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Background: Increased knowledge of the factors predicting outcome after anterior cruciate ligament reconstruction (ACLR) is
needed.

Purpose: To determine the effect of concomitant meniscal lesions, and the surgical management thereof, on patient-reported
outcomes 5 years after ACLR.

Study Design: Prospective cohort study; Level of evidence, 2.

Methods: A total of 15,706 patients who underwent primary unilateral ACLR between 2005 and 2008 were enrolled prospectively
and evaluated longitudinally. All patients were part of the Norwegian and Swedish national knee ligament registries. Outcomes at 5-
year follow-up were evaluated with the Knee injury and Osteoarthritis Outcome Score (KOOS). A multivariable linear regression
model was used to assess possible effects on prognosis, as measured by KOOS, of a concomitant meniscal lesion and its
associated surgical treatment.

Results: At a mean follow-up of 5.1 ± 0.2 years, KOOS data were available from 8408 patients: 4774 (57%) patients with no and
3634 (43%) patients with concomitant meniscal lesions (mean patient age, 33.8 ± 10.7 years). Patients with concomitant meniscal
lesions reported equal crude mean scores compared with patients without meniscal lesions in all KOOS subscales 5 years after
ACLR. The mean improvement in scores from preoperative to the 5-year follow-up was greater for patients with a concomitant
meniscal lesion for the KOOS Pain, Activities of Daily Living (ADL), and Sport and Recreation subscales. In the adjusted regression
analyses, using patients without concomitant meniscal lesions as the reference, neither no treatment nor resection or repair of
medial meniscal lesions were significantly associated with KOOS scores 5 years after ACLR. Except for the ADL subscale, in which
a repaired lateral meniscal lesion was associated with better outcome, no significant associations between any of the lateral
meniscal lesion treatment categories and KOOS outcome at 5-year follow-up were identified.

Conclusion: Concomitant meniscal lesions at the time of ACLR conferred no negative effects on patient-reported outcomes 5
years after ACLR. The improvement in selected KOOS subscales from preoperative to the 5-year follow-up was significantly
greater for patients with concomitant meniscal lesions than for patients without such lesions.

Keywords: anterior cruciate ligament; ACL reconstruction; meniscal injury; meniscal repair; concomitant meniscal injury; patient-
reported outcome

Patient-reported outcome measures (PROMs) have become
the mainstay in understanding patients’ perceptions
of treatment outcomes in medicine, particularly in the field

of orthopaedic surgery. The Scandinavian knee ligament
registries allow for large-scale monitoring and comparison
of PROMs for subgroups of patients. As responder analyses
have revealed that only 55% to 66% of patients who
undergo surgery after anterior cruciate ligament (ACL)
injury perceive their symptoms as acceptable postopera-
tively, increased knowledge of the factors that might con-
tribute to outcomes is required.12,24
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Presumably, 1 such factor is concomitant intra-articular
injuries. With reported incidences of 35% to 43%, concomi-
tant meniscal lesions are common in the setting of ACL
reconstruction (ACLR).22 As concomitant meniscal lesions
are reported to be a negative prognostic factor in some
studies,6,11,25 with mixed effects2,5 or no effect in others,16,22

current evidence is divergent with respect to the effect on
PROMs of such concomitant lesions. There has been a nota-
ble transition in the surgical approach to concomitant menis-
cal lesions the past decade; in 2005, just over 15% of meniscal
lesions reported to the Norwegian Knee Ligament Registry
(NKLR) were repaired. This has increased gradually to
about 59% in 2019.10 We do not know whether this transition
is related to surgeons’ having changed their assessment of
concomitant meniscal injuries, advancements in surgical
equipment, or emerging evidence of associations between
unrepaired meniscal lesions and radiographic premature
osteoarthritis (OA).4,14,15 However, with regard to PROMs,
there is limited knowledge on the effect of concomitant
meniscal lesions both before and after this transition in sur-
gical management.18

Firm knowledge on the prognosis and factors involved in
predicting outcome is needed if the information and advice
on treatment are to be correct. Large, population-based
studies with adequate time to follow-up are particularly
useful in that respect.

The primary objective of the present prospective, nation-
wide population-based cohort study was to determine the
effect of concomitant meniscal lesions at the time of ACLR
on the Knee injury and Osteoarthritis Outcome Score
(KOOS) at 5 years after surgery. Secondary outcomes
included the effect of surgical management of concomitant
meniscal lesions on patient-reported outcomes 5 years after
surgery, and the proportion of patients with a KOOS
quality-of-life score below 44 (a prespecified cutoff value
consistent with a nonsatisfactory result defined as treat-
ment failure).2,7

METHODS

Norwegian and Swedish National Knee Ligament
Registries

Following institutional review board approval, data were
assembled from the NKLR and the Swedish Knee Ligament
Register (SKLR). The NKLR was established in June 2004
and the SKLR in January 2005, with the main purposes of
registering all surgical procedures performed on knee

ligaments on a nationwide scale and prospectively monitor-
ing outcomes.8,9 There are no major cross-cultural differ-
ences in the collection or handling of data between the 2
countries, and in both registries, the surgeons’ reporting
rates are above 85%.1,9

As a part of the surgeons’ voluntary immediate postop-
erative registration of patient, knee, and surgery-specific
variables, the surgeons report meniscal lesions and any
surgical intervention.

Knee injury and Osteoarthritis Outcome Score

The KOOS was selected as the patient-reported outcome
measure in both NKLR and SKLR. The questionnaire con-
sists of 42 questions distributed between 5 separately
scored subscales; Pain, Symptoms, Activities of Daily Liv-
ing (ADL); function in Sport and Recreation (Sport/Rec);
and knee-related Quality of Life (QoL). Moreover, it is con-
sidered to be a valid, reliable and responsive PROM for
patients with ACL and meniscal injury as well as other
knee injuries.13,21 The data assembly is voluntary, and
patients complete an informed consent form prior to sur-
gery, allowing for later use of their registry data, including
the KOOS questionnaire.

Patients

The current study was a longitudinal 5-year follow-up of a
nationwide, population-based cohort consisting of all
patients, regardless of age, who underwent unilateral pri-
mary ACLR surgery between January 1, 2005, and Decem-
ber 31, 2008. All patients were registered in the NKLR or
the SKLR. During this timeframe, a total of 15,783 patients
were registered prospectively. This cohort has been
described previously in a study on the incidence and risk
of full-thickness cartilage lesions in ACL-injured knees23

and in studies reporting on the 2- and 5-year outcomes after
ACLR in patients with concomitant cartilage lesions.22,28

A total of 77 patients were ineligible for inclusion
because of missing information on the surgical treatment
of the concomitant meniscal injury, leaving a cohort of
15,706 patients.

At a mean follow-up of 5.1 ± 0.2 years, KOOS data were
available from 8408 (54%) ACL-reconstructed patients
(mean patient age, 33.8 ± 10.7 years). Of these, 4774
(57%) patients had no concomitant meniscal lesions, and
3634 (43%) had concomitant meniscal lesions. Patient flow
during inclusion and follow-up is shown in Figure 1.
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Baseline characteristics at the time of ACLR for patients
included in the study population and for patients lost to
follow-up (n ¼ 7298; 46%) are listed in Table 1, and the
breakdown of concomitant meniscal lesions by type and
treatment is shown in Table 2. Except for the sex and age
distribution, the baseline characteristics of the study popu-
lation and those lost to follow-up were comparable. The
patients available for the 5-year follow-up tended to be
older age and with a higher proportion of women than those
lost to follow-up.

Statistical Analysis

Crude mean KOOS scores at the 5-year follow-up were esti-
mated and stratified by patients with and without concom-
itant meniscal lesions. Patients with a concomitant
meniscal lesion were further stratified according to the
intra-articular localization of the concomitant meniscal
injury—that is, medial compartment (medial meniscus)
and lateral compartment (lateral meniscus)—and finally
according to surgical management of the concomitant
meniscal lesion (no treatment, resection, or repair).

Multivariable linear regression analyses were used to
assess possible effects on prognosis, as measured by the
KOOS at the 5-year follow-up, of a concomitant meniscal
lesion and its associated surgical treatment. The results are
presented as both unadjusted and adjusted for possible con-
founding from sex, age at surgery (continuous variable),
previous ipsilateral knee surgery (yes/no), concomitant lig-
ament injury (yes/no), concomitant cartilage lesions

TABLE 1
Baseline Characteristics at the Time of ACLR for the Study Cohort and Patients Lost to Follow-Upa

No Meniscal Lesions
(n ¼ 4774)

Meniscal Lesions
(n ¼ 3634)

Total Study Cohort
(N ¼ 8408)

Lost to Follow-Up
(n ¼ 7298)

Age at surgery, y 27 [9-69] 27 [10-67] 27 [9-69] 24 [8-64]
Time from injury to surgery, mo 8 [0-521) 10 [0-482] 9 [0-521] 9 [0-400]
Female sex 2415 (51) 1678 (46) 4093 (49) 2567 (35)
Previous ipsilateral knee surgery 1320 (28) 903 (25) 2223 (26) 1914 (26)
Concomitant ligament injuryb 348 (7) 267 (7) 615 (7) 493 (7)
Concomitant meniscal lesion NA 3634 3634 (43) 3133 (43)
ACL graft

Hamstring tendons 3659 (77) 2769 (76) 6428 (76) 5762 (79)
Bone–patellar tendon—bone 1016 (21) 805 (22) 1821 (22) 1383 (19)
Other/unknown 99 (2) 60 (2) 159 (2) 153 (2)

Concomitant cartilage lesions 1027 (22) 1208 (33) 2235 (27) 1907 (26)
ICRS grades 1-2 791 (17) 883 (24) 1674 (20) 1458 (20)
ICRS grades 3-4 236 (5) 325 (9) 561 (7) 449 (6)

Preoperative KOOS
Pain 75.8 ± 17.0 73.4 ± 18.3 74.4 ± 17.6 73.9 ± 18.0
Symptoms 72.7 ± 17.5 70.0 ± 18.5 71.4 ± 18.0 70.2 ± 18.0
ADL 84.8 ± 16.7 82.6 ± 18.2 83.8 ± 17.4 82.9 ± 17.6
Sport/Rec 44.0 ± 26.9 40.4 ± 27.3 42.4 ± 27.1 41.8 ± 27.1
QoL 35.1 ± 18.3 33.1± 17.9 34.2 ± 18.2 33.5 ± 18.2

aData are reported as median [range], No. of patients (%), or mean ± SD. ACL, anterior cruciate ligament; ACLR, anterior cruciate
ligament reconstruction; ADL, Activities of Daily Living; ICRS, International Cartilage Regeneration & Joint Preservation Society; KOOS,
Knee injury and Osteoarthritis Outcome Score; NA, not applicable; QoL, Quality of Life.

bMedial collateral ligament, lateral collateral ligament, posterior cruciate ligament, or posterolateral corner.

15,706

Figure 1. Flowchart of the patients during inclusion and
follow-up. ACLR, anterior cruciate ligament reconstruction;
KOOS, Knee injury and Osteoarthritis Outcome Score.
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(International Cartilage Regeneration & Joint Preserva-
tion Society grade 3 or 4), time from injury to surgery (con-
tinuous variable), type of ACL graft (hamstring, patellar
tendon, or other), and the preoperative KOOS. In all regres-
sion analyses, no concomitant meniscal lesion was used as
the reference for the effect of concomitant meniscal lesions.
Chi-square tests were used to analyze between-group dif-
ferences in proportions of patients reporting KOOS QoL
<44 (treatment failure). P<.05 was considered statistically
significant. Crude mean KOOS scores, the standardized
regression coefficients (b), and odds ratios (ORs) are pre-
sented with 95% CIs. SPSS software Version 24.0 (IBM)
was used for all statistical analyses.

RESULTS

Crude Mean KOOS Scores

The crude mean KOOS scores at 5-year follow-up as well as
the change over time from preoperative to the 5-year follow-

up for patients with and without concomitant meniscal
lesions are presented in Table 3 and Figure 2.

Patients with concomitant meniscal lesions reported
equal crude mean scores compared with patients without
meniscal lesions in all KOOS subscales 5 years after ACLR.
Moreover, patients with concomitant meniscal lesions
reported greater mean improvement over time than
patients without such concomitant lesions in the KOOS
subscales Pain, ADL, and Sport/Rec, as displayed in Figure
2.

The mean KOOS scores stratified by anatomic localiza-
tion and treatment of the concomitant meniscal lesion are
presented in Table 4. There were no major between-group
differences in crude mean KOOS scores at the 5-year
follow-up, either when comparing patients with a concom-
itant medial meniscal lesion with patients with a concomi-
tant lateral meniscal lesion or when comparing the
allocated surgical treatments within a knee compartment,
or between the 2 knee compartments.

With significantly greater changes over time in the
KOOS subscales Pain, ADL, and Sport/Rec, patients who
had their medial meniscal lesion resected at the time of
ACLR improved more than patients with no surgical treat-
ment to their meniscal lesion. With the exception of Sport/
Rec, where significantly greater improvement was reported
by patients having had their medial meniscal lesion
resected, patients with medial meniscal repair reported
equal mean changes over time in KOOS to patients receiv-
ing either no treatment or resection of their concomitant
medial meniscal lesions.

Patients with a concomitant lateral meniscal repair had
larger mean changes over time in the KOOS subscales of
Pain, Symptoms, ADL, and QoL compared with patients
that received no surgical treatment to their lateral menis-
cal lesions, but reached statistical significance only in the
ADL subscale. Compared with patients with no surgical
treatment to their lateral meniscal lesion, patients who had

TABLE 2
Concomitant Meniscal Lesions

Meniscal Lesions
(n ¼ 3634) Total Study

Cohort
(N ¼ 8408)

Lost to
Follow-Up
(n ¼ 7298)Medial Lateral

No. of meniscal
lesions

2300 1842 4142 3561

Treatment, No. of
patients (%)

No treatment 341 (15) 384 (21) 725 (9) 665 (9)
Resection 1513 (66) 1256 (68) 2769 (33) 2375 (33)
Repair 446 (19) 202 (11) 648 (8) 521 (7)

TABLE 3
Crude Mean Scores at the 5-year Follow-Up, and Change Over Time After ACL Reconstruction for Patients With and Without

Concomitant Meniscal Lesionsa

No Meniscal Lesions (n ¼ 4774) Meniscal Lesions (n ¼ 3634)

KOOS Patients, n Mean (95% CI) Patients, n Mean (95% CI)

At 5-year follow-up
Pain 4774 85.6 (85.2-86.1) 3633 85.5 (85.0-86.1)
Symptoms 4773 79.6 (79.1-80.1) 3633 78.7 (78.1-79.3)
ADL 4769 91.4 (91.0-91.8) 3630 91.2 (90.8-91.7)
Sport/Rec 4585 69.5 (68.8-70.3) 3476 69.6 (68.8-70.5)
QoL 4723 66.6 (65.7-67.3) 3594 66.5 (65.7-67.3)

Change over timeb

Pain 3295 10.4 (9.8-11.1) 2723 12.6 (11.9-13.3)
Symptoms 3300 7.5 (6.8-8.2) 2735 8.8 (8.0-9.6)
ADL 3287 7.1 (6.5-7.6) 2717 9.2 (8.5-9.8)
Sport/Rec 3153 25.6 (24.6-26.7) 2602 29.0 (27.8-30.2)
QoL 3252 32.7 (31.8-33.6) 2698 34.2 (33.2-35.2)

aACL, anterior cruciate ligament; ADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
bMean difference in scores between preoperatively and 5-year follow-up.
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their lateral meniscal lesion resected generally reported a
larger mean change over time in KOOS, but this reached
statistical significance only in the Pain subscale.

Multivariable Linear Regression

The results from the multivariable regression analysis with
the unadjusted and adjusted effects of not treated,

resected, or repaired concomitant medial or lateral
meniscal lesions on each of the KOOS subscales at
5-year follow-up are listed in Table 5. In the unadjusted
analyses, with patients without concomitant meniscal
lesions as reference, a repaired medial meniscal lesion
was significantly associated with inferior scores in the
KOOS subscales of Symptoms, Sport/Rec, and QoL. With
the exception of the ADL subscale, medial meniscal resec-
tion was not associated with inferior KOOS at 5-year
follow-up. There were no significant associations
between not treated medial meniscal lesions and KOOS
at 5-year follow-up.

Except from the Symptoms subscale, for which a
resected lateral meniscal lesion was negatively associated
with outcome, there were no significant associations
between any of the lateral meniscal lesion categories (not
treated, resected, or repaired) and KOOS outcome at 5-
year follow-up.

In the adjusted analyses, with patients without con-
comitant meniscal lesions as the reference, neither not
treated, resected, nor repaired medial meniscal lesions
were significantly associated with KOOS 5 years after
ACLR (Table 5). Except for the ADL subscale, for which
a repaired lateral meniscal lesion was associated with
better outcome, there were no significant associations
between any of the lateral meniscal lesion treatment
categories and KOOS outcome at 5-year follow-up
(Table 5).

Treatment Failure

Treatment failure defined as a KOOS QoL score below 44
(a prespecified cutoff value consistent with a nonsatisfac-
tory result) was identified in 1850 (22%) patients at the
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Figure 2. Profiles of mean change over time (baseline to
5-year follow-up) in KOOS values of patients without and
patients with concomitant meniscal lesions. Point estimates
are illustrated with 95% CIs. ADL, Activities of Daily Living;
KOOS, Knee injury and Osteoarthritis Outcome Score; QoL,
knee-related Quality of Life; Sport/Rec, Sport and Recreation.

TABLE 4
Crude Mean KOOS Scores for Patients With Concomitant Meniscal Lesion at 5-year Follow-Up,

and Change Over Time After ACL Reconstructiona

Medial Meniscal Lesion (n ¼ 2300) Lateral Meniscal Lesion (n ¼ 1482)

KOOS
No Treatment

(n ¼ 341)
Resection
(n ¼ 1513)

Repair
(n ¼ 446)

No Treatment
(n ¼ 384)

Resection
(n ¼ 1256)

Repair
(n ¼ 202)

At 5-year follow-upb

Pain 86.8 (85.1-88.4) 85.1 (84.2-86.0) 83.9 (82.3-85.5) 86.6 (85.1-88.0) 85.7 (84.8-86.7) 86.8 (84.7-88.8)
Symptoms 80.5 (78.6-82.4) 78.6 (77.7-79.6) 76.9 (75.1-78.7) 80.4 (78.7-82.1) 78.2 (77.1-79.2) 77.8 (75.3-80.3)
ADL 92.1 (90.7-93.6) 90.5 (89.7-91.3) 90.8 (89.5-92.2) 92.6 (91.4-93.8) 91.1 (90.3-91.9) 93.1 (91.5-94.7)
Sport/Rec 70.0 (67.3-72.7) 69.9 (68.6-71.2) 66.6 (64.1-69.0) 69.5 (67.0-72.0) 69.4 (68.0-70.8) 69.5 (66.0-73.0)
QoL 68.5 (66.0-71.0) 65.9 (64.6-67.1) 64.1 (61.8-66.3) 65.9 (63.5-68.3) 67.1 (65.7-68.4) 67.1 (63.9-70.3)

Change over timeb n ¼ 246-255c n ¼ 1043-1109c n ¼ 337-360c n ¼ 283-295c n ¼ 908-946c n ¼ 163-169c

Pain 9.5 (7.3-11.7) 14.1 (12.9-15.2) 11.5 (9.4-13.7) 9.2 (7.2-11.3) 12.7 (11.5-13.9) 13.2 (10.2-16.2)
Symptoms 6.0 (3.2-8.8) 9.9 (8.6-11.3) 8.7 (6.3-11.2) 6.9 (4.5-9.4) 8.1 (6.7-9.6) 10.0 (6.6-13.5)
ADL 6.5 (4.6-8.4) 10.4 (9.4-11.5) 9.1 (7.1-11.1) 6.3 (4.5-8.1) 8.4 (7.3-9.5) 12.4 (9.5-15.3)
Sport/Rec 25.0 (21.1-28.9) 31.7 (29.9-33.5) 26.4 (23.0-29.9) 23.6 (19.8-27.4) 28.8 (26.7-30.9) 27.8 (22.8-32.7)
QoL 33.6 (30.4-36.8) 35.8 (34.2-37.4) 31.9 (29.0-34.7) 30.6 (27.5-33.8) 33.6 (32.0-35.5) 34.8 (30.5-39.0)

aScores are reported as mean (95% CI). ACL, anterior cruciate ligament; ADL, Activities of Daily Living; KOOS, Knee injury and
Osteoarthritis Outcome Score; QoL, Quality of Life; Sport/Rec, Sport and Recreation.

bMean difference in scores between preoperatively and 5-year follow-up.
cRange of patients with both preoperative and 5-year follow-up subscale score.

The Orthopaedic Journal of Sports Medicine Effect of Concomitant Meniscal Lesion in ACLR 5



5-year follow-up.2,7 Of those, 781 (42%) had a concomitant
meniscal lesion and 1069 (58%) had no concomitant menis-
cal lesions. Of the 6467 (78%) patients dichotomized as not
having treatment failure, 2813 (43%) had a concomitant
meniscal lesion and 3654 (57%) had no concomitant menis-
cal lesions. Having a concomitant meniscal lesion at the
time of ACLR did not affect the odds of treatment failure
at follow-up (OR, 0.95; 95% CI, 0.85-1.05). Analogous to
this, having a concomitant medial (OR, 1.03; 95% CI,
0.90-1.18) or a concomitant lateral (OR, 0.88; 95% CI,
0.75-1.03) meniscal lesion did not affect the odds of treat-
ment failure.

DISCUSSION

The main finding of the present study was that a concom-
itant meniscal lesion at the time of ACLR did not predict
inferior outcome, as measured by KOOS, 5 years after sur-
gery. Indeed, patients with a concomitant meniscal lesion
reported equal or better outcomes than patients without
such concomitant lesions. Moreover, compared with
patients without meniscal lesions, patients with concomi-
tant meniscal lesions improved significantly during follow-
up in several KOOS domains. Although medial meniscal
repair was associated with worse 5-year outcomes in KOOS

TABLE 5
Unadjusted and Adjusted Regression Analyses of the Association Between 5-Year KOOS Results and Treatment of

Concomitant Medial and Lateral Meniscal Lesions at the Time of ACL Reconstructiona

Treatment Type

No Treatmentb Resectionb Repairb

KOOS Subscale Patients, N b (95% CI) P b (95% CI) P b (95% CI) P

Medial Meniscal Lesions

Pain
Unadjusted 6017 1.0 (–1.1 to 3.0) NS –0.9 (–1.9 to 0.2) NS –1.6 (–3.3 to 0.1) NS
Adjusted 5767 0.7 (–1.2 to 2.5) NS 0.4 (–0.7 to 1.4) NS –0.3 (–1.9 to 1.3) NS

Symptoms
Unadjusted 6016 0.7 (–1.6 to 3.0) NS –1.2 (–2.4 to 0.0) .050 –2.7 (–4.7 to –0.8) .007
Adjusted 5765 0.3 (–1.9 to 2.5) NS –0.9 (–2.1 to 0.3) NS –1.0 (–2.9 to 0.9) NS

ADL
Unadjusted 6012 0.6 (–1.2 to 2.4) NS –1.0 (–1.9 to –0.1) .029 –0.5 (–2.0 to 1.0) NS
Adjusted 5753 0.5 (–1.1 to 2.1) NS 0.4 (–0.4 to 1.3) NS 0.3 (–1.1 to 1.7) NS

Sport/Rec
Unadjusted 5794 1.2 (–2.1 to 4.5) NS 0.1 (–1.6 to 1.8) NS –2.9 (–5.7 to –0.2) .039
Adjusted 5507 1.5 (–1.7 to 4.6) NS 1.1 (–0.5 to 2.8) NS –0.9 (–3.6 to 1.9) NS

QoL
Unadjusted 5953 2.7 (–0.3 to 5.8) NS –1.0 (–2.5 to 0.6) NS –2.7 (–5.3 to –0.1) .043
Adjusted 5692 2.9 (–0.1 to 5.8) NS –0.4 (–2.0 to 1.1) NS –0.8 (–3.4 to 1.7) NS

Lateral Meniscal Lesions

Pain
Unadjusted 6017 0.2 (–1.7 to 1.6) NS 0.2 (–1.0 to 1.3) NS 1.0 (–1.5 to 3.5) NS
Adjusted 5767 –0.1 (–1.9 to 1.6) NS 0.6 (–0.4 to 1.7) NS 2.0 (–0.3 to 4.3) NS

Symptoms
Unadjusted 6016 0.2 (–2.0 to 2.3) NS –1.7 (–3.0 to –0.5) .007 –1.4 (–4.2 to 1.3) NS
Adjusted 5765 0.4 (–1.6 to 2.5) NS –1.1 (–2.4 to 0.1) NS 0.5 (–2.3 to 3.2) NS

ADL
Unadjusted 6012 0.7 (–1.0 to 2.3) NS 0.0 (–1.0 to 1.0) NS 1.8 (–0.4 to 3.9) NS
Adjusted 5753 0.1 (–1.4 to 1.6) NS 0.2 (–0.7 to 1.1) NS 2.8 (0.8 to 4.8) .006

Sport/Rec
Unadjusted 5794 –0.5 (–3.5 to 2.6) NS –0.9 (–2.7 to 0.9) NS –0.6 (–4.6 to 3.3) NS
Adjusted 5507 –1.0 (–3.9 to 2.0) NS –0.3 (–2.0 to 1.5) NS 0.3 (–3.6 to 4.1) NS

QoL
Unadjusted 5953 –1.8 (–4.7 to 1.0) NS –0.5 (–1.7 to 1.6) NS 0.1 (–3.5 to 3.8) NS
Adjusted 5692 –1.8 (–4.6 to 0.9) NS 0.0 (–1.6 to 1.7) NS 2.3 (–1.3 to 5.9) NS

aAdjusted for sex, age, previous ipsilateral knee surgery, time from injury to surgery, concomitant ligament injury, concomitant cartilage
lesions (International Cartilage Regeneration & Joint Preservation Society grade 3 or 4), type of ACL graft, and preoperative KOOS values.
ACL, anterior cruciate ligament; ADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis Outcome Score; NS, not significant;
QoL, knee-related Quality of Life; Sport/Rec, Sport and Recreation.

bReference variable: no meniscal lesion.
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Symptoms, Sport/Rec, and QoL in the unadjusted analyses,
lateral meniscal repair was associated with equal or better
ADL outcome compared with patients without concomitant
meniscal lesions. As population mean scores and mean
changes are difficult to apply to individuals in clinical prac-
tice, we performed a responder analysis in which the con-
tinuous outcome measure was dichotomized into treatment
failure (KOOS QoL <44) or nontreatment failure (KOOS
QoL�44). In these responder analyses, concomitant menis-
cal lesions at the time of ACLR did not increase the odds of
reporting treatment failure at the 5-year follow-up.

In light of the increased focus on concomitant meniscal
lesions, these findings might seem controversial; however,
they are supported by similar findings in other large cohort
studies.2,5,16 In a large multivariable model with 6-year
follow-up, Cox et al5 found that concomitant medial menis-
cal repair predicted worse KOOS at the 6-year follow-up as
compared with patients without meniscal lesions. The
authors also identified that lateral meniscal lesions left
untreated, partially resected, or repaired fared signifi-
cantly better than not having concomitant meniscal lesions
at all. In line with those findings, we observed that lateral
meniscal repair predicted better outcome in KOOS ADL
and equal outcome in the remaining subscales as compared
with patients without concomitant meniscal lesions. In con-
trast, we found that lateral meniscal resection was associ-
ated with inferior KOOS Symptoms in the unadjusted
regression analyses. Apart from that, lateral meniscal
lesions left untreated or resected predicted equal KOOS
outcome to patients without concomitant meniscal lesions.
However, the finding that lateral meniscal repair, but not
medial meniscal repair, improved outcome should be inter-
preted in light of the results from both the unadjusted and
the adjusted analyses. In the adjusted analyses, no nega-
tive effect of medial meniscal repair was evident, indicating
that factors other than the repair itself, such as preopera-
tive KOOS, concomitant cartilage lesions, and concomitant
ligament injury (other than ACL), modifies the effect on the
5-year KOOS. Cox et al suggested that, because of
decreased mobility and vascularity, medial meniscal repair
is subject to greater biomechanical loads than lateral repair
in the setting of ACLR.

In line with the findings from the current study, in a
retrospective 2-year follow-up from the Swedish Knee Lig-
ament Register, Barenius et al2 did not find concomitant
meniscal injury at the time of ACLR to be a predictor for
outcome. However, by dichotomizing their outcomes into
treatment failure and functional recovery as determined
by prespecified cutoffs in KOOS, medial meniscal resection
and repair were significantly associated with higher risk of
treatment failure.

In the current study, having adjusted for variables
known to be associated with outcome, such as full-
thickness cartilage lesions, sex, age, time from injury to
surgery, preoperative KOOS, and others, and regardless
of anatomic localization and treatment, no significant neg-
ative effects of concomitant meniscal lesions were identified
in any of the KOOS subscales.

Based on these observations, one may suggest that
concomitant meniscal lesions play a relatively minor role

in dictating the patient-reported prognosis 5 years after
ACLR. In former reports from the longitudinal follow-up
of the present cohort, concomitant cartilage lesions were
identified as having significant negative effects on KOOS
at selected time points.22,27 One could speculate that injury
to the ACL itself along with other concomitant injuries,
such as cartilage lesions, overshadow the effect of meniscal
injuries on PROMs during the first 5 years.

The current study has several limitations. An obvious
limitation is the rate of loss to follow-up (46%), with the
potential of introducing attrition bias, as discussed in detail
in previous publications from this cohort.26,27 Even though
the baseline characteristics of the study cohort and those
lost to follow-up were comparable, the proportion of youn-
ger men was higher among patients lost to follow-up.
Hence, there is a possibility that those patients lost to
follow-up affected the results. Nevertheless, in a validation
study of the Danish Ligament Reconstruction Register, the
KOOS values from nonresponders were found to be compa-
rable with those of responders, indicating that registry data
could be valid despite a high rate of loss to follow-up.20 In
addition, a selection bias has been introduced, as not all
ACLRs (85%) are reported to the national registries at the
time of surgery. Another limitation is that information on
potential confounders, or effect modifiers, such as activity
level, body mass index, surgical techniques used in ACLR
and meniscal repair, postoperative rehabilitation, or a more
precise classification of the meniscal pathomorphological
characteristics were not available, as these variables are
not recorded in the 2 registries. These variables, together
with other unknown factors, could be a potential source of
confounding, or at least be a source of modification of the
measured lack of effects on the present 5-year results. In
addition, the current study design makes it difficult to
establish any causal inference. Furthermore, direct com-
parison between the different surgical treatment options
(no treatment, resection, and repair) is challenging because
reparable/repaired lesions are not comparable with irrepa-
rable/resected lesions, or with minor/untreated lesions,
because the indications are generally different. Finally,
using KOOS, with its inherent risk of ceiling effects, as the
sole PROM might leave the analyses insensitive to true
differences between groups.12

The results from the present study are based on ACLRs
performed during a period when meniscal repairs were
quite infrequent (11%-19%). Considering the more recent
focus on meniscal preservation19 and steadily increasing
rates of meniscal repairs,10 future studies should investi-
gate whether such a transition in surgical management
actually results in better PROMs. The findings in the pre-
sent study could be used as a benchmark for future studies
looking into the effect of the subsequent years increasing
rates of meniscal repair and preservation in the setting of
ACLR.

Nevertheless, PROMs at 5-year follow-up are not the
only form of outcome assessment. Premature OA, even
though not linked to PROMs,25 is known to be linked closely
to concomitant meniscal lesions, particularly meniscal
resection.3,15,17 In the present study, the length of follow-
up is probably too short to fully evaluate the long-term
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effects of meniscal lesions and treatment in relation to OA.
Consequently, there is still reason for advocating for menis-
cal preservation, at least in terms of OA prevention.

CONCLUSION

Concomitant meniscal lesions at the time of ACLR con-
ferred no negative effect on patient-reported outcome 5
years after ACLR. The improvement in selected KOOS sub-
scales from preoperatively to the 5-year follow-up was sig-
nificantly greater for patients with concomitant meniscal
lesions than for patients without such lesions. The odds of
treatment failure were not increased for patients with a
concomitant meniscal lesion as compared with patients
without such lesions.
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