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ABSTRACT

Many individuals experience lortgrm quality of life (QOL) impairment following anterior
cruciate ligament reconstruction (ACLR). Factors contributing to poor QOL and
psychological health >5 years after ACLR remain unclear. This study aimed tihd&3e1
and psychelogical health outcomes in people with knee difficulties (pain, symptoms or
functional limitations) 820 years following ACLR and identify factors explaining variability
in these outcome®articipants with knee difficulties %0 years following ACLR completed

a battery of validated patient-reported outcomes (including the Knee injury andr@sttéea
Outcome Score (KOOS), ACQOL and the Assessment of QOL (AQ8D) instrument).
Multivariable linear regression was used to identify factors explaining variability in
outcomes. 162 participants aged 3819 (meani&iars completed questionnaires 94 (range
5-20) yearsfollowing ACLR. 39% of participants returned to competitive sport, 28%
returned to a lewer level and 32% did not return to sport after ACLR. Not returning to sport
after ACLR was associated with woks®OS-QOL (=.29, p=0.001 (mean+SD (55+20)),
ACL-QOL (B=.48, p<0.001; (574£21)), and AQoL-8D (p=.22, p=0.02 (0.80 = 0.14)) scores.
Increased'body mass index (56% were overweight/obese) was related to worsedQOL a
more depressive symptoms. Subsequent kg and contralateral ACLR were also
associated with poorer QOL outcomes in these individuals.
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INTRODUCTION

Anterior cruciate ligament (ACL) rupture and subsequent reconstructive surgery can result in
persistent knepain, symptoms, physical activity restrictions and psychological issues

(Ardern et'al. 2012; Ardern et al. 2014; Lohmander et al. 2004; Wasserstein et al. 2015). Our
recent systematic review revealed impaired kmedgtedquality of life (QOL) in peope 5 to

20 years following ACL reconstruction (ACLRFilbay et al 2014).However, few studies

have focused.on QOL as a primary outcome and consequently, research invegs$agetrs

related to longeterm QOL after ACLHRs scarceFurthermore, no studies to date have

explored longeterm QOL or psychological healgpecifically in individualswith knee

difficulties after ACLR(Filbay, Ackerman 2014). The impactlofing with knee difficulties

on theQOL.of previously activeACL-reconstructed individuals is poorly understood.
Considering ACLR is most prevalent in adolescents and young adults (GranarDé8al. 2
Granan eta@al*2009; Janssen et al. 2012; Joseph et al. 2013; Lind et ape2838¢nknee
difficulties.couldsimpede on work responsibilities, sporting desaresparenting rolesith

great potential tampactuponQOL and psychological health.

A recent study found that all individuals undergoing ACLR expected to have normal or
almost normal knee function within one year of ACLR, and 91% expected to return to their
predinjury level of spori{Feucht et al. 2014). Despite these high expectations, a large study of
1761 young ACL-reconstructed individuals found that over one in three reported knee
difficulties sixsyears following primary ACLR (Wasserstein, Huston 2015). Additionally,
recent metanalysis found that as many as one in two ACL-reconstructed individuals do not
return tonarrelite sport(Ardern, Taylor 2014). A mismatch between an individual’'s desires
or expectationsrand their perceived abilities may impact negativeheo@QOL (Carr et al.

2001; Ruta'etal. 1994). Investigating factors related to longer-term QOL and psydologic
healthin people with knee difficulties following ACLR could assist in develosingtegies

to optimise longeterm outcomes after ACLEFilbay 2015; Filbay, Ackerman 2014). &h
purposeof this studyasto (i) describe QOL and psychological healtlicomesand; (ii)

identify factors related t@ariability in QOL and psychological health outcomes, in people
with knee difficdties (pain, symptoms or functional limitations) 5 to 20 years following
ACLR.
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METHODS

Study design

A crosssectional study design was usé&thical approval for this study was obtained from
The University of Queensland Medical Research Ethics Commétpgedval number
2012001240).

Setting and_participant recruitment

All individuals'who had undergone a hamstring or patellar tendon autograft ACLR 5 to 20
years previously were identified from teargical records of four orthopaedic surgeons
(based in Melburne, Brisbane, Toowomba and Nambour, Australia) and invited by letter to
participate.in the study. In total 23ftters of invitation were sent to archived postal
addressessofpotentially eligible patients. Since only eligible individuaks agked to

respond torthesinvitation andany archived postal addresses were outdétedexact number

of letters received remains unknoviRarticipants were also recruited from the general
community through advertisements in public places and online. People having revision or
contralaterabACLR more than 5 years ago, concomitant or subsequent surgerydinenisc
cartilage.er'other ligamentous repair) were eligible for the study. Individuals were considered
ineligible if they: (i) reported a comorbidity likely to imgaQOL (e.g. chronic back pain,
cancer, acute injury); (ii) were aged under 18 years or over 55 years at tio¢ time
recruitment(iii),underwent an ACLR (primary or revision) within the past five years; (iv)
were not fluent.in written English; (v) wereyasptomatic according to predefined Knee

Injury and ©Osteoarthritis Score (KOOS) -aff criteria (as outlined below).

Symptomaticseut -off criteria

To ensure all participants experienced a degree ofdiffemilties (kneepain, symptoms or
functionallimitationg we modified previously published KOOS criteria tharedevised to
identify individuals symptomatic enough to seek medical care (Englund et al. 2063).
published criteria required reporting less than optimal scores on at@8asifsuestions for
the KOOSQOL and two of the additional four KOOS subscales (corresponding tdfcut-
values 0&86.1 (Pain), <85.7 (Symptoms), <86.8 (ADL), <85.0 (Sport/Rec), and
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<87.5 (QOL)). We modifiedthese criterido include individuals reporting impairment in any
two KOOS subscales. The rationale for this modification twasdlow for the inclusion of
individuals reporting high KOO®OL scoreglespite knee difficultiesince a primaraim

of this study was to explore QOL variability in people with knee difficulifésr ACLR

Defining knee difficulties

For the purposefdhis sudy, knee difficultiesveredefined aselfreported knee pain,
symptoms or functional limitations determined by reporting less than optioralsson at
least 50% ‘of questions on tKOOS Pain, KOOS @nptoms, KOOS-unction in daily living
(ADL) or KOQ@SSport and recreation (Sport/Retjbscale

Defining qualityof life

Due to the:multiplicity of QOL definitions, it is recommended that researchers be as clear as
possible indefining the concept of QOL to enable interpretation and comparisonsibetwee
studies (Post'2014). Quality of life has been defined by the World Health Organisaaon a
individual’s perceptions of their position in life taken in the context of the eu#tnd value
systems where they live and in relation to their goals, expectations, standardacerds

(The World Health Organization Group 1996ne aspect of QOL is the concept of health
related QOL(Barcaccia et al. 2013\hich refers to the discordance between an iddiaf's

health expectations or desires, and their current health expefi@rceGibson 2001 For

this research, we have used the term ‘kred&ted QOL’ to refer to the degree that an

individual’'s QOL is impacted by kneelated factors.

Procedure

All participantsscompleted the KOOS, the Assessment of Quality of Life 8D Utility
Instrument«(AQoL), the Anterior Cruciate Ligament Quality of Life questionnaire (ACL

QOL), the Waorkplace Activity Limitations Scale (WALS), the Hospital Anxiety and
Depression Scale (HADS) and a questionnaire collecting participant characteristics and
additional infornation (Table 1). Participants elected to complete questionnaires either online
or in paper form. Online questionnaires were completed by participants followemal

link to a custom built online questionnaire system (MRite PROMS, University of
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142 Queeasland, Brisbane). All participants provided informed consent prior to commencing
143 questionnairesPaper versions of the questionnaire were sent to participants if requetted, wi
144  a postage paid reply envelope. All participants received a faljpwemindeif the

145 questionnaires were not com@dtwithin eight weeks. Gestionnaire responses were

146 screened'forrage, comorbidities, time since surgery and application of the KOOS

147  symptomaticcut-off criteria to confirm participant eligibility

148

149 Patient reporteds outcomes

150 Participant'demographics and characteristics

151 Information collected included age, body mass index (BMI), work status, timersoste

152 recent ACERtime from injury to ACLR, mechanism of injury, postoperativegosyms,

153 subsequentrsurge(st leasbne additional knee surgery to an ACL-reconstructed knee (not
154 includingrevisionACLR or concomitant surgery performed at the timprohary or

155 revision ACLR), current treatment and OA knowledge. Where there was potential for recall
156 bias, participants we given an ‘unsure’ option. To evaluate return to sport, participants
157 responded to the following question ‘please tick the most appropriate statemenngegardi
158 vyour level of spert participation after injuring your ACL’ by selecting one of the following
159 three options:.‘lLreturned to competitive sport at the same or higher level than before ACL
160 injury’, ‘I returned to competitive sport at a lower level than before ACL injury’ or ‘I did not
161 return to competitive sport after my ACL reconstruction.’ Individwet® did not return to

162 the same or higher level of sport were then asked if this was because of théilf oeedid
163 notreturn toreempetitive sport, or returned to competitive sport@ver levelthan prior to

164 your ACL reconstruction, was this because of your kneBatficipants were asked what

165 sports they were participating in at the time of ACL injury, if they were noéicjgating in a
166 competitive port when they ruptured their ACL, 1ot applicable’ response was given to the
167 return to sport gestion. Participants were also requested to nominate which of the fagjlowi
168 activities they.would prefer to participate in the absence of knee pain or impairment:

169 ‘family duties’, ‘social activities’, ‘workrelated activities’, ‘sport’ or ‘exercise.’

170
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171 Knee-related QOL

172 Three measures were selected to provide a comprehensive overview-oflatesd QOL; the
173 KOOS (the most commonly used measure of kie¢eted QOL more than five years

174 following ACLR (Filbay, Ackerman 2014, Filbay et al. 2018)¢ ACL-QOL (contains items
175 of high importance to ACL-reconstructed individuals compared to otherriteted

176 measuregTanner eal. 2007) and a custom QOL questioallowsthe individual to provide
177 an overalliassessment of the impact of their knee on their QOL considiimgortant and
178 relevant influences).

179

180 The KOOS is @atient reported questionnatteveloped to assess mdividual’s opinion

181 about their knee and associated problems (Roos 2008itains five subscales: Pain,

182 SymptomszADL; Sport/Rec and QOL. The KOQ®L subscale contains four questions
183 addressing,knee awareness, kradated lifestyle modification, knee confidence and knee-
184 related difficultiesThe KOOS is valid and reliable fose in ACLR and knee OA

185 populations(Collins et al. 2011; Roos & Lohmander 2003; Salavati et al. ZBELPOL

186 and Sport/Rec subscales are more valid than other KOOS subscales for use wigesr afie
187 ACLR (Comins et al. 2008An individual score for each subscale t@ncalculated where 0
188 represents'neimpairment and 100 represents extreme impairment.

189

190 The ACL-QOL is the only patient administered QOL measure specific to an ACL population
191 andis valid, reliable and responsive to change (Mohtadi 1988)ACL-QOL contains 32-
192 items and fivesdomains (Symptoms/Physical, WBated, Sport/Rec, Lifestyle,

193 Social/Emational). Each ACRQOL item is measured on a visual analogue scale from 0
194 (severe impairment) to 100 (mapairment). Donain scores are averages of all items in each
195 domain"andan‘overall ACROL score represents the average of all domains.

196

197 We also included a custotknee impact question’ that allowed individuals to evaluate the
198 impact of their knee on their QOL in line with their expectations, priorities anesal

199 Participants responded to the question: ‘do you believe that your knee is impacting on your
200 quality of life?” with one of four responses; ‘not at all’, ‘slightly’, ‘moderately’ and

201 ‘significantly’.

202
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Health-related QOL

The AQoL-8D is a multiattributegeneric (nordiseasespecificymeasure of healtrelated
QOL and comprises eight dimensions (Independent Living, Happiness, Mental Health,
Coping, Relationships, Self-worth, Pain, Senses). The AQoL-8D has demonstrated strong
psychometric properties including content validity (Hawthorne & Osborne 2005; Bscimar
et al. 2014)construct validity and discriminative validity in OAVhitfield et al. 2006)An
AQoL utility-value is calculateavhere 1.00 and 0.00 represent full healthwodst possible
health respectively. Bmmary scores can also be calculated, the ‘Physipalrsdimension’
(covering independent living, pain and senses) antMbetal superdimension’ covering
mental health, happiness, coping, relationships andveetfx The minimal important
difference in AQoL scores is considered to be 0.06 utility points (Hawthorne & Osborne
2005).

Psychological health

The HADS is comprised of 14 questions, 7 that evaluate depression, and 7 that evaluate
anxiety. Higher scores indicate greater impairment, with a maximum anxiety or depression
score of 21%Scores of 0 to 7 indicate no impairment, 8 to 10 a borderline case, and 11 or
greater suggest the responder has depression or afsmetyh 2003)HADS has

demonstrated strong internal consistency, concurrent validity, sensitivity andcsfysoif
assessing the symptom severity and presence of depression and anxiety disordeigein a r

of diseasespecific patiehgroups and in the general population (Bjelland et al. 2002).

Work Limitations

The WALS is the preferred instrument for measuring productivity in workers with arthritis
and is highly responsive to change in work ability over time (Tang et al. ZTIS)MWALS is
comprised of 12,questions, each question addresses activity specificaladekt difficulties
and responses range from ‘no difficulty’ to ‘not able to do’ and higher scores ingieater

impairment.
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Data and statistical analysis

All variables were normally distributed and independdasts were conducted to examine
differences in demographic characteristics between participants and ineligible asymptomatic
individuals.For the multivariable analyses, avoid unnecessary adjustment of variables and
potential overadjustment biagSchisterman et al. 2008)rect acyclic diagrams (featuring
hypothesized causal relationships between variables) weddouislentify covariates for

inclusion insregression analygiShrier & Platt 2008). In line with the study aims, we focused

on identifying.variables that may be assessed at any time after ACLR (such as return to sport
and surgical delay) rather than patient reported outcomes measured at the same time as QOL.
The reasoningdr this was that strong associations between patient reported outcomes
assessed concurrently are expected and of limited clinical importance due to overlapping
constructssinsmeasurekustification and selection of potential explanatory variables for use

in causal diagrams were based upon current literature findings and cliamahirey,

whereby all'variables with a potential to impactiemger-term QOL or psychological health
were included:“This resulted in the inclusion of theoretically meaningfidhas in the

absence of statistical significance explora{iShmueli2010).Any variables that were not a
direct or indirect cause of an exposure, outcome or covariate were excludddriifenm
analysegShrier & Platt 2008)This process resulted in the identificatiorsof explanatory
variableg(years since ACLRjme from ACL injury to ACLR, revision ACLR, contralateral
ACLR, returnto-sport) and three demographic variables (Bige, sex) with potential to

impact upon longer-term QOL outcom@$iesevariables were assessed for collinearity,
multicollinearity;, univariate and multivariate outliers. Additionally, the normality,

homoscedasticity and linearity of residuals were assessed.

To estimate the"proportion of variance in QOL and psychological health scores that were
accountedfor by the explanatory variables, standard linear multiple regression analysis was
performed A sample size of 162 is greater than the minimal sample size recommended to
assume a medium sized effect with 10 explanatory variables in multivariable analysis
(Tabachnick & Fidell 2007). We present the unstandardized (B (95% CI)) and stardlardise
coefficients (Beta'(P)) for the adjusted analysis (adjusted for age and sex). Our recent

systematic review found that the KO®@in subscale was closely related to KOGQGSL

scores 5 to 20 years after ACI(Rilbay, Ackerman 2014). Thereforge performed a
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sensitivity analysis adjusting for KOOS-Pain scores (in addition to age and kexgsults
of this sensitivity analysis are reported descriptively and presented in Appendix 1.

RESULITS

Recruitment

In total, 222 individuals consented to participate and completed questionkagee (1). Of
these, 50 were excluded due to co-morbidities, not completing the KOOS or not meeting the
predefined KOQOS cwoff criteria (Figure 1)KOOS subscale scores are reported in Figure 2.
Asymptomati¢iindividuals did not differ in age, follow-up duration, BMI, or gender from
eligible participants (p > 0.16 for all analyses). Data were available for analysis from 162
eligible participants, of which 83% were recruited from the records of four orttlicgaeee

surgeons and 17% recruiteddhgh community advertisesmts.

Insert Figure 1l here.

Participant characteristics

Questionnaires were completed on average 9 * 4 years (range 5 to 20 years)dollowi
participants’ most recent ACLR. The mean age of participaritee time of questionnaire
completion'was 38 £ 9 (range 20 to y®arsand 54% were male. The majority of
participants werén paid employment (91%) and over half had children (56%). Twimge
participants (14%) had a revision ACLR more than 5 years ago, and 18 individuals (11%)
reported having a pveous ACLR on the contralateral knee; these individuals answered
guestions regarding their most symptomatic knee. One in two participants (48%) ha
received atlleast one additional knee sur@eoy including revision ACLR or concomitant
surgery performedt the time of primary or revision ACLRJollectively, participants
reported playing 26 different sfs at the time of ACL ruptureheé mos commonwere

netball (20%),.rugby (11%), Australian rules football (11%), soccer/futsal (bé&%kKetball
(9%), snev/water skiing(8%), and touch football (6%). Only one participant was not taking
part in competitive sport at the timeACL injury. Sixty-three (39%) participants returned to
competitive sport after ACLR, 46 (28%) returned at a lower level of competitid 52

(32%) did not return to competitive sport following ACLR. One in two participants
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nominated sport as the activity they would prefer to participate in, in thecgbstknee pain
or impairment (n=80. 49%). Full participant characteristics areiggdvn Table 1.

Insert Table 1. here.

Patient reperted outcomes

Knee-related QOL

Participants reporteaimean KOOSQOL score of 55 + 20, indicating impaired krme¢ated

QOL (Figure 2).A mean ACL-QOL score of 57 £ 21 was reportddrther indicative of

impaired kneerelated QQ@; the domain with greatest impairment was sport and recreational
function (42°+28) and the least impaired domain was work-related concerns (78 £ 21)
(Figure 3)Fherknee impact question showed that 17% of participants did roatiyetheir

knee as having ampact on their current QOL, 45% reporteslight impact, 28%a

moderate impact and 10% reported that their knee significantly impacted their QOL

Insert Figure 2. here.

Insert Figure 3. here.

Health-related QOL

Participants‘reported an average AQ8D utility score of 0.80 + 0.14, super dimension

mental score of 0.50 + 0.19 and super dimension physical score of 0.76 + 0.14 (Figure 4).

Insert Figure 4. here.

Psycholegical health

Participants reported an average HADSiatyxscore of 5.5 + 3.7 and HADS depression
score of 2.7 £ 2.6. According to published criteria (Snaith 2003), 93% of participants did not
have scores indicative of depression, 10 people (6%) had scores indicating borderline

depression, and 2 people (1%) had scores corresponding to symptoms of clinicalatepressi
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For items pdaining to anxiety, 73% of participants reported scores reflecting no anxiety,
19% reportedcorescorresponding to borderline anxiety and 4 people (2%) could be

considered likely to have anxiety.

Explaining wvariability in quality of life and psychological health outcomes

Knee-related QOL

Multivariableranalysis showed that nogturn to sport (compared with returning to sgrt

the same or higher level), higher BMI and subsequent surgery were independentlyeassocia
with poorer KOOSQOL scores. Togetheall variables accounted for an estimated 24% of
the variablility in/KOOSQOL scores (Table)2 Return to sport explained the greatest
proportion“of variance in KOOQOL scores ( =.29, p=0.00) where returning to sport at

the same orhigher level predictaa estimated 12 points higher KOQ®L score,

compared'to not returning to sport after ACLR. All three variables remained significant
explanatory factors after adjusting for KOOS-Pain scores, even though pain ekpléange
amount of variance in KOOS-QOL scores (Appendix 1).

Non-return to'sport (compared with return to sport at any level), higher BMI, subsequent
knee surgery.and contralateral ACLR were independently associated with wors@@ICL
scores. Specifically, all variables in combination actedifior 36% of the variality in
ACL-QOL,scores (Table)2Return to sport (at the same or higher level) explained the
greatest proportion of variance in AQOL scores (f=.48, p<0.001), where returning to

sport predicted‘an estimated 21 point higher ACL-QOL score, compared to those who did not
return to sport. After adjustment for KO&&in scores, BMI no longer explained AQOL
scores ( =-0.11, p=0.06), and waiting greater than six months from injury to surgery was
found to be significantly associatedth worse ACL-QOL scores (f =-.13, p=0.03). Return

to sport, subsequent and contralateral injury remained significant explanatorg &ter
adjustment for.KOOS-Pain (Appendix 1). Time since ACLR, revision surgery, age and sex

were notsignificantly ssociated with kneeelated QOL outcomes.

Insert Table 2. here.
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356 Health-related quality of life

357 All explanatory variables in combination explained approximately 19% of the vayiabili

358 AQoL-8D scores. Return to sport at the same or higher level (compared to not returning to
359 sport at all) and BMI significantly explained the greatest proportion of variance in-health
360 related QOL.scores, where returning to sport predicted an estimated .06 HiyleBB

361 scores compared to those who did not return to spalii¢ 3. These relationships remained
362 after adjustment.for KOO8ain (Appendix 1).

363

364 Insert Table 3. here.

365

366 Psychological health

367 In combinations@ll variables accounted for 18% of variability in HADS depression scores
368 specifically, male sex and greater BMI were associated with more depressive symptoms,
369 before and after-adjustment for KOOS-Pain scores. There was a trend fotoefjoont at

370 the same or higher level to be associated with less depressive symptoms (p+9.058)

371 contrast, none of the includerariables significantly explained the variabilityHADS

372 anxiety scores,(Table) AKOOSPain did not explain a significant proportion of variance in
373 HADS anxiety or depression scores in a multivariable model (Appendix 1).

374

375 Insert Table4. here.

376

377 DISCUSSION

378 Returning o sport at the same or higher level was ctlatbetteikkneerelated and general

379 healthrelatedQOL in people with knee difficulties 5 to 20 years after ACIRis

380 relationship remained after adjusting for KO®8in scores despite a alealationship

381 betweenknee pain and QOL. Subsequent surgery, increased BMI and contralateral ACLR
382 were also associated with poorer scores on one or more QOL nedtigreer BMI and

383 male sex were associated with more depressive symptoms. Age, gendsindergurgery

384 and revision ACLR were not associated with QOL or psychological health outcomes in
385 individuals with knee difficulties after ACLR
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KOOSQOL scoresn individuals with knee difficulties more than five years following
ACLR were impaired compad withSwedish population norms aged 18 to 54 years
(Paradowski et al. 2006@mateursoccer players with minor (14%), severe (23%), or no
(63%) history-ef'knee injury (Frobell et al. 2008ndU.S military recruits with no history of
knee ligament injuryCameron et al. 2013\ mean AQOIL-8D utility score of 0.80 £ 0.14
reported by participants in this study is similar to the mean score reported by Austrdd@n
rated theirghealth status as ‘good’ (mean 0.81 + 0.19) as opposeaétient (0.91 £ 0.14),
‘very good’ (0.88 + 0.14),fair’ (0.68 £ 0.23), or ‘poor’ (0.42 £ 0.30) in an earlier population-
based studgHawthorne & Osborne 2003)ynfortunately no physically active reference
groups, who arelikely to report higher heaktated QOL than less active counterparts

(Huffman et al.”20083areavailable for comparison

This is the first study tevaluate the relationship betwemturn to sport and longéerm

QOL after ACLR We did not expect to find such consistent relationships between return to
sport and QOL.outcomes 5 to 20 years after ACLR in people with knee difficulties. Although
return to sport.was associated with better QOL, the letgger impact of returning to sport

with knee difficulties on future joint health should be considé@dvenor & Crossley

2015). The highrate of participants reporting a preference to take part in gperaivsence

of kneedifficulties, over and abe other activities including family or occupational duties,
suggests that sport participation remains a priority for many individuals. Bésigitone in

three participants did not return to any level of competitive sport after ARIdR79% of
individuds reported their knee as the reasomiatrreturning to preéajury sport This

potential mismatch between sporting desiresaridomes in people with kneficulties

may have ‘contributed to the observed impairment in QOL. A study explorirgppratve
expectations.of ACLR found that 91% of participants expected to return to sport one yea
following surgery with no or slight restrictioiBeucht, Cotic 2014)This contrasts with the
actual returnstesSport rates in our cohort and findings from a recent literature (Aviesen,
Taylor 2014). Notably, healtrelated QOL has been described as ‘the gap between our
expectations'of.health and our experience of it’ (Carr, Gibson 20f0fljliscordance between
surgical expectations and actual outcomes may have contributed to the identified impairments
in QOL. Patients may benefit fropre-operativeeducation tgromote realisti@xpectations

prior to ACLR
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Average HADS depression scores for this sample were less impaired than published
population norms (Breeman et al. 2015; Mutrie & Hannah 2007). However, lower rates of
depressive symptoms have been associated with increased rates of rodegat®us
physical activity and sports participation (Brunet et al. 2013; Mutrie & Hannah 20Q@; Pi
Pereira et alv2014; Sabiston et al. 2013) AGd -reconstructedhdividualsmay have had

less depressive symptoms than the general population prior to injury. We found that people
with knee difficultiesvho returned to the same or higher level of sport after A@rded to
report lessidepressive symptoamnpared with those who did not return to sport (B (95%
Cl) -0.94 (-1.9 to 0.0), p=0.06). Furthermore, a large study of signdged participants
identified physical activity as a key factor contributing to the observedarethip between
obesity and'increased rates of depresgienit et al. 2010)it is possible that for some
individuals, ceasing sport resulted in reduced levetsarferateto-vigorous physical

activity, which could be associated witveight gain depressive symptonad reduced

QOL. Furtherresearch is needed to explore these relationships as we did not collect
longitudinal data on physical activity levels, dietary intake oripey BMI. Of concern is
that over half.the study participants were overweight or obese at the time tibrpuesse
completioniandhigher BMI was associated with worse Q@Ilanagement strategies aimed
at improving QOL following ACLR could include weight m&nancestrategies, addressing
barriers to returning to sport or facilitating a transition to a healthy lléestgorporating

regular moderatéo-vigorous physical activity when ceasing sport participation.

A key strength of this studyasthe use of patienteported measures and tnelusion of
kneespecific, ACL-specific and generic (netiseasespecific) hetih-related QOL measures
that provideccomplementary informatioand enablé a comprehensive picture of Q@& be
generatedWe.also included a custom QOL question that enabled each individual to evaluate
the impact'ofitheir knee on their QOL in the cohtaxheir personal goals, priorities and
values. Tominimise selection bias, we included recruitment of participants from community
advertisements and these participants did not differ in age, gender, BMI or-tqdldwration

to participantsurecruited tbugh orthopaedic surgeons’ records. Nevertheless, as most
participants were recruited through orthopaedic surgeons, a degree of selection bias may
exist. These surgeons worked in the private health care system and consedasetly, t
findings may not beeneralisable tpeople undergoing ACLR ipublic hospital settings.
Furthermore, the results of this study are not generalisable to alrécinstructed
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453 individuals, as we only included individuals reporting knee pain, symptoms or activity
454  limitations.We also acknowledg#he potential for recall bias relating to questions that
455 required participants to answer retrospectively (for example, mechanispargf time from
456 injury to surgery). We sought to minimise the likelihood of recall error by including an
457  ‘unsure’ response option for these items. Due to the cross-sectional study desigmewe w
458 unable to make any causal inferencesd@umelto the nature of recruitment, we could not
459 collectdetailed data for all participants on surgical techniques or ouitenat surgeries.
460 However, all participants recruited through orthopaedic surgeons underwent arfgporstr
461 patellar tendon.autograph ACLR, and no differences in QOL have been rdpsitedn
462 these techniquesto 20 years following ACLR (Filbay, Ackerman 201We also

463 acknowledge/that KOOQOL and ACL-QOL scores mape negatively biased by sport-
464 related lifestyle'modifications or difficultyarticipating insport. Due to the nature of

465 questions in these measures, speldtedimitations would result in reded QOL scores
466 irrespective of the importance that eauotiividual places osport participation.

467

468 PERSPECTIVES

469 Poorer longeterm QOL outcomes were relatedniot returning to sport, higher BMI,
470 contralateral ACLR and subsequent knee surgery in people with knee difficuliegeas
471 after ACLR and return to sport explained the greatariability in QOL Individuals with
472  knee difficulties who do not return to sport may benefit from targeted strategipsrise
473 longerterm.QOL following ACLR.

474
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TABLES

TABLE 1. Participant characteristics (n=162)

Age at followrup (years) 389

This article is protected by copyright. All rights reserved



Gender (% female)

n = 75 (46%)

Follow-up duration (years)

9+4

Body mass index
normal range
Overweight
Obese

27 £ 6
n = 71(44%)
n = 55 (34%)
n = 36 (22%)

Percentage with children

n = 90 (56%)

Time fromiinjury to surgery

< 6 months n =117 (72%)

> 6 months n =43 (27%)

Unsure n =2 (1%)
Revision ACIR n =23 (14%)
Left ACLR n = 68 (42%)
Right ACLR n =76 (47%)

Bilateral ACLR

n =18 (11%)

Subsequent'surgery

n =77 (48%)

Contact injury

n = 64 (41%)

Return to'sport rates

sameor higher level than before ACL injury
lower level tharbefore ACL injury

didwot return to sport after ACLR

not applicable

n =63 (39%)
n = 46 (28%)
n=52(32%)
n=1(1%)

Return to sport.at lower level or not at all due to kn

n = 89 (79%)

Currently receives knee treatment

n = 26 (16%)

Pain/impairment free partmation preference (%)

family duties
social activities
Work

Sport
Exercise

n =22 (14%)
n =7 (4%)
n =3 (2%)
n = 80 (49%)
n = 50 (31%)

Current work status (%)
full-time

parttime/casual

n =118 (73%)
n = 29 (18%)
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590
591
592
593
594
595
596
597

598
599
600
601
602
603
604
605
606

Student n =10 (6%)

stay at home parent/carer n =3 (2%)

Unemployed n =2 (1%)
Work Activity Limitation Scale score 39+28

ACLR: anterior cruciate ligament reconstructi®evision ACLR: percent having one or

more revision ACLR; Bilateral ACLR: percent hagiat least one ACLR on each knee; *

Subsequent.surgery: percent having at least one additional knee surgery to an ACL-

reconstructed knee (excluding revision ACLR or concomitant surgery performed atehe ti

of primary©or revision ACLR)AIl results are rported as mean + standard deviation, or

percentage and corresponding number of participants reporting each recp&hde 2.

Kneerelated quality of life linear regression multivariable analyses

KOOS-QOL (n=158)

ACL-QOL (n=157)

Explanatory variables: Beta p

B(95% Cl) Beta) pvalue B (95% CI) (B) wvalue
Years since ACLR -0.3 (1.1t0 0.6) -0.05 0.54 0.0 (0.8t0 0.9) 0.00 1.00
Injury to ACLR -4.4 (¢11.1t02.2) -0.10 0.19 -6.2 ¢12.7t00.3) -0.13 0.06
Revision ACLR -4.7 ¢13.3t0 3.9) -0.08 0.28 -3.0¢11.3t05.3) -0.05 0.48
ContralateraFACLR -7.4 (16.3 t0 1.6) -0.12 0.11 -16.3(-24.9t0-7.8) -0.25 <0.001
Subsequent.surgery -7.6(-13.8t0-1.5) -0.19 0.02 -6.8 (-12.7t0-0.8) -0.16 0.03
RTS same/higher level*|  12.0(4.8t019.1) 0.29 0.001 20.9 (14.0t0 27.8) 0.48 <0.001
RTS lower level* 0.3(¢7.3t07.8) 0.01 0.94 7.8(0.5t015.2) 0.17 0.04
BMI -0.9(-1.4t0-0.3) -0.24 0.002 -0.8 (-1.3t0-0.3) -0.21 0.003
Age 0.1 ¢0.2t0 0.5) 0.06 0.45 0.1 ¢0.2t0 0.5) 0.06 0.45
Sex 4.7 (1.1 to 105) 0.12 0.11 3.4 (2.3109.0) 0.08 0.24
R?(p value) .24 (p<0.001) .36 (p<0.001)

B (95% Cl)iunstandardised coefficient (95% confidence interval); Beta (B): standardised

coefficient;Subsequent surgery: at least one additional knee surgery to ane&®istructed

knee (excluding revision ACLR or concomitant surgery performed at the time ofrprama

revision ACER) RTS: return to sport; BMI: body mass index; ACLR: anterior cruciate

ligament reconstruction; KOOS: Knee Injury and Osteoarthritis Outcoane;s&CLQOL.:

Anterior Cruciate Ligament Quality of Life questionnaire; * Did not return to sport =

reference categongample size does not equal 162 for these analyses due to n=1 not

participating in sport at the time of injury, n=2 selected ‘unsure’ options, and n=1 did not

complete the ACEQOL; injury to ACLR was dichotomised as >6 months (yes/no); All
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612
613
614
615
616
617
618
619
620
621
622
623
624

dichotomous variables were coded as no=0, yeSed was coded as male=0, female=1,
Years since surgery, BMI and age were continuous varidi®\€d_E 3. Health-related

quality of life linear regression multivariable analyses

AQOL-8D (n=157)

Explanatory variables: Beta p

B (95% CI) (B) value
Years since’ACLR 0.00 €0.0t0 0.0) -0.05 0.55
Injury to ACLR -0.03¢€0.1t0 0.0) -0.09 0.25
Revision ACER 0.05(0.0t00.1) 0.12 0.13
Contralateral, ACLR 0.00¢0.1t00.1) 0.01 0.90
Subsequentssurgery -0.01¢0.1t0 0.0) -0.05 0.54
RTS ame/higherlevel* 0.06 (0.0to0.1) 0.22 0.02
RTS lower level* 0.00¢0.1t00.1) 0.00 0.96
BMI -0.01(0.0t00.0) -0.24 0.002
Age 0.00(0.0t0 0.0) -0.11 0.16
Sex 0.01(0.0t0 0.0) 0.02 0.79
R?(p value) .19 (p<0.001)

B (95% CI): unstandardised coefficient (95% confidenceatg Beta (B): standardised
coefficient;RTS: return to sport; BMI: body mass index; ACLR: anterior cruciate ligament
reconstruction; Subsequent surgery: at least one additional knee surgery to an ACL-
reconstructed knee (excluding revision ACLR or conitam surgery performed at the time

of primary or revision ACLR)* Did not return to sport = reference categd@@gmple size

does not equal 162 for these analyses due to n=1 was not participating in sport a& tfie tim
injury, n=2.selected ‘unsure’ options, and n=1 did not complete the ADRolirjury to

ACLR was dichatomised as >6 months (yes/no); All dichotomous variables were coded as
no=0, yes=ISex'was coded as male=0, female¥éars since surgery, BMI and age were
continuoussvariables.

TABLE 4. Pgichological health linear regression analyses

HADS Depression (n=157) HADS Anxiety (n=157)
Beta
Explanatory variables:
B (95% Cl) Beta ) p value B (95% CI) (B) pvalue
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Years since ACLR 0.07 ¢0.1t0 0.2) 0.10 0.24 0.06 ¢0.1t00.2) 0.06 0.48
Injury to ACLR 0.68 (0.2 to 1.6) 0.12 0.14 0.29¢1.1t01.6) 0.04 0.68
Revision ACLR -0.30 ¢1.5t0 0.9) -0.04 0.62 0.36 ¢1.4t02.2) 0.03 0.69
Contralateral ACLR 0.16 (1.0 to 1.4) 0.02 0.79 -1.32¢3.1t00.5) -0.12 0.16
Subsequent surgery 0.34¢0.501.2) 0.06 0.43 -0.62 ¢1.9t0 0.6) -0.08 0.33
RTS same/higherfevel*| -0.94 ¢1.9 to 0.0) -0.18 0.06 -0.65¢2.1t0 0.8) -0.09 0.39
RTS lower level* -0.68 (1.7 t0 0.3) -0.12 0.19 0.44¢1.1t02.0) 0.05 0.58
BMI 0.11 (-0.4t00.2) 0.24 0.003 0.06 (05t00.2) 0.09 0.26
Age 0.01 ¢0.0t0 0.1) 0.02 0.77 -0.05¢0.1t0 0.0) -0.13 0.15
Sex -0.94 (-1.7t0-0.2) -0.18 0.02 0.24¢1.0t0o 1.4) 0.03 0.69
R?(p value) .18 (p=0.001) .07 (p=0.39)
625
626 B (95% Cl):.unstandardised coefficient (95% confidence interBata (p): standardised
627 coefficient;Subsequent surgery: at least one additional knee surgery to ane&@tstructed
628 knee (excludingrevision ACLR or concomitant surgery performed at the time ofrprama
629 revision ACER)*RTS: return to sport; BMI: body mass index; ACLR: anterior cruciate
630 ligament recanstruction; HAD$ospital Anxiety and Depression Scale; * Did not return to
631 sport = reference category; Sample size does not equal 162 for these analyses due to n=1 was
632 not participating in sport at the tinaé injury, n=2 selected ‘unsure’ options, and n=1 did not
633 completeithe HADSnjury to ACLR was dichotomised as >6 months (yes/Ad);
634 dichotomous variables were coded as no=0, yeSed was coded as male=0, female=1,
635 Years since surgery, BMI and age weontinuous variables.
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636 FIGURES

346 people responded to letters
of invitation sent to all
potentially eligible patients
identified from archives of 4
orthopaedic surgeons
155 people did not meet eligibility requirements:
A > deceased (n=3); revision ACLR < 5 years ago (n=12);
21 eligible people declined participation (n=53); asymptomatic (n=81);
responded to community > serious comorbidity (n=6)
WA | advertisements *
212 people were sent
informed consent and
questionnaires
people were exeluded from the study
lid not meet KOOS eut-off criteria (n=32);
{id not complete the KOOS (n=6);
‘eported significant.comerbidity (n=12):
ere neck/back pain n=4; death in family n=2; sev
cern=1[; PTSD n=i; severghip 04 n=2; can
: - ¢ : | MHNE SCIEFOSIS =1, FEVISION AULIK = 0 Vedry agon—1r
Data analysed from n=162
639 eligible;participants

641 FIGURE 1.Recruitment flow chart

642 ACLR: anterior cruciate ligament reconstruction; KOOS: Knee Injury and Osteoarthritis
643 Outcome Score; PTSD: pasgumatic stress disorder; OA: osteoarthritis
644
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FIGURE 2. Knee injuryand Osteoarthritis Outcome Score (KOOS) mean s¢bee®s) and

SDs (whiskers)

n=162; a lower score indicates poorer outcomes in all subs&iestandard deviation;

ADL.: Activities of Daily Living; Sport/Rec: function in Sport and Recreation; QOL: Qyali

of Life; KOOSuKnee Injury and Osteoarthritis Outcome Score.
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FIGURE 4. The Assessment of Quality of Life (AQ@D) measureneandimension scores

andutility scores (bars) and SDs (whiskers)

n=161; SD: standard deviation; utility scores of 1.0 represent full health and&iD
possible halth.
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