $50 per
treatment, for a private physiotherapy treatment, likely represents a significant barrier
to an ACLR patient receiving the recommended dosage of physiotherapy following
surgery. The limits placed on the nunelb of physiotherapy treatments for an ACL
injury by ACC have also potentially contributed to low numbers of treatments in the
current study. The physiotherapistnustsubmit a request to ACC for funding of
additional treatments by providing their clinia@cords and a completed ACC32 form,
which includes details regarding the patients current condition, how the current
condition is linked to the covered injury, and a plan for the additional treatmente
request is then clinically assessed by ACC, avithbsequent decision issued to either
approve or decline the requesthis prior approval process represents a barrier to
receiving additional physiotherapy treatments, as a decision to decline additional
funding results in the patient being liable fdret full cost of any further physiotherapy
treatment, further compounding any financial burden on the patie@ther potential
factors preventing engagement in physiotherapy following ACLR inchtgéenp

specific barrierghealth literacy/understanding ahe condition, cultural beliefsocic
economic statul providerspecific barriergpatient interactiong, andhealthcare
system barriergwaiting times, locatiorof servicesinvolvement of multiple provideds
(See sectio2.6.2).

A strength of the current study is the large number of subjects, which provides a level
of statistical robustnessHowever, large cohorts increase thieelihood of significant
results, even if those results may not be clinically reley&enorski, Svantessp

Baldari, et al., 2019)We used deterministic linkage to match two large, separate data
sets, which can produce false negative links due to missing data and erroneous entries
(Zhu et al.2015) The retrospective design, while allowing a large cohort, prevents
any causal links being establishedCC clients with an ACL injunayhave more than

one knee claim related to their ACL injuiiherefore, we cannatule out the

possibility of subjects receiving pe&ACLR physiotherapy treatment under a knee claim
that the ACLR was not funded undéfowever, this scenario is unlikely to apply to a
large number of subjects, as ACC processes are designed to ensuntilatinents are
funded under the correct claimBy choosing to use PROM data from the NZ ACL

Registry, there was no control over the outcome measures used, and other PROMs
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may be more appropriate measures to assess patient outcomes within two years of
ACLRThelnternationalkKnee Documentation Committee (IKCf&m is a more useful
tool to evaluate patients in the first year after AGQuBN Meer et al., 2013ndthe

Tegner Activity scale (TAS) is recommended when assessing activity levels in ACLR

patients, particularly in conjunction with the IKD@era et al., 2014)

4.7 Conclusions

Physiotherapy treatment improves subjective patigaported outcomes following
ACLR in the first 12 months after surgeaithough theeffect of physiotherapy
treatment on activity levels is less certailihe majority of patients report acceptable
symptans and function at two years following ACLR, which is in contradiction to a low
rate of return to preinjury activity levels.Patients undergoing ACLR in NZ receive a
low dosage of physiotherapy treatment following surgery. dp&gmal number of
physiotrerapytreatmentsfollowing ACLRRemains uncleaand is likely dependent on
multiple factors. A wellcontrolled prognostic study examining the effects of various
quantities of physiotherapy treatment on outcomes following ACLR is warranted.
However, ethial issues would likely render the undertaking of such a study
challenging. Future prospective research on outcefobowing ACLR shouttbnsider
the appropriateness of the outcome measures used lhaow the demographics of the

cohort might influence anyiridings.
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Chapter 5
CurrentPerspectives of New ZealaRtysiotherapists on
Rehabilitation andReturn to Soort FollowingAnterior Qruciate

LigamentReconstruction

This chapter comprises the following manuscript:

Fausett, W.Reid, D., & Larmer, P. (2022). Current perspectives of New Zealand
physiotherapists on rehabilitation and return to sport following anterior cruciate
ligament reconstruction: A survelhysical Therapy in SpdsB, 166172.
doi:10.1016/j.ptsp.2021.10.012

To maintain consistency of style throughout the thesis, the manuscript is presented

herein a format that differs slightly to the published artig@ppendixD).

5.1 Preface

Previous chapters have established that NZ ACLR patients receive a low dosage o
physiotherapy treatment following ACLR, and physiotherapy treatment can influence a
patients perception of their knee following surgery. However, the optimal dosage of
postACLR physiotherapy treatment remains unclear. Multiple factors likely combine
to influence the dosage of physiotherappgatment ACLR patients receive. The
perspectives ofhe providers who deliver ACLR rehabilitation around the world offer
insights intovariableshat may influence the dosage of pe&CLR physiotherapy
treatment. Thehoughtsand perspectives of NZ physiotherapists regarding ACLR
rehabilitation are currently unknown. Thereforthjs study is a survey &fZ
physiotherapist®n their beliefs and pacticesregardingrehabilitation and RTS

following ACLR, with the aim of gaining insights into how physiotherapy practice in NZ

may influence the dosage of treatment a patient receives.
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5.2 Abstract

Objective: To investigate the clinical beliefs and prast of New Zealand
physiotherapists regarding prand postsurgical rehabilitation and return to sport

(RTS) criteria following anterior cruciate ligamesttonstruction (ACLR).
Design: Online crossectional survey.

Methods: A survey was adapted fronpeeviously published survey and disseminated
to New Zealanghhysiotherapists who were considered more likely to be involved in

post-ACLR rehabilitation.

Results: The number of completed surveys was 348st physiotherapists (85%)
preferred to firstconsult patients within 14 days of ACLR. In the first six weeks
following ACLR, 89% of physiotherapists gaients at least once per weelBetween
3- and 6months postACLR, 76% of physiotherapists see patiahtsast once a
fortnight. Pre-operative relabilitation and postoperative rehabilitation exceedingx
months are considered essential or important to patient outcomes by over 95% of
physiotherapists.While 63% of physiotherapists support RT®9months after ACLR,
11% permit RTS within® months of surgery. Common RTS considerations include
functional capacity, movement quality during functiotatks, time from ACLR, and

knee strength.

Conclusion: The survey revealed variability in the beliefs and practices of NZ
physiotherapists regardingog-ACLR rehabilitation, and these beliefs and practices

are at times inconsistent with best practicecommendations.

5.3 Introduction

Injury to the anterior cruciate ligament (ACL) of the knee typically occurs during
sporting activities involving cutting, ldimg, and pivoting movemen{&fenstrom,

2013) Management of an ACL injury usually follows one of two pathways: 1) post
injury rehabilitation, followed by early surgical ACL restarction (ACLR) and pest
surgical rehabilitation, or 2) postjury rehabilitation, with the option of delayed ACLR
if clinically indicatedBeynnon, Johnson, et al., 2005)he goals of ACLR are to

facilitate a safe and sustainable return to prgury activities and prevent secondary
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knee changes such as osteoarthriitkhough recent research does not support these
outcomes for a significant number of patier{srdern et al., 2014; Harris et al., 2014)
Despite no clear benefit of surgical over conservative managefkeabell et al.,

2013; Wellsandt et al., 2018nnual rates of ACLR in certain populations have
increased by up to 40% in recent yeghdram et al., 2R0; Herzog et al., 2018;
Zbrojkiewicz et al., 2018)

Independent of the treatment pathway choséollowing ACL injury, rehabilitation is a
critical factor that can influence shernd longterm patient outcomegvan Melick et
al., 2016) Rehabilitation forACLRncludes preoperative rehabilitation, followed by
criterion-based posperative rehabilitation, and a graduatedturn to pre-injury
activities(Grindem, Wellsandt, et al., 2018PreACLR rehabilitation aims to eliminate
any knee joint effusion, restore range of motion, and improve quadriceps strength
(Filbay & Grindem, 2019; van Melick et al., 201Bje goals of posiCLR

rehabilitation are to restore neuromusculéunction and modify any pr@jury risk
factors that may increase the risk of subsequent ACL ifpaatgms et al., 2012)While
the effectiveness of rehabilitation following ACkRvell acceptedLobb et al., 2012)
there remains little consenswes to the optimal components of the rehabilitation
program(Meredith et al., 202Q) While clinical practice guidelines for p@stL
rehabilitation do exist, their usefulness in clinical practice may be limited due to low
external validity(Andrade et al., 2019)

The annual incidence of ACinRNew Zealand (NZ) has increased by 58% since 2005
(Sutherland et al., 2019and the annual cost of ACLR surgeries in NZ exceeds $25
million dollars(ACC, 2018a)Physiotherapists are key health professionals who
manage preand postACLR rehabilitatiofFilbay & Grindem, 2019particularly so in
the NZ context, where private practidm®sed physiotherapists oversee the significant
majority of pre- and postACLR rehabilitatio(See sectio2.6.2. However, due to an
underutilisation of physiotherapy services following surgery, patients undeggbCLR

in NZ may not be receiving an appropriate dosage of rehabilit{ee sectio2.6.2).

There is considerable variability amongst therapists in beliedisciinical practices
regarding ACLR rehabilitation, including activity and exercise progression, knee

strength testing, return to sport (RTS) timeframes, and frequency of treatment
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(Dingenen et al., 2021; Ebert et al., 2019; Greenberg et al., 2348)ough
physiotherapists are the main providers of p@eCLR rehabilitation in NACC, 2018¢)

the beliefs and practices of NZ physiotherapists regarding rehabilitation following ACLR
are currenty unknown. Therefore, the aim of the current study was to investigate
practice beliefs of NZ physiotherapists regarding el postsurgical rehabilitation

and RTS criteria following ACLR.

5.4 Methods

An online survey consisting of 14 questions wassetil to survey NZ physiotherapists.
The survey was adapted from a previously published survey of Australian therapists
involved in ACLR rehabilitatiggbert et al., 2019)with permissia to replicate the

survey granted by the lead author. The survey questions and possible responses are
shown in Table 1. There were two minor changes to the original survey. Question
three regarding which state/territory the provider practiced in was oy@d, as this

was not applicable to the NZ populatioin the originalsurvey participants could

select as many options as applicable for questions 14 and€iBechnical reasons,
participants could only select one option for those questionghe curent survey
(questions 13 and 14 in the current studyll other questions in the current survey

were duplicated from the original study.

The survey was available for completion via an online platform (SurveyMonkey)
between April 23' 2020and June 312020. The survey was anonymous, which was
clearly stated in the information section, with no personal participant datiéected.
Participants were required to selientify as NZ registered physiotherapists with an
up-to-date annual pragting certificate who were currently treating, or had previously
treated, a patient who had undergon®CLR (Appendix.L)f a participant did not self
identify with the above criteria, they were not granted access to the survey. No data
was collected fro participants regarding demographics, number of years practicing,

qualifications, or location of practice.

An email invitation to complete the survey was sent to members of two Special
Interest subgroups of Physiotherapy New ZealanNew Zealand Manidative
Physiotherapists Association (NZMPA) and Sport and Exercise Physiotherapy New

Zealand (SEPNZ). Members of these groups were considered more likely to be, or have
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been, actively involved in the treatment of patients who had undergone ACLR. During
the survey period, the survey was also promoted within the NZMPA and SEPNZ groups
on a social media platform (Facebook) to increase survey exposure. In an effort to
maximise response rates, participants had the option of entering a draw to win a gift

cardfollowing completion of the survey.

After survey closure, group and individual responses were exported to Microsoft Excel
format for examination. A descriptive analysis of the data was performed using SPSS
(IBM SPSS Statistics V.26), with the numbdrmercentage of respondents for each
FyagSNI 2LI0A2y O f OdzZf F GSR® wSalLRyRSyia O;
FT2N) ljdzSadiAz2ya nX pX MHYE MoX YR mMno LYR.
option were analysed, and if considerafpropriate, the response was removed from

0KS W20KSNJ oLJX SIFasS aLISOATe0Q 2LIiA2Yy FYyR .

that question.

5.5 Results

The number of completed surveys was 318, with all questions answered by all
respondents. At the mne the survey was available for completion, there were 192
membersof NZMPA an@90 membersof SEPNZor an estimated response rate of
29.3/6(318/1082). The number of responses and percentages for each question are
presented inTable5.1. Almost 93% respondents identified their area of expertise as
treating all musculoskeletal conditions, with over 90% of respondents treating 20 or

less ACLPRatients per year.



Tableb.1

Questions and responses (n, %) for each item from the anonymous survey
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Q1 What is your primary area of expertise for the purpose of this survey?
All musculoskeletal conditions
Primarily lower limb
Primarily upper limb
Other subspecialty, but | still see some ACLR patients
Other (please specify)

Q2 Approximately, how many ACLR patients would you pee year?
15
6-20
2150
>51

Q3 At what postoperative time-point do you encourage your patient to be seen
by you after their ACLR surgery?
Within the first 24 days after surgery.
Within the first 7 days after surgery.
Between 1 and 2 weeks after surgery.
After being cleared by their surgeon.
When they feel ready to start, though | do not recommend a specific (or ideal) time.

Q4 How often would you like to see your ACLR patient for supervised rehabilitation,
within the first 6 weeks postsurgery?
Twice per week.
Once per week.
Once every two weeks.
Lesdrequently,if possible, with a focus on horEased exercises and periodic review.
Other (please specify)

1 Dependent on patientprogress, engagement, piigjury activity level, financial status.

M 1-2 x week.
1 3 x week.

Q5 Between3- and 6months post-surgery, how often would you like to see your ACLR

295

11

166
131
18

48
133
90
46

160
122

93.0%
2.8%
0.6%
3.5%
0.3%

52.4%
41.3%
5.7%
0.9%

15.1%
41.9%
28.4%
14.5%
0.3%

50.3%
38.3%
2.8%
2.5%

3.1%
2.8%
0.9%



patient within your practice?

Twice per week. 26
Once per week. 88
Once every two weeks. 128
Lesdrequently,if possible, with a focus on horEased exercises and periodic review. 65
Other (please specify)
1 Dependent on patients progress. 6
1 Every 12 weeks. 3
ve |26 AYLRNII y @ LEGNI&i2Add Si KNISyK)bsbEpEINiKE patiehtDyfcOmeR & G 2
Essential 199
Important 116
Not important 1
No view or opinion 2

02 20SNJ ff

QX
[

VT 126 AYLRNIIY(i2 RENRRADE KN K AR AGII A2y Q A
patient outcome within the first 6 weeks possurgery?

Essential 247
Important 70
Not important 1
No view or opinion 0

02 2O0SNIff

Q¢
[t

vy 126 AYLERNIlIY(2 RENRRAIDE KNFKI AR ARG A2y Q A
patient outcome within 6 weeks to 3 months posturgery?

Essential 276
Important 41
Not important 1
No view or opinion 0

02 20SNJI €

Qx
.

v 126 AYLRNIIYG2 RENRRAZDE KNFKI AR AUl A2y Q A
patient outcome within 36 months postsurgery?

Essential 230
Important 83
Not important 3
No view or opinion 2

vMa | 26 AYLR2NIF Y @ LN &i2Add Si NBSK] 0ORLDAFG GA2yQ A& G2 2
patient outcome from 6 months possurgery onwards?

8.2%
27.7%
40.3%
20.4%

1.9%
0.9%

62.8%
36.9%
0.3%
0.6%

77.9%
22.1%
0.3%
0%

86.8%
12.9%
0.3%
0%

72.3%

26.1%
0.9%
0.6%
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Essential
Important

Not important

No view or opinion

Q11 Providing you are satisfied with their progress and physical capacity, what time do you typically
permit a patient to return to sport (including rugby/league, soccer, netball, touch rugby etc.)?

6-9 months.

9-12 months.

12-18 months.

XMy Y2YOGKEO®

| tell them they should not return to higher demand sports (e.g. rugby/league, soccer, netball).

Q12 Given the aforementioned higlemand sports, what factors do you personally consider
0STF2NB WOt SINAYIQ | LI GASYydG G2 NBGdzNY G2 GKSAN al
Time from surgery.
Age of the patient.
Knee Range of Movement and/or Laxity.
Patientreported Outcome Questionnaires.
Psychological readiness (e.g. confidence, anxiety).
Knee Strength.
Functional capacity (e.g. jump and/or hop tests).
Lower limb and trunk mechanics duripgnping/landing task.
Sideto-side differences in muscular size (i.e. thigh girth).
Other (please specify)
9 Return to Sport tests/Sport specific tasks.
1 Proprioception/Agility.
9 Cardiovascular fitness.
1 Surgeon clearance.
1 Symptoms eg pain, swelling.

vMo LF &2dz O2yaARSNI WlySS A0GNBy3aIldKQ (2 06S AYLERNIL
their sport, how do you evaluate this?

| use manual muscle testing methods.

| usehandhelddynamometry.

144
157
13

35
201
77

239
141
225
167
284
287
312
294
163

W w b~

51
51

45.3%
49.4%
4.1%
1.3%

11.0%
63.2%
24.2%
1.3%
0.3%

75.2%
44.3%
70.8%
52.5%
89.3%
90.3%
98.1%
92.5%
51.3%

9.4%
2.5%
1.3%
0.9%
0.9%

16.0%
16.0%
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| use an isokinetic dynamometer.

| extrapolate/estimate knee strength from other measures such as hop capacity.

| feel strength is important, but do not have access to necessary equipf@edfor do not feel manual testing
methods are accurate enough) so | refer on to someone who can provide this evaluation for me.

| do not consider these tests that important.
Other (please specify)
1 Gym based/Repetition Maximum testing.

vmn LT @2dz O2yaARSNI Wi26SNJ fAYO
to return to their sport, how do you evaluate this?
Star excursion and/or-Walance test.
Single limb vertical hop.
Single limb hop for distance.
6m timed hop test.
Triple hop for distance.
Triple crossover hop for distance.
I K2L) G4Sad ol GGSNE o0AyOf dzZRAyY 3
| do not consider these tests that important.
Other (please specify)
1 Combination of all the above.
1 Sport specific tasks.
1 Passive range of movement.

Fdzy QG A2yl OF LI OA

wriple &dssovekhSps foristantey. S R

20
115

24

78

12

20

16

214

27

6.3%
36.2%

7.6%

1.6%

24.5%

3.8%
1.6%
6.3%
0.6%
5.0%
2.5%
67.3%
0.9%

8.5%
2.8%
0.6%
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Abbreviations: ACLR = anterior cruciate ligament reconstruction.
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While 57% of respondents wished to see their patient within a week of ACLR, 28.4% of
respondents preferred to wait until-I14 days after surgeryr@ble5.1). Within the first

six weeks of ACLR, over 91% of respondents would see their pati@riteés per

week. Between 3and émonths postACLR, 76.2% of respondents wosé@ patients

in the clinic at least once per fortnight, with over 20% preferring less frequent visits

and a focus on home or gybased exercises.

Almost all respondents consider rehabilitation essential or important to overall

outcome from ACLR at aliie points surveyedT@able5.1). Between six weeks and

three months was the period whethe most respondents considered rehabilitation
WSaaSydaAalfQ osizndoptispdSACR ShinkrdsIaHhe legst
NEBaLR2YyRSyia O2yaARSNBRIMNEKFIOATAGFGAZY WS,

Providing the patient had made satisfactory progress and displayed adequate physical
capacity, 63.2% of respondents permitted RTI2 9nonths aftetACLRTable5.1).

Almost a quarter of respondents (24.2%) would waklBmonths after ACLR before
supporting RTS, whereas 11% would allow RTS wi@iménths of surgery.

Functional capacity (98.1%), lower limb/trunk mechanics during functional tasks
(92.5%), kneeteength (90.3%), psychological readiness (89.3%), and time from surgery
(75.2%) were the factors most commonly considered before permitting a patient to
RTS afteACLR, with only 52.5% of respondents reporting the use of patient reported

outcome measuresatasses RTS reading$able5.1).

To evaluate knee strength, 36.2% of respondents estimate strength via other means
e.g.hop tests, while an equal number of resmtants use manual muscle testing

(MMT) orhand held dynamometryHDD) (16%)r@ble5.1). Only 24.5% of

respondents use gyrhased repetition maximum (RM) testing i.e1@ RM for squat,

deadlift, single leg press, knee extension/hamstring curl machine, to assess knee

strength when considering RTS. Although respondents could select only one option for
guestion 13 regarding knee strength, the total number of responseth&drquestion

exceeds the total number of respondents. The reason for this discrepancy is a large
YdzYo SN 2F NBalLRyRSyia aSt SOGSR W20iKSNJ oLJ
methods of assessing knee strength in their response. Accordingly, and where

Ll2aaAof ST NBalLkRyasSa FTNRY (KS W20iKSNJ 6L S|
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appropriate answer totals for question 13. To evaluate lower limb functional capacity,
67.3% of respondents use a hop test battery, 16% use only one hop test, and 3.8% use

the star excursion balance test (SEBT) and/baMnce test (YBTJable5.1).

5.6 Discussion

The aim of this study was to gain insights into the current beliefs andipeaadf NZ
physiotherapists regarding rehabilitation and RTS following ACLR. We estimated a
survey response rate of 29.3%. Previous surveys of therapists working with ACLR
patients have been unable to calculate a response (Biagenen et al., 2021; Ebert et
al., 2019; Greenberg et al., 2018pwever, a recent online survey involving NZ

physiotherapists reported a response rate of approximately {(Ré&td et al., 2020)

Successful rehabilitation following ACLR is challenging and should be performed by a
clinician with experience in po®CLR rehabilitatio(Buckthorpe, 2019; Filbay &
Grindem, 2019) Only 47.6% of respondents in the currentdstueport treating more

than six ACLR patients per year, which is less than Australian (74%) and United States
(US) therapists (66.7%&bert etal., 2019; Greenberg et al., 2018)ustralia has higher
rates of ACLR compared to [Ebrojkiewicz et al., 2018)vhich could contribute to
physiotherapists seeing more ACLR patiemthat country. Althoughates of ACLR in

NZ are now similar to the USutherland et al., 2019)his has not yet translated into

NZ physiotherapists treating similar numbers of ACLR patients. Over 90% of
respondents indicated they treat all mudoskeletal conditions, suggesting few NZ
physiotherapistOf | a4 & A T & (spedalisi@8vhich SraypoteriiallyHmit

exposure to ACLR patients

PostACLR rehabilitation should commence immediately following sui@bay &
Grindem, 2019; van Melick et al., 2018)nly 57% of respondes in the current
survey would see patients in the week following ACLR, which is consistent with
Australian (53%) and Flemi@2%)herapists(Dingenen et al., 2021; Ebert et al.,
2019) The reasons why a significant percentage of therapists across multiple
populations do not commence rehabilitation withineghirst week of ACLR require
further investigation, but could include surgeons not endorsing rehabilitation in the

first week following surgergFeller et al., 2002)



126

Almost 90% of respondents in the current study would see their patiek2 6mes

within the first six weeks, and over 77% would see patier?d @imes between three

and six months, which are higher percentages than Australian therapists (82.1% and
58.7%) for the respective time periodBbert et al., 2019) It is not clear how frequent
respondents would see their patients between six weeks and three months, or from six
months onwardsas these periods were not surveyed. Therefore, the majority of
respondents in the current survey would see their patients at leas?@ #mes within

the first six months of ACLR, which is similar to the number of physiotherapy
treatments currently suggeted following ACLRAdams et al., 2I2; Filbay & Grindem,
2019)

Physiotherapisted rehabilitation prior to ACLR, anel2 months of structured
rehabilitation postACLR, can optimise patient outcon{@éshavaier et al., 2017; van
Melick et al., 2016) Almost all respondents in the current study considered pre
operative rehabilitation essential or important to overall outcome followA@QLR,
which is similar tAustralian therapist¢Ebert et al., 2019) At least 94% of
respondents considered rehabilitation essential or important to patient outcomes up
to and exceeding six months pesirgery, agin similarto Australian therapist§Ebert

et al., 2019) but greater than US and Flemish therap{®genen et al., 2021;
Greenbeg et al., 2018)

Our results suggest NZ physiotherapists are aware of the dosage (quantity and
duration) of physiotherapy treatment necessary to achieve optimal patient outcames
an awarenesshat does not seem to translate into clinical practice. A recent study
showed patients undergoing ACLR in NZ receive an averagE2opl®ysiotherapy
treatments over an average duration of approximately five months following surgery
(See section2.6.1and2.6.2. As such, there is a large discrepancy between the
dosage of teatment physiotherapists in NZ believe they are providing following ACLR,
and theactualdosage of physiotherapy treatment being provided. ACL rehabilitation
in NZ is almost exclusively funded by the Accident Compensation Corporation (ACC)
which isa goernment entity that administers publicinsuranceschemethat funds
medical treatment and providing compensation following accidértsod, 200Q) Up

until 2019, ACC placed limits on the number of physiotheteggtments providers

could deliver without first seeking prior approyathich could represent barrierto
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patientsreceiving physiotherapy treatment following AQISee sectio2.6.2. Other
possible barriers to receiving the optimal dosage of physiotherapy treatment following
ACLR coulohcludeeconomic constraintslecreased patientotivationto complete
rehabilitation, decreasedatient understandingof rehablitation requirements, and a

lack of surgeon endorsement of rehabilitati@ailliez et al., 2012; Ebert et al013;

Ebert et al., 2019)See sectior2.6.2. It should be noted the optimal dosage of
physiotherapy treatment following ACLR is yet to be establighad Melick et al.,

2016; Walker et al., 2020)The overall dosage of physiotherapy treatment following
ACLR will be dependent dime treatment plan with adjustments made according to

the progress of thendividualpatient (Filbay & Grindem, 2019; Wilk & Arrigo, 2017)

RTS within nine months following ACLR is associated with an increased rishjofyre
(Beischer et al., 2020; Grindem et al., 2016)ver 87% of respondents in the current
study reported waiting at least nine months after ACLR before supporting a RTS, which
is higher than Australian (77%), Flemish (73%), US (45%) and Brazilian (22%
NEO2YYSYR x y YARgitoktEal, 208 Rigdden & &l.,(2621; Ebert et

al., 2019; Greenberg ai., 2018) Only 11% of respondents would support a RTS
between 69 months, which is less than Australian (22%), Flemish (25%), and US (38%)
therapists(Dingenen et al., 2021; Ebert et al., 2019; Greenberg et al., 2018)

Supervised rehabilitation afteACLR that exceeds 6 months is associated with

increased knee strength, improved functional capacity, and greater limb symmetry
(Ebert et al., 2018; Edwards et al., 2018; Krélikowska, Sikorski, et al., 20a8tyrs

that also acrease the risk of graft rupture and increase the likelihood of a successful
RTSKyritss et al., 2016; Meredith et al., 2020Although criteriorbased measures

are now recommended over timeased measures faWwing ACLRAdams et al., 2012)

time from surgery and duration of rehabilitation likely influence patient outcomes.

Our results indicate the majority of NZ physiotherapists endar®I' S tirframe

consistent with current evidence, while also being more aware of the importance of
WHGAYS FTNRBY adzNESNEQ ¢ KRGELR thanbyesdaRcdiergars. w ¢ {

Physical capacity, movement quality, psychological readiness, and biologittaghea
are factors recommended to consider when evaluating a patient for RTS following
ACLRFilbay & Grindem, 2019; van Melick et al., 20I&)e factors NZ

physiotherapists consider when evaluating a patient for RTS align with current
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recommendations, and are also consistent with factors consdéy Australian,
Flemish, and Brazilian therapigsquino et al., 202, Dingenen et al., 2021; Ebert et
al., 2019) Successful RT8lowing ACLR includeshievinghe pre-injury level of
activity,as definedoy the same type, frequency, intensity and qualitypefformance
(Meredith et al., 202Q) A multidisciplinary team, including the physiotherapist, should
be involved in any RTS decis{bferedith et al., 2020) However, NZ physiotherapists
may not be actively involved in patient management at the time of RTS, as the
duration of physiotherapy treatment in NZ after ACLR does not often extend to the

time-point where patients are potentially contemplating a R&® sectior2.6.1).

Patientreported outcomes measures (PROMs) are recommended to help quantify
outcomes during ACLR rehabilitati(iingenen & Gokeler, 2017; Lynchakt 2015)
However, just over half of respondents in the current study report using PROMs to
assist with RTS decision making. These findings are consisteprextbus surveys of
physiotherapists report lowmse of PROMs during ACLR rehabilita¢idquino et al.,
2021; Ebert et al., 2019; Greenberg et al., 201Rggular se of PROMduring ACLRn
conjunction with appropriate functional testingan increasgatient motivationand
adherencehroughout the rehabilitation periodRisberg et al., 2016)Therefore, the
low use of PROMs WYZ physiotherapists magontribute to decreased patient
motivationduring ACLR rehabilitation, resulting in low utilisation of physiotherapy

overall.

Just over one third of respondents report estimating knee strength filamstional
measures such as hop capagcitghich is less than Australian therapists (48.9Ehert
et al., 2019) Caution should besedwhenusing hop tests in this way, as results from
functional tests do not always correlate with objective measures of knee strength
(Toole et al., 2017)eading to a possibleverestimation of knee strengthManual
muscle testng (MMT) and hantield dynamometryfHDD) were also commonly
reported methods to evaluate knee strength findingconsistent with US therapists
(Greenberg et al., 28)but less often than Australian therapiqisbert et al., 2019)
MMT and HDD require little resource, which likely contributes to their popularity,
although their accuracy may beskethan other methodéBohannon, 2005; Sinacoe¢
al., 2017) The reliability of gysased repetition maximum (RM) tests are similar to

MMT and HD¥Sinaore et al., 2017) However, only one in four respondents in the
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current study report using gyrhased RM testing to evaluate knee strengtthich is

similar to US therapist&Greenberg et al., 2018)isokinetic evaluation of knee strength
remains the gold standard but utilisation of this by NZ and Australian therapists is low,
likely due to cost and availabilifizbert et al., 2019) Overall, the methods reportedly

used by the majority of NZ physiotherapists to evaluate knee strength after ACLR could
lead to an inaccurate assessment of strength. An incorrect estimation of knee strength
could kad to an insufficient rehabilitation stimulus to promote functional

improvement, the prescription of rehabilitation exercises that exceed the patients true
functional ability, or a premature return to pii@jury activities(Beischer et al., 2018;
Filbay& Grindem, 2019) Given the positive relationship between knee strength and
patient outcomes following ACL{Rrhos et al., 2020; Cristiani, Mikkelsen, et al., 2020)
there appears considerable scope for improvement in the assessment of knee strength

by NZ physiotherapists.

Approximately 75% of respdents in the current study reported using a hop test

battery to evaluate lower limb functional capacity for RTS, which compares favourably
to Australian (84.3%) and US therapists (79.@fbgrt et al., 2019; Greenberg et al.,
2018) Hop tests are commonly used in the clinic setting, as they are relatively easy to
admnister, and produce valid, reliable resu{Reinkeet al., 2011) A hop test battery
should be utilised when considering a RTS following A&dRrn, Glasgow, et al.,

2016; van Melick et al., 201,6nd geater performance during hop testan be

associated withmproved patient outcomeg¢Edwards et al., 2018; Kyritsis et al., 2016)
Measuring only quantitative performance during hop tests maybe insufficient to fully
assess knee function after AQiRtsifaki et al., 2020; Nagai et al., 2020) ! WIij dzI £ A
assessment of movement perfnance during hop tests is recommendgiavies et

al., 2020) as meeting RTS criterion on a quality measure is associated with a lower
second ACL injury rafgan Melick et al., 2. Of note is the 25%f respondents in

the current study who report not using a hop test battery. Using only one hop test to
asses lower limb functional capacity could result in acptimal assessment of

physical performance and compromise RTS, as no single hop test casteotly

predict RTS or risk of4igjury (Davies et al., 2020)

Only 12.36 of respondentseport using thestar excursion balance test (SEBT) and/or

Y-balance test (YBT) assess functional capacity when considering RTS following
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ACLR, compared to 62.8% and 48.8% of Austraha US therapists respectively
(Ebert et al., 2019; Greenberg et al., 2018} performance on the SEBT in ACLR
patients at the time of RTS has been shown to be worse compared to uninjured
controls(Clagg et al., 2015ncreased utilisation of balance tests by NZ
physiotherapists when evaluating lower limb function may be indicated. The reasons
for the low utilisation of balance tests by NZ physiotherapists compared to overseas
counterparts are not entirely clear. @ontrast to the original survey of Ebert et al,
respondents were limited to one selection for the question regarding methods to
assess lower limb functional capacity. Therefore, the low reported usage of balance
tests may be an underestimation, as mosespondents could have selected hop tests
as they considered these more important, despite in fact using balance teatséss

functional capacity.

A number of limitations with the current study can be identified. Despite all NZMPA

and SEPNZ membersibg notified of the survey, the estimated response rate was
approximately 30%. A low survey response rate can introduce bias and compromise

the validity of the results. Due to unrestricted access to the survey via social media,

we cannot exclude the posslity NZ physiotherapists who are nonembers of

NZMPA or SEPNZ completed the survey, although this is unlikely to be a significant
number. Although there are over 4000 registered physiotherapists in NZ, we limited
promotion of the survey to specificgups of physiotherapists in NZ, which potentially
constrained both the number and diversity of responses. In the current study,

respondents were restricted to NZ registered physiotherapists, but in the original study

the survey was sent tmembers of theAustralian Physiotherapy Association and

Exercise an&port Science Australia, as members of both groups are involved in

delivering postACLR rehabilitatio(Ebert et al., 2019) Differert training between the
professions and diverse practice beliefs between the study populations could have
contributed to discrepancies between the results. It is possible some respondents in
0KS OdzZNNBy i &aiddzRé | ya ¢ BesBimcd lj dzdNd IQWG2Ay0ES OF N2
LISNE LISOUA @SS NittialO$ NIy & O y  WINK IO A 05 Q LIS NE LJ
explain some of the variability in the results. No data was collected regarding

participant demographics and practice variables (number of years practicing,

gualifications, location of practicetc.), and the absence of such information may limit
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the overall generalisability of the results. Participant anonymity is required for ethical
approval; however, the lack of a participant specificiltogould, in theoy, permit

multiple responses from the same participant. Altho&irveyMonkewill not allow

the survey to be completed omultiple occasions from the same computer and
internet browser it is not possibléo say whethelparticipantsaccessed thsurvey

multiple timesvia differentinternet browsers.

5.7 Conclusion

Results of this survey revealed NZ physiotheraiate varied beliefs and practices
regardingrehabilitationand RTS following ACLR. The need forgre postACLR
rehabilitation is well recgnised amongst physiotherapists, and although the majority
of respondents report beliefs consistent with current recommendations, it is not clear
if those beliefs are consistent with clinical practice. The commencement ofAftisR
rehabilitation and fregency of patient visitss variable with multiple factors likely
influencing the overall dosage of physiotherapy treatment. Areas for future research
include exploring discrepancies between therapist beliefs regarding ACLR
rehabilitation and objective #ratment data, investigating barriers to delays in
commencing rehabilitation following ACLR, increasing the usability of clinical practice
guidelines, and improving access to appropriate methods to assess knee strength and
RTS testing following ACLR.
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Chapter 6

Discussion

6.1 Aims and Finding¥ this Thesis

The overall aims of this thesis were to:

i. determine the dosage of physiotherapy treatment received by patient
undergoing ACLR in NZ.

ii.  systematically review the existing literature that had investigated the &ffet
the quantity and duration of physiotherapy treatment on patient outcomes
following primary ACLR.

iii. determine the relationship between the quantity of physiotherapy treatment
and 2year patientreported outcomes followin\CLR in NZ

iv. investigate bebkfs and practice of New Zealand physiotherapists regarding pre

and postsurgical rehabilitation and return to sport criteria following ACLR.

A summary of findings is outlined Trable 6.1:
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Summarised aims of the thesis, knowledge prior to conducting this research, and what was added by the findings of this thesis

Chapter

Aims What was known What this research adds

Chapter Z; Physiotherapy treatment in NZ followiagterior cruciate ligamenmeconstruction

2

Undertake a retrospective Physiotherapists havie requisite The average number of physiotherapy

review of a threeyear period of knowledge and skills to manage the treatments in the 12 months prior to ACLR was
ACC claim data to determine thi functional component of ACLR rehabilitatior 7-8, depending on the delay to surgery.
dosage (quantity and duration)

of physiotherapy treatment Supervised physiotherapy treatment is The average number of physiotherapy
following ACL injury, and during recommended after ACLR and improves  treatments in the 12 months following ACLR w:
pre- and postACLR outcomes after ACLR. 10-12,over an averge 0f143-161 days,
rehabilitation, in New Zealand. depending on the delay to surgery.

There is no consensus regarding the optim

dosage of physiothepy treatment following For conservatively managed ACL injuries, the

ACLR. average number of physiotherapy treatments ir
the 12 months following injury was 8, over an
average duration of 90 days.
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Chapter Aims What was known What this research adds

Chapter3 ¢ The relationship between the quantity and duration of pmstrative physiotherap
treatment and patient outcomes following primary anterior cruciate ligan

reconstruction

3 Systematically review the Physiotherapisted rehabilitation following There are no controlled trials that have
existing literature that had ACLR can improve patient oatoes. specifically investigated the effects of the
investigated the effects of the quantity and duration of physiotherapy
quantity and duration of The optimal quantity and duration of treatment on patient atcomes following
physiotherapy treatment on physiotherapy treatment following ACLR is  primary anterior cruciate ligament
patient outcomes following currently unknown. reconstruction.
primary ACLR.

Based on evidence of variable methodologice
quality, a clear relationship between the
quantity and duration opost-operative
physiotherapy treatment and patient outcome
following ACLRould not be established.
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Chapter

Aims

What was known

What this research adds

Chapter4 ¢ Patient acceptance of knee symptoms and function after anterior cruciate lige
reconstruction is improved tphysiotherapy treatment.

4a

4b

Quantify the dosage (quantity
and duration) of preand post
operative physiotherapy
treatment for patients
undergoing ACLR in New
Zealand.

Determine the relationship
between the quantity of
physiotherapy treatment and-2
year patientreported outcomes
(KOOS MARS) following ACLR
New Zealand.

Patients undergoing ACLR in New Zealand r
not be receiving the recommended dosage o
physiotherapy treatment folwing surgery.

Patientreported outcomes typically improve
following ACLR.

PASS scores may better facilitate
interpretation of patientreported outcomes
scores.

The influence of the dosage of physiotherapy
treatment on patientreported outcomes
following ACLR is not clear.

22% of patients did not receive physiotherapy
treatment in the 12 months prior to ACLR.

The average number of physiotherapy
treatmentsbetween0-6, 712, and 1324
months postACLR was 9.2, 1.9, and 0.6
respectively.

The average duration of physiotherapy
treatment following ACLR was 185 days.

The quantity of physiotherapy treatment did
not influence patientreported outcomes
following ACLR.

Physiotherapy treatmenfollowing ACLR/as
independently associated with an increased
likelihood of achieving a KOFSASS score at ¢
and 12 months aftesurgery but not at 24
months postsurgery.

Physiotherapy treatmenfollowing ACLRvas
not associated with an increased likelihood of
achieving a normative MARS score in the 24
monthsafter surgery
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Chapter Aims What was known What this research adds

Chapters ¢ Current perspectives of New Zealand physiotherapists on rehabilitation and ret
sport following anterior cruciate ligament reconstruction

5 Investigate beliefs and practise There is no consensus regarding the There is variability in the beliefs and practices
of New Zealand physiotherapist components of a rehabilitation programme  of New Zealand physiotherapists regarding
regarding preand postsurgical following ACL injury and ACLR. ACLR rehalitation, and those beliefs and
rehabilitation and return to sport practices are at times inconsistent with best
criteria following ACLR. Physiotherapists are primary providers of  practice recommendations.

rehabilitation following ACL injury and ACLR
NZ. The beliefs and practices of New Zealand

physiotherapists regarding ACLR rehabilitatio
There is variability in the beliefs and practice are inconsistent with thectualquantity and
of physiotherapists regarding rehabilitation  duration of phy®therapy treatment ACLR
following ACL injury anCLR in other patients are receiving.
countries
Low numbers of NZ physiotherapists report
using valid and reliable measures to assess
patient status and outcormsfollowing ACLR.
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6.2 ThePerspective an@ontent of This Discussion

Duringanalysiof this thesis, the following themes emerged:

(1) the low dosage of physiotherapy treatment received by NZ ACLR patients

(i) the lack of a clearelationship between that dosage of physiotherapy
treatment and patientreported outcomes following ACLR.

(i)  howalack ofregularoutcome assessment following ACLR potentially
impacts the rehabilitation process.

(iv)  there arediscrepancies between NZ physietapist beliefs angractices,

and actual clinicgbractice following ACLR.

The first section of thidiscussiorexplores the quantity of physiotherapy treatment
prior to ACLR, and the quantity and duration of physiotherapy treatment following
ACLR. [#ors that have potentially contributed to the dosages of treatment during

these periods are discussed with reference to the results of chapters two through five.

The second section discusses the relationship between the quantity of physiotherapy
treatment received and patienteported outcomes following ACLR. How the outcome
measures utilised in the chaptésur study may have influenced the results is also

explored.

In the third section, the implications of the findings of this thesis for physiothera
managemenbf ACLR in NZ are discussed. The potential impacts of recent changes
within the ACC scheme, which aim to address some of the issues borne out of this

thesis, are highlighted.

Lastly, the impact of the findings of this thesis on physiothgnaractice during ACLR
rehabilitation in NZ is discussed, with suggestions for futilage physiotherapeutic

management of ACLR rehabilitation in NZ made.
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6.3 Physiotherapy TreatmeandAnterior Cruciate Ligament

Reconstructionn New Zealand

6.3.1 Quantity ofPhysiotherapy
Physiotherapy Treatment Prior Amterior Cruciate Ligament Reconstruction

The results from chapters two aridur show theNZ ACLR patients receivetween

five and seveiphysiotherapy treatment# the 12 months prior to surgerwhichis

less than whaprevious researckBuggestss optimal (Alshewaier et al., 2017; Carter et
al., 2020; Eitzen et al., 2010; Failla et 1@ Furthermore, chapter two antbur
results also show up to a quartef NZ ACLR patiend® not receiveany physiotherapy
treatment prior to surgery. With an average eb4nonths from ACL injury to ACLR
(See sectio2.5.3 (New Zealand ACL Registry, 2021i¢re is more than sufficient
time for NZ ACLR patients to engage in physiotherd@istehabilitation prior to
surgery(Alshewaier et al., 2017)AlthoughNZ Orthopaedic endorsement of pA&CLR
rehabilitation is unknownalmost 40% of Orthopaedic surgednsAustraliado not
consider preACLR rehabilitation is importa(Ebert et al., 2019)Therefore, dack of
surgeonendorsementpotentiallyinfluences a patierstutilisation ofphysiotherapy
servicesrior to surgery(Walker et al., 2022) Oher barriers that may reduce patient
engagement in prACLR rehabilitation are the cost of private physiotherapy treatment
in NZ and a lack of patient education regarding the need for rehabilitation following
ACL injurySee sectio2.6.2 (Cailliez et al., 2012)The net result is a low dosage, or
complete absence, gire-surgical rehabilitatioior NZ ACLBatientsthat may

contribute toa sub-optimal postoperativeoutcome

A significant percentage of A@ljured patients who undertake an appropriate period
of rehabilitation are able to return to prjury activities without the need for ACLR,
(Kaplan, 2011; Thoma et al., 2019herefore, physiotherapy treatnme in the initial
period after ACL injurgan potentially alter a patients management pathwaly.
patients ability to cope with an A&leficient knee canin some case$fe determined
by a screening examination, which dacludeboth objective data e.g.dp tests, and
subjective data e.g. PRONEtzgerald et al., 2000)Therefore, injury management
decisions are dependent on having valid and reliable objective data to base any

management decision on. Results from chapitez show only 52% of NZ
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physiotherapists use validated PROMs#sess a patients status following ACLR,
which is consistent with previous research showing less than 50% of physiotherapists
use outcomes measures in practicette et al., 2009) Although chaptefive results
show the majority of NZ physiotherapists use hop téstestimae knee strength and
assess lower limb functional capacitgp testshave not been shown to consistently
predict successful outcomes following AGDRvies et al., 2020)Hop tests should not
be considered a measure of knee muscle strength following ACLR, as compensation
strateges may be adopted, and hop tests are more reflective of total lower limb
function than a specific measure of knee muscle performgBegg et al., 2022)
There is also a poor association between hop test performance and PROMs following
ACLRLosciale et al., 2020)verall, the low percentage of NZ physiotherapists
utilising PROMs, and high numbers using inappropriate methods to evaluate patient
functional ability, potentially limits theentification ofpatients in NZ who may be able

to cope with an AGHeficiert knee.

Physiotherapy Treatment FollowiAgterior Cruciate Ligament Reconstruction

Theresultsfrom chapters two andour show NZ ACLpatientsreceivebetween8-12
physiotherapy treatments ithe 24 months followingurgery Aminimum of 1824
physioherapytreatmentsmaybe necessary following ACI(RIbay & Grindem, 2019;
van Melick et al., 2016)vith previous retrospective studiesf communitybased ACLR
rehabilitationshowing the number of treatments can ranfyem less than 10 to more
than 50(Christensen et al., 2017; Dempsey et al., 2019; Miller et al., 2017; Walker et
al., 2021; Walston & Barillas, 202Thenumber of physiotherapy treatments
following ACLR required to achieve an optimal outcome has not been established
(Walker et al., 202Q)with greater and lesser quantities of physiotherapy treatment
following ACLR associated with both better and worse outcomes for a range of
outcomes measurefChristensen et al., 2017; De Carlo & Sell, 1997;rfetlid., 2004;
Han et al., 2015; Law et al., 2021; Miller et al., 2014’ yecent umbrella review of 16
systematic reviews on ACLR rehabilitation was unable to determine the optimal
guantity of rehabilitation following surgery due to a lack of meaningful data, and
concludedstructuredin-personrehabilitation (14,36 physiotherapy visits) was
generally not superior to structured horreasedrehabilitation (17 physiotherapy

visits)(Culvenor et b, 2022)¢ a finding consistent with multiple previous systematic
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reviews on ACLR rehabilitatig6oppola & Collins, 2008; Gamble et al., 2021; Papalia
etal., 2013)

Therefore, results from chapter two aridur indicateNZ ACLR patients are receiving a
quantity of physiotherapy treatment that previous research suggests is the equivalent
of a homebased rehabilitation programme rather than a clibased, supervised
programme. Within the previous literature there are significant discrepancies
between the levels of supervision during rehabilitati@arain et al., 2016with all
patients in most studies receiving some form of physiotherapist input during
rehabilitation and very few studies including patients who received no physiotherapy
input at all during ACLR rehabilitation. Such discrepancies, and the wide range of
physiotherapy teatment dosages used in past research, have potentially contributed
to the inability to determine an optimal number of physiotherapy treatments following
ACLR.

6.3.2 Duration of Physiotherapy Treatment

Theresultsfrom chapters two andour show NZ ACLatients receivephysiotherapy
treatment for an average of 14885 days following surgenNine to twelve months of
criterion-based rehabilitation is recommended following AQidh Melick et al.,
2016) Howeverasfew controlled studies include an ACLR rehabilitation program
lasting longer than six monti{®unphy et al., 2020the recommended timeframe for
ACLR rehabilitation lkkelybased on the following factors: (i) the increasedngiry
risk following a RTS within nine months ofLREGrindem et al., 2016)ii) few patients
achiewngthe recommended functional criteria to RTS within nine months of ACLR
(Arundale et al., 2017]iii) restoration of quadriceps strength and neuromuscular
control of the knedakingup to 1224 months after surger{Nagelli & Hewett, 2017)
NZ ACLR patients typically receive physiotherapy treatmengésrthan six months
following surgery, which suggests they are unlikely to achieve adequate knee strength
and functional ability before resuming prejury activities, placing themselves at an
increased risk of rnjury (Kyritsis et al., 2016)Time from surgery remains an
important factor when considering a RTS after AQB&gi et al., 2019)which likely
reflects thel-2 yearsrequired forACLgraft maturation and the knee joint to return to

biologicalhomeostasigNagelli & Hewett, 2017)



141
Progressn through traditional ACLR rehabilitation programmes tyascallybased
on the time since surgery, with little regard fibre patients functional ability
(Shelbourne & Nitz, 1990)Recent years have seen a paradigm shift, with
rehabilitation progressions now based on the patients ability to achieve pre
determined leved of strength andfunction (van Melick et al., 2016)hdividual
differences in biological healipgnpairment resolution, neuromuscular control,
functionalability, and psychological readinebave nowseenthe abandonment of
purely timebased ACLR rehabilitatigMeredith et al., 202Q) With this change in
practice comes theealisationthere s likelyno singular duration of rehabilitation

applicable to all ACLR patients.

Criterionbased progression through ACLR rehabilitation requires regular assessment
of quadriceps and hamstring strength, functional ability using hop tests, and patient
status using PROMsan Melick et al., 2016)Itwould not be possible to assess a

patient against a criteon measure of performance without objective data. However,
results from chaptefive show a low usage of PROMSs, and a lack of valid methods used
to assess lower limb strengtfgllowing ACLR by NZ physiotherapists. As such, NZ
physiotherapists may notdve adequate or appropriate information to reliably inform

progressions through an ACLR rehabilitation programme.

6.3.3 What Might Influence the Dosage of Physiotherapy Treatment Following
Anterior Cruciate Ligament ReconstructiomNew Zealand?

Multiple factors potentially contribute to the low dosage of physiotherapy treatment
following ACLR in NZ, including, but not limited to, the cost of physiotherapy
treatment, the variations of funding and support within the ACC system, limitations in
physiotherapist sks and knowledge, and the absence of regular patient assessment

during rehabilitation.

Although ACC claims to meet treatment and rehabilitation costs for injuries caused by
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cost of the treatment, resulting in the patient being responsible for a significant

percentage their posACLR rehabilitation cost®rivate physiotherapists in Noften

charge a cgpaymentper treatment, which may beap to $50. Therefore, resulfeom

chapters two andour indicate the average minimum cost to tihNZ ACLRatient
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receivingpostACLR rehabilitation ia private settingcould be up ta600. However, if
a course of ACLR rehabilitation involves at leas?24 ®hysiotherapy treatmentas
recommendedFilbay & Grindem, 2019; vandlitk et al., 2016)the direct cost to the
patient will beapproximately$900-$1200 over 912 months. If the patient is unable to
work because of their ACL injury, they may be eligible for earngigted
compensation (ERC) from ACC. However, ERC is only paid at a rate of 80#jurfypre
earningscompounding thdinancid burdenon the patient. The patient may be
entitled to receive fullyfunded vocational rehabilitation (VR) from ACC, which often
includes physiotherapided functional rehabilitatiofACC, 2021c)However, a
LI GASYyGQa SyaAdGtSYSyd G2 zw 2y.fdcethe aida
patient can substantially engage in their grgury work activities, their entitlement to
ERC, and therefore VR, ceases. Results from chapter two show NZ ACLR patients
received ERC for an average oflIR days, depending on the delay to surgery,
following surgery. Therefore, the duration folly funded ACLRehabilitationin NZis
approximately three monthswhich iswoefully inadequate tdully rehabilitate an
ACLR patientQinical practice guidelines recommeind not resuming sports or heavy
physical activity within three months of AC(Eibay & Grindem, 2019; Meuffels et al.,
2012)

A small number of private physiotherggisin NZ do not charge a gmayment for
treatment, and a patient is free tohoose whiclproviderthey engage withor their
rehabilitation ACLR patients in NZ can also seek physiotherapy treatment via the
hospitatbased public health system. Howevaccess barrier@GoodyeatSmith &
Ashton, 2019)cultural factors, including language barriargdinstitutional racism
(Rahiri et al., 2018; Talamaivao et al., 202@nificant delays receiving treatment
and resourcing constrain{®unphy et al., 2022yithin publiclyfunded healthcare
contribute toprivate physiotherapists delivering the significant majority of
rehabilitationfor accidentrelated musculoskeletal conditioms NZ(Reid & Larmer,
2007)

ACC policies and processes also liketygrdmute to the low dosage of physiotherapy
treatment received by NZ ACLR patients. Based on nothing more than consensus
opinion, ACC determined the maximum number of physiotherapy treatments it would

fund followingan ACL injury is 160nce theséreatments were used, the
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physiotherapishasto apply to ACC for additional funding of further treatments.
Results from chapters two aridur show NZ ACLR patients receivé physiotherapy
treatments prior to ACLR and less than 12 treatments following surgémgse
treatment numberssuggestehabilitation ceases for a significant number of NZ ACLR
patients when they haveeceived their allocation df6 ACCGfundedphysiotherapy
treatments. Therefore, the ACC physiotherapy treatment limit potentially restricts the
number of physiotherapy treatments NZ ACLR patients recéiv&@gnificant number
of ACLR patients report physiotherapy treatment limits, as set by an insurance
provider, are aletermining factor in the cessation of pestirgical physiotherapy
treatment (Dunphy & Gardner, 2020ACLR patientalsoreport that if physiotherapy
treatments are limited, they are forced to choose betwaesing more treatments
sooner to better facilitate early rehabilitation or saving treatments for use during the

alter stages of rehabilitatio(Paterno et al., 2019)

Once the allotted number of treatments have beesed, an application for funding of
additional treatment is made to ACC by the physiotherapist. Using the information
within the physiotherap clinical records, which may include generic PROAsI&l
analogue scale pain scores and patient specific fanat scalescores), and a

O2YLX SGSR !/ /oH F2N¥:I !'//Qa [/ tAYAOIf ! RO
treatments are necessary and appropriate. Therefore, a decision on whether further
physiotherapy treatment is required following ACLR is basellisixely on subjective
information, with nodata to provide arobjectiverepresentation of the patients
functional status. Objective patient outcome data would provide an evidéase for
the approval or declinéor fundingof additional physiotherapyréatments.
Physiotherapists may also be less inclined to apply for additional treatments, if the
objective outcome data showed the client was making satisfactory progress and

further treatments were not clinically indicated.

For physiotherapists invoignACC under the Allied Health Services contract, the
treatment limit has recently been increased from 16 to 50 for all musculoskeletal
injuries, including ACL injuryrevious researcimdicates50 physiotherapy treatments
would provide sufficient rehaktiation input for all but the most complex of ACL

injured patients(Dempsey et al., 2019; Walker et al., 2021; Walston & Barillas, 2021)

Treatment limits forphysiotherapistsnvoicing ACC under the Cost of Treatment
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Regulations have not increased and remain at 16 for an ACL injury. There are
approximately 4000 physiotherapists registered as providers with ACC, with 1800
billing ACC for treatment under the Cost of TreatmBegulations (F. Wilkins, personal
communication August 132022). Therefore, 45% pfivate physiotherapy providers
in NZ are still constrained ®limit of 16 treatmentsvhen managing an ACL injury,
with thoseprovidershaving to usehe ACC32 procesisadditional treatments are

required.

The results from chaptdour show NZ ACLR patients receive almost 80% of their post
operative physiotherapy treatments within the first six months after surgery, which is
similar to previous research showing a remform temporal distribution of
physiotherapy treatment after ACL{Rurroughs et al., 2021)Results from chaptdive
show over 50% of NZ physiotherapists would use 12 treatments within the first six
weeks dter ACLR k is worth repeating here the average number of treatments NZ
ACLR patients receive following surgery is less than 12. Therefore, NZ ACLR patients
appear to be receiving most, if not aif, their physiotherapy treatment soon after
surgery, ¢aving few treatments available for erstiage rehabilitation and RTS

Returning to preACL injury activities scomplex and challenging process involving
multidisciplinary team input, passing pdefined functional performance criteria, and

a graduatedeturn to pre-injury activities(Buckthorpe, 2019; Meredith et al., 2020)

Due tothe knowledge and skills required pwovide end-stageACLRehabilitationat

an appropriate level anthtensity,a higher level of supervision may be needetha

later phases to meeRT<riteria andreduce the risk of reinjurgWalker et al., 2020) If

the allocated number of treatments are utilised before an ACLR patient has achieved
their postoperative goals, the physiotherapist will have to apply to ACC for funding of
additional treatments, whdh has the potential to limit the number of treatments

provided.

The overall dosage of physiotherapy treatment is a product of the duration of each
treatment, the number of treatments, and the time those treatments are delivered
over (Snodgrass et al., 2014Results from chapters two and four reportadow
dosage of physiotherapy treatment following ACL injury and ACLR, bagbkd o
number of physiotherapy treatments, and the number of days between the first and

last treatment only. No data was available for the duratioeathindividual
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treatment, as it was not practicable to collect this informatidPrivate practice
physbtherapy treatments in NZ can range from-@8 minutes between providers and
practices. Therefore, a patient receiving 10 x 60 minute treatments would receive a
greater overall dosage of treatment (600 minutes) than a person receiving 20 x 20
minute treatments (400 minutes), despite receiving half as many treatments.
Therefore, resultérom chapters two and fouregarding the overall dosage of
physiotherapytreatment may not have beethe mostaccurate representation of the

exact dosage of treatment reasdd.

Endstage ACLR rehabilitati@and RTShould be managed by a rehabilitation
professional experienced in ACL injuries and ACLR rehabili(Buahkthorpe et al.,

2019; Filbay & Grindem, 2019Resuls from chapteffive show only 3.5% of NZ
physiotherapists consider ACLR patients their primary area of expertise and over half
of NZ physiotherapists see five or less ACLR patients per year. Over 55% of Australian
therapists see €0 ACLR patients per yg&bert et al., 2019while 38% of US
physiotherapists see more than 10 ACLR patients per(@eaenberg et al., 2018)

which suggests NZ physiotherapists have a lower exposure to ACLR patients than their
international counterparts.A lower exposure to ACLR patientdl result in NZ
physiotherapists having less experience in managing the conditessexperienced
physiotherapistprovide a shorter duration of treatment to ACLR patigf@@seenberg

et al., 2018 andmay be at risk of prematurely disclgang patientqWalker et al.,

2020) whichwill ultimately influence the overall dosage of treatment receiv@dhe
selfconfidence of physiotherapists to deliver ACLR rehabilitation decreases ower tim
and is lowest at 6 months pestCLRDingenen et al., 2021and ACLRabients report
frustration and dissatisfaction with a physiotherapists ability to deliver and manage
end-stage rehabilitation{Walker et al., 2022)Physiotherapistalsoreport a lack of
appropriate resources to deliver evidenbased ACLR rehabilitati¢gpunphy &

Gardner, 202Q)and the lack of adequate facilities contributes to a negative patient
experience during ACLR rehabilitatigelling et al., 2022)Therefore, if a
physiotherapist has a low exposure to ACLR patiemd,lacks the confidence and
resources to competently manage an ACLR rehabilitation programmaesatisfactory
conclusion, this could result in ACLR patients seekingquesiative rehabilitation

guidance from a nophysiotherapy provide(Ebert et al., 2019nd reduce their
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overall dosage of physiotherapy treatmerilthough the exposure of NZ
physiotherapists to ACLR patients is known, this may not accurately reflect a
physiotherapiss experience and confidence in managing ACLR patiénts.
physiotherapist may have considerable previous experience with ACLR patients, with
extensive knowledge of the condition, but other external factors may limit their yearly

exposure to ACLR patients.

Patients describe ACLR rehabilitation as tenasumingboring, and arduougPiussi et
al., 2022; Thorstensson et al., 200Fatient motivation tocontinue withACLR
rehabilitation needto be created and maintaine(Risberg et al., 2016 Regular
assessment of patient status, knee strength, and functional ability can help develop
and maintain pagnt motivation and compliance with ACLR rehabilitati@nindem,
Risberg, et al., 2015)Over three quarters of ACLR patients consider regular
assessment of their progress and function as essentig@hportant to facilitating their
rehabilitation(Walker et al., 2021) ACLR patients also report the achievement of
objective milestones increases perseverance with rehabilitatiRaterno et al., 2019)
However, chaptefive results suggest NZ physiotherapists do not routinely assess
patient status durindACLR rehabilitation. A significant percentage of ACLR patients
report ceasing rehabilitation of their own volitigbunphy & Gardner, 2020rand it is
possible a lack of motivation to continue with rehabilitation contributes to this.
Therefore, the lack of regular outcomes assessment of ACLR patients by NZ
physiotherapists may fail to maintain patient motivation, resutin the patient
prematurely ceasingehabilitation and receiving a low dosage of physiotherapy

treatment.

The absence of objective outcome data also providepthesiotherapist witmo basis

to contradict the patients subjective reporting of functioff the patient reports a

certain level of function, and the physiotherapist is not able to refute that report with
objective data, then the physiotherapist is unlikely to convince the patient further
rehabilitation is required. Previous research hagveh weak correlations between
subjective reports of function and physical performance in the first two years following
ACLRBodkin et al., 2017; Reinke et al., 201As such, ACLR patients may ever
estimate their functional abilityleading to a premature cessation of rehabilitatiand

physiotherapy treatment, and thialse belief they are ready to return to pejury
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activities. ACLR patients who do not complete the recommended dosage of
rehabilitation following surgery are less likely to achieve the functional parameters
consideed necessary for a return to spdibert et al., 2018)are less likely to return
to sport(Edwards et al., 2018and have a significantly higher risk of subsequent ACL
injury once they have returned to spdiBeischer et al., 2020; Grindem et al., 2016;
Kyritsis et al., 2016)

Contextual factors, which can be definedpdnysical, psychological asdcial elements

that characterize the therapeutic encounteiith the patient(Rossettini et al., 2018)

can also influenceatient engagement with, and utilisation of, physiotherapy

treatment. Contextual factors can be related to the both the physiotherapist and
patient, and the environment théreatment is delivered irfRossettini et al., 2020)
Physiotherapisspecific contextual factors inale the providers experience and
qualifications; patienspecific factors include ethnicity, soegonomic status,
expectations regarding outcome; and the environmental contextual factors can include
the clinic location (rural vs urbynclinicfacilities and patient surchargggesta &

Rossettini, 2016)

Specific to the NZ context, patient ethnigigpecificallya n 2axdd\ Pacific Island (PI),

has a potentially significant influence on engagement in physiotherapy treatment, and
therefore outcomes from musculoskeletal injusuchasACLRWhile 17% and 8% of
b%Qa 3ISYSNIf LiaLJczExd Bl keRpéctiveliBatistics\NEW Zehland,
2020) only 6% of NZ physiotherapists identifyaag 2ddd\only 1% identify as Pl
(Physiotherapy New Zealan2)23) This ethnic discrepanayay result ina n 2 axddh
Plbeing less likely to engage in physiotherapy services due to being unable to access a
physiotherapist of a similar cultural backgroural n 2ddd\PI in NAre alsoover-
represented in the po@stdemographicareas anchave a lower access to primary
healthcaredue to socio-economicstatus(GoodyeatSmith & Ashton, 2019; Jatrana &
Crampton, 2009) Therefore, @tient surcharges for private practice physiotherapy
treatment in NZ likeljrave a significarinfluenceona n 2 NJ&A  ehgggementlwith
physiotherapyas these ethnicities are oweepresented in lower socieconomic

groups(Loring et al., 2022)
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In NZhow easily a patient can access a physiotherapay influence theverall
utilisation of physiotherapy services. In urban areas, a patient mayraltele
providers to choose from, with minimal travel burdand time away from worko
access treatment. However, if the patient livegural or remote location, significant
traveltime and time away from work, may influence how frequgihe patient
chooses to access physiotherapy treatme@mnly, 16%of NZphysiotherapistseport
working in a rural locatioPhysiotherapy New Zealand, 202@hichprovides a
limited pool of physiotherapists for patients living in rural areas to choose fibthe
only physiotherapy providemccessible to the rural patiemtiso levies &reatment
surchargehat impartsa significantfinancial burderon the patient this would likely
exacerbate the problem andirther dissuade the patient from engaging in

physiotherapy.

6.4 PatientReported Outcomes FollowiAgterior Cruciateigament

Reconstructiorn New Zealand

The results from chaptdour show the percentage of NZ ACLR patients achieving a
KOOSPASS score increases following surgery, with 75% of patients achieving an
acceptable symptom state at two years. Physiotherapgtment between 66 and 7
12 months after surgery increased the likelihood of achieving a KB&SS score at 6
and 12months respectively, but physiotherapy treatmdmtween13-24 months did
not increase the likelihood of a PASS score at 24 monthes.pdrcentage of patients
achieving a normative MARS score also increésiéowing ACLR; however, only 28%
of patients achieve this outcomeby two years. Physiotherapy treatment in the 24
months following ACL&d not increase the likelihood of achiegra normative MARS
within that time. A greater number of physiotherapy treatmeudtid not increase the
likelihood of achieving a KOGSASS score or normative MARS score in the 24 months

following ACLR.

Physiotherapists in NZ are not required to useysede or injury specific PROMSs in
their everyday clinical practicgvith chapterfive results confirming a low utilisation of
PROMs in the management of ACLR. Therefore, to determine the relationship
between physiotherapy and treatment and patient outcesifollowing ACLR in NZ, the

outcome data from the NZ ACL Registasselected As such, there was no control
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over the outcome measures used in the chapter four stutllye NZ ACL Registry
outcome data wasot collectedby the physiotherapists oveseeirg the rehabilitation
programme and the outcommeasures aréendependent of the rehabilitation being
provided. As the outcome data was not directly linked to the rehabilitation
programmeor patients functional statugh any waythe NZ ACL Registoytcome
measures may haveot capturedan accurate representation of the clients status at

that time.

The KOOS and MARS may not be the most appropriate PROMSs to assetaishort
outcomes following ACLR. Recent research has suggest&®dDiO8& lacks adequate
content validity to appropriately assess patients with an ACL iffgapsen et al.,
2022) The KOOS was developed as@eresion of theWestern Ontario and
McMaster Universities Osteoarthritis Indguestionnaire, with content validity of the
KOOS established on 75 patients walkliological signs dinee osteoarthritidue to
meniscal injury surgery 20 years previg@®os et al., 1998)Therefore, the KOOS
lacks content likely to be important to an AfDjured person, including the presence of
instability or weakness, and difficulty with AG@¢pendent activities such as stopping
and starting at speed, landing from a jump, and changirgcton quickly(Zsidai et al.,
2022)

The MARS was developed to assess the frequency of participation irskeeeous
activities(Marx et al., 2001) However, the poplation in which the MARS was

validated was asked to record their highest level of participation within the last 12
months. As such, a person performing frequent ks&enuous activities may score

high on the MARS at six months p@<LLR if they underweACLR within six months

of their ACL injury, as theirdonth postoperative MARS score would reflect their
pre-injury status, not their posinjury status. Also, using the MARS to assess patient
outcomes within six months of an ACLR may be inappropréest&CLR patients would
not be expected to engage in the activities included in the MARS within six months of

surgery(Meuffels et al., 2012)

MARS scores following ACLR &b be affected by the patients pesperative goals
and choices regarding activity participation. A person who participatgsiémtly in

high-ACL demand activities prior to ACL injury will score highly on the MARS.
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following ACLR that person modifies their activities and chooses not to engage-in ACL
dependent activities, their postperative MARS score will Isggnificantlylower, which
would be interpreted asa poor outcome. However, the patient may in fact have had
an excellent outcome from surgerythey have just elected not to engage in tA€L

dependentactivities included in the MARS.

Patientreported outcomes capt® G KS LI ( Ar&gsfdinGide inhadhof/ah 2 v
condition on their life, and the effect of treatment during an episode of ¢&nge et

al., 2015) During ACLR rehabilitation, PROMs are recommended for use as part of an
overall suite of outcome measures to assess patient progiesdrade et al., 2019)
Although they are aware of the benefits of utilising PROMs, everyday tkerafby
physiotherapists in clinical practice is low, with time for patients to complete them and
the time for providers to analyse them cited as major barriers to their(dste et al.,
2009) Other barriesto using PROMs ieverydayphysiotherapypracticeincludea

lack d knowledge regarding which PROM to use and how to use them, a lack of
organisational support, Eck offunding to incorporate PROMs into treatment, and a

LI GASYdQa AyloAfAGe (G2 AYyRSLISyR&ghki ¢ 02 Y
Murray, 2012) In NZ, the duration of a private physiotherapy treatment varies across
providers but can be as brief as-28 minutes. Therefore, the duration of a
physiotherapy treatment may influence PROM use by NZ physiotherapists. The
duration of a private physiotherapy treatment in NZ is at the discretion of the provider;
however, the various models used by ACC to fund privatsiptherapy treatment in

NZ may have a significant impaxctthe providers decision regarding the length of a

treatment.

The results from chaptdbur showed physiotherapy treatment increased the

likelihood of achieving a KOGISASS score over no physiethpy treatment in the

first year following ACLR, but more treatments did not significantly increase the
likelihood of achieving a better outcome. As a greater quantity of treatment does not
necessarily equal a better outcome, it may be that patient eegagnt with

physiotherapy, motivation to achieve pesperative goals, and adherence to
rehabilitation are important factors that ultimately determine how many treatments

an ACLR patient will require. Once an ACLR patient has engaged with physiotherapy

after surgery, the onus then falls to the provider to keep the patient sufficiently
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motivated to continue with rehabilitation for as long as necessary to achieve their
goals(Grindem, Risberg, et al., 2015elfmotivationis positivelyassociated with
adherence toACLR rehabilitatio(Brewer et al., 2000; Mendonza et al., 200an)d
patient motivation during ACLR rehabilitation is created and maintained by regular
assessment of patient status and functional abilRysberg et al., 2016)However, as
per chapterfive, a low percentage NZ physiotherapists report utilising valid and
reliable methods to assess patient status and function during ACLR rehabilitation,
which could negatively impact patient meation, therefore reducing patient

engagement and overall utilisation of physiotherapy treatment.

6.5 Implications for Physiotherapy Practice Followinterior Cruciate

Ligament Reconstructian New Zealand

Treatmentdecisiondoy ACC and health providedlowing ACL injurgre often made

in isolation resulting in a disconnected management prodgss Aesch et al., 2016)
Good communication between therthopaedicsurgeon and physiotherapisgorking
within a multidisciplinary teamNIDT)(van Melick et al., 2016¢nhance and
optimisesthe patients post-operative rehabilitatiorexperienceg(Filbay & Grindem,
2019; Patemo et al., 2019) Thereforejt may be beneficial foNZ physiotherapist®o
developand mainain communicationpathwayswith the orthopaedicsurgeons who
perform ACLRurgerieson their patients as this may improve patient experience and

outcome during posACLRehabilitation.

NZ physiotherapists should increase their skills and knowledge regardiprstael

ACLR rehabilitation, which magquire attendance at courses or undertaking post
graduate education. Mentoring from another physiotherapist with greater experience
in overseeing RTS following ACLR may also increase provider knowledge in this area
(Jensen et al., 2000NZ physiotherapists could also develop connections with
strength and conditioning coaches or exercise physiologists, as these providers likely
possess the skills and resources to conepéy oversee the functional component of
end-stage ACLR rehabilitation. Strength and conditioning coaches in NZ report
minimal input during injury rehabilitation, which can be due to a lack of
communication and collaboration between providéfagmstronget al., 2021)

Therefore,a strength and conditioning coach/physiologist should be included in any
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early MDT discussions regarding treatment decisions following ACL injury. Aligning
with a sports team/club/organisation will enhance the relationshighviihe strength
and conditioning coach associated with that sport, while also increasing the
physiotherapists knowledge of the sport involved, which may increase the ability of
0KS LIKeAA2GKSNILIAAG (G2 20SNBSS awkg LI GA S
ACLRBuckthorpe, 2019)

A significant finding of this thesis was the absence of outcome measures collected by
NZphysiotherapists during ACLR rehabilitation and the potential impacts of that.
Therefore, it is recommended NZ physiotherapists utilise appropriate PROMs at
regular intervals throughout the ACLR rehabilitation process. IfiteenationalKnee
Documentatisn Committee (IKDGorm includes items considered more important to
ACLR patients than the KO@®#mbly & Griva, 2010and as such, is a more useful

tool to evaluate patients in the first year after surg€wan Meer et al., 2013)The

Tegner Activity scale (TAS) hasaiged superior psychometric scrutiny than the MARS
(Letchford et al., 2012)and its use is recommended when assessing activity levels in

ACLR patients, particularly in conjunction with the IKV€ra et al., 2014)

NZ physiotherapists should also utilise valid and reliable methods to assess patient
strength and functional ability during ACLR rehabilitation. The collection of such data
requires the physiotherapist to have access to valid and reliable methods tasasses
such variables. The majority of NZ physiotherapists do not use objective methods to
directlyassess lower limb strength, with only a small percentage using-haltd
dynamometry(HDD)and very few having access to isokinetic dynamomettyich is
thereO2 YY Sy RSRI 'WARI NRR Q Y Kilel flekdr aldPexténseiréhgta
following ACLRNagai et al., 2020; Petersen et al., 201%herefore, to ensure

accurate assessment of knee strength, NZ physiotheragiisld consider usingDD

to assess knee strength, with additional efforts made to remove the barriers limiting
access to isokinetic testing facilitieds here is poor agrement between HDD and
isokinetic dynamometryvhen evaluating lower limbtrength following ACLRhe

instruments should not be used interchangeafiiyarsson & Cronstrom, 2022)

The majority of NZ physioénapists use hop tests to assess the functional performance

of ACLR patients, as these require little resource and are easily performed in a clinic
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setting. A battery of hop tests is recommended to assess lower limb function following
ACLREDbert et al., 2021 however, as their relationship with knee strength is less
convincing, they should not be used to estimate knee strength. Qudlmovement
during hop tests should also be assessed, as using hop distance as the sole

determinant of performance can ov@&stimate recoveryDavies et al., 2020)

The routine collection of objective patient outcome data during ACLR rehabilitation
will likely have several efits. Patient progress can be monitored by regular
assessment, with the rehabilitation plan quickly modified or adjusted based on the
NBE & dzf G & o wS3Adzf F NJ F AaSaaySyid ¢ A with,asdy KI y O!
complete a comprehensive rehabilitation programme, which will increase the
likelihood of achieving better sherand longterm outcomes. Outcome data can
provide a clear, objective rationale that supports the need for additional treatments
should they be requiredwhile also establishing the value of physiotherapy treatment
to third party funders.Collated aitcome data couldhen be used to benchmark a
typical outcome following ACLR. Such data could then be used in two ways: (i) to
identify patientswho may notbe progressing as expected, and (ii) to identify providers
whose patiens may not be achieving similautcomesto the patients of other

providers.

Telehealth, includingtelephones, smartphones, andobile wireless devicesith a
video connectionis increasingly being used in healthcare as a means of service
provision(Dorsey & Topol, 2016)Due to access barriers, telehealth in musculcstiaél
physiotherapyand rehabilitation can offer a viable alternative teperson care
(Cottrell & Russell, 2020he majoity of ACLR patients consider telerehabilitatisn
an acceptablesubstitute for faceto-face treatment, with the proviso the technology is
of an appropriate standard to allow an acceptable level of setade delivered
(Dunphy & Gardner, 2020ACLR patients report telerehabilitation can reduce
financial and travelburdensassociatedvith ACLRehabilitation, but only in
conjunction with inperson appointmentsas patients still perceive periodic fatme

face treatment as important to their recove(ipunphy & Gardner, 2020; Walker et al.,
2022) Therefore, telerehabilitation coulde apracticalsolution to remove access
barriers for ACLR patientn NZ who live rurally and are unable to easily access

physiotherapy servicedn-person treatments should be interspersed with
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telerehabilitation sessions, as theaee valued by the patient anallow for instant
feedback to be provided on exerciseensity and techniqu¢Dunphy & Gardner,
2020)

6.6 Strengths and Limitations of this Thesis

6.6.1 Strengths

The physiotherapyreatment data utilised in chapters two arfidur was extracted

directly from the ACC databasehich isan electronic system based on invoicing

NEO2NRa SyadaNAy3a G§KS | OOdz2N> O0é 2F GKS RIF G

the physiotherapy treatmet received following ACLR in NZ. The strengths of the
systematic review in chaptéhree include the search strategy assistance of a senior
faculty librarian, prospective registration, and the quality appraisal of the selected
studies using a validatedsessment tool. The large participant population in the
chapterfour study allowed fora robust statistical analysis to be performed, despite the
exclusion of subjects with incomplete outcome data. As part of the survey in chapter
five, physiotherapists who were considered more likely to be involved in treating ACLR
patients were specifically approached to participate in the study, which increases the

validity of participant responses.

6.6.2 Limitations

The absence of patient outcome data framapter two prevents any conclusions
being made regarding the effectiveness of the physiotherapy received or any
comparisons being made between the three groupsudfjects The findings of the
systematic review in chapter three are based on data fromdists that did not
specificallyalign with the specific question of the reviewimitations from chapter

four include the retrospective study desighge absence of participant contextual data
e.g. location, ethnicitetc, the potential for participantsd have multiple claims

related to a single ACL injury, and the lack of control over which PROM data was
collected. Regarding chapter five, a relatively low response rate, targeting of specific
participant groups, variability in interpreting the surveynite by participants, and the
absence of participant demographand contextuablata can be identified as potential

limitations.
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6.7 Future Research Opportunities

The findings of this thesis have led to several possible areas for future resé@ech.
highlighed discrepancies between the dosage of treatmBizt physiotherapists

believe is required following ACLR and the actual dosage of physiotherapy treatment
NZ ACLR patients receive following surgery. Therefore, a qualitative study of NZ
physiotherapists ird the barriers and facilitatorghat contributeto ACLR patients
receiving a dosage of treatment that differs to what physiotherapists believe is
required after surgerynayoffer additional insights and identify opportunities to
improve service deliverySuch a study could also explore therriers and facilitators

to the routine utilisation of PROMSs in clinical practice by NZ physiotherapists,
particularly in the context of an ACLR.similar qualitative study dfiZ ACLR patients
could be undertaken toxplore the patient experience of ACLR rehabilitation in NZ and
the barriers/facilitators to physiotherapy treatment following surge#y further
qualitative study of NZ Orthopaedic surgesagarding their opinions and beliefs on

pre- and postACLR physiberapy treatment and rehabilitation would offer further
insights into the barriers patient®ayencounter to accessing physiotherapy

treatment.

Given the recent increase in treatment limits for contracted physiotherapists, a repeat
of the descriptive analysis from chapter two is recommended to deternfitie

change in physiotherapy treatment limits has resulted in patients receiving an
increaseddosage of physiotherapy treatment following ACLR in NZ. Particular focus
should be given to the dosages of treatment provided by contracted and non

contracted physiotherapists.

The findings and recommendations of this thesis are based on physiotherapy
treatment data and patient outcome data collected prior to 2020. It must be noted
that since 2020, ACC has commenced two significant pieces of work, which are
intimately related to the findings of this thesis. The first piece of work is known as the
Escaleed Care Pathway (ECP), which involves a coordinated, interdisciplinary team
approach to complex musculoskeletal injurieghe shoulder, lumbar spine, and knee
(including ACL injuries). Once a patient has entered the ECP, management of their

injury is averseen by a team of health professional$ich includes physiotherapist,
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Orthopaedic surgeon, psychologist, and vocational consultant. The ECP differs from
regular care in several distinct areas. During the ECP, outdatadscollected by the
rehahlitation provider at regular intervals throughout the course of treatment, which
allows for reaitime monitoring of patient progress and adjustment of the treatment
plan if required. There are no time limits or treatment limits on service deliweth
the patientreceivingthe amount of treatment necessary to achieve whatever goals
have been set upotheir entry into the programme. All treatment is fully funded by
ACC, with no epayments levied against the patient, which removes a significant
financid barrier to the patient receiving a sufficient dosage of treatment. The second
piece of work ACC is currently engaged in is a pilot study, in collaboration with
Physiotherapy New Zealand, to test the viability of collecting PROM data from ACC
funded patents receiving physiotherapy treatment. Outcome data will be collected at
pre-defined time points during treatment, with the aim to help Akxter understand
(i) client outcomedollowing injury and (iijhe effectiveness gphysiotherapy

treatment provided duringrecoveryfrom injury.

With the introduction of the ECP, it would be prudent to undertake an analysis to
compare the outcomes of ACLR patients managed via the ECP verses usual care, again
with an emphasis on the dosage of physiotherapy treatment received by patients

under each pthway. Collecting demographic and contextual data for both

physiotherapy providerée.g. qualifications, years of experience, locatiandl patients

(e.g. ethnicity, soci@conomic statusyvould enable further insights into how these

factors mayalsoinfluencephysiotherapyutilisation. Additionally a weltcontrolled

study examining the effects of different dosages of physiotherapy treatment on
outcomes following ACLgéduldbe performed; however, the ethical constraints around
restricting the amount ophysiotherapy treatment a patient can receive would likely

render the undertaking of such a studpfeasible.

6.8 Summary and Conclusions

Theprimarypurpose of this thesis was to investigate the relationship between
physiotherapy treatment and patient outoees following ACLR in NZ. The importance
of this research is highlighted by (i) the amount of physiotherapy treatment NZ ACLR

patients receive following surgery was unknown, (ii) the beliefs and opinions of NZ
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physiotherapists regarding ACLR rehabilitatieas unknown, (iii) the lack of high
quality research specifically examining the relationship between physiotherapy

treatment and patientreported outcomes following ACLR.

Themajorfindings of this thesis were (i) NZ ACLR patients receive a low dokage
physiotherapy treatment following ACLR, (ii) the beliefs of NZ physiotherapists
regarding treatment following ACLR are incongruent with the dosage of treatment
patients are actually receiving, (iii) the dosage of pd&LR physiotherapy treatment
does rot appear to have a significant effect on patient outcomes, (iv) physiotherapy
treatment in the 12 months following ACLR may increase the patients acceptance of

any ongoing knee symptoms or functional limitations.

There is no evidence from this theiimt the dosage of physiotherapy treatment

received following ACLR has a significant effect on-ppstative outcomes, and the
optimal dosage of physiotherapy treatment following ACLR remains unknown. Just as
the management of an ACL injusyhighly indiidualised it is likely the dosage of post
operative physiotherapy treatment will also vasgnsiderablybetween patients; a
reflection of theA Y R A @doasiahd peo§essuring rehabilitation The number of
physiotherapy treatments required followgnan ACLR willtimately be the number of

treatmentsa patient needgo achievetheir postoperative goals.

While multiple factors influence a dosage of physiotherapy treatment, it is likely ACC
policies and processes have contributed to the low dosHEgestACLR physiotherapy
treatment. It bodes well for future ACLR patients in NZ that the primary funder of
ACLR rehabilitation has recently recognised adatermined number of

physiotherapy treatment following ACLR may not be the most appropriatéoaeto

fund postoperative rehabilitationwith the value of physiotherapy treatment better
measured by objective patient outcomes than the dosage of treatment a patient

receives.

This thesis has also highlighted the potentially significant impacts of NZ
physiotherapists not regularly collecting outcome data or assessing patient function
following ACLR on the dosage of poperative treatment received. Several
opportunities exist for physiotherapy practice in NZ to improve its contribution to the

managenent of ACLR rehabilitation, with routine collection of patient outcomes,
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improving communication with other providers within an MDT context, and upskilling

in endstage ACLR rehabilitation.
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ABSTRACT

Physictherapists are lead providers of rehabilitation fallowing antericr cruciate ligamerit injury in Mew Zealand. Rehabilitation &
corcidered an essential componert following arterior cruciate ligament injuriss, but there i considerable variability regarding pre-
and post-cperative management. This study used data from the Accident Compensation Corporation (&C2C) for the years 201314
to 2015716 to gain irsight into the physiotherapy maragement of anterior crudate ligament injuries in New Zealand. Data were
extracted from 647 claims from people with a completed anterior cruciate ligament reconstruction and 221 claims from peoplke with
a confirmed injury who did not underge surgery. Inthe 12 months fallowing either anterior cruciats ligament injury or surgery, £1%
of daimarnits had fewer than 15 &2 C-funded physiotherapy treatments, and 13% of claimants had no ACC-funded physiotherapy
treatments. Mine percert of daimarnts had a previous or subsequent claim far an anterior cruciate ligament injury. Compared to
best practice literature, the results indicatz a significant number of peopk in Mew Zealand received fewer than the recommended
number of physiatherapy treatmerits fallowing arterior cruciate ligament injury. Possible reasons may indude the cost of private
physiotherapy services, a lack of endorsament from the respective othopaedic surgeons, dearzased patient adherznce/motivation
and decreazed patient understanding of the importance of rehabilitation.

Fausatt, W., Wilkins, F, Reid, D., Larmer, P, & Potts, G. (2019). Physiotherapy treatment and rehabilitation following
anterior cruciate ligament injury in New Zealand: Are we doing enocugh? New Zealand Jeurnal of Physiotherapy, 47(3),

139-149. httpsw/dei.org/ 10,156 19 NZIP/47 .3.02
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INTRODUCTION

Injury to the anterior crudiate ligament (ACL of the kresis a
COMIMEN SCoUmence in an active population (Sianctti, Marshall,
Hurre, & Bunt, 2009; Majeweski, Susanne, & Elaus, 2006).
Fellowing ACL injury, the two traditional management pathways
are: 1) early &L reconstruction (AC LR} surgery falloweed by
rehabilitation; and 2) conservative managemerit consisting

aof rehabilitation, with the aption of delayed ACLR if required
{Beynrom, Johrean, Abate, Fleming, & Midwals, 2005; Riskerg,
Lewesk, & Snyder-Mackler, 2004; Zadro & Pappas, 20128). The
exact inciderce of ACL injury & not known as not all ACL injuries
are diagnaossd or proceed to surgery (lanssen, Orchard, Criscoll,
& Van Mecheken, 201 23, ACL surgical rates are often used a
surrcgate estimiates of injury rates (Mosss, Crchard, & Crchard,
2012; Sanders, Maradit Kremers, Bryan, Larson, =t al., 2016,
with rates of AZLR increasirg worldwide (Abram, Price, Judge,
& Beard, 2019; Sanders, Maradit Kremers, Bryan, Larson, et al.,
2016; Zbrojkiewicz, Vertullo, & Grayson, 2012, An increasing
ACLR rate is associated with increased work absentesizm,

rehabilitation costs and an ircreassd rate of degenerative kres
conditions and knee jeint arthroplesty (Barenius et al., 2014,
Cinque, Darnan, Chahla, Moatshe, & LaPrade, 2017, Janssen =t
al, 2012; Khan et al, 2018; Suter etal., 20170

The Accident Compersation Corporation (ACC) of New Zealand
pravides 24-hour comprehersive ro-fault accident insurance

to compensate the injured person and assist them in returning
t independerce by covering medical costs, ather entitlermnents
and ercuring timely access to treatment (Flood, 20000 Annually,
ACC spends ower 325 million on ACL surgeries and cver 3100
milliar on physictherapy services for all injuries (&2C, 20185,
Entitlements and the cost of physictherapy treatment will vary
depending on the injured p=rson's work status or capacity

and the contracts held by the treating phwsictherapist. &CC
purchases physiotherapy treatment in three ways: either via

the cost of treatment regulations ar the physictherapy services
contract (ACC, 2018k or vocational rehabilitation services (VRS).
The ACC contribution may not fully cower the cost of treatmernt
and some private physiotherapy practices charge a co-paymerit



of up to $50 per treatment (Fitzjohn, 2007, Claimants who are
unable to complete work duties and receive earnings-ralated
compensation (ERC) are ertitled to YRS, which support and
facilitate a return to work (ACC, 2015), are fully funded and
may include physictherapistded functional rehabilitation (ACC,
201 8c),

Rahabilitation following ACL injury or ACLR should encompass
a biopsychosocial approach (Scott, Pemry, & Sole, 2018),

which addresses patient education, physical rehabilitation

and psychological barriers (Filbay & Grindem, 201%; Risberg,
Grindam, & Cigstad, 2016; Zadro & Pappas, 2018). The physical
component of rehabilitation involves restoration of knee range
of movament, lower limb strengthening, neurcmuscular and
propriccaptive retraining, and activity specific exarcises (Adams,
Logarstadt, Hunter-Giordano, Axe, & Snyder-Mackler, 2012;
Wiyer, Paterno, Ford, Quatman, & Hewett, 2006}, Physical
rehabilitation following ACL injury is safe and efficacious (Eitzen,
Mioksnes, Shyder-Mackler, & Risberg, 20100, with the ultimate
goal of rehabilitation to achieve a sustainable return to pre-
injury activities (Risberg et al., 2004). Physictharapists with
axpertisa in the function of the musculoskeletal systam have the
knowdedge and skills to implemant and progress the physical
and functional components of ACL rehabilitation (van Melick at
al, 2016).

A structurad pre-cperative phiysical rehabilitation programme
produces better post-operative functional outcomes (Eitzen,
Risharg, & Holm, 2009; Failla t al., 2016; Logerstedt, Lynch,
Axa, & Snyder-Mackler, 20132). Supervised physiotherapy is
routinaly prescribad following ACL surgery (Han, Banerjes,
Shen, & Krishna, 2015), and supenisad rehabilitation can

ba assodiated with better cutcomes than unsupervised
(Christensen, Miller, Burns, & West, 2017). Physical rehabilitation
lasting up to 12 months is recommended after ACLR to
restore function and stability to the knes (Adams et al,,
2012; Zadro & Pappas, 2018}, and to optimise post-surgical
outcomas (Grindem, Granan, t al., 2015). Recent evidence
suggests people may not be completing sufficient post-ACLR
rehabilitation before returning to pre-injury activities (Ebart,
Edwards, et al., 2018; Grindam, Amundale, & Ardern, 2018).
Irrespective of how an ACL injury is managed, a significant
parcantage of people do not return to pre-injury activity
levels (Ardarn, Taylor, Feller, & Webster, 2014; @iestad, Holm,
& Risberg, 2018; Webster & Feller, 2018), or they suffer a
subsaquent ACL injury (Crawford, Watarman, & Lubowitz,
2013; Lai, Ardem, Feller, & Webster, 2017; Wright, Magnussan,
Dunn, & Spindlar, 20117,

The cortant and quality of ACL rehabilitation protocols is highly
variable (Ajuied et al., 2014), which may lead to confusion
among patients and physiotherapists (Makhni et al., 2016).
Patiant outcomes following ACL rehabilitation could also

ba influenced by patient individuality and variability in the
implemnentation of spacific ACL rehabilitation protocols by
physiotherapists (Adams et al., 201 2; Greenberg, Graenbarg,
Albaugh, Storey, & Ganley, 2018; Myer et al., 2006},

The aim of this study was to undertake a retrospactive review of
a three-year period of ACC daim data to gain insight into the
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managament of ACL injury in Mew Zealand, with a particular
focus on the quantity and duration of physiotherapy treatment
following injury, and during the pre- and post-oparative
rehabilitation pericds.

METHODS

Ethical approval was sought retrospectively. However, as advised
by the Auckland University of Technology Ethics Committasg, this
study did not meat the threshold to require ethical approval as
all data remained de-identified during collection and analysis.
Usa of &CC claim data complied with standard ACC consant
and lzgal obligations related to ACC cowver.

& descriptive methodology was undertaken for the study. The
study cohort induded all cdaims with an approved ACLR request
for the years 2013714, 2014415 and 2015716 (the year being 1
July to 21 June). Claims with an approved ACLE request were
assumead to have a confirmead diagnosis of an ACL ruptura.
ACC claim numbers wiere used to identify claims. Claims were
categorised as either surgical for those who had undergone
surgery (Surgery Grouph or non-surgical (Mon-Surgery Groupl,
and were stratified by gender and age at the date of injury (DO
(=20, 20-29, 30-29, 4043 S04 years of age). Using a random
number genarator in Microsoft Excel, a sample of 20 daims
wias salacted from each year according to age and gender.
Whara thera ware fewer than 20 claims for an age and gender
group for that year, all claims were included in tha sampla.
Convenience sampling was usad to ensure the total sample
included a similar number of males and females, and that all
age ranges wiere aqually represented. In addition, all claims
wihara individuals had undergone ACL surgery maore than 365
days aftar DOl were categorised as *delayed surgery” (Delayed
Surgery Group), and data from this group were analysed
separately.

For the Surgery Group and Mon-Surgery Group, data collacted
wia ACC's internal database and payments system included:

« machanism of injury
*  activity being performed when ACLinjury occurred
«  date of last physiotherapy treatrment

+ taotal eamings-related compansation (ERC Y days paid under
that claim

» whether there was an approved purchase order for
vocational rehabilitation in the 12 months following surgery
or injury

+ whether the client had suffered a previous or subsequant
ACL injury.

Additional data collected for the Surgery Group induded the
date of surgery, number of pre-ACLR physiotherapy treatments
and number of post-ACLR phiysiotherapy treatrments within

12 months of surgery. Additional data collected for the Mon-
surgary Group included the total nurmber of physictherapy
treatments within 12 maonths of injury. The 12-maornith

period was chosen as this is the recommended duration of
rehabilitation following ACL injury (van Melick et al., 2018).



RESULTS

The selection of daims for analysis is described in Figure 1. From
the Surgery Group, two claims were excluded as the clients had
not undergone ACLR, and one claim was exduded as the ACL
wias found intact at the time of surgery. From the Mon-Surgery
Group, six claims were excluded as the ACL was subsaquenthy
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revealed to be intact, and seven claims were excduded as the
clients had undergone ACLR within 12 months of injury. Overall,
the Surgery Group, Delayed Surgery Group, and Mon-Surgery
Group represented 8%, 2.5%, and 3.5% respectively of the
total population.

MNumber of claims with approved ACL
surgery request for 2013714, 201415,
2015/16 years =6,210

Random sample of daims drawn from
total population = 868

w

Number of claims where surgery
was completed = 586

!

MNumber of claims where
surgery was completed =
365 days after DOl =90

l l

b

Number of claims where surgery
was not completed = 282

!

MNumber of claims where
surgery was completed =
365 days after DOl = 61

| |

Surgery group
=49 claims

Delayed surgery group
= 151 claims

Non-surgery group
=221 claims

Figure 1: Flow diagram describing sample selection and how each study group was determined

Note: ACL, anterior cruciate ligament; DO, date of injury

Across the three groups, average age at DOl was 23.4 + 13.2
years (range 9-74 years). The percentage of male subjects was
489, 62% and 589% respectively. The most common activity
being performed when suffering an ACL injury was sports
followed by recreational activities (Figure 2). Metball was the
most common sport baing played when suffering an ACL
injury, followed by rughy, soccer and touch rugby (Figure 3).
Motably, 74% (642/868) of ACL injuries involved a non-contact
mechanism of injury.

Duration and quantity of physiotherapy treatment

For the Surgery Group (n = 496), 120 daims (24.2 %) had

no pre-AC LR physiotherapy treatments, Of the 376 daims
{75.8%) with pre-ACLR physiotherapy treatments, the numbar
of treatments averaged 7 + 5 (range 1-23) (Figure 4). In the

12 months following ACLR, 456 claims (91.9%) had post-
ACLR physiotherapy treatmant, with the average number of
treatments being 12 + & (range 1-54) (Figura 5). The average
time betwean surgery and the last physiotherapy treatment was
161 + 143 days.

Figure 2: Activity being performed when anterior cruciate
ligament injury occurred
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Unknown

Figure 3: Sport being played when anterior cruciate
ligament injury occurred
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Figure 4: Number of physiotherapy treatments for the
Surgery Group prior to anterior cruciate ligament surgery
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Figure 5: Number of physiotherapy treatments per claim
for the Surgery Group and Delayed Surgery Group in the
12 months following anterior cruciate ligament surgery
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For the Delayed Surgery Group (n = 151), 109 claims (72.19%)
had physiotherapy treatment in the 12 months following

DO, with an average of 8 + 8 (range 1-49) treatments (Figure
€). Inthe 12 months following ACLR, 115 daims (76.1%)

had physiotherapy treatment, with the average number of
treatments being 10 + 9 (range 1-59) (Figure 5). The average
time between surgery and the last physiotherapy treatment was
143 + 95 days.
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Figure & Number of physiotherapy treatments per claim
for the Non-Surgery Group and Delayed Surgery Group in
the 12 months following anterior cruciate ligament injury

For the Mon-Surgery Group (n = 221), 157 daims (71.0%) had
physiotherapy treatment in the 12 months following DOI, with
an average of 8 + 6 (range 1-42) treatments (Figure &). The
average time between DOl and the last physiotherapy treatment
wias 90 + 84 days.

Earnings related compensation and vocational
rehabilitation

For the Surgery Group, 80 daims (16.1%) had ERC paid in the
twio weeks prior to ACLR. Following surgery, 247 claims (49.89)
had ERC paid for an average of 102 + 93 days (range 3-809). In
the 12 months after ACLR, 129 claims (26.0%) had approved
WRS, with an average duration of 149 + 100 days (range 3-809)
of ERC paid. For claims with approved VRS, the average number
of physiotherapy treatments in the 12 months following ACLR
was 11 x 8 (range 1-54). Of the 40 daims (8.0%) with no post-
ACLR physictherapy treatments, ning had approved VRS, and
the average number of ERC days paid on those daims was 181
+ 63,

For the Delayed Surgery Group, nine claims (6%) had ERC paid
in the two weeks prior to ACLR. Following surgery, 63 claims
(41.79%) received ERC for an average of 93 + 104 days (range
11-611). In the 12 months after ACLR, 35 claims (23.1%) had
approved YRS, with an average duration of 118 + 122 days
(range 27-611) ERC paid. For daims with approved VRS, the
average number of physiotherapy treatments in the 12 months
following ACLR was 11 £ 7 {range 2-29). Of the 36 claims
{22.89%) with no post-ACLR physiotherapy treatments, threa had
approved YRS, with an average number of ERC days paid of 84.



For the Mon-5urgery Group, in the 12 months following injury,
nine claims (4.09%) had approved VRS, with an average of 147
+ 98 days (range 44-317) of ERC paid. For claims with approved
WRS, the average number of physiotherapy treatments in the 12
maonths following DOl was 9 £ 7 {range 2-23). Of the 64 claims
(28.9%) with no physiotherapy treatments in the 12 months
following DOI, two had approved VRS, with an average of 173
days paid ERC.

Time to surgery

For the Surgery Group, the average number of days betwean
DOl and ACLR was 121 £ 74 (range 22-261), with 228 people
(45.9%) undargoing ACLR within 90 days of injury and 297
people (80.0%) undergoing ACLR within 180 days of injury
(Figure 7). For the Delayed Surgery Group, the time between
DOl and ACLR was on average 908 + 565 days (range 369-
2939).

140 -
120 4
1040
E N

LI

Number of claims

40

20 4

W 4
B N P e P o &
A o o {;\ _{_:\ & ,‘}\ "j" ,.,:-,

MNumber of days

Figure 7: Number of days between anterior cruciate
ligament injury and surgery for the Surgery Group

Subsequent ACL injury

For all groups (n = 868), 95 people (10.9%) had suffered
multiple ACL injuries. Across the Surgery Group and Delayed
surgery Group {n = 647), 50 people (7.79%) suffered a
subsaquent ACL injury following ACLR, i.e. 33 (5.1%) ACL graft
nuptures and 17 (2.6%) contralateral ACL injuries. The average
duration betwean ACLR and subsaquant ACL injury was 617

+ 371 days and 1,210 + 855 days for the Surgery Group and
Delayed Surgery Group, respactively. For both groups, 28 peopla
(4.39) had suffered a previous contralateral ACL injury and
three had sustained a pravious ipsilateral ACL injury.

For the Non-Surgery Group, one individual suffered a
contralateral ACL injury 392 days after the initial ACL injury; 11
had suffered a previous contralateral ACL injury, eight of whom
had undergone ACLR, with two sustaining subsequent ACL
qgraft ruptures.

DISCUSSION

The aim of this study was to present a retrospective descriptive
analysis of ACC claim data to gain insights into the duration
and quantity of physiotherapy treatment following ACL
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injury in New Zealand. Qur findings show that sporting and
recreational activities accountad for the majority of ACL injuries,
with popular change-of-direction activities in New Zealand

(e.g. netball, ughy, soccer and touch rugby) responsible for

the greatest number of sporting ACL injuries, which is similar

to previous findings (Gianotti et al., 2009; Mew Zealand ACL
Registry, 2018). Mearly threa-quarters of all ACLinjuries in the
current study involved a non-contact mechanism of injury, which
is consistent with previous reports of 72% prevalence (Boden,
Dean, Feagin, & Garrett, 2000).

Duration and quantity of physiotherapy treatment

Our results suggest Mew Zealanders are not recaiving
physiotherapy treatment for an appropriate duration following
ACL injury or surgery. Post-ACLR rehabilitation lasting up to

12 months is associated with improved knee flexoriextensor
strength (Ageberg, Thomeé, Neater, Silbernagel, & Roos,

2008; Heijne & Werner, 2007 Risberg & Holm, 2009), greater
performance during functional testing (Ebert, Edwards, et al.,
2018), a greater rate of returning to pre-injury activities (Ardern
et al., 2014; Della villa et al., 2012; Edwards et al., 2018; Han
et al., 2015; Rosso et al., 2018) and decreased re-injury risk
{Grindem, Snyder-Mackler, Moksnes, Engebretsen, & Risberg,
2016). Traditional progressions through ACL rehabilitation have
bean time based, which may result in sub-optimal cutcomes,
as time after ACLR is not necessarily related to functional
performance (Myer et al., 2012). Although post-surgical
rehabilitation is recommended for nine to 12 months (van
Melick et al., 2016), criterion-basad measures of functional
performance, incorporated within a biopsychosocial framewark,
are also recormmended to detarmine rehabilitation progress
(Dingenen & Gokeler, 2017; Larsan, Farup, Und, & Dalgas, 2015;
Myer et al., 2006).

Ouwr results have highlighted a potential under-utilisation of
physiotherapy treatment following ACL injury and surgery,

and prior to ACLR in Mew Zealand. Physictherapists consider
pre-operative rehabilitation to have an important influence

on post-operative outcomes (Ebert, Webster, Edwards, Joss,
[rAlessandro, at al., 2018). A structured physiotherapy-led pre-
ACLR rehabilitation programme of up to 27 sessions has been
shown to be effective and safe, and to improve outcomes two
years after ACLR (Alshewaier, Yeowell, & Fatoye, 2017; Eitzen
et al., 2010; Eitzen et al., 2009; Failla et al,, 2016; Logerstedt
et al., 2013). Our research found that 24% of people did not
receive physiotherapy treatment prior to ACLR, which suggests
the post-operative outcomes for almost a quarter of people in
our sample may have been sub-optimal.

‘While many factors potentially influence outcomes after ACL
injury and surgery, rehabilitation remains an important variable
(Ebert, Wabster, Edwards, Joss, D' Allesandro, at al., 2018) and
is almost universally recommended (Adams at al., 201 2; Ebert,
‘Wehster, Edwards, Joss, D'Alessandro, et al., 2018; Lobb,
Tumnilty, & Claydon, 2012; van Melick et al,, 2016). Over 80%
of Australian physiotherapists believe six to 12 treatments

are requirad in the first six weeks after ACL surgery (Ebert,
‘Wehster, Edwards, Joss, D'Alessandro, ot al., 2018), with a
physiotherapist review recommended every two weeks (Filbay
& Grindemn, 2019). Therefore, rehabilitation lasting from nine to
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12 months would equate to between 21 and 35 physiotherapy
visits within 12 months following ACL surgary. It appears people
in the cumant study received considerably less physiotherapy
treatmant than evidence-based guidelines suggest; tha reasons
fior this require further evaluation.

There are multiple barriers to people engaging in a healthcane
service, which includes physiatherapy following ACL injury
surgery (Carrillo et al., 201 1), Patient-specific bamiers include
health literacy/understanding of the condition, cultural beliefs
and socio-economic status; provider-specific barriers include
clinician skillsknowledge and patient interactions; healthcare
systamn barriers include cost, accessibilityfnvaiting times, location
of sarvices and the involvernant of multiple providers (Bath et al.,
2016; Douthit, Kiv, Dwolatzky, & Biswas, 2015; Scheppars, Wan
Donaen, Dekker, Geartzen, & Dekker, 2006}, In Mew Zealand,
barriers to engaging with primary healthcare sarvices indude
location, cost, suitability and awarenass of services (Ministry of
Health, 2001). Strategies to overcome these barrners includs
ancouraging arly, appropriate intervention within a patient's
locale, ensuring cost- affective sarvices within an accountable
haalthcara systam and empowering peopla by improving health
literacy through quality education (Ministry of Health, 2018).

Thie cost of private physictherapy servicas may influence
physictherapy utilisation (Ebert, Webster, Edwards, loss,
Dalessandro, et al., 2018). ACL rehabilitation in Mew Zealand
iz commonly supplied by private physiotherapy providers, who
may charge a co-paymeant of up to $50 par treatment. Although
physictherapy iz availabla via the public health system at no
cost, the vast majornty of people seek physictharapy from
private providers (4CC, 2018a), who make up almest 70% of
MWew Zealand s phiysiotharapy workforce (Fhysiothera py New
Zealand, 201&). Although thare are a small number of private
physictherapists in Mew Zealand whao do not charge a co-
paymenit, unless the person is raceiving VRS from ACC, itis
likaly they will have to contribute to the cost of physiotherapy
treatrant or rehabilitation sarvices. As such, sodo-aconomic
status could be a barriar to utilisation of physiotherapy serices.

A lack of endorsement of rehabilitation by orthopaedic surgecns
may have influencad physiotherapy treatrmant numbers in this
study. Almost 40% of orthopaedic surgeons in Australia do

not consider pre-ACLR rehabilitation necessary, and a small
parcantage even consider post-&C LR rehabilitation unnecessary
(Ebert, Webster, Edwards, loss, D*4llesandro, at al., 2018). While
the surgeon is responsible for the surgery, the physiotherapist
should lead the decision-making in rehabilitation (van kealick
atal., 2016). Good communication between the surgecn and
physictherapist is essential following ACL injury (Grindern et al.,
2018) to overcome any potential disconnect between providers
(von Aesch, Parry, & Sole, 2016).

ACL rehabilitation is describad by soma patients as tima
consuming and boring, and perceived as baing unable to
provide sufficient results within a reazcnable timaframe
(Thorstensson, Lohmander, Frobell, Roos, & Goobaman-Hill,
2009); this is likealy to contribute to decreased compliance with
rehabilitation exarcises following ACLR (Risherg et al., 2016}
Poor adherence to treatmant recommendations may influance
physictherapy utilisation and have a significant impact on
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clinical cutcomes (Pizzari, McBumey, Taylor, & Feller, 2002;
Warmmneire, Hearnshaw, Van Royven, & Denekens, 2001). Early
physiotherapautic intervention after ACL injury, including
education about the importance of rehabilitation, could
positively influence the patient experience and may increase
adherence to rehabilitation (Grindern, Risberg, & Eitzen, 2015;
Risberg et al.,, 2016; Scott et al., 2018). Increased adhearence

to rehabilitation is positively associated with functional ability
following ACLR (Brewer et al., 2000; Pizzari, Taylor, McBurney, 8
Feller, 2005; Rosso et al., 2018).

Fatients may not be adequately informed about the
rehabilitation requirernents after ACL surgery (Cailliez et al.,
20120, Limited understanding of the importance of rehabilitation
can nagatively influence patiert mativation (Grindem, Risberg,
et al., 2015} and patients may have high axpectations regarding
functional outcomes after primary AC LR (Wabster & Faller,
2019}, Although patient expectations align closely with the
surgecns (Khair, Ghormrawd, Wilson, & Marx, 2018), the reality
iz these expactations are frequently not met (ardem et al.,
2014}, 4 lack of patient education regarding the rehabilitation
requiremnents may contributa to unrealistic patient expactations
conceming the cutcomes of ACLR (Feucht et al., 2016; Haijne,
Axalsson, Werner, & Riguet, 2008). Therafore, an effactive
clinician-patient relationship incorporating education on tha
requirements and importance of rehabilitation may improve
patient motivation and adherence, increasing physiotharapy
utilisation and the likelihood of an optimal outcome (Scatt et al.,
2018}

Although the number of ACC-funded physictherapy treatments
under a claim may provide an indication of the amount of
rehabilitation the individual recaived, it cannot be assumad

this accurataly reflacts thair total rehabilitation. Other potantial
sources of rehabilitation include orthopaedic surgeons or other
allied health professionals (Ebert, Webster, Edwards, loss,

[ Alessandro, et al., 2018), ACC-funded rehabilitation under
WRS, non-clinically led rehabilitation (e.g. fitness trainer or gym
instructar), privately funded physiotherapy or self-directad
rehabilitation. Qur results showed that for claims with approved
WRS in the 12 months following ACL injury or surgery, the
average number of physiotherapy treatments was very similar
to claims without approved VRS, which indicates VRS had a
niegligible impact on the number of physiotherapy treatments
per claim.

Thara is no dear evidence that supervisad rehabilitation aftar
ACLR will result in superior outcomes comparad to minimally
supervisad rehabilitation (Anderson, Browning, Urband,
Kluczynski, & Bisson, 2016; Lobb et al., 20123, which may have
contributed to low physiotherapy treatment numbers in the
current study. Selected groups of patients, induding young,
athletic people, may achieve acceptable outcomes after ACLR
with a minimally suparvisad rehabilitation programme imaaling
fewar than 10 physictherapy treatments over thres to 12
months (Faller, Webster, Taylor, Payne, & Pizzari, 2004; Grant &
Faohtadi, 2010; Hohmann, Tetsworth, & Bryant, 2011},

Cur results showed that over 70% of New Zealanders engaged
in physictherapy treatment after ACL injury, and over S0%
engaged in physictherapy after ACLR. Ebert, Edwards et al.



{201 8) reportad that 91% of people engaged in suparvized
rehabilitation'physiotherapy after ACLR, but 45% of people
reported that rehabilitation following surgery lasted three
morths or less. Therefore, while the majority of paople initially
receive physictherapy treatment following ACLinjury or
surgery, our results suggest people do not remain engaged in
rehabilitation for an appropriate duration.

Although our results suggest possible undenutilisation of
physictherapy-led services in the 12 months following ACL
injury, an absence of outcome data means the relationship
betwean utility and outcomne is cumantly unknown. Tha

Mew Zealand ACL Registry records outcome data for people
undergoing ACLR (Mew Zealand ACL Registry, 2018), but as
datails regarding the type, amount or duration of rehabilitation
receivad prior to or following surgery are unknown, it is

not possible to comralate these cutcomas with rehabilitation
paramatars. Although cutcomes following ACLR may appear
to be influenced by post-operative rehabilitation (Ebert,
Echwards, et al., 2018; Edwards ot al., 2018), thase data were
collactad retrospectively, with participants subjectively grading
the amount, type and duration of rehabilitation they receved.
As details of the post-ACLR rehabilitation were nat quantified
prospactively, it is possible they do not accurataly reflact the
rehahilitation received.

Time to surgery

Almost half of the Surgery Group proceeded to ACLR within 90
days of injury, and B0% within 180 days of injury. There is no
accepted definition for early or delayed ACLR (Baynnon et al.,
2008), with “early” defined as between two days and seven
months of DO, and “delayed” as batween three weeks and 24
yaars (Anderson et al., 2016). There are equivocal differences
in outcomes between patients undergoing early verses delayed
ACLR (anderson et al., 201&; Eriksscn, von Essen, Janhagen,

& Barenius, 2018; Lea, Lea, Lea, & Hui, 2018; Smith, Postle,
Penny, McMamara, & hMann, 2014; Wittenberg, Oxfort, & Flafki,
1998), although garly surgical intervention may reduce the risk
of subsequent meniscal or chondral injury, both of which are
associated with worse outcomes following ACLR (Cingue et al.,
2018; Coxat al., 2014).

Early ACLR is commaon practice both domestically (New Zealand
ACL Reqgistry, 2018) and internationally (Dalay, Smolinski, Wind,
& Bowman, 2001; Sanders, Maradit Kremers, Bryan, Kremars,
ot al., 2016). Howaver, it can take at least six months following
ACL injury for the true functional disability to be defined (Moyes,
Matthews, Mooar, & Grood, 1983) A significant numbear of
patients whao may initially appaar unable to cope with an ACL
injury are able to cope following six months of rehabilitation
{Maoksnes, Srydar-Mackler, & Risbarg, 2008). The time interval
fram ACL injury to ACLR may be lass important as the condition
of the knee at the time of surgery (Lattermann et al., 2018).
RBetter pre-operative knee function is associated with fewer
postsurgical complications and greater post-operative knee
function (Beyninon et al., 2005; Filbay et al,, 2017; Risberg 2t al.,
2016). Therefore, treatment following ACL injury should invahee
physical rehabilitation to optimise functional ability before any
decisions regarding surgical intervention are made (Eitzen et al.,
2010; Thoma et al., 2019).
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Subsequent ACL injury

Across all three groups, 11% of pecple had suffered multiple
ACL injuries, which is slightly less than the overall rate for all
ages (Wigains et al., 2018} Younger people have a significantly
higher rate of subsequent ACL injury after ACLR (Webster

& Feller, 2018). Five parcent of all pecple had suffered a
pravious ACL injury, and 2% went on to suffer a subsaquent
contralateral ACLinjury. Following ACLR, graft rupture cccumad
in 5% of people, which is consistent with previously reported
graft nupture rates (Crawford et al., 2013; Lai et al,, 2017; van
Yperen, Reijman, van Es, Bierma-Zeinstra, & Meauffels, 2018;
Wright et al., 20110,

Limitations

Mo outcomes measures wera collected for any dients — as this
wias not the purpose of the study — which limits the conclusions
regarding the adequacy of the physiotherapy treatmant
received. Mo atternpt was made to make comparisons batwean
tha groups or to make associations between variables, as
without outcome data, these analyses would not offer any
additional insights.

CONCLUSION

ACL injuries are a common injury in New Zealand, with ACC the
primary fundar of treatrment for the condition. Rehabilitation
following ACL injury can influence short- and long-term
outcomes. Cur results indicate the number of ACC-funded
physiotherapy sessions and duration over time following ACL
injury is highly variable. Possible reasons for this variability
include financial bamiers, a lack of patient understanding, a
lack of endorsemant of rehabilitation by the surgeon and the
structura of the Mew Zealand healthcare system. Mo clinical or
functional outcome data were collectad inthe current study,
which limits the conclusions that could be drawn. Howevar,
whan comparad with pravious ressarch, our results indicata
Mew Zealanders may not be accessing sufficient physictherapy
treatment following ACL injury. Futune research should utilise
validated measures to darify outcomas from ACLinjury in New
Zealand. The use of such measures will allow for investigation
into associations batween patient outcomeas and multiple
variables along the ACL injury managemant pathway.

KEY POINTS

1. The number of physiotherapy treatments after ACL injury in
Mew Zealand is highly variable and doss not appear to meet
best practice guidelines.

2. The effactivenass of physiotherapy treatment for ACL injury
in Mew Zealand is unclear as patient outcomes from ACL
injury in Mew Zealand have not been quantified.

2, Clearly defined patient reported outcome data will allow
the effectiveness of physiotherapy and rehabilitation
interventions to be determined.
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ABSTRACT
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(ACLR) is often physiotherapist-led, and generally required to achieve patient goals. The
quantity and duration of physictherapist-led following could therefore potentially influence
outcomes following ACLR, althowgh the nature of this relationship is not clear.

Objective: To darify the relationship between the guantity and duration of post-operative
physictherapy treatment and patient cutcomes following ACLR.

Methods: A search of the PubMed/MEDLIMNE, 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 methedological 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 guantity and duration of physiotherapy freatment and patient cutcomes 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 wtilising rehabilitation interventions that repli-
cate everyday physiotherapy practice.

KEYWORDS
ACL: Physlotherapy;
uutnumg; rehd:lgfhzthn

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

Multiple factors can influence patient oulcomes
following ACLR, including, but not limited to, age,
pender, concomitant injury, time from injury to sur-
gery, and post-injury/ACLR rehabilitation [14-17].
Post-ACLE rehabilitation typically involves a signifi-
cant functional component [18], although may also
include psychological and vocational elements [19,
20]. The functional component typically includes

rupture remains elusive, with multiple factors influ-
encing whether the injury is managed conservatively
or surgically [4]. ACL reconstruction (ACLR) is
often considered necessary to reduce subsaquent
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 subsaquent ACL injury after ACLR [10], rates of
ACLE have increased significantly in recent years
[11-13].

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 knowladge in
rehabilitation and exercise therapy [24]. physiothera-
pists possess the requisite skills to lead the func-
tional component of an ACLR rehabilitation
programme [25, 26]. Following ACLR, the guantity
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

CONTACT 'Wayne A Fausett {2y waynefausetipautunlacnz (Z) 54 Grey 51, Tauranga 3112, Mew Zesbnd
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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 begn 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 fllowing 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 ACLE 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 ACLE.

Methods
Registration

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

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 5cholar, 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
sgarch 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
sglect 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 ACLE.

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

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

Studies were excluded if they met one of the
following criteria:

I. BRetrospective designs, single
abstracts, and expert reviews.

2. Participants underwent revision ACLE

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

. Participants were less than 18 years of age.

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

case  studies,

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
(WF). 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 indusion and exclusion criteria subse-
quently applied. Any discrepancies reparding study
salection were resolved by consensus discussion,
with involvement of a third researcher (PL) if
required.

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, (1) participant demographics. (3)
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Search Actions Details Query Results
#21 wem > 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 sum > Search: #1 OR #15 Sort by Publication Date 197330
*18 see > Search: “home based”[Title/Abstract] Sort by: Publication Date 12223
17 eee > Search: unsupaervis* [Title/Abstract] Sort by: Publication Date 14,364
#16 see > Search: supervis*[Title/Abstract] Sort by Publication Date 73.274
#15 son > Search: outcome*[Title/Abstract] Sort by: Publication Date 1973391
*14 aen, > Search: #1 AND #11 AND #12 AND #13 Sort by: Publication Date 0
13 e > Search: #9 OR #10 Sort by: Publication Date 725,572
#12 i > Search: #6 OR #7 OR #8 Sort by: Publication Date 26,002
L4k o > Search: #3 OR #4 OR #5 Sort by: Publication Date 217,454
10 ste > Search: quantity[Title/Abstract] Sort by: Publication Date 91,189
%9 . > Search: duration[Title/Abstract] Sort by: Publication Date 637,769
w8 ee > Search: “anteri ciate lig uction” [Title/Abstract] 7,697
Sort by: Publication Date
#7 .- > Search; "anterior cruciate ligament” [Title/Abstract] Sort by 20,602
Publication Date
*6 S > Search: ACL[Title/Abstract] Sort by Publication Date 18,283
#5 see > Search: rebabllitation[Title/Abstract] Sort by: Publication Date 183432
w4 see > Search: “physical therapy“[Title/Abstract] Sort by Publication Date 23,256
#3 e > Search: physiotherapy(Title/Abstract] Sort by Publication Date 22,070
" e > Search; “patient reported outcome measures”(Title/Abstract] Sort by: 6433

Publication Date
Figure 1. Example of the search strategy for PubMed.

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/I1), external valid-
ity (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 systematic

reviews [45, 46], the last question was modified
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 ).

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
groups - studies reporting the effects of the
Quantity of post-ACLR physiotherapy treatment on
patient outcomes (n= 11), and studies reporting the
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Table 1. Quality index scores.

Total score modifled Downs and Black checkdist (28) Percentage of total score Quality Index
23+ 75%+ Strong
14-20 50-74% Moderate
7-13 25-49% Limited
<7 <25% Poor
5 Records identified through Duplicates removed
database searching > (n=96)
(n=1137)
— Records screened Records excluded with reasons
(n=1041) 2 (n=934)
* Study did not involve ACLR = 739
E * Not 2 climcal mal = 195
§ A
Full-text articles assessed Articles excluded with reasons
for eigibility > (n=102)
(n=107) * Dosage of post-ACLR physiotherapy
) treatment could not be quantified = 93
» Not RCT or prospective design = §
5 « Not in English = 1
w : -
& Studies meeting
mclusion criteria
(n=53)
T Additional studies 1dentified from
reference lists
(n=10)
-
3 Studies included in
E qualitative synthesis
(n=15)
Figure 2. PRISMA flow diagram of study selection process.
effects of the Duration of post-ACLR physiotherapy  Participants

treatment on patient outcomes (1 =4).

Study characteristics

The 11 Quantity studies consisted of nine rando-
mised controlled trials (RCTs) and two prospective
cohort studies (Table 2). The four Duration studies
consisted of two RCTs and two prospective cohort
studies (Table 3).

For Quantity studies, participant numbers ranged
from 26 [47, 48] to 145 [49], with the total number
of participants being 651 (30% female) (Table 2).
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
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to an 18-year interval between ACL injury and
ACLR for some participants [30].

For Duration studies, participant numbers ranged
from 22 [51] to &0 [52], with the total number of
participants being 173 (14% female) {Table 3). The
average age of participants across the 10 study
groups was 28 years (range 23-35years). The aver-
age time from ACL injury to ACLE ranged from
S6days to 33weeks, with one study not reporting
the time between ACL injury and ACLR [53].

Mo Quantify study reported an objective measure
of pre-injury activity lewel 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 Quantify 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 & 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-
weekl groups completed the same rehabilitation pro-
gramme, the 1%-week group completed the same
volume of rehabilitation in a shorter time [51, 54].
In both studies by Krilikowska and colleagues, par-
ticipants in the shorter duration groups elected to
discontinue physiotherapist-supervised rehabilitation
but were advised to continug with home-based
rehabilitation [52, 53].

Controls

Mone of the 11 Quantify studies included a control
group, with all studies comparing results between
groups of participants receiving different quantities
of post-ACLR physiotherapy treatment (Table I).
Two Duration studies included a control group
where participants had not undergone ACLRE and
received no rehabilitation, with two studies compar-
ing results between groups of participants under-
going post-ACLR  physiotherapy treatment of
differant durations (Table 3).

Methodological quality

The methodological quality and Cuality Index (%
and categorisation) of the Quantity and Duration
studies are presented as tables in Appendices | and
2 respectively. For Quantily studies, the average
quality score was 17/28 (range 8-16), 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”. 5cores ranged from  3-11/11 in  the
Reporting section, from (-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 Dwration 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 Heporting 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) section. Two of four
Duration studies reported a power analysis.

Outcomes

A wide range of patient-reported, clinical, and func-
tional outcome measures were used in the Quantity
studies (Table I). 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-ACLE physiotherapy treatment had no signifi-
cant effect on any outcome measure [47, 50, 60, 61].
Average follow up periods across all Quantify study
proups ranged from  [2weeks [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, EKOOS,
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Table 4. Overzll levels of evidence.

Lewel of Evidence Requirsmert

Strang Corslstent findings among multiple high
quality randamisad contralied trials (RCTS)

Moderate Consistent findings among multiple low
qualtty RCTs andsor case-controlled trizls
(CCTs) and/or one high qualtty RCT

Limitted one low :p.talltgr RCT HEJ'E( CCIIB‘

Conflicting Inconsistent findings amang multiple trials
(RCTs andyor CCT)

Tegner score, WAS 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 [3I] 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 ACLE 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 guantity of post-
ACLE physiotherapy treatment had conflicting
effects on patient outcomes, and two reported the
quantity of post-ACLE physiotherapy treatment had
a positive effect on patient outcomes. OF the three
studies rated Tlimited® methedological quality, one
reported the gquantity 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. Owerall, the level of evidence for the
CQuantity  studies 5 best  described  as
‘Conflicting’ [62].

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

PHYSICAL THERAFY REVIEWS (@) 13

Discussion
Summary of main findings

The literature search identified 15 articles where
post-ACLE 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
ACLE. 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-ACLE physiotherapy
treatment, outcome measures used, and final evalu-
ation timeframes likely contributed to the inconclu-
sive findings.

Comparison fto 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, 212, 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, incleding 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 benmefit of supervised rehabilitation
over unsupervised/home-based rehabilitation follow-
ing ACLR could not be established [67. 68]. A
recent scoping review on the fequency and dur-
ation of supervised rehabilitation following ACLE,
which incuded 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.
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
CGrant et al. (2010) at 93%, indicating a high-quality
study. The study by Ugutmen et al. (2008) scored
S0/100 by Papalia et al. (2013), which suggests a low
risk. of bias, whereas the Quality Index of Ugutmen
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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
sipnificantly influence the overall findings of the
TEVIEW.

Nine of the 11 Quantify studies compared clinic-
based, physiotherapy-led rehabilitation with home-
based rehabilitation. The average guantity and dur-
ation of physiotherapy for dinic-based rehabilitation
and home-based rehabilitation was 21 treatments
over 26weeks and 4 treatments over 25 weeks
respectively. In the 12months following ACLR in
MNew 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 1Zweeks following ACLRE, 25338
rehahbilitation sessions have been recommended [23],
with a physiotherapist review at least every two
weeks o ensure adequate propress 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 reguired is likely depend-
ent on the progress of the individual patient [26].

Results from this review, and previous reviews,
sugpest 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
waorse following ACLR [15 72]. Therefore, a high

percentage of male participants, and participants
under 30 years of age, in 2 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 ressarch
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 reguired following ACLE. 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-ACLRE physio-
therapy, a greater percentage of elite athletes return
to pre-injury activity levels compared to non-elite
athletes [75]. Future research should investipate the
dosage of physiotherapy required to achieve accept-
able cutcomes 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 ACLRE ranged
from 56days to I8years, 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 ACLRE, which, when
combined with the wide range of times between
injury and surgery, could have influenced the results
of the studies in this review.

Owerall, findings from the current review add to
the previous literature that indicates the guantity
and duration of physiotherapy treatment following
ACLR does not appear to significantly influence
post-operative  outcomes. Previous reviews have
focused on the level of supervision during post-
ACLR rehabilitation, or home-based verses clinic-
based rehabilitation, than the actual quantity and
duration of physiotherapy treatment. The current
review is therefore unigue, as it is the first review to
specifically address the quantity and duration of
physiotherapy treatment following ACLE
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Quality of selected studies

The average Downs and Black score for all stisdies in
the current review was 16.9/28 (range B8-26), which
equates to an average (uality Index of 60%. Owverall,
the level of evidence is best summarised as
‘Conflicting' [62]. Several methodological issues can
be identified within the selected studies. Regarding the
Cuantity 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 guantity of that input dif-
fering between groups. It is possible the difference in
the number of physiotherapy treatments between
study proups was not sufficent 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 egually 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 ACLE 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-
ACLE rehabilitation and patient outcomes [43], and
results of the current review support that finding
Three Cuantity 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 associaled with improved patient
outcomes. Six Quantify studies in the current review
were published prior to 2010 [47, 49, 50, 57, 60, 61] -
none reported an  association between i greater
amount of post-ACLE physiotherapy treatment and
improved patient outcomes. There is little difference
between the methodological guality of the newer
verses the older studies, with the average Quality
Index of the post-2019 studies being 57% (range 46-
64%), and the average Quality Index of the pre-2010
studies being 59.5% (range 29-89%).

There was no clear relationship between meth-
odolegical quality and the owverall findings of the
Cuantity studies. Four Quantify studies scored
greater than 70% on the Cuality Index. One study
reported the guantity of post-ACLE physiotherapy
treatment had no effect on patient outcomes [47],
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with three reporting equivocal findings regarding
the quantity of post-ACLE physiotherapy treatment
and patient outcomes [49, 56, 57]. Three studies
scored less than 30% on the Quality Index - two
reported the quantity of post-ACLRE 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 Quanfity studies
reported results with a follow-up period of six
months or less after ACLE - two reported the quan-
tity of post-ACLRE 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
I2months or greater (range 12-38months) - 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, 539]. Owerall, our
results indicate the timing of the final subject evalu-
ation following post-ACLR rehabilitation has little
influence on the results of the Quantily studies.

With regards to Duwration studies, two reported
the duration of post-ACLE 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
(27-33weeks) [52, 53]. Due to lack of published
studies, it is not possible to conclude if study qual-
ity, 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 Dwuration studies were
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conducted with the expressed aim of prospectively
examining the effects of the quantity or duration of
post-ACLRE 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 outcomes.
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-
ACLRE physiotherapy treatment could be extracted
from the articles. As such, the conclusions of this
review regarding the effects of the guantity and dur-
ation of post-ACLR physiotherapy treatment are
based on data that was not collected for the purpose
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 guestion. As we
excluded articles not published in English and did
not search for unpublished studies, we may not
have captured all the relevant literature.
Considerable  heterogeneity between the included
studies precluded guantitative meta-analysis, while
preventing any between-study comparison of inter-
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 ACLE. 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-ACLRE rehabilitation, to achieve accept-
able patient outcomes are lacking.
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ABSTRACT

Physiotherapy is considered an important component of rehabilitation following anterior cruciate igament reconstruction (ACLR).
The relationship between physiotherapy treatment and patient-reported outcomes following ACLR in Mew Zealand (NZ) is not dear.
We used repeated measures logistic regression to examine the relationship between patient-reported outcome data from the NZ ACL
Registry and physiotherapy treatment data from the Accident Compensation Corporation (ACC). Outcome measures utilised were
the patient acceptable symptom state (PASS) on the Knee Injury Ostecarthritis and Outcome Score (K005 and a normative score
on the Marx Activity Rating Scale (MARS) within 24 months of ACLR. Data from 5,345 individuals were induded in the final analysis,
with a mean (50} of 11.7 (10.5) (range 0-91) physictherapy treatments received, over an average (5D} of 185 {153} {range 0-725)
days, in the two years following ACLR. Physiotherapy treatment post-ACLR increased the likelihood of achieving a KOOS* PASS scone
at 6 and 12 months, but not at 24 months, following surgery. Physiotherapy did not increase the likelihood of achieving a nomative
MARS score in the 24 months after ACLR. Multiple factors likely contribute to people who have had an ACLR in NZ receiving a low
dosage of physictherapy treatment following surgery. Physiotherapy treatment after ACLR may increase patient acceptance of any
post-surgical symptoms and functicnal limitations, but the effect on post-operative activity levels is less dear.

Fausett, W., Reid, D, Larmer, P, & Garrett, M. (2023). Patient acceptance of knee symptoms and function after anterior
cruciate ligament reconstruction improves with physiotherapy treatment. New Zealand Journal of Physiotherapy, 51(1),

53-69. https:/idoi.org/10.15619/NZIP/51.1.07
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INTRODUCTION

Functional rehabilitation following anterior cruciate ligament
reconstruction (ACLR) is considered an effective intervention to
increase the likelihood of a patient achieving their post-surgical
goaks (Lobb et al., 2012). In Mew Zealand (MZ), physiotherapists
typically oversee rehabilitation following ACLR (Fausett et al.,
2019). Therefore, the quantity and duration of post-operative
physiotherapy treatment likely provides an acourate estimation
of the dosage of rehabilitation received following ACLR in

NZ. There remains no consensus on the optimal quantity and
duration of post-ACLR physiotherapy treatment (Walker et al.,
2020), with equivocal evidence as to whether the dosage of
physiotherapy treatment following ACLR significantly influences
patient-reported outcome scores, knee strength, functional
ability, and graft re-nupture rates (Beynnon et al., 2011; Grant et
al., 2005; Hohmann et al., 2011; Preybylak et al., 2019; Rhim et
al., 2021; Vincent et al., 2017).

The dosage of treatment received by patients receiving
community-based physiotherapy following ACLR can vary

widely. Retrospective studies show patients post-ACLR receive
between 15 and 504+ physiotherapy treatments following surgery
{Burroughs et al., 2021; Christensen et al., 2017; Dempsey

etal., 2019; Miller et al., 2017). The number of treatments
physiotherapists report using following ACLR ranges from 20

to B0 but can exceed 100 (Dingenen et al., 2021; Ebert at

al., 2019a; Korakakis et al., 2021). The reported duration of
post-ACLR rehabilitation for community-based patients ranges
between 127-175 days (Christensen et al., 2017; Dempsey et al.,
2019; Miller et al., 2017), with the duration rarely excesding &
months (Dunphy & Gardner, 2020; Ebert et al., 2018; Edwards et
al., 2018).

Outcomes following ACLR are typically evaluated with a
combination of functional measures and patient-reported
outcomes measwres (PROMs) (Filbay & Grindem, 2019). There
are over 50 PROMS related to the anterior cruciate ligament
{ACL) deficient knee (Johnson & Smith, 2001). The Knee Injury
Ostecarthritis and Owtcome Score (K005) and the Marx Activity
Rating Scale (MARS) are two PROMS consistently utilised in



ACL research and by ACL registries (Kanakamedala et al.,

2016; Serorski, Svantesson, Engebretson, et al., 2019). As
discrepancies can exist between post-operative PROM scones and
patient satisfaction levels, the concept of a patient acceptable
symptom state (PASS) may better fadlitate interpretation of a
PROM (Cristiani et al., 2020; Wright et al., 2015). The PASS is
defined as the PROM score beyond which patients consider
themsehves well {Tubach et al., 2005). PASS thresholds have been
developed for each subscale of the KOOS (Muller et al_, 2016),
and mezsurement of the PASS is a valuable complement to the
KOS in ACL injury (Svantesson et al., 2020). PASS thresholds,
which are derived from a population with the condition of
interest, differ from normative scores, which are derived from
people who have never had the condition.

The Accident Compensation Corporation (ACC)of NZ is a
government-funded mo-fault insurance scheme, which funds
treatment and rehabilitation costs for personal injuries caused
by an accident, as defined by the ACC Act of 2001 {Todd,
2011). An injury claim is lodged on behalf of the patient by their
treatment provider and, if accepted, treatment costs are funded
under that specific daim (Bismark & Paterson, 2006). As ACL
injuries in NZ are typically the result of an accident (Gianotti et
al., 2008}, treatment and rehabilitation costs for ACL injuries in
MZ are usually met by ACC. ACC is the primary funder of private
physiotherapy services in NZ (Reid & Larmer, 2007). Patients
receiving treatment from private physiotherapists are typically
charged a co-payment, as ACC funding does not wsually cover
the full cost of the treatment (New Zealand Government, 2007).
ACC requires physiotherapy providers to collect visual analogue
scale (VAS) pain scores and patient specific functional scale
{PSF5) scores from patients; howewer, ACC does not collect

thiz data from providers. Therefore, although ACC has visibility
regarding the dosage of rehabilitation provided following ACLR,
it has no knowledge of the spedfic outcome, or effectiveness, of
that rehabilitation. ACC has also historically placed limits on the
number of physiotherapy treatments it would fund following a
miusculoskeletal injury, with the maximum number of treatments
following ACL injury being sixteen. Once the treatment number
limit has been reached, the physiotherapist must apply to ACC
for funding of additional treatments.

ACL registries provide a unigue opportunity to understand and
interpret factors affecting patient-reported cutcomes after ACLR
{Prentice et al., 2018). The NZ ACL Registry has been collecting
PROM data for NZ ACLR patients since 2014, with almost 90%.
of ACLRs performed in 2020 enrclled by the registry (New
Zealand ACL Registry, 2021). To date, it has not been possible
to correlate these patient cutcomes with the rehabilitation
received, as the MZ ACL Registry does not collect data related to
post-surgical physictherapy treatment. Therefore, the purpose
of this study was to explore the quantity and duration of
physiotherapy treatment following primany, unilateral ACLR in
MZ, and to determine the relationship between that dosage of
physiotherapy treatment and patient-reported outcomes in the
two years following surgery.

METHODS

Data sources

This retrospective study used outcome data from November
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2014 to 1 December 2019 from the NZ ACL Registry. The

data induded pre-ACL injury MARS score, pre-ACLR KOOS/
MARS scores, and post-ACLR KOOSMARS scores at 6, 12, and
24 months. The data was forwarded to ACCs Analytics and
Research department in a password-protected Microsoft Excel
spreadshest. As cutcome data were collected independent of
the physiotherapy provider, all individuals had the opportunity
to complete PROMs at all data collection points, even if the
individual was not engaged in physiotherapy treatment at the
time of PROM data collection.

Using individual identifiers — Naticnal Health Index (NHI) number,
andior date of birth, andfor date of ACL injury — cutcome data
was matched to the ACC daim under which the ACLR was
funded. Once individual cutcome data and the ACC claim were
matched, the following variables were extracted from the ACC
dlaims management software systemn (Fineos) into a password-
protected Microsoft Excel spreadshest:

*+  Age at date of ACLR.

+  Gender.

+  Dateof ACLR.

+  Number of days between ACL injury and ACLR.

+  Number of physiotherapy treatments in the 12 months prior
to ACLE.

+  Number of physictherapy treatments between 0-6, 7-12,
and 13-24 months post-ACLR.

+  Date of first and last physiotherapy treatment after ACLR.

* Whether the individual had received vocational
rehabilitation following ACLR.
Omce extracted, patient data were de-identified and forwarded
to the primary investigator for analysis. Individuals were
excuded if patient-reported outcome data was either missing
or unavailable from more than one post-ACLR time point.
Unavailable data was defined as data yet to be collected, as
that time point after ACLR had not yet been reached. Other
exclusion criteria induded ACLR revision, &= subjective outcomes
for this population are typically worse than for primary surgery
{Lind et al., 2012; Wright et al., 2012}, or non-ACC funded
ACLR, as ACC would not hold physiotherapy treatment data for
these individuwals.
Outcome measures
The primary cutcomes were the achievemnent of a KOOS* PASS
score of & normative MARS score. The Q05 is composed of five
subscales: pain, knee-related symptoms, activities of daily living
{ADL), function in sport and recreation, and quality of life (Roos
et al., 1998). tems on the KOOS are scored from O (no problem)
to 4 {extreme problem) on a S5-point Likert scale. Scores
from each subscale are transformed to a 0-100 scale, with O
representing “exireme knee problems” and 100 representing
*no knee problems”. The K05 & an average of four subscales,
where the ADL subscale is exduded to avoid a ceiling effect,
as younger, more active patients rarely have difficulties with
activities of daily living (Frobell et al., 2010). Excluding the ADL
subscale mitigates the risk of a high score on the ADL subscale
artificially inflating the KOOS* score.



The achievement of a KOOS* PASS score was based on
individual KDOS subscale threshold values established by Muller
et al. (2016), who asked ACLR patients: "Taking account of all
the activity you have during your daily life, your level of pain,
and also your activity limitations and participation restrictions,
do you consider the current state of your knee satisfactory?” (p.
2821). Comesponding PASS values for the KOOS subscales were
Pain > 88.9, Symptoms > 57.1, Sport and Recreation = 75.0,
Quality of Life = 62.5, which equates to a KOOS5* PASS score of
70.9. Individuak were not required to achieve a PASS score on
each of the four subscales.

The MARS is a knee-specific questionnaire that evaluates
activity level in people with various knee disorders (Marx et

al., 2001). The MARS assesses the ability to perform four
functional activities: running, cutting, decelerating, and pivoting.
Participants record how often they perform these activities on

a 04 scale, with 4 being most active. The maximum possible
MARS score is 16. We used a MARS score of 11 for females and
12 for males as normative values (Cameron et al., 2015).

Statistical analysis

Initial descriptive analysis examined the distributions of the
outcome and explanatory measures. The available confounding
factors were identified as gender, age group, received vocational
rehabilitation post-ACLR, and number of days betwesn ACL
injury. A repeated measures logistic regression with unstructured
coarelation was used to examine the assodation between
dichotomous outcome measures and physiotherapy treatment,
adjusting for the confounders and time varying effects.

Figure 1
Flow Chart Showing Derivation of Final Data Set

Outcome data received from Mew Zealand ACL Registry

n=8518

[

Outcome data available and matched to ACC daim, with
physictherapy treatment data available
m="5345
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RESULTS

Outcome data for 9,562 individuals was received from the

MNZ ACL registry (Figure 1). Outcome data was unable to be
matched to an ACC claim for 4% of individuaks due to & missing
MHI number, date of birth, or date of ACL injury. Physiotherapy
treatment data was not recorded for 7%. Two out of the
possible three post-ACLR outcome data points were either
missing or unavailable for 33%. Suffident outcome data was
available and able to be matched to the cormesponding ACC
daim, from which physiotherapy treatment data was able to be
extracted, for 56% of individuals.

Drescriptive analysis of the groups included and excuded from
the final data set revealed the percentage of males differed
across all groups, with males more likely to have missing
physiotherapy treatment data and missing outcome data (Table
1). Individuals with missing outcome data were more likely to
be yourwger at the time of ACLR but less likely to have received
vocational rehabilitation. Those with missing physiotherapy
treatment data had a longer delay to ACLR and were less likely
to have received wocational rehabilitation.

Physiotherapy treatment following ACLR

The average (50} number of physiotherapy treatments in the

12 manths prior to ACLR was 5.5 (5.2} (range 0-39) (Figure Z).
The average (with 50 in parentheses) number of physiotherapy
treatments 0-5 months post-ACLR was 9.2 (7.2) (range 0-67),
7-12 months post-ACLR was 1.9 (3.7) {range 0-54), and 13-24
months post-ACLR was 0.6 (2.4) (range 0-35). The average (S0}

Outcome data unable to be matched to an

EEEEEE—— ACC daim
m=19,562 n =367
Outcome data matched to ACC daim No physictherapy treatment data available
—
n="9195 n =677
Outcome data matched to ACC daim, with Missing cutcome data at & andfor 12 andfor
physictherapy treatment data available — 24 months post-ACLR

n=1410

Unavailable outcome data at 6 andfor 12 and’
or 24 months post-ACLR
n=1763

Note. ACC = Acocident Compensation Corporation; ACL = anterior crudate Bgament; ACLR = anterior cructate Bgament reconstruction.




Table 1
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Descriptive Covariate Values for individuals included and Excluded From the Final Data Set

Variable Outcome Outcome  Physiotherapy  Outcome  Outcome data  Physiotherapy pt
data received data trestment  data missing  unavailable treatment data
from NZ ACL wnmatched datamissing (n=1410) (n=1763) and ocutcome
Registry to ACC daim  {(n=677) data available and
=952  (n=367) matched
{n=15,345)
% a
Gender Male 576 632 69.4 707 543 £33 < 0.0001
Age at ACLR, IFE(11.1), Z8E(105), 2040108), 256093, 2870108, 9.4(11.3),
M (500, range, g-70 11-64 270 10-63 10-69 B-G9
years
Age atACLR, B-20 29 0 3 36 26 24 = 0.0001
years 21-30 I8 47 38 40 E a7
3140 18 18 2 15 20 0
41-69 15 15 17 a 16 19
Days from ACL 283(723), 290(928), 4z2(975),  2524{637), 234 (6O%) 287 (708),
injury to 12-16,025 1415418  17-8,801 1614406  12-16,025 14-12,163
ACLR, M (5D,
range, years
Days from ACL  14-79 26 9 2 27 26 25 < 0.0001
injury to BO-126 24 0 24 23 24 25
ACLR 127-230 25 3 3 25 29 5
3+ 25 3 E| 25 21 5
Missing - 5 - - - -
Had vocational  es 334 - 122 a0.1 123 EL ] = 0.0001
rehabilitation Mo 666 - 778 59.9 E7.7 64.4
Pre-injury MARS 11.4(49) 11450 104053  11.2(52) 11.6(4.8) 11.7(4.8)
score, M (50)

Nate. ACC = Accident Compensation Corporation; ACL = anterior crudate bgament; ACLR = anterior cruclate bgament recsnstruction;

NI = Maw Z=aland.
* Excapt where indicated. ® Chi-square test.

total number of physiotherapy treatments in the 24 months
post-ACLR was 11.7 (10.5) (range 0-31). The percentage of
individuals whio did not receive physictherapy treatment pre-

ACLR, and 0-6, 7-12, and 13-24 months post-ACLR, was 22%,

12%, 57%, and 5B% respectively (Figure 2).

The duration of post-ACLR physiotherapy treatment was

less than 6 months for 57% of individuals, while post-ACLR
physictherapy treatment lasted longer than % months for 25%
of individusk (Figure 3). The average (50} number of days
from the first post-ACLR physiotherapy treatment to the last
treatment was 185 {153) days (range 0-725).

Patient-reported cutcomes following ACLR

KOoOos*

The likelihood of an individual achieving a KOS PASS score
following ACLR increased significantly over time (p < 0.0001)
{Table 2). The percentage of individuals achieving a KOOS* PASS
score pre-ACLR, and at 6, 12, and 24 months post-ACLR, was
17%, 53%, 70%, and 75% respectively (Figure 4).
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MARS

The likelihood of an individual achieving a normative MARS
score following ACLR increased significantly over time (p <
0.0001) (Table 3). The percentage of individuals achieving =
normative MARS score pre-ACLR, and at 6, 12, and 24 months
past-ACLR, was 5%, 11%, 23%, and 28% respectively (Figure
13

Relationship between physictherapy treatment and
patient-reported outcomes — univariate analysis
Post-ACLR physiotherapy treatment was initially grouped into
0, 1, 2-4, and 5+ treatments, as these treatment numbers
approvimated quartile divisions within the complete data

set. Initial anakyses showed a statistically significant increase

in the likelihood of achieving a KOO5* PASS score for one
physictherapy treatment over no physiotherapy treatments
0-6 and 7-12 months post-ACLR {p = 0.04), with lesser non-
significant increases for 24 and 5+ treatments (Table 4). There
was no effect of different quantities of post-ACLR physiotherapy



Figure 2
Average Number of Physiotherapy Treatments Per Individual
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Figure 3
Number of Days Between First and Last Physiotherapy Treatment
Following ACLR
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Note. ACLR = anterior crudate llgament repair.

treatment on the likelihood of achieving a normative MARS
score. Therefore, the physiotherapy trestment groups were
collapsed into whether or not physiotherapy treatment was
present.

KOOs5?

The percentage of individuaks who achieved a KOOS* PASS
score at each time point, based on whether they received
physiotherapy treatment, is shown in Figure 6. Owerall, there
was a significant association between receiving physictherapy
treatment and the likelihood of achieving a KOOS® PASS score
following ACLR {p = 0.0024), with physiotherapy treatment
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Table 2
Unadjusted Odds Ratios For the Likelihood of Achieving a
KOOS* PASS Score Following ACLR
Time since ACLR OR 959 Cl D
1 L
Pre-ACLR 1.00 - -
& months 534 492 5.79
12 months 10.87 9.96 11.86
24 months 13.99 12.64 1549 = 0.0001

Mote. ACLR = anterior crudate bgament reconstruction; Cl = confidence
Interval; KOO PASS = Knee Injury Ostecarthritis and Qutcome Score,
patient acceptable symptom state; L = lower bmit; UL = upper imit.

Figure 4
Individuals Achieving & KOOS' PASS Score Over Time
[l Achieved K005 PASS
[l Did not achieve K005 FASS
100%
90%
BD%
-
'g 0%
=
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1=
T 5%
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20%
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Pre-ACLE & moniths: 12 months 24 maniths
past-ACLA past-ACLE post-ACLR
Teme

Note . ACLR = anterior cquclate bgament reconstruction; KOD5* PASS
= Knee Inpury Ostecarthritis and Outcome Score, pathent acceptable

Tympiom state.

at 7-12 months asodated with an increased likelihood of
achieving a KOOS* PASS score at 12 months post-ACLR (Table
).

MARS

The percentage of individuals who achieved a normative MARS
score at each time point, based on whether they received
physiotherapy treatment, is shown in Figure 7. Owerall, there
was a significant association between receiving physiotherapy
treatment and the likelihood of achieving a normative MARS
score following ACLR {p = 0.0003), with physiotherapy
treatment between 7-12 and 13-24 months associated with an
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Table 3
Unadjusted Odds Ratios for the Litelihood of Achieving a
Normative Marx Activity Rating Scale Score Following ACLR

Timie since ACLR OR 9596 CI o
1 L
Pre-ACLR 1.00 - -
& months 2.20 1.90 2.55
12 months .86 5.10 6.73
24 manths 753 6.52 B0 <0000

Nate. ACLR = anterior cruciate ligament reconstruction; Cl =
confidence interval; LL = lower limit; UL = upper limit.

Figure 5
Individuals Achieving a Normative Marx Activity Rating Scale
Cwer Time . .

M Achieved namatie MARS sooee

EDid nat achieve noemative MARS score

& monkhs 12 mantis
past-ACLE post-ACLR

Tima

Note. ACLR = antericr crudate igament reconstrection; MARS = Marx
Activity Rating Scala.

Percentage of individuals
R HEFRRERER

24 manths
post-ACLR

increased likelihood of achieving a normative MARS score at 12
and 24 months after surgery respectively (Table &).

Relaticnship between physiotherapy treatment and
patient-reported outcomes — multivariate analysis

‘When adjusted for confounding variables, there was a
significant relationship between physiotherapy treatment and
likelibood of achieving a KOOS* PASS score following ACLR

{p = 0.0035) {Table 7). Physictherapy treatment betwesn 0-6
miorths and 7-12 months increased the likelihood of achieving
a KO05* PASS score at 6 and 12 months respectively. However,
when adjusted for confounders, the relationship between
physictherapy treatment and the likelihood of achieving
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a nomative MARS score following ACLR did not reach
significance {p = 0.15). Physiotherapy treatment during all post-
operative time periods was not assodated with an increasad
likelihood of adhieving a nommative MARS score at any post-
operative time point. Unadjusted and adjusted odds ratics for
KOOS* PASS scores and normative MARS scores for all variables
are presented in Appendices A and B.

Table 4

Unadjusted Odds Ratios for Physiotherapy Treatment and the
Likelihood of Achieving a KD0S* PASS Score Following ACLR

Time since Mumber of OR 95% |
ACLR iothera
PITTIS:ETWHEF'!’ i L
0~ months 0 1.00 - -
1 1.45 1.0 2.8
2-4 1.20 0.96 1.49
L+ 1.18 0.99 1.39
7-12 months il 1.00 - -
1 1.31 1.08 1.58
24 112 0.9 1.31
S+ 1.7 0.99 1.38
13-24 months il 1.00 - -
1 0.90 0.62 1.33
2-4 0.88 0.60 1.27
L+ 077 0.50 117

Note. ACLR = anterior crudiate Bgament reconstruction; Cl = confidence
Interval; KOO%! PASS = Knee Injury Ostecarthritis and Outoome Scoore,
patient acceptable symptomn state; LI = lower bmit; UL = upper limit.

Figure &
Individuals Achieving a KOO PASS Score and If They Received

Physiotherapy Treatment
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Table 5

Unadjusted Odds Ratios for Individuals Receiving Physictherapy
Treatment and the Likelihood of Achieving a KDOS* PASE Score
Followang ACLR
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Table 7

Adjusted Odds Ratios for Receiving Physiotherapy Treatment
and the Likelihood of Achieving 5 KOOS' PASS Score and 3
Naormative Marx Activity Rating Scale Score Following ACLR

Time since Physiotherapy OR 95%, I Variable Time since Physictherapy  OR g5 Cl
ACLR treatment i W ACLR treatment 7 w
0-6 months No 1.00 EDD5 06 No 1.00
Yes 112 085 13 manths es 113 1. 14
7-12 months No 1.00 712 N 100
Yes 1.21 108 136 - :
Yes 118 105 133
13-24 months No 1.00 menihs
Yes 0.856 0.68 1.09 13-24 Mo 1.00
manths Yes. 0B84 067 1.07
Note. ACLR = anterior crudate ligament reconstruction; Cl = confidence
interval; K005 PASS = Knee Injury Osteoarthwitis and Outcome Scove, MARS o5 Mo 1.00
patiant acceptable symptom state; L = lower imit; UL = wpper Bmit. months s 091 068 123
Figure 7 7-12 No 1.00
Individuals Achieving a Mormative Marx Activity Rating Scale and months es 113 097 1.3
If They Received Physiotherapy Treatment 1324 Mo 1.00
3% | o physiotherapy treatment months s 124 047 158
0% | I Yes physiotherapy treatment Mote. ACLR = anterior crudate Bgament reconstruction; Cl = confidence
- Intarval; KOO5? PASS = Knee njury Ostecarthritis and Outcome Score,
&15* patient aoceptable symptom state; LL = lower Bmit; MARS = Marx
s Actrity Rating 5cale; UL = upper limit.
E 0%
k-1
B 15%
- DISCUSSION
2 1
& The aim of this study was to explore the dosage of
55 physictherapy treatment following ACLR in NZ, and
Jl to determine the relationship between the quantity of
0% physictherapy treatment and patient-reported outcomes in the
Pee-ACLR D—Gr_nnnms -1z _n'l:rrlhs- 13-24 manths 2 years [D“D“ﬂl‘ig - Cur results sh ph:.sic-l]’taap@l
past-ACLR post-ACLR post-ACLR : gery. nowed ;
Tirma treatment in the first 12 months following ACLR was associated
with an increased likelibood of achieving a KOOS* PASS score.
Table & Physiotherapy treatment in the 24 months following ACLR

Unadjusted Odds Ratios for Individuals Receiving Physiotherapy
Treatment and the Likelihood of Achieving a Normative Marx
Activity Rating Scale Score Following ACLR

Time since Physictherapy Of 95% 1
ACLR treatment i UL
0-6 months No 1.00

Yes 0.95 0.7 1.27
7-12 months No 1.00

es. 127 1.12 146
13-24 maonths HNo 1.00

es. 140 1.12 1.7%

Note. ACLR = antericr crudate ligament reconstruction; Cl = confidence
interval; L = lower [Ima; UL = upper limit.

was not associated with an increased likelihood of achieving

a normmative MARS score. A greater number of physiotherapy
treatments following ACLR was not associated with an increased
likelihood of achieving a K054 PASS score or a normative
MARS score in the 24 moniths following surgery. Overall,
individuak received a low dosage of physiotherapy treatment
following ACLR in NZ.

This is the first study to show a relationship between
physictherapy treatment and the achievernent of a K005 PASS
score following ACLR. Other factors associated with achieving
a K05 PASS score after an ACLR indude the absence of a
concomitant medial collateral ligament injury and receiving a
hamstring tendon graft (Senorski et al., 2018). Age, gender,
quadriceps symmetry, absence of concomitant cartilage and
meniscal injuries, and hop test performance are also assodated
with achieving PASS scores on subscales of the KOOS following
ACLR (Cristiani et al., 2020; Senorski et al., 2018). Of these
factors, only quadriceps symmeetry and hop test performance



can be modified by rehabilitation, i.e., physiotherapy treatment.
Physiotherapy treatment following ACLR has been shown to
improve quadriceps and hamstring strength (Dempsey et al.,
2019; Rhim et al., 2021; Walston & Barillas, 2021} and lower
limb function (Ebert et al., 2018; Lim et al., 2019). Therefore,
physiotherapy treatment potentially contributes to the positive
cowmelation between functional performance and KOO0S scores
following ACLR (Reinke et al., 2011).

Physictherapy treatment betwesn 13 and 24 months after ACLR
was associated with decreased likelihood of achieving a KOOS5*
PASS score, both im the univariate and multivariate analyses,
although resulis did not reach statistical significance. A lower
percentage of individuals who received physiotherapy treatment
fromi 13 to 24 moniths achieved a KOOS4 PASS score at 24
maonths. Physictherapy treatment after ACLR is recommended
to last up to 12 months (van Melick et al., 2016). Therefore,

if physictherapy treatment is required after 12 months, there
have paotentially been post-operative comiplications (Eckenrode
et al., 2017; Lord et al., 2020}, which necessitated prolonged
physiotherapy treatment and likely contributed to a worse
outcome.

In the wnivariate analysis, physiotherapy treatment between
7-12 and 13-24 months after ACLR was associated with a
significantly increased likelihood of achieving a normative MARS
score. When considered with other confounding variables,
there was a trend for physiotherapy treatment between 7 and
24 months to be associated with an increased likelihood of
achieving a normative MARS score, but significance was not
reached. The relationship between physiotherapy treatment and
MARS scores following ACLR has not been previously reported.
However, physiotherapy treatment following ACLR has been
associated with higher scores on the Tegner Activity Scale
{Przybylak et al., 2019; Revends et al., 2009), which, as with the
MARS, guantifies activity level following knee injury (Collins et
al., 2011

Mot unexpectedly, the percentage of individuals achieving
KOO PASS scores and normative MARS scores improved cver
time following ACLR. Our results show 75% of patients post-
ACLR perceive their symiptoms as acceptable at 2 years post-
surgery, which is consistent with previous research (ingelsrud et
al., 2015). Only 28% of individuak had achieved a normative
MARS score at 2 years post-ACLR. Although the percentage
achieving a normative MARS score increased over time, the
average MARS score at 24 months post-ACLR was only 61%
of the average pre-injury score, suggesting a low rate of return
to pre-injury activity levels after 24 months. Previous ressarch,
using MARS data from the same population, reported only
11.1% and 15.5% of patients in NZ have returned to pre-injury
activity levels at 12 and 24 months respectively following ACLR
{Rahardja et al., 2021). Ouwr study therefore adds to the body of
work showing a significant number of people do not achieve
pre-injury activity levels 2 years after ACLR (Antosh et al., 2018;
Cox et al., 2014; Dunn et al., 2010).

Prefiminary analysis of the K005 data used a normative score
as the dependent variable in the statistical model. However, the
number of individuals achieving a normative KOO5* scone at
each time point was so low the statistical model failed. Previous
ressarch has shown most people do not achieve normative
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K005 scores within 2 years of ACLR (Hermrington, 2013). Asa
significant number of patients achieve a PASS score on four out
of the five KOOS subscales at 12 months after ACLR (Senorski
et al., 2018}, a KOS PASS score was therefore sslected 2= a
dependent variable. A normative MARS score was selected as
a dependent wariable in the current study, 2=, to date, o PASS
scores have been published for the MARS.

Mormative values need to be considered in the context of the
populaticn from which they were derived. The normative MARS
values usad in the cument study were derived from a oohort

of United States military acadermy recruits, with an average

{500 age of 18.8 (0.9) years for males and 18.7 {0.7) years for
females {Cameron et al., 2015); the only published nomative
MARS scores to date. In the current study, average age of
individuals at time of ACLR was 29.5 years for males and 29.3
years for females, with an age range from 8 to 69 years. Only
11% of individuals were aged 17-19 years. Younger pecple
hawe higher participation rates in ACL-dependent activities (Eime
et al., 2016), which would be reflected in higher MARS scores.
Following ACLE, MARS scores decline with increasing age
(Randsborg et al., 2022; Spindler et al., 2018). Therefore, the
average age of individuals in the current study likely contributed
to the low percentage achieving a normative MARS score
following ACLE.

Patient-reported outcome measures are not routinely utilised
by physiotherapists in dinical practice (Jette et al., 2009).
Although there is no data on the general utilisation of PROMs
by NZ physiotherapists, only 52% of NZ physiotherapists
report using PROM: when considering a return to sport after
ACLR (Fausett et al.,, 2022). Patient-reported outcome data
following ACLR in NZ is collected by an ACL Registry. This i
an ACC-funded organisation set up by the Knee and Sports
Sodety, which & a branch of the NE Orthopaedic Assodation
{Mew Zealand ACL Registry, 2021). The NZ ACL Registry has
na links to physictherapy providers in NZ. Therefore, the
collection of FROM data following ACLR is independent of the
providers delivering the post-surgical rehabilitation, arguably
independence that eliminates any bias the physictherapist
may introduce by their collection of the PROM data. However,
collection of the PROM data is not comelated specifically to a
particular stage of rehabilitation and the physictherapist has no
visibility of the PROM scores. PROM data is collected by the M2
ACL Registry at 6, 12, and 24 month intervals following ACLR.
Maore frequent collection of PROM data by the physiotherapist
may offer greater insights into the patient’s rehakilitation
progress, with the rehabilitation plan able to be adjusted or
medified if required.

Ohur results show individuals in NZ receive a low dosage of
physictherapy treatment following ACLR, with less than 12
treatmenits over 185 days. Previous retrospective studies have
shown community-based patients can receive 15-58 treatments
over 127-175 days following ACLR (Christensen et al, 2017;
Dempsey et al., 2019; Miller et al_, 2017). This large range
reflects the lack of a consensus regarding an optimal number
of physictherapy treatments following ACLR (Walker et al.,
2020). While no optimal number of physiotherapy treatment
seszions exists that can be applied to all patients, the number
of treatments required by each patient will be a product of
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