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Abstract  

Objective  

To perform a systematic review of findings from the Scandinavian knee ligament registers with regard 

to factors that affect patient-reported outcome after anterior cruciate ligament (ACL) reconstruction. 

Design 

Systematic review 

Data sources 

Four electronic databases; PubMed, EMBASE, the Cochrane Library and AMED were searched, and 157 

studies were identified. Two reviewers independently screened titles, abstracts and full-text articles 

for eligibility. A modified version of the Downs and Black checklist was applied for quality appraisal. 

Eligibility criteria for selecting studies 

Studies published from the Scandinavian registers from their establishment in 2004 and onward that 

report on patient-reported outcome and provide information on concomitant injuries were eligible.   

Results 

A total of thirty-five studies were included. Younger age at ACL reconstruction, male sex and receiving 

a hamstring tendon autograft positively influenced patient-reported outcome. Patients with 

concomitant cartilage and meniscal injuries reported inferior subjective knee function compared with 

patients with an isolated ACL tear. One study reported that patients treated non-surgically reported 

inferior knee function compared with patients who had ACL reconstruction.  

Summary  

Younger age, male sex, not smoking, receiving a hamstring tendon autograft and the absence of 

concomitant injuries were associated with superior patient-reported outcomes after ACL 

reconstruction.  
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What are the new findings?  
 
What is already known?  
 

 The Scandinavian knee ligament registers enable identification of surgical techniques and 
factors that may lead to premature failure, as well as predictors for good and poor outcomes 

 Over 90% of the annually performed ACL reconstructions are registered and the data are 
strengthened by prospective collection. 

 The patient-reported outcome measurements within the Scandinavian knee ligament 
registers are valuable for detection of inferior results and early failures in patients ACL 
reconstruction. 

 
 
How might it impact clinical practice in the future?  

 

 The information acquired from registers is of high generalisability and can facilitate clinicians’ 

treatment decisions for the individualised management of ACL injuries.  

 Clinicians should be aware of modifiable factors that may influence patient-reported outcome 

and should adjust treatment and rehabilitation with emphasis on targeting these factors. 

 Clinicians should be aware that the non-modifiable factors identified highlight specific sub-

groups of patients who may require additional treatment.  
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Introduction  
Patient-reported outcome is a cornerstone in understanding patients’ perceptions of treatment 

outcome in medicine. As the Scandinavian knee ligament registers contain data from more than 70,000 

patients they provide a unique opportunity to understand and interpret factors that affect patient-

reported outcome after ACL reconstruction.1 The Knee injury and Osteoarthritis Outcome Score2 

(KOOS) is the common patient-reported outcome used in the registers. The KOOS is collected 

preoperatively and at clinically-relevant time points postoperatively. By collecting KOOS-data, 

clinicians are able to monitor and compare the outcome for subgroups of patients, e.g. ACL 

reconstruction and rehabilitation compared with rehabilitation alone, or adolescents compared with 

adults Understanding the factors that contribute to outcome in patients with ACL injury is of 

paramount importance for shared decision making between clinicians and the patient.   

The purpose of this study was to (1) determine whether specific patient-related and surgery-related 

factors influenced patient-reported outcome, (2) assess if there was a relationship between 

concomitant injuries (i.e. meniscus tears and articular cartilage lesions) and patient-reported 

outcomes, including to determine predictors of concomitant injuries, (3) identify tools for 

interpretation results from patient-reported outcome after ACL reconstruction based on data from the 

Scandinavian knee ligament registers.  
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Methods  
This systematic review was conducted according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.3  

Eligibility criteria 

All publications written in English from the Danish, Norwegian, or Swedish knee ligament registers with 

a specific research question regarding ACL reconstruction, were eligible for inclusion if the study 

presented data from the KOOS and/or European Quality of Life – five dimensions (EQ-5D) and/or 

Tegner Activity Scale. We excluded conference abstracts, review articles and clinical commentary 

articles. There were no prespecified patient demographics or type of ACL surgery intervention for the 

study populations. 

 

Information sources/literature search 

The literature search was performed by an expert in electronic search methods at the Sahlgrenska 

University Hospital library on 5 January 2017. Updated literature searches were performed on 9 May 

2017 and 20 April 2018. We searched the MEDLINE/PubMed, EMBASE, The Cochrane Library and 

AMED electronic databases. Search terms were mapped to relevant MeSH terms or subject headings 

where possible. Search terms were entered into the database under three concepts: Concept 1 – 

‘Register’, ‘registry’, ‘registers’, and ‘registries’. Concept 2 – ‘Sweden’, ‘Swedish’, ‘Denmark’, ‘Danish’, 

‘Norway’, ‘Norwegian’, ‘Scandinavia’, ‘Scandinavian’ and ‘Nordic countries’. Concept 3 – ‘Anterior 

cruciate ligament’, ‘Anterior cruciate ligament injuries’, ‘Anterior cruciate ligament reconstruction’, 

‘Posterior cruciate ligament’ and ‘Posterior cruciate ligament reconstruction’. Keywords in each 

concept were grouped with the ‘OR’ operator. The results from each concept were then combined 

with the ‘AND’ operator to produce the search strategy and the final yield (Supplementary Table 1). In 

addition, the register holder of each Scandinavian register was contacted via e-mail and asked to 

provide a list of publications from the register. Two authors (E.H.S and E.S) independently screened all 

abstracts and full texts, and where needed, to identify eligible articles. 



8 
 

 

Data collection process  

Data were extracted independently by two reviewers (E.H.S and E.S.). Disagreements were resolved 

by discussion, or by consulting by the senior author (K.S). An electronic piloted form was created in 

Microsoft Excel for Windows (Version 14.0.7, Microsoft Corp, Redmond, Washington, USA) for data 

collection.  

 

Outcome 

The KOOS is reported as a valid, reliable and responsive disease-specific self-administered 

questionnaire for patients with knee injuries and knee osteoarthritis.2 It comprises 42 items across five 

subscales: pain (9 items), other symptoms (7 items), activities in daily living (ADL) (17 items), function 

in sport and recreation (5 items) and knee-related quality of life (QoL) (4 items). Each subscale is scored 

on a 0 (worst) to 100 (best) scale.  

 

The EQ-5D is a generic measurement of health status, although it has not been validated for patients 

who have sustained an ACL injury. The EQ-5D comprises five domains – mobility, self-care, usual 

activities, pain/discomfort and anxiety/depression – and a visual analogue scale (VAS) for overall 

health.4 An index value is calculated from the five domains, giving a score that ranges from 0 (worst) 

to 1 (best). The EQ-5D VAS is a vertical scale ranging from 0 (worst) to 100 (best). Both the EQ-5D index 

and the EQ-5D VAS are reported in the Scandinavian knee ligament registers.  

 

The Tegner Activity Scale scores range from 0-10, with higher scores corresponding participation in 

knee-strenuous activity.5 A patient participating in competitive sports at elite level is considered to 

have a Tegner Activity Scale score of 10. The Tegner Activity Scale also covers work-related activities 

from level 0-5, suggesting that all patients with a Tegner Activity Scale of 6 or higher are involved in 

sports.  



9 
 

 

Risk of bias assessment  

There is no standardised method for assessing internal validity (bias) in register studies. We used the 

Downs and Black checklist for randomised and non-randomised studies.6 Two reviewers independently 

assessed each study. The original checklist comprises 27 items (each scored on a 0-2 scale), and the 

maximum score is 30. We excluded items 14, 15, 23 and 24 because they are related to randomisation. 

We also excluded item 27 (power analysis), and item 21 (studies designed to analyse two or more 

registers would score zero and receive a lower score than a study investigating one register). The 

modified checklist comprised a maximum score of 22 points. 

 

Data synthesis 

Data synthesis was limited to a qualitative approach because of (1) overlapping participants in multiple 

studies meaning that data from some participants would have been included more than once in a 

quantitative analysis, and (2) different methods, e.g. follow-up lengths and statistical methods, used 

to address similar research questions and outcomes. The summary of results from the original 

publications were organised (synthesised) under the following sections: patient-related factors, 

surgery-related factors and injury-related factors. To increase the readability, the results were 

summarised in text under sub-headings according to specific topics presented by the original studies 

e.g. “hamstring tendon autograft versus patella tendon autograft”. In cases where the studies 

overlapped, the result from the study with the largest cohort was considered of highest evidence in 

the data synthesis, and secondarily, the study with the highest Downs and Black score was considered. 

No study was excluded due to overlapping cohorts. A summary of extracted data is shown in 

Supplementary Table 2. 
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Results 

The literature searches in total 157 individual studies for which the first round of screening was 

performed. One additional study was identified via the publication lists provided by the register 

holders. After applying the selection criteria, a total of 35 studies were included in this systematic 

review (Figure 1).  

 

The quality score ranged from 9-20, with a median score of 16 points of a possible 22 points (Table 

1). For some studies, the study design (cross-sectional descriptive studies) made it difficult to apply 

many of the items and the reporting quality should be interpreted with care.7-9 Item 8 (adverse events 

reported) and item 19 (compliance reliable) were not fulfilled by any study. Twelve studies ensured 

representativeness of the recruited subjects (item 12), and 17 studies accounted for losses to follow-

up (item 26). 
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Table 1. Quality appraisal of included studies according to the Downs & Black checklist  
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Author Journal 1 2 3 4 5 6 7 8 9 10 11 12 13 16 17 18 19 20 22 25 26 Total 

Ageberg (2010) AJSM 1 1 1 1 2 1 1 0 1 0 1 0 1 1 1 1 0 1 1 1 1 18 

Ahldén (2012) AJSM 1 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 1 0 0 15 

Ardern (2016) 
Scand J 
Med Sci 
Sports 

1 1 1 1 1 1 1 0 0 0 1 0 1 1 1 1 0 1 1 0 0 14 

Årøen (2013) KSSTA 1 1 0 1 2 1 1 0 1 0 1 0 1 1 1 1 0 1 1 1 0 16 

Balasingam 
(2017) 
 

Arthroscopy 1 0 0 0 1 0 1 0 1 1 1 1 1 1 1 0 0 1 1 1 0 13 

Barenieus 
(2013) 

KSSTA 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 1 0 0 16 

Björnsson 
(2015) 

Arthroscopy 1 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 1 0 0 15 

Desai (2014) KSSTA 1 1 1 1 0 1 1 0 1 0 1 0 1 1 1 1 0 1 1 0 0 14 

Fauno (2014) OJSM 1 1 1 1 2 1 1 0 1 0 1 0 1 1 1 1 0 1 1 1 1 18 

Fältström(2016) KSSTA 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 18 

Granan (2015) KSSTA 1 1 1 1 2 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 19 

Grindem (2015) BJSM 1 1 1 1 2 1 1 0 1 1 1 0 0 1 1 1 0 1 1 1 0 17 

Hamrin 
Senorski 
(2017) 

KSSTA 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 0 17 

Hamrin 
Senorski¤ 
(2017)  

KSSTA 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 18 

Hjermundrud 
(2010) 

KSSTA 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 1 1 1 17 

Ingelsrud 
(2015) 

AJSM 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 0 16 

Ingelsrud 
(2018) 

AJSM 1 1 1 0 0 1 1 0 1 0 1 0 1 1 1 1 0 1 1 0 1 14 

Kvist (2014) Arthroscopy 1 0 1 0 1 0 1 0 1 0 1 0 1 1 1 1 0 1 1 0 0 12 

LaPrade (2015) AJSM 1 1 1 1 2 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 20 

Lind (2009) KSSTA 0 0 1 0 0 1 0 0 1 0 1 0 1 1 0 1 0 1 1 0 0 9 
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Lind (2012) AJSM 1 1 0 1 0 1 1 0 1 0 1 0 1 0 1 1 0 1 1 1 0 13 

Owesen (2015) OJSM 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 18 

Phillips (2018) 
 

KSSTA 1 1 1 1 1 1 1 0 0 1 1 0 1 1 1 1 0 1 1 0 0 15 

Rahr-Wagner 
(2013) 

Clin 
Epidemiol 

1 1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 0 14 

Rahr-Wagner 
(2014)* AJSM 1 1 0 1 2 1 1 0 0 0 1 0 1 1 1 1 0 1 1 1 0 15 

Rahr-Wagner 
(2013) 

Arthroscopy 1 1 0 1 2 1 1 0 0 1 1 0 1 1 1 1 0 1 1 1 0 16 

Reinholdsson 
(2016) 

KSSTA 1 1 1 1 2 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 19 

Røtterrud  
(2013) 

AJSM 1 1 1 1 2 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 20 

Røtterrud 
(2011) 

AJSM 1 1 0 0 2 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 17 

Røtterud (2012)  KSSTA 1 1 1 0 0 1 1 0 1 1 1 0 1 1 0 0 0 1 1 0 1 13 

Røtterud (2016) AJSM 1 1 1 1 2 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 20 

Samuelsson 
(2017) 

AJSM 1 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 0 16 

Snæbjörnsson 
(2017) 

AJSM 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 0 16 

Soreide (2016) AJSM 1 1 1 1 2 0 1 0 1 1 1 0 1 1 1 1 0 1 1 1 0 17 

Ulstein (2017) KSSTA 1 1 1 0 0 1 1 0 1 1 0 0 1 1 0 1 0 1 1 0 1 13 

¤ No differences in subjective knee function between surgical techniques of anterior cruciate ligament reconstruction at 2-year follow-up: a cohort study from the Swedish 

National Knee Ligament Register. #Is the use of contraceptives associated with operatively treated anterior cruciate ligament injury? *Comparison of hamstring tendon and patellar 
tendon grafts in anterior cruciate ligament reconstruction in a nationwide population-based cohort study: results from the DKRR. 
AJSM = American Journal of Sports Medicine; Clin Epidemiol = Journal of Clinical Epidemiology; JBJS = The Journal of Bone and Joint Surgery; KSSTA = Knee Surgery, Sport Traumatology, 
Arthroscopy; OJSM = Orthopaedic Journal of Sports Medicine; Scand J Med Sci Sports = Scandinavian Journal of Medicine & Science in Sports. 
Downs and Black scoring: 0=no, item not fulfilled; 1=yes, item fulfilled. Item 5 is scored 0-2: 0=no, item not fulfilled; 1=item partially fulfilled, 2=yes, item fulfilled.  
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Relationship between patient-related factors and patient-reported outcomes  

PATIENT SEX 

Three studies from the SNKLR investigated differences in patient-reported outcomes related to patient 

sex.7 10 11 These studies had a quality score of 12-18 out of 22. At all follow-ups, women reported 

between 2 and 5 points lower than men in the KOOS sports and recreation dimension (p <0.001).7 10 

Women reported significantly less improvement in the KOOS sport and recreation from 1 to 2 years 

postoperatively compared with men (mean difference 3.2 (95% CI; 0.3-6.1).10 Male sex has also been 

reported with favourable odds for reporting a functional recovery in KOOS (defined as KOOS pain ≥ 90, 

symptoms ≥ 84, ADL ≥ 91, sport and recreation ≥ 80 and QoL ≥ 81), compared to women (OR = 1.37 

[95% CI; 1.16-1.61], p < 0.001) 2 years after ACL reconstruction.11  

AGE 

Three studies specifically studied the effect of patient age on patient-reported outcome after ACL 

reconstruction. These studies had a quality score of 14-18 out of 22. Younger patients reported 

superior KOOS and Tegner activity scale outcome10 12 13 compared to older patients (>30 years) at all 

follow-ups. Although the effect of age on outcome may be confounded by sex.10 

 

SMOKING  

The effect of smoking on patient-reported outcome was reported in two studies from the SNKLR.7 14 

These studies had a quality score of 12 and 15 out of 22. Smokers reported inferior KOOS and EQ-5D 

outcomes at all follow-ups (preoperative, 1, 2 and 5 years) compared to non-smokers, with the 

exception of the preoperative EQ-5D VAS. 14 7  

 

PREOPERATIVE AND POSTOPERATIVE REHABILITATION  

One study with a quality score of 17 out of 22, compared a 84 patients who received pre- and 

postoperative rehabilitation at a specialist clinic with 2,690 matched patients from the NKLR as a 
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reflection of standard care.15 The active rehabilitation consisted of a specific training programme with 

recommendations for training dosage and exercises, which included heavy resistance strength 

training, plyometrics and neuromuscular exercises. The intervention cohort showed superior pre- and 

postoperative KOOS for all subscales. Preoperatively, there were clinically-relevant differences in all 

subscales, except in symptoms, and the largest difference was found in sport and recreation with 24.6 

points (95% CI; 19.0-30.2). At the 2-year follow-up, clinically relevant differences were reported in 

KOOS symptoms, sport and recreation and QoL. The largest difference in the 2-year KOOS was reported 

in the subscales of sport and recreation, 17.7 points (95% CI; 12.1 to 23.2).15  

INTERPRETATION OF ACCEPTABLE SYMPTOMS  

One study, with a quality score of 16 out of 22, aimed to determine cut-offs and report the proportion 

of patients who reported acceptable symptoms and treatment failure in the KOOS. With a total 

response rate of 62% at six to 24 months after ACL reconstruction, patients who reported acceptable 

symptoms scored between 76 and 91 points in the different KOOS subscales, while patients who 

reported treatment failure scored between 31 and 58 points.16 The proportion of patients who 

reported acceptable symptoms six to 24 months after ACL reconstruction was 55-66%, while 7-12% 

perceived treatment failure. 

MINIMAL IMPORTANT CHANGE IN THE KOOS 

One study, with a Downs and Black score of 14 out of 22, determined the minimal important change 

(MIC) of the KOOS subscales for patients after ACL reconstruction up to 2 years.17 The MIC for KOOS 

pain was 2.5 points, KOOS symptoms was -1.2 points, KOOS ADL was 2.4 points, KOOS sport and 

recreation was 12.1 points, and KOOS QoL was 18.3 points. The study also reported that 4-10% of 

patients may expect subscale-specific worsening during the first 2 years after ACL reconstruction.17  

NON-RESPONSE 
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Two studies have compared responders and non-responders (i.e. patients not responding to the 

patient-reported outcomes administered by the registers) in the Scandinavian knee ligament 

registers.9 18 These studies had a quality score of 14 and 19 out of 22. In both studies, non-responding 

patients were contacted and asked to reply to an additional assessment of patient-reported outcomes 

(including the KOOS, EQ-5D and the Tegner activity scale), which was compared with the responding 

patients.9 18 No to minor differences were reported between patients responding and not responding 

to patient-reported outcome preoperatively to two years after ACL reconstruction.18 However, 

younger patients and women have higher response rates compared with older patients and men.18   

 

Relationship between surgery-related factors and patient-reported outcomes  

OUTCOMES AFTER PRIMARY AND REVISION ACL RECONSTRUCTION 

Four studies have reported on outcomes after primary and revision ACL reconstruction, and how other 

surgical factors effect patient-reported outcome after ACL reconstruction.8 11 19 20 These studies had a 

quality score of 9 and 16 out of 22. Patients who underwent ACL reconstruction reported superior 

KOOS 1, 2 and 5 years after reconstruction, compared with their preoperative KOOS. The 1 and 2 year 

KOOS, across all subscales, is equivalent after ACL reconstruction, independent of the potential 

confounders age, sex and concomitant injuries.20 Patients who waited less than three months from 

ACL injury to reconstruction reported superior KOOS in all subscales except symptoms 2 year after 

reconstruction, compared with patient waiting more than three months.19 Patients who had 

notchplasty were less likely (OR = 0.68 [95% CI; 0.56-0.83], p < 0.01) to report a functional recovery 

(defined as KOOS pain ≥ 90, symptoms ≥ 84, ADL ≥ 91, sport and recreation ≥ 80 and QoL ≥ 81) 2 year 

after ACL reconstruction.11  

 

Two studies have investigated if the patient-reported outcome related to the primary ACL 

reconstruction could predict undergoing revision ACL reconstruction.21 22 These studies had a quality 
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score of 18 and 19 out of 22. A 2-year KOOS QoL < 44 (proxy of treatment failure) increased the risk of 

undergoing revision ACL reconstruction (RR = 3.7 (95% CI; 2.2-6.0)), compared with patients with a 

KOOS QoL of > 44 points. In addition, every 10-point reduction in KOOS QoL 2 years after primary ACL 

increased the risk of revision ACL reconstruction with 33.6%.22 Patients who subsequently underwent 

revision ACL reconstruction also reported inferior 2-year KOOS in the subscales of sport and recreation 

(19.5 points [95% CI; 13.4-25.7]) and QoL (15.8 points [95% CI; 10.4-21.3]) compared with patients who 

did not.22 The risk of revision ACL reconstruction was also reduced by every one-point increase of 

preoperative KOOS symptoms (HR =0.993 [95% CI; 0.989-0.998], p = 0.007), the EQ-5D index (HR = 

0.568 [95% CI; 0.392-0.823], p = 0.003] and the EQ5-D VAS [HR = 0.994 [95% CI; 0.991-0.998] 

p=0.005).21  

Three studies have compared patient-reported outcome after primary and revision ACL 

reconstruction.7 14 23 These studies had a quality score of 12-15 out of 22. Patients undergoing revision 

ACL reconstruction reported significantly inferior KOOS and EQ-5D on all follow-up occasions 

compared with those undergoing primary ACL reconstruction (with differences between 5 and 19 

points in the KOOS).7 14 23 A higher proportion of patients undergoing revision ACL reconstruction 

reported a KOOS QoL score < 40 (as a proxy of treatment failure), 38% vs. 20% of primary ACL 

reconstructions.23 However, patients who had revision ACL reconstruction reported improvements 

similar to primary reconstructions in all subscales of the KOOS 1 and 2 years after surgery.23  

CONTRALATERAL AND BILATERAL ACL RECONSTRUCTION  

One study with a quality score of 18 out of 22 investigated preoperative KOOS as predictors for 

contralateral ACL reconstruction.21 There was an 0.6-1% increased risk of undergoing contralateral ACL 

reconstruction for every one-point increase in all KOOS subscales preoperatively, with the exception 

of KOOS symptoms.21 

One study with a quality score of 12 out of 22 compared the preoperative and 2-year KOOS between 

patients with bilateral reconstruction and patients undergoing primary unilateral ACL reconstruction.7 
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No differences were reported preoperatively, however, at the 2-year follow-up patients with bilateral 

reconstruction (n=150) scored an average of seven points lower across the KOOS subscales than 

patients with a unilateral ACL reconstruction (n=7,652) (p = 0.008).7  

HAMSTRING TENDON AUTOGRAFT VERSUS PATELLAR TENDON AUTOGRAFT  

Four studies compared patient-reported outcomes between patients undergoing ACL reconstruction 

with either a hamstring tendon or a patellar tendon autograft.7 11 24 25 These studies had a quality score 

of 12-16 out of 22. Patients who received a hamstring tendon autograft reported superior KOOS in the 

sport and recreation subscale (up to 7 points higher) at each follow-up compared with patients who 

received a patellar tendon autograft.7 24 The hamstring tendon group also had a slightly higher Tegner 

activity scale compared with the patellar tendon group (mean 4.9, 95% CI; 4.9-5.0 compared to mean 

4.7, 95% CI; 4.6-4.9) at one-year postoperatively.24 Patients who received hamstring tendon autografts 

had increased odds of achieving a functional recovery (defined as KOOS pain ≥ 90, symptoms ≥ 84, ADL 

≥ 91, sport and recreation ≥ 80 and QoL ≥ 81) and were less likely to report treatment failure (defined 

as a KOOS QoL < 44 points), compared with patients who received patellar tendon autografts.11 

Hamstring tendon graft diameter, stratified by 0.5mm increments, did not affect KOOS or EQ-5D, pre- 

or postopertatively.25   

FEMORAL DRILLING AND SURGICAL TECHNIQUE 

Four studies investigated the effect of femoral tunnel drilling technique on patient-reported outcome 

after ACL reconstruction.19 26-28 These studies had a quality score of 15-18 out of 22. There was no 

difference in patient-reported outcome (including the KOOS or Tegner activity scale) from 

preoperative to two years after primary ACL reconstruction with either the anteromedial portal or 

transportal compared with transtibial femoral drilling technique.19 27 28  Femoral tunnel drilling 

technique used in single-bundle ACL reconstruction did not predict which patients would report among 

the top or bottom KOOS quintiles 2 years after ACL reconstruction.26 

DOUBLE-BUNDLE VERSUS SINGLE-BUNDLE ACL RECONSTRUCTION 
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Three studies from the SNKLR compared patient-reported outcome between double-bundle  and 

single-bundle ACL reconstruction.7 14 29 These studies had a quality score of 12-15 out of 22. Patients 

who had a double-bundle ACL reconstruction reported lower, pre-operative KOOS compared with 

patients undergoing a single-bundle ACL reconstruction.7 14 29 There were no differences between the 

groups at one and two years follow-up in KOOS or EQ-5D, in the improvement from the preoperative 

score to one year, or between one and two years postoperatively.29 However, patients who underwent 

double-bundle ACL reconstruction reported superior KOOS QoL at 5 years follow-up.7  

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS 

One study with a quality score of 17 out of 22, assessed the relationship between administration of 

NSAIDs in ACL reconstruction and KOOS QoL at 2-years follow-up.30 Patients administered NSAIDs 

reported superior KOOS across all subscales, and an overall reduced odds ratio (OR = 0.8 [95% CI; 0.6-

0.9]) of reporting a KOOS QoL subscale < 44 at the 2-year follow-up compared to patients who were 

not administered NSAIDS. Further reduced odds of KOOS QoL < 44 were found in the subgroup of 

patients aged > 29 years (OR = 0.7 [95% CI, 0.5-0.9]) and men (OR = 0.7 [95% CI; 0.5-0.9]), who were 

administrated NSAIDs.30  

NON-SURGICAL TREATMENT 

One study with a quality score of 14 out of 22, compared KOOS at 1, 2 and 5 years follow-up between 

patients who chose non-surgical treatment and patients undergoing ACL reconstruction (number of 

patients cross-sectionally compared in the ACL reconstruction group and in the non-surgically treated 

group; 1-year KOOS n=350, 2-year n=358, 5-year n=114).31 Patients undergoing ACL reconstruction 

reported superior KOOS across all subscales and follow-ups.   

 

Relationship between injury-related factors and patient-reported outcome 

PRESENCE OF CONCOMITANT INJURIES  
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Three studies assessed the relationship between presence of concomitant injuries at ACL 

reconstruction and the KOOS.7 14 32 These studies had a quality score of 12-15 out of 22. Patients with 

concomitant intra-articular injuries (meniscus and articular cartilage injuries) reported inferior results 

in all KOOS subscales preoperatively and at one and two years follow-up, compared to patients without 

concomitant injuries.7 14 Results at 5-year follow-up were inconclusive, although, differences between 

patients with and without concomitant injuries appeared to decrease at this time point.7 14 32 

Differences between patients with concomitant injuries and isolated ACL reconstruction increased, 

superior for the latter, between 5- and 10-year follow-up after reconstruction. However, both these 

groups of patients reported slightly improved KOOS during these follow-ups.  32   

MENISCAL INJURIES 

Five studies assessed the relationship between concomitant meniscal injuries at ACL reconstruction 

and the KOOS.11 14 19 26 33 These studies had a quality score of 15-20 out and 22. Patients with 

concomitant meniscal injuries reported inferior KOOS preoperatively and at one-year follow-up for all 

subscales except for pain at one year, compared to those without meniscal injuries. At 5 years follow-

up a significant difference was found in the subscale sport and recreation.14 The absence of meniscal 

injury increased the odds of reporting within the 80th percentile of KOOS4 2 years after ACL 

reconstruction.26 There are inconclusive results on the effect of resection or repair of concomitant 

medial and lateral meniscus injuries compared with patients with isolated ACL reconstructions on 2-

year KOOS. 19 33  

Previous surgery to either the medial or lateral meniscus reduced the odds (OR = 0.68 [95% CI; 0.51-

0.89), p = 0.01, and OR = 0.53 [95% CI; 0.36-0.79], p < 0.001 respectively) of functional recovery (defined 

as KOOS pain ≥ 90, symptoms ≥ 84, ADL ≥ 91, sport and recreation ≥ 80 and QoL ≥ 81) and increased 

the odds (OR = 1.36 [95% CI; 1.10-1.67], p = 0.005, and OR = 1.42 [95% CI; 1.08-1.86], p = 0.01 

respectively) of treatment failure (defined as a KOOS QoL < 44 points) 2 years after ACL 
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reconstruction.11 There was increased odds of treatment failure (OR = 1.28 [95% CI; 1.06-1.55], p = 

0.01) with medial meniscus resection.11  

ARTICULAR CARTILAGE INJURIES 

Eight studies investigated the effect of a concomitant articular cartilage injury on patient-reported 

outcome after ACL reconstruction.19 26 34-39 These studies had a quality score 13-20 out of 22. The 

absence of articular cartilage injury increased odds of reporting in the 80th percentile of KOOS4 two 

years after ACL reconstruction.26 Patients with full-thickness cartilage lesions (ICRS grade 3-4) reported 

greater impairment on all KOOS subscales preoperatively and at 1 and 2 years follow-up, compared 

with patients with partial-thickness lesions and patients without lesions.19 34-37 There was no 

relationship between partial-thickness cartilage lesions and poorer patient-reported outcome at the 1 

and 2 years follow-up.35  

One study reported that treatment with microfracture was associated with a negative effect on 2-year 

KOOS subscales of sport and recreation (–8.6 [95%CI; –16.4 to –0.7]) and QoL (–7.2 [95% CI; –13.6 to 

–0.8]), compared to patient not receiving treatment for full-thickness cartilage lesions. Debridement 

of full-thickness cartilage lesions had no effect on patient-reported outcomes.38  

POSTERIOR CRUCIATE LIGAMENT INJURY VERSUS ACL INJURY   

Two studies have reported on the outcome after posterior cruciate ligament reconstruction (PCL) 

compared with ACL reconstruction.40 41 These studies had a quality score of 16 and 18 out of 22. 

Patients with an isolated PCL injury report inferior pre- and postoperative in all KOOS subscales 

compared with patients with an isolated ACL injury. Patients undergoing PCL reconstruction had similar 

improvements in KOOS score as patients undergoing ACL reconstruction from preoperative to 2-year 

after reconstruction.41  
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Discussion 
Modifiable factors could affect patient-reported outcome after ACL reconstruction include choosing 

hamstring tendon autograft over patellar tendon autograft, not smoking, avoiding microfracture of 

full-thickness concomitant cartilage injuries, and treatment of rehabilitation at a specialist clinic. The 

non-modifiable factors younger age at index ACL reconstruction and male sex were positively 

associated with patient-reported outcomes, while the presence of a full-thickness cartilage injury and 

meniscal injuries were negatively associated with patient-reported outcome.  

The majority of findings relating to the KOOS were not clinically relevant, which suggest either that 

there are no meaningful differences between different patients and treatments, or that the outcome 

cannot discriminate between different patients and treatments. To minimize error and increase the 

relevance of the results obtained by using patient-reported outcome, the measurements should 

consist of condition-specific items.42 There are concerns regarding the KOOS and its potential 

inadequate measurement properties in the three original WOMAC subscales (pain, symptoms and 

ADL) when used for patients after ACL reconstruction.42 43 There is a risk of potential wash-out of 

treatment effects, type-1 errors and inadequate measurement properties when using an outcome 

which may not be optimally suited for the target population have been addressed by previous 

studies.20 42 44 Because of this, clinicians are advised to read complementary literature to understand 

differences between patients where population-specific outcomes have been used, e.g. patients with 

and without concomitant meniscal injury are assessed with a meniscus-relevant patient-reported 

outcome.  

Patient-related factors and patient-reported outcome 

Younger patients and being male were the main patient-related factors that positively affected 

patient-reported outcome in the Scandinavian knee ligament registers, which is consistent with other 

scientific literature.7 10 12-14 Younger patients may report superior KOOS pre- and post-operatively, but 

during time between follow-ups the older patients (> 40 years) reported a superior improvement in 

KOOS.12 Older patients may perceive a larger benefit from ACL reconstruction than younger patients,12 
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although this result can be confounded by the level of physical activity and motivation to return to 

sport.   

It appears promising to combine data from the Scandinavian knee ligament register with other types 

of registers or databases as there has been an increase of studies using such methodology.15 45-48 And 

because of this, future studies should consider including data on rehabilitation outcome, return to 

sport and the experience of surgeons and physiotherapists in order to address treatment-related 

topics. For instance, no data on rehabilitation or compliance with treatment are kept in the registers. 

Preoperative and postoperative subjective knee function were improved in patients who received 

specialised and controlled preoperative and postoperative rehabilitation (the Delaware-Oslo cohort) 

compared with standard care represented by the NKLR.15 In view of another register study21, which 

reported that a lower preoperative KOOS symptoms was a predictor of revision ACL reconstruction, 

clinicians advise patients to continue rehabilitation until acceptable KOOS score occurs. In addition, 

patients who achieve sufficient knee function preoperatively reported superior outcomes after ACL 

reconstruction.49-51   

Treatment-related factors and patient-reported outcome  
Patients who underwent ACL reconstruction with hamstring tendon autografts report superior results 

in the KOOS compared with patients with patellar tendon autografts.7 24 This difference may be 

explained by the higher proportion of hamstring tendon autografts used in the registers52 and the more 

common donor site morbidity associated with the patellar tendon autografts.53 In addition, Gifstad et 

al.52 reported increased revision rates for hamstring tendon autografts compared with patellar tendon 

autografts in younger patients participating in pivoting sports. The published RCTs comparing the two 

autograft choices have not reported any differences in subjective knee function in short- or long-term 

follow-ups.54 55  

To further understand and improve the care of patients with ACL injuries, patients who are treated 

without surgery should be included in national registers. Although currently there are limited data. 
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Patients treated non-surgically had inferior results on all KOOS subscales at all follow-ups. However, 

the only clinically-meaningful difference was in the sport and recreation subscale at one-year.56 In 

randomised trials using an evidence-based rehabilitation protocol, patients treated non-operatively 

report similar results to patients treated with ACL reconstruction,57 58 and there is likely selection bias 

in the registers. Therefore, the register-based results should be interpreted with caution. There is a 

need for future research on the prognosis and indications for non-reconstructive treatment after ACL 

injury, where both randomised trials and large register studies are important to address this topic. 

Injury-related factors and patient-reported outcome 

Concomitant meniscal and articular cartilage injuries at ACL reconstruction are common in the 

Scandinavian knee ligament registers, most frequent in men and older patients.12 14 36 Patients who 

wait more than one year from ACL injury to surgery had a greater number of concomitant injuries.11 59-

61 Patients with concomitant injuries to menisci or articular cartilage report inferior preoperative and 

early postoperative knee function compared with patients with an isolated ACL injury.14 However, 

between  5- and 10-years follow-up, difference between patients with and without concomitant 

injuries increases but do not reach clinical relevance.32 Based on the registers, it is unknown whether 

this can be explained by an adjustment in lifestyle and physical activity. 

Surgical treatment of meniscal injury was associated with good short-term outcomes.37 Although 

surgery to the lateral meniscus might have superior patient-reported outcomes compared with surgery 

to the medial meniscus. Although, the differences are small, which make the findings difficult to 

interpret.33 This is important because it questions the discriminability of the KOOS as an outcome as 

patients with meniscal pathology have an increased risk of long-term knee impairment and 

osteoarthritis, especially after meniscal resection. However, this is not reflected by the outcome used 

in the registers.62-64   

Concomitant cartilage lesions were also associated with inferior patient-reported outcome.35-37 65 One 

common surgical treatment option for articular cartilage lesions is microfracture. Notable for 
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clinicians, this procedure has been associated with poorer patient-reported outcomes compared with 

other treatment options and no treatment.38  

 

Limitations 

We included all studies based on data from the Scandinavian knee ligament registers reporting on 

patient-reported outcome. The results may be limited by only including level 2 and 3 studies, as RCTs 

are not possible to conduct based on registers. The large cohorts of the register studies do increase 

the risk of multiple significance. This means that the size and effect of the difference is important to 

consider, as a small difference may not be clinically relevant. Data were extracted from the original 

studies according to how the results were presented in each study and the absolute results were 

interpreted with results from studies which had a similar research question. This minimised loss of 

data but introducing potential limitations of bias in the interpretation in the results of the original 

studies. 

Since there is no risk of bias assessment tool specifically designed for register studies, we used a 

modified version of the Downs and Black checklist. All but one study had a score of 12-20 of 22 possible 

which indicates that studies from the Scandinavian knee ligament registers have reasonable reporting 

quality. However, there are limitations in the Downs and Black checklist’s assessment of internal 

validity (bias). Therefore, it is possible that we have inadequately accounted for the risk of bias and 

overstated the strength of the evidence. We did not define a threshold for high or low quality. The 

non-randomised design precludes inferences about causality. There is a high risk of attrition bias in 

this systematic review, since only a small number of studies consider losses to follow-up. 

A strength of the Scandinavian knee ligament registers is the high rate of coverage at baseline 

(proportion of participating units in relation to all eligible units) and completeness (proportion of target 

population in the register). Nevertheless, one of the largest potential limitations in the registers is the 

inadequate compliance of PROMs follow-up, with a 50-70% response rate.7 9 18 66-69 These numbers may 

be additionally biased by a higher response rate among women, older patients and those of higher 
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socioeconomic status.9 18 However, validation and non-response analyses from the registers have not 

reported any differences in terms of patient-reported outcomes.9 18  

The numerous studies from the Scandinavian knee ligament registers create a strong foundation for a 

high level of evidence, but the frequent publication also results in a potential bias of using the same 

cohort and patient data for analysis. In order to avoid the potential bias of using the same patient’s 

data multiple times, the synthesis of data in this systematic review was performed by interpreting the 

results of studies addressing similar research questions summarised under three sections. 

Conclusion 
Both primary and revision ACL reconstruction improve subjective knee function compared with 

preoperative status. Younger age, male sex, not smoking, receiving hamstring tendon autografts and 

having no concomitant injuries were associated with superior patient-reported outcomes. There were 

no clinically relevant differences in patient-reported knee function with regard to the ACL 

reconstruction techniques used.   
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Figure 1 Article selection.   
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