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Abstract 22 

Background:  23 

Anterior cruciate ligament reconstructions (ACLR) are frequently performed on young, 24 

active individuals, and can result in persistent knee symptoms and activity limitations that 25 

may impact on health-related quality of life (HRQoL). To date, there has been no systematic 26 

review of HRQoL outcomes following ACLR. 27 

  28 

Purpose: The objectives of this study were to report HRQoL ≥ 5 years following ACLR, 29 

compare HRQoL outcomes with available population norms, and describe factors that may 30 

impact on HRQoL in this population. 31 

 32 

Study Design: Systematic review. 33 

 34 

Methods: All studies reporting HRQoL ≥ 5 years following hamstring or patellar tendon 35 

autograft ACLR were eligible for review. Common HRQoL outcomes were pooled using 36 

random effects meta-analysis and compared with published population norms. Spearman’s 37 

rank correlation coefficient (rho) was used to identify variables associated with HRQoL 38 

outcomes. Where insufficient data were available, outcomes were reported descriptively.     39 

     40 

Results:  41 

Fourteen studies were eligible for review and HRQoL was reported for 2493 individuals at a 42 

mean 9 years (range 5-16) following ACLR. Pooling of knee-related quality of life outcomes 43 

(KOOS-QOL) found impairments following ACLR when compared to population norms. In 44 

comparison, studies using the SF-36 reported similar or better HRQoL compared with 45 

normative data. KOOS-QOL sub-scores correlated strongly with KOOS-Sport/Recreation 46 
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(rho = 0.70, p = 0.04) and KOOS-Pain (rho = 0.85, p = 0.003) sub-scores. Severe 47 

radiographic osteoarthritis, meniscal injuries sustained after surgery, and revision ACLR 48 

were associated with poorer HRQoL outcomes at minimum 5 year follow-up. The negative 49 

influence of concomitant meniscal surgery on HRQoL became apparent more than 10 years 50 

following ACLR.    51 

 52 

Conclusion:    53 

This review found that individuals assessed using a knee-specific measure (KOOS-QOL) 54 

were more likely to report poorer HRQoL values, compared to population norms, than those 55 

assessed using a generic HRQoL measure (SF-36). Revision surgeries, meniscal injuries and 56 

severe radiographic osteoarthritis were associated with poorer HRQoL outcomes following 57 

ACLR. However, these relationships should be interpreted with caution as they were only 58 

investigated in a small number of studies.  59 

  60 

Clinical Relevance: 61 

These results can be used by clinicians to educate patients about potential long-term 62 

outcomes following ACLR, and to develop strategies for optimising post-operative HRQoL.  63 

 64 

Key Words: 65 

• Knee injury, osteoarthritis, patient reported outcomes, long-term follow-up 66 

What is known about the subject:  67 

 
3 

 



 

More than 40% of young athletes who undergo an ACL reconstruction will not return to their 68 

pre-injury level of sport and as many as half of these patients develop osteoarthritis at ten 69 

years following ACLR. There is a relationship between psychological factors and 70 

participation restrictions. However, the impact of such factors on long-term HRQoL 71 

outcomes following ACLR is not well understood.  72 

 73 

What this study adds to existing knowledge: 74 

This study is the first systematic review of HRQoL outcomes following ACLR. By pooling 75 

findings from multiple studies, we identified factors associated with poor HRQoL outcome 76 

following ACLR. Additionally, by comparing outcome measures with population norms, we 77 

found that knee-specific measures were more likely to show poorer HRQoL values than 78 

generic HRQoL measures, and recommend the combined use of a specific and generic 79 

measure when reporting HRQoL in this patient group. We also identified a potential 80 

relationship between follow-up duration, meniscal injury or surgery and HRQoL outcomes 81 

and recommend further research in this area.  82 

 83 

84 
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INTRODUCTION 85 

Anterior cruciate ligament (ACL) rupture and subsequent reconstructive surgery can lead to 86 

ongoing knee symptoms with associated impairments, participation restrictions and related 87 

psychosocial implications.3,28 Anterior cruciate ligament reconstruction (ACLR) is a common 88 

procedure in sports medicine, with estimated surgical rates of 52 per 100,000 inhabitants in 89 

Australia,25 30 per 100,000 in the United States8 and 32 per 100,000 in Sweden.19 The overall 90 

aim of ACL reconstruction is to restore knee biomechanics, allow resumption of pre-injury 91 

activities, and optimise health-related quality of life (HRQoL). However, a recent systematic 92 

review involving 5770 patients found that only 44% of competitive athletes returned to their 93 

pre-injury level of sport at three years following ACLR.4 Psychological factors, such as fear 94 

of injury, can contribute to participation restrictions and have been associated with poor 95 

HRQoL outcomes two to four years following ACLR.28, 35 Other factors, such as persistent 96 

pain31 and post-traumatic osteoarthritis (OA),40 may be inter-related and could impact on 97 

HRQoL after ACLR. 98 

 99 

Of most concern is research showing that up to 13% of people with isolated ACL rupture and 100 

up to 48% with concomitant meniscal injury will develop knee OA as early as ten years 101 

following ACLR, irrespective of surgical or conservative management.40 The personal impact 102 

of OA following ACLR is heightened by the age of those undergoing this procedure, since 103 

the majority of ACL ruptures occur in adolescents and young adults.19, 44 Younger adults with 104 

OA can face a range of challenges not typically associated with an older OA population, 105 

including work responsibilities, parental roles and competitive sports. Research has found 106 

that younger adults with OA experience greater psychological distress then their older 107 

counterparts.17 Additionally, teenagers who rupture their ACL are three times more likely to 108 
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undergo a revision ACLR, and revision surgeries are associated with poorer HRQoL 109 

outcomes.29   110 

 111 

Health-related quality of life fundamentally refers to the influence of a person’s health status 112 

on their perceived wellbeing and life quality. It is a multifaceted construct that encompasses 113 

physical, social, emotional and psychological components, and considers one’s goals, values 114 

and priorities in life.12, 18, 45 The impact of ACLR on HRQoL could be exacerbated by 115 

limitations in participation in high-functioning activities such as competitive sports and 116 

through difficulty in meeting occupational demands. Patient-reported outcomes are 117 

commonly used to assess HRQoL. The Short-Form 36 (SF-36) is a generic health status 118 

measure designed for use in any population,52 while the Knee injury and Osteoarthritis 119 

Outcome Score (KOOS) measures knee-related quality of life (KOOS-QOL).47 Both 120 

measures have been shown to be valid and reliable in ACL and OA populations.46, 49, 54 121 

Despite the high prevalence of ACLR internationally and the potential longer term 122 

implications for young, active populations, no systematic reviews have focussed on HRQoL 123 

following ACLR. The aims of this systematic review are: (i) to report HRQoL in people five 124 

years or more following ACLR; (ii) to compare HRQoL outcomes with available population 125 

norms; and (iii) to explore the relationship between HRQoL and participant factors (follow-126 

up duration, sex, graft type). 127 

 128 

METHODS 129 

This systematic review followed the PRISMA guidelines for reporting systematic reviews 130 

and meta-analyses.36 131 

 132 
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Eligibility Criteria 133 

To be eligible for inclusion, studies were required to report generic or knee-specific HRQoL 134 

outcomes from arthroscopic hamstring or patellar tendon autograft ACLR at a minimum five 135 

year follow-up. Studies were excluded from the review if: (i) all ACLR were performed with 136 

polyester ligament scaffold, synthetic ligament grafts or reinforced with LARS artificial 137 

ligament; (ii) all ACLR were performed using an open surgical or robot-assisted operative 138 

technique; (iii) all surgeries involved primary repair of the ACL; (iv) all ACLR were revision 139 

surgeries; (v) all patients had meniscal or concomitant ligament repairs in addition to ACLR; 140 

or (vi) the paper was published in a language other than English. 141 

 142 

Studies involving patients who underwent ACLR using an eligible autograft technique and 143 

patients whose surgeries utilised techniques mentioned in our exclusion criteria (allografts, 144 

open procedures, primary repair etc.) were eligible for inclusion in the review only if they 145 

reported (or the authors provided on request) separate HRQoL data for the eligible patients. 146 

Where papers utilised an outcome measure with a HRQoL component (such as the KOOS) 147 

but did not report data for the HRQoL subscale, these data were requested from the authors. 148 

If these data were not provided within four weeks, the paper was deemed to be ineligible for 149 

the purposes of this review. Where multiple publications reported outcomes at various time-150 

points from the same study population, only the most recent publication was included in the 151 

review. We defined a HRQoL instrument as any patient-reported outcome measure (generic 152 

or knee specific) that primarily assesses HRQoL or features a HRQoL component or 153 

subscale.  154 

 155 

  156 
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Search Strategy 157 

A systematic search was undertaken in June 2012 to identify all relevant articles using the 158 

following five databases: Medline, CINAHL, Web of Knowledge, Scopus, and Sports Discus. 159 

The search strategy involved screening titles, abstracts and keywords for the terms “anterior 160 

cruciate ligament” or “ACL” AND “quality of life” or “QOL” or a range of relevant outcome 161 

measures such as the KOOS (see Appendix 1 for full search strategy). The search was 162 

performed independently by two of the authors (SF, KC). We reviewed all titles and abstracts 163 

and excluded clearly ineligible publications from further screening (Figure 1). Any 164 

disagreements regarding eligibility were resolved by an independent arbitrator (TR). The full 165 

text versions of identified studies were reviewed for final eligibility screening. Reference lists 166 

of key papers were cross-checked to ensure all relevant studies were included in the final 167 

yield. Finally, the search was repeated in October 2012 prior to data analysis to ensure all 168 

eligible publications had been included.  169 
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Figure 1. Search strategy  171 

Quality Appraisal 172 

The methodological quality of the included studies was appraised using a 21-item checklist 173 

adapted from the Downs and Black criteria.11 The Downs and Black tool has been identified 174 

as a useful tool for assessing both randomised and non-randomised studies.10 Some items on 175 

the tool were deemed not applicable to the study aims and designs of papers included in this 176 

review. As the intervention was interpreted as ACLR surgery, items such as ‘blinding of 177 

participants to intervention’ and ‘compliance with intervention’ were excluded from the 178 

check-list (a total of six items were excluded – see Appendix 2). Additionally, some items 179 

were slightly modified to capture all areas relevant to this review. We modified the last item 180 

on the scale to a dichotomous score of zero or one, where zero was allocated to studies with 181 

no sample-size calculation or reporting of insufficient power, and a score of one was given 182 

Search strategy applied on 5 electronic 
databases: No. of hits = 552 

Abstracts screened for exclusion criteria: 
n = 372 

Duplicates removed:  n 
= 180 

Excluded: n = 319 

Full text retrieved and application of 
eligibility criteria: n = 53 Excluded: n = 37                             

non-surgical management (n = 2); 
ineligible surgical technique (n = 8); 
less than five year follow-up (n = 24); 
did not measure HRQoL (n = 3)    

Quality appraisal performed on eligible 
studies: n = 16     

Total articles eligible for review 
N = 14 

Excluded n = 2                           
due to inadequate quality      
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for sample-size calculations and sufficient power to detect a clinically significant difference 183 

in the primary outcome(s). All modifications and explanations for each item are listed in 184 

Appendix 2. Items scored one point for satisfaction of the criterion, and zero points for not 185 

satisfying the criterion or if it was unable to be determined. The maximum quality score was 186 

21, with higher scores indicating greater methodological quality. The quality of all articles 187 

was evaluated by two independent assessors (SF, EM); where agreement was not achieved, 188 

an independent arbitrator (KC) was utilised to reach consensus.  189 

 190 

Data management 191 

All data were extracted and collated by two independent reviewers (SF, EM), including 192 

patient demographics (for example age, gender and time from injury to surgery), surgical 193 

details (graft type, concomitant injuries), outcome measures and adverse events (re-rupture, 194 

additional injuries, subsequent surgeries, rates of OA). Means and standard deviations (SD) 195 

were extracted for each patient-reported outcome measure. Where only mean and p-values 196 

were reported, SDs and standard error values were estimated by using the mean difference 197 

between groups and converting p-values to t-scores.7 Where HRQoL data were reported in 198 

graph form only, mean values were estimated from the graph (Table 1) when such data could 199 

be clearly ascertained (e.g. full scale visible). Additionally, if a study characteristic was 200 

reported for two separate eligible subgroups (e.g. age at follow-up reported separately for 201 

males and females) the subgroups were combined using a formula from The Cochrane 202 

Handbook for Systematic Reviews of Interventions7 to obtain mean and SD estimates for the 203 

combined cohort. If sufficient data were not reported, the corresponding author was contacted 204 

to request further data.      205 

 206 
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Statistical analysis 207 

The mean difference and associated 95% confidence interval were calculated for KOOS-208 

QOL data. Using a random effects model meta-analysis1, studies were weighted according to 209 

variance within and between studies. The random effects model accounts for heterogeneity in 210 

covariates between studies which may influence HRQoL. Combining SF-36 data for meta-211 

analysis was deemed inappropriate due to the small number of studies reporting this outcome. 212 

To provide context for interpreting HRQoL outcomes following ACLR, HRQoL scores were 213 

compared with previously published population norms from similar age groups where 214 

possible. Two-tailed Spearman’s rank correlation coefficient (rho) was used to explore 215 

correlations between potential predictive variables (graft choice [% patella tendon], gender 216 

[% female], follow-up duration) and HRQoL outcomes. Additionally, this test was used to 217 

identify relationships between outcome measure subscales. 218 

 219 

RESULTS 220 

Search strategy: 221 

The systematic search strategy initially yielded 552 studies. Following the removal of 180 222 

duplicate papers and the exclusion of 319 ineligible studies, we obtained and reviewed the 223 

full text of 53 papers (Figure 1). Of these, 37 papers did not meet the inclusion criteria. Due 224 

to heterogeneity in data reporting methods or insufficient descriptions of surgical techniques, 225 

we requested additional data or surgical details from 11 authors (for 13 studies). Of these, 226 

seven authors (for eight studies) replied, and provided data for six studies.5, 16, 33, 34, 39, 48 Six 227 

studies were subsequently excluded due to not providing details or data necessary for 228 

inclusion, or confirming ineligibility by correspondence. This resulted in the quality appraisal 229 

of 16 papers.  230 
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  231 

Methodological appraisal 232 

Quality appraisal scores ranged from 4 to 18.  Two studies did not satisfy more than 10 of the 233 

criteria and were therefore excluded from the review.2, 13 The mean modified Downs and 234 

Black score for included studies was 14 (SD 2). When evaluated according to study design, 235 

prospective studies achieved a higher mean quality score (16 versus 13 for retrospective 236 

studies). The quality appraisal scores for each of the included studies are presented in Table 237 

1.  238 

  239 
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Study characteristics 240 

The 14 studies included reported HRQoL outcomes for a total of 2493 participants at a mean 241 

9 (range 5-16) years following ACLR. The mean age of all participants at follow-up was 34 242 

(range 18-42) years. The most commonly used HRQoL measure was the KOOS-QOL 243 

subscale, which was used in nine studies. The only generic (non-disease-specific) HRQoL 244 

measures used were the SF-36 version one (used in five studies) and the SF-36 version two 245 

(used in one study). An ACL-specific HRQoL measure, the ACL-QOL,37 was used in one 246 

study (Table 1). Aside from HRQoL, other commonly utilised outcome measures included 247 

the Tegner activity score51 (used in ten studies), the Lysholm knee scoring scale32 (seven 248 

studies), the KT-1000 arthrometer9 for assessing anterior/posterior tibio-femoral 249 

displacement (eight studies) and the Kellgren and Lawrence tool27 for classifying 250 

radiographic OA (six studies).   251 

 252 
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Table 1. Study Characteristics 253 

Study Quality N  
N 
eligible a 

Follow-up 
(years)  

HT 
(%) 

PT 
(%) 

Age at  follow-
up (years) 

Sex % 
women 

Time from injury to 
surgery (months) RCT Pro or 

Ret 
HRQoL 
measure(s) 

Ahlden1 16 10473 1452 b 5.4 82 18 NR NR 24 no Pro  KOOS 

Barenius5 17 153 153 8.4 ± 0.98 49 51 34.0 ± 15.0 42 16.0 ± 24.2 yes Pro KOOS c, SF36 c 

Ferrari14 12 200 137 d 5.0 ± 25.4  0 100 35.25 e 0 1.3 ± 1.8 no Ret SF361 

Gerhard15 12 63 63 16 ± 1 0 100 43 e 14 11 ± 23  no Ret KOOS f, SF36 g 

Gifstad16 13 93 93 7 (5.3-7.8) 49 51 34 e 37 NR yes Pro KOOS c 

Hoffelner20 13 28 28 10 0 100 32.2 ± 6.4 25 5 ± 6  no Ret KOOS 

Mascarenhas34 12 38 19 b 9.1 ± 2.7 0 100 27.9 ± 8.1 37 NR no Ret SF36 
c 

Mascarenhas 33 12 46 23 d 5 ± 2   0 100 18 ± 3 57 NR no Ret SF36 c 

Möller38 18 56 56 11.5 (11-12) 0 100 39 e 52 6 (2-240)  yes Pro KOOS, SF36 f 

Neuman39 18 93 22 b 12.8 ± 3.5 0 100 NR 36 48 yes Pro KOOS c 

Ott42 13 151 151 5 0 100 27.6 F, 32.5 M 
e 51 1.3 E, 37.3 L (0.2-209) no Ret ACLQOL 

Øiestad41 16 210 210 13.7 ± 4.4  14 86 39.1 ± 8.7 43 24.8 ± 48.7 no Pro KOOS 

Sajovic48 16 64 64 11 50 50 36 HT, 38 PT 42 25 HT, 23 PT (1-84)  yes Pro SF36 v2
 c 

Swirtun50 13 46 22 b 5.6 ± 0.52  32 68 32 ± 8.1  48 9 no Pro KOOS f 
 254 
| a number of participants for which data is reported (excluding all non-eligible participants) | b data from group of participants with less than 5 year follow-up were excluded  255 
| c data was provided through personal correspondence with author | d data from group of participants who did not undergo autograft ACLR were excluded | e age at follow-up 256 
calculated from age at surgery and time to follow-up data | f data extracted from graph | g did not report data for each SF-36 domain | N: sample size | HT: hamstring tendon 257 
autograft | PT: patella tendon autograft | RCT: randomised controlled trial | Pro: prospective | Ret: retrospective | KOOS: Knee injury and Osteoarthritis Outcome Score           258 
| SF36: Short-Form 36 (version 1)  | SF36 v2: Short-Form 36 (version 2) | HRQoL: health-related quality of life | NR: not reported | F: females | M: males | E: early ACLR 259 
group | L: late ACLR group | all data is mean ± SD or median (range) 260 
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Knee injury and Osteoarthritis Outcome Scores  261 

Mean KOOS-QOL scores were available from nine studies1, 5, 15, 16, 20, 38, 39, 41, 50 and ranged 262 

from 63 to 83 out of a possible 100 (Figure 2). Analysis of the relationship between KOOS-263 

QOL and other KOOS subscales revealed a strong, positive correlation between the KOOS-264 

QOL and KOOS-Pain subscales (rho = 0.85, p = 0.003), and the KOOS-Sport/Rec subscales 265 

(rho = 0.70, p = 0.04). In comparison, there appeared to be a moderate correlation with 266 

KOOS-ADL subscales (rho = 0.66, p = 0.05) and little relationship with the KOOS-267 

Symptoms scores (rho = 0.08, p = 0.70). Follow-up duration (p = 0.19) was not significantly 268 

associated with KOOS-QOL scores. Random effects meta-analysis resulted in a pooled 269 

KOOS-QOL summary effect of 74.5 (95% CI: 68.3 to 80.7). Comparison of pooled KOOS-270 

QOL values with previously published population norms showed that ACLR populations 271 

reported poorer KOOS-QOL compared with healthy population norms with no knee 272 

symptoms (mean 90; 95% CI: 83.7 to 96.3)50 and with general population norms (mean 82.4; 273 

95% CI: 79.9 to 84.9)47 (Figure 3).   274 
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275 
Figure 2. Knee injury and Osteoarthritis Outcome Score (KOOS) values for individual 276 
studies. All values are mean ± standard deviation; lower score indicates poorer outcomes in 277 
all domains. 278 
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 279 

Figure 3. Forest plot of random-effects meta-analysis of KOOS-QOL mean, standard error 280 
(box) and 95% CI data (whiskers) data from individual studies in addition to pooled summary 281 
mean and 95% CI. Population normative values are reported vertically; a is normative data 282 
extracted from Paradowski et al43 n = 291, age 18-54 years, mean (solid line “a”) 95% CI 283 
(dashed lines), and; b is normative data extracted from Roos et al46 n = 25, age 37-50 years, 284 
mean (solid line “b”) 95% CI (dotted lines). Lower score indicates poorer outcomes. 285 

 286 

 287 

Short-Form 36 (SF-36) scores 288 

The SF-36 measure comprises eight individual health-related domains. For the SF-36 version 289 

one, the Role Emotional (RE) domain demonstrated the greatest variation, with mean scores 290 

ranging from 85 to 100 (Figure 4). In contrast, mean scores for the Social Functioning (SF) 291 

domain were fairly consistent across all studies. All ACLR studies reported higher mean SF-292 
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36 values in six domains than previously published population norms (n=2323),30 indicating 293 

better HRQoL (Figure 4). 294 

 295 

296 
Figure 4. Short-Form 36 (SF-36) version one results for individual studies and normative 297 
population. All values are mean ± standard deviation; lower SF-36 score indicates poorer 298 
outcome in all domains; PF: Physical Function, RP: Role Physical, BP: Bodily Pain, GH: 299 
General Health, V: Vitality, SF: Social Function, RE: Role Emotional, MH: Mental Health;   300 
a Normative data from Norwegian population n = 2323, age 44.9±16.5.30 Results from 301 
Sajovic et al48 are not featured in this graph as SF-36 version 2 was used in this study and 302 
standardised scores are not directly comparable.   303 
ACL-QOL scores 304 

The ACL-QOL outcome measure was used to measure HRQoL in only one study.42 As the 305 

primary aim of this study was to compare outcomes between men and women following 306 

ACLR, separate ACL-QOL mean values were reported according to sex. No significant 307 

differences were found in ACL-QOL scores (mean for men 80.2; mean for women 76.3) at 308 
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mean five year follow-up. Population norms for this instrument were not available for 309 

comparison.  310 

 311 

Factors potentially influencing HRQoL after ACLR 312 

Sex and age   313 

The effect of sex on HRQoL outcomes after ACLR was investigated in five studies.14, 38, 41, 42, 314 

50 The majority of these studies found no significant differences in respect of sex for SF-36, 315 

KOOS-QOL or ACL-QOL outcomes.38, 41, 42, 50 We observed a non-significant trend towards 316 

studies with a higher portion of women reporting lower KOOS-QOL (rho = -0.63, p = 0.07) 317 

scores and no significant correlations between sex and SF-36 scores (p > 0.10 for all 318 

domains). 319 

 320 

The relationship between age at ACL surgery and HRQoL was investigated in four studies.20, 321 

38, 42, 50 Participant age did not influence HRQoL outcomes measured with the KOOS20, 38, 50 322 

or SF-36.38 Ott et al42 categorised participants by age and sex, and found the greatest 323 

discrepancy in ACL-QOL values in 12-18 year old women, who scored 15 points lower than 324 

their male counterparts (93 versus 78). Ahlden et al1 reported a significantly higher rate of 325 

revision surgeries (12%) in a similar aged female subgroup (15-18 years) compared with all 326 

patients (4%, p < 0.001) and age matched males (5%, p = 0.02).  327 

 328 

Revision ACLR surgery  329 
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The reported rates of ACL re-rupture ranged from 1%42 to 9%.48 Only two studies analysed 330 

HRQoL outcomes in those who underwent revision ACLR, and these studies found 331 

significantly poorer HRQoL outcomes post-revision surgery, compared with primary 332 

ACLR.1, 38 Notably, a large Swedish ACL register study found participants who underwent 333 

revision ACLR (n = 194) scored worse in all KOOS subscales at five year follow-up (p < 334 

0.001) compared with those who underwent primary reconstructions (n = 1258). It should 335 

also be noted that the studies that reported the highest KOOS-QOL scores excluded patients 336 

who had revision surgeries, concomitant injuries at baseline or subsequent injuries or 337 

complications.16, 20 Likewise, one of two studies which excluded revision surgeries from their 338 

cohorts scored highest in each of the SF-36 domains, indicating a higher HRQoL.33, 34 339 

  340 

Meniscal or cartilage injury  341 

The impact of sustaining concomitant meniscal or cartilage injury prior to ACLR on HRQoL 342 

outcomes at follow-up was investigated in five studies.1, 5, 15, 38, 50 Meniscal injury (treated 343 

surgically at the time of ACLR) was associated with lower KOOS-QOL and SF-36 scores at 344 

greater than 10 years follow-up.16, 40 In contrast, studies with follow-up periods of five, six 345 

and eight years found no significant differences in KOOS-QOL1, 5, 50 or SF-36 scores5 in 346 

those with and those without associated intra-articular injuries. However, these studies found 347 

significantly worse KOOS-QOL scores in those who underwent concomitant medial 348 

meniscus surgery (p = 0.035)5 or sustained subsequent trauma following ACLR (p = 0.002)50 349 

at eight and six year follow-up.  350 

 351 

Time from injury to surgery  352 
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Time from injury to surgery was reported in 11 of the 14 studies reviewed, with mean times 353 

ranging from five months to two years (Table 1). Of these, three studies further investigated 354 

the relationship between time from injury to surgery and HRQoL outcomes. Two studies 355 

found no correlation between time from injury to surgery and KOOS and SF-36 scores41 or 356 

ACL-QOL outcomes.48 In contrast, Barenius et al 5 found that participants who waited less 357 

than five months to have surgery had significantly better SF-36 scores in three subscales (PF: 358 

p = 0.014, BP: p = 0.013, SF: p = 0.037) and better KOOS-QOL scores (p = 0.059) at eight 359 

year follow-up, which may have been related to the fewer meniscal injuries (37% versus 62% 360 

p = 0.008) at the time of ACLR.  361 

 362 

Graft type  363 

Four studies investigated differences in HRQoL outcomes between a bone-patellar-tendon-364 

bone (BPTB) autograft and a double or single looped hamstring autograft.5, 16, 34, 48 All of 365 

these studies found no significant differences in KOOS or SF-36 scores between groups at 366 

five, seven, eight, and eleven year follow-ups. Similarly, we found no significant correlations 367 

between graft type and KOOS-QOL (p = 0.33) or SF-36 (p > 0.44 for all domains) outcomes.  368 

 369 

  370 
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Radiographic osteoarthritis  371 

Despite eight studies reporting the prevalence of radiographic OA following ACLR, only two 372 

studies compared HRQoL in those with and those without OA.39, 41 Øiestad et al41 found that 373 

the presence of ‘any’ OA (≥ grade 2) was not associated with KOOS-QOL scores, however 374 

those with ‘severe’ OA (grade 4) reported significantly poorer KOOS-QOL subscale scores 375 

(p = 0.002). Neuman et al39 reported a trend towards lower scores in all subscales of the 376 

KOOS in patients with radiographic OA compared with those without OA. 377 

 378 

DISCUSSION 379 

This systematic review presents a clear overview of HRQoL after ACLR and has shown that 380 

these outcomes were associated with several factors. First, the choice of patient-reported 381 

outcome measure used to assess HRQoL can impact on the interpretation of results. Studies 382 

that used the knee-specific KOOS reported poorer HRQoL, compared with published 383 

population norms.24, 46 In contrast, studies utilising the generic SF-36 questionnaire 384 

commonly reported similar or higher HRQoL scores than age-equivalent population norms.22, 385 

30 Second, we identified various factors that may be associated with poorer HRQoL following 386 

ACLR including concomitant or subsequent meniscal injury, revision ACLR surgery, and the 387 

presence of severe radiographic OA. Participant sex, graft type, age at surgery and time from 388 

injury to surgery were not significantly associated with HRQoL outcomes. 389 

 390 

Overall, studies that used a generic health status measure, the SF-36, reported similar or 391 

better HRQoL outcomes, compared to previously published population norms.21, 22, 30, 53 392 

Visual comparison of SF-36 means between studies and population normative data,30 393 
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revealed a similar pattern of scores across all domains (Figure 4). The SF-36 is a generic 394 

measure of HRQoL and features 36 items over 8 defined domains covering physical, mental 395 

and social health. Unlike the KOOS, the SF-36 addresses topics such as tiredness, sadness 396 

and nervousness, which are relevant to many patient populations. Considering the majority of 397 

ACL injuries occur in a young sporting population,44 it is possible that this patient group 398 

scored more highly than aged-matched less active counterparts. This may explain the 399 

similarities between SF-36 values for all ACLR studies and SF-36 values obtained from a 400 

healthy population of American college athletes aged 17-23 years (n=696).23 These college 401 

athletes scored significantly better in all SF-36 domains (p < 0.01) except for Bodily Pain (p 402 

= 0.05) than an age-matched sample of the general population. Also, it is important to note 403 

that SF-36 normative data used for comparison in this review included older adults up to 80 404 

years old, which may also partly explain the differences in HRQoL scores among these 405 

studies. 406 

 407 

Pooled results from studies using the knee specific KOOS indicate significantly poorer 408 

KOOS-QOL compared with a healthy population with no history of ACL or meniscal injury, 409 

and no radiographic OA. Comparison between pooled KOOS-QOL results and general 410 

population norms showed a statistically insignificant difference, however this difference may 411 

be of clinical importance due to the small degree of overlap in 95% CI between ACLR and 412 

population norms (mean 75; 95% CI: 68.3 to 80.7 versus mean 82; 95% CI: 79.9 to 84.9).43 413 

This result could reflect the nature of the questionnaire, which is intended to assess knee 414 

injuries with the potential of causing post-traumatic OA.47 The knee-related quality of life 415 

subscale of the KOOS comprises four questions, which address knee awareness, knee-related 416 

lifestyle modification, lack of knee confidence and knee-related difficulties. It is therefore not 417 

 
23 

 



 

surprising that medium to long term follow-up of ACLR patients revealed poorer KOOS-418 

QOL than for controls without knee symptoms.46 None of the studies we reviewed 419 

specifically reported KOOS-QOL in a subgroup of participants who were clinically 420 

symptomatic. Considering the positive relationship we observed between KOOS-Pain and 421 

KOOS-QOL sub-scores, this may underestimate impairment in HRQoL.   422 

 423 

The relationship between baseline meniscal injury and HRQoL may be at least partly 424 

mitigated by follow up duration. The two studies in this review that reported significantly 425 

poorer HRQoL outcomes in those with surgically treated meniscal injuries had follow-up 426 

durations of 11.5 years38 and 16 years15 following ACLR. In comparison, studies reporting no 427 

significant influence of concomitant intra-articular injuries on HRQoL outcome did so at 428 

five,1 six50 and eight year5 follow-ups. These data suggest that the negative consequences of 429 

concomitant meniscal injury may develop over time, becoming most apparent after 10 years. 430 

This is in line with a systematic review that reported low OA prevalence following isolated 431 

ACL injuries (0-13%) and higher prevalence of OA in those with additional meniscal injures 432 

(21-48%) at a minimum 10 years following ACL injury.40 Concomitant articular injury may 433 

also contribute to poor HRQoL outcomes following ACLR revision.1, 38 A literature review 434 

on revision ACLR identified a trend for higher rates of chondral and meniscal injuries in 435 

those having revision surgeries.26 Similarly, a single study reported significantly poorer 436 

KOOS-QOL in those who sustained subsequent knee trauma,50 which may be related to the 437 

acceleration of OA progression.6 The temporal relationship between meniscal and other 438 

concomitant injury, OA development and HRQoL after ACLR is not well understood and 439 

requires further investigation.  440 

 441 
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Although this review is the first to evaluate HRQoL after ACLR, we acknowledge several 442 

limitations of this research.  Due to the small number of studies reporting SF-36 and ACL-443 

QOL outcomes, meta-analysis and estimation of effect sizes were not appropriate for these 444 

measures. As the majority of studies did not evaluate HRQoL as their primary aim, data were 445 

often reported separately for subgroups and only a small number of studies investigated the 446 

impact of specific demographic and surgical factors on HRQoL outcomes. This limited our 447 

ability to draw strong conclusions regarding factors which may predict poor HRQoL 448 

outcomes and highlights the need for further research in these areas. 449 

 450 

CONCLUSION 451 

This systematic review has shown that knee-related quality of life is impaired at a minimum 452 

of five years after ACLR, compared to population norms for those without knee pain or 453 

injury. Impairment in HRQoL was less apparent when compared to normative data for the 454 

general population.  In contrast, studies using the generic SF-36 measure reported HRQoL 455 

outcomes that were similar to or better than population norms. Revision surgery, subsequent 456 

injuries following ACLR and the presence of severe radiographic OA were associated with 457 

poorer HRQoL at a minimum five years following ACLR. Meniscal injuries had a negative 458 

impact on HRQoL 10 years or more following ACLR; however, graft type, sex, age at 459 

surgery and time from injury to surgery were not associated with HRQoL outcomes. A caveat 460 

to these findings is that only a limited number of studies investigated these factors, although 461 

the evidence to support these relationships was consistent. No research into the influence of 462 

psychological factors on longer-term HRQoL was identified and this would be a valuable 463 

direction for future research.  464 

  465 

 
25 

 



 

References 

1. Ahlden M, Samuelsson K, Sernert N, Forssblad M, Karlsson J, Kartus J. The Swedish 

National Anterior Cruciate Ligament Register: a report on baseline variables and outcomes 

of surgery for almost 18,000 patients. Am J Sports Med. 2012;40(10):2230-2235. PMID: 

22962296 

2. Arbes S, Resinger C, Vécsei V, Nau T. The functional outcome of total tears of the anterior 

cruciate ligament (ACL) in the skeletally immature patient. Int Orthop. 2007;31(4):471-475. 

PMID: 16947051 

3. Ardern CL, Taylor NF, Feller JA, Webster KE. A systematic review of the psychological 

factors associated with returning to sport following injury. Br J Sports Med. 2012. PMID: 

23064083 

4. Ardern CL, Webster KE, Taylor NF, Feller JA. Return to sport following anterior cruciate 

ligament reconstruction surgery: A systematic review and meta-analysis of the state of 

play. Br J Sports Med. 2011;45(7):596-606. PMID: 21398310 

5. Barenius B, Nordlander M, Ponzer S, Tidermark J, Eriksson K. Quality of life and clinical 

outcome after anterior cruciate ligament reconstruction using patellar tendon graft or 

quadrupled semitendinosus graft: an 8-year follow-up of a randomized controlled trial. Am 

J Sports Med. 2010;38(8):1533-1541. PMID: 20566719 

6. Chu CR, Williams AA, Coyle CH, Bowers ME. Early diagnosis to enable early treatment of 

pre-osteoarthritis. Arthritis Res Ther. 2012;14(3). PMID: 22682469   

7. The Cochrane Collaboration. Cochrane Handbook for Systematic Reviews of Interventions. 

Version 5.0.2. In: J. H, . GS, eds: The Cochrane Collaboration; 2009.  

8. Csintalan R, Inacio, M., Funahashi, T. Incidence rate of anterior cruciate ligament 

reconstructions. Perm J. 2008;12(3). PMID: 21331205 

 
26 

 



 

9. Daniel DM, Stone ML, Sachs R, Malcom L. Instrumented measurement of anterior knee 

laxity in patients with acute anterior cruciate ligament disruption. Am J Sports Med. 

1985;13(6):401-407. PMID: 4073348 

10. Deeks JJ, Dinnes J, D'Amico R, et al. Evaluating non-randomised intervention studies. 

Health Technol Assess. 2003;7(27). PMID: 14499048 

11. Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 

methodological quality both of randomised and non-randomised studies of health care 

interventions. J Epidemiol Community Health. 1998;52(6):377-384. PMID: 9764259 

12. Edlund M, Tancredi LR. Quality of life: an ideological critique. Perspect Biol Med. 

1985;28(4):591-607. PMID: 4034363  

13. Faber KJ, Dill JR, Amendola A, Thain L, Spouge A, Fowler PJ. Occult osteochondral lesions 

after anterior cruciate ligament rupture. Six-year magnetic resonance imaging follow-up 

study. Am J Sports Med. 1999;27(4):489-494. PMID: 10424219 

14. Ferrari JD, Bach BR, Jr., Bush-Joseph CA, Wang T, Bojchuk J. Anterior cruciate ligament 

reconstruction in men and women: An outcome analysis comparing gender. Arthroscopy. 

2001;17(6):588-596. PMID: 11447545 

15. Gerhard P, Bolt R, Dück K, Mayer R, Friederich NF, Hirschmann MT. Long-term results of 

arthroscopically assisted anatomical single-bundle anterior cruciate ligament 

reconstruction using patellar tendon autograft: are there any predictors for the 

development of osteoarthritis? Knee Surg Sports Traumatol Arthrosc. 2012:1-8. PMID: 

22488015 

16. Gifstad T, Sole A, Strand T, Uppheim G, Grøntvedt T, Drogset JO. Long-term follow-up of 

patellar tendon grafts or hamstring tendon grafts in endoscopic ACL reconstructions. Knee 

Surg Sports Traumatol Arthrosc. 2012:1-8. PMID: 22407182 

 
27 

 



 

17. Gignac MA, Davis AM, Hawker G, et al. "What do you expect? You're just getting older": A 

comparison of perceived osteoarthritis-related and aging-related health experiences in 

middle- and older-age adults. Arthritis Rheum. 2006;55(6):905-912. PMID: 17139636 

18. Gill TM, Feinstein AR. A critical appraisal of the quality of quality-of-life measurements. 

JAMA. 1994;272(8):619-626. PMID: 7726894 

19. Granan LP, Forssblad M, Lind M, Engebretsen L. The scandinavian ACL registries 2004-

2007: Baseline epidemiology. Acta Orthop. 2009;80(5):563-567. PMID: 19916690 

20. Hoffelner T, Resch H, Moroder P, et al. No increased occurrence of osteoarthritis after 

anterior cruciate ligament reconstruction after isolated anterior cruciate ligament injury in 

athletes. Arthroscopy. 2012;28(4):517-525. PMID: 22265043 

21. Hopman WM, Berger C, Joseph L, et al. Health-related quality of life in Canadian 

adolescents and young adults: Normative data using the SF-36. Can J Public Health. 

2009;100(6):449-452. PMID: 20209739 

22. Hopman WM, Towheed T, Anastassiades T, et al. Canadian normative data for the SF-36 

health survey. CMAJ. 2000;163(3):265-271. PMID: 10951722 

23. Huffman GR, Park J, Roser-Jones C, Sennett BJ, Yagnik G, Webner D. Normative SF-36 

values in competing NCAA intercollegiate athletes differ from values in the general 

population. J Bone Joint Surg Am. 2008;90(3):471-476. PMID: 18310695 

24. Ilich SS, Dempsey AR, Mills PM, et al. Physical activity patterns and function 3 months 

after arthroscopic partial meniscectomy. J Sci Med Sport. 2012. PMID: 22964451 

25. Janssen KW, Orchard JW, Driscoll TR, van Mechelen W. High incidence and costs for 

anterior cruciate ligament reconstructions performed in Australia from 2003-2004 to 2007-

2008: Time for an anterior cruciate ligament register by Scandinavian model? Scand J Med 

Sci Sports. 2012;22(4):495-501. PMID: 21210852 

26. Kamath G, Redfern, J.C., Greis, P. Burks, R. Revision anterior cruciate ligament 

reconstruction. AJSM. 2011;39(1):199-217. PMID: 20709943 

 
28 

 



 

27. Kellgren J, Lawrence, J. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 

1957;16:494-502. PMID: 13498604 

28. Kvist J, Ek A, Sporrstedt K, Good L. Fear of re-injury: a hindrance for returning to sports 

after anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. 

2005;13(5):393-397. PMID: 15703963 

29. Lind M, Menhert F, Pedersen AB. Incidence and outcome after revision anterior cruciate 

ligament reconstruction: Results from the Danish registry for knee ligament 

reconstructions. Am J Sports Med. 2012;40(7):1551-1557. PMID: 22562791 

30. Loge JH, Foss Abrahamsen A, Ekeberg, Kaasa S. Reduced health-related quality of life 

among Hodgkin's disease survivors: A comparative study with general population norms. 

Ann Oncol. 1999;10:71-77. PMID: 10076725 

31. Lohmander LS, Östenberg A, Englund M, Roos H. High prevalence of knee osteoarthritis, 

pain, and functional limitations in female soccer players twelve years after anterior 

cruciate ligament injury. Arthritis Rheum. 2004;50(10):3145-3152. PMID: 15476248 

32. Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with special emphasis on 

use of a scoring scale. Am J Sports Med. 1982;10(3):150-154. PMID: 6896798 

33. Mascarenhas R, Tranovich M, Karpie JC, Irrgang JJ, Fu FH, Harner CD. Patellar tendon 

anterior cruciate ligament reconstruction in the high-demand patient: Evaluation of 

autograft versus allograft reconstruction. Arthroscopy. 2010;26(9 SUPPL. 1):S58-S66+e157. 

PMID: 20810093 

34. Mascarenhas R, Tranovich MJ, Kropf EJ, Fu FH, Harner CD. Bone-patellar tendon-bone 

autograft versus hamstring autograft anterior cruciate ligament reconstruction in the 

young athlete: a retrospective matched analysis with 2-10 year follow-up. Knee Surg 

Sports Traumatol Arthrosc. 2011:1-8. PMID: 22048746 

35. McCullough KA, Phelps KD, Spindler KP, et al. Return to high school- and college-level 

football after anterior cruciate ligament reconstruction: A Multicenter Orthopaedic 

 
29 

 



 

Outcomes Network (MOON) cohort study. Am J Sports Med. 2012;40(11):2523-2529. 

PMID: 22922520 

36. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic 

reviews and meta-analyses: The PRISMA statement. Int J Surg. 2010;8(5):336-341. PMID: 

20171303 

37. Mohtadi N. Development and validation of the quality of life outcome measure 

(questionnaire) for chronic anterior cruciate ligament deficiency. Am J Sports Med. 

1998;26(3):350-357. PMID: 9617395 

38. Möller E, Weidenhielm L, Werner S. Outcome and knee-related quality of life after anterior 

cruciate ligament reconstruction: a long-term follow-up. Knee Surg Sports Traumatol 

Arthrosc. 2009;17(7):786-794. PMID: 19360401 

39. Neuman P, Englund M, Kostogiannis I, Fridén T, Roos H, Dahlberg LE. Prevalence of 

Tibiofemoral Osteoarthritis 15 Years After Nonoperative Treatment of Anterior Cruciate 

Ligament Injury. Am J Sports Med. 2008;36(9):1717-1725. PMID: 18483197 

40. Øiestad BE, Engebretsen L, Storheim K, Risberg MA. Knee osteoarthritis after anterior 

cruciate ligament injury: A systematic review. Am J Sports Med. 2009;37(7):1434-1443. 

PMID: 19567666 

41. Øiestad BE, Holm I, Engebretsen L, Risberg MA. The association between radiographic 

knee osteoarthritis and knee symptoms, function and quality of life 10-15 years after 

anterior cruciate ligament reconstruction. Br J Sports Med. 2011;45(7):583-588. PMID: 

20647299 

42. Ott SM, Ireland ML, Ballantyne BT, Willson JD, McClay Davis IS. Comparison of outcomes 

between males and females after anterior cruciate ligament reconstruction. Knee Surg 

Sports Traumatol Arthrosc. 2003;11(2):75-80. PMID: 12664198 

43. Paradowski PT, Bergman S, Sundén-Lundius A, Lohmander LS, Roos EM. Knee complaints 

vary with age and gender in the adult population. Population-based reference data for the 

 
30 

 



 

Knee injury and Osteoarthritis Outcome Score (KOOS). BMC Musculoskelet Disord. 2006; 

7:38. PMID: 16670005 

44. Renstrom P, Ljungqvist A, Arendt E, et al. Non-contact ACL injuries in female athletes: An 

International Olympic Committee current concepts statement. Br J Sports Med. 

2008;42(6):394-412. PMID: 18539658 

45. Revicki DA. Health-related quality of life in the evaluation of medical therapy for chronic 

illness. J Fam Pract. 1989;29(4):377-380. PMID: 2677212 

46. Roos E, Roos H, Lohmander LS. WOMAC Osteoarthritis Index—additional dimensions for 

use in subjects with post-traumatic osteoarthritis of the knee. Osteoarthritis Cartilage. 

1999;7:216-221. PMID: 10222220 

47. Roos E, Roos H, Lohmander S, Ekdahl C, Beynnon B. Knee Injury and Osteoarthritis 

Outcome Score (KOOS) development of a self-administered outcome measure. J Orthop 

Sports Phys Ther. 1998;78(2):88-96. PMID: 9699158 

48. Sajovic M, Strahovnik A, Dernovsek MZ, Skaza K. Quality of Life and Clinical Outcome 

Comparison of Semitendinosus and Gracilis Tendon Versus Patellar Tendon Autografts for 

Anterior Cruciate Ligament Reconstruction: An 11-Year Follow-up of a Randomized 

Controlled Trial. Am J Sports Med. 2011;39(10):2161-2169. PMID: 21712483 

49. Shapiro ET, Richmond JC, Rockett SE, McGrath MM, Donaldson WR. The use of a generic, 

patient-based health assessment (SF-36) for evaluation of patients with anterior cruciate 

ligament injuries. Am J Sports Med. 1996;24(2):196-200. PMID: 8775120 

50. Swirtun LR, Renström P. Factors affecting outcome after anterior cruciate ligament injury: 

a prospective study with a six-year follow-up. Scand J Med Sci Sports. 2008;18(3):318-324. 

PMID: 18067527 

 
31 

 



 

51. Tegner Y, Lysholm J, Lysholm M, Gillquist J. A performance test to monitor rehabilitation 

and evaluate anterior cruciate ligament injuries. Am J Sports Med. 1986;14(2):156-159. 

PMID: 3717488 

52. Ware J SK, Kosinski M, Gandek B. SF-36 Health Survey Manual and Interpretation Guide. 

Boston, MA: New England Medical Center, The Health Institute; 1993. 

53. Ware JEK, M.A., Dewey J. E. How to score version 2 of the SF-36 health survey.: Lincoln: 

Quality Metric Inc.; 2000. 

54. Kosinski M, Keller SD, Hatoum HT, Kong SX, Ware Jr JE. The SF-36 health survey as a 

generic outcome measure in clinical trials of patients with osteoarthritis and rheumatoid 

arthritis: Tests of data quality, scaling assumptions and score reliability. Med Care. 

1999;37(5 SUPPL.):MS10-MS22. PMID: 10335740 

 

 

  

 
32 

 



 

 

 
33 

 



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Filbay, SR;Ackerman, IN;Russell, TG;Macri, EM;Crossley, KM

Title:
Health-Related Quality of Life After Anterior Cruciate Ligament Reconstruction A Systematic
Review

Date:
2014-05-01

Citation:
Filbay, S. R., Ackerman, I. N., Russell, T. G., Macri, E. M. & Crossley, K. M. (2014). Health-
Related Quality of Life After Anterior Cruciate Ligament Reconstruction A Systematic
Review. AMERICAN JOURNAL OF SPORTS MEDICINE, 42 (5), pp.1247-1255. https://
doi.org/10.1177/0363546513512774.

Publication Status:
Accepted manuscript

Persistent Link:
http://hdl.handle.net/11343/41252

http://hdl.handle.net/11343/41252

