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Abstract
Purpose To study the long-term outcome of patients who
have undergone inside-out, vertical stacked mattress suture
repair of meniscal tears combined with anterior cruciate
ligament (ACL) reconstruction.
Methods From a database of ACL reconstructed patients,
consecutive patients undergoing concomitant meniscal
repair and ACL reconstruction between 1991 and 1999
were identified. Patients with previous ACL or meniscal
pathology were excluded. Two age- and sex-matched
cohorts who had undergone combined ACL reconstruction
and menisectomy and who had undergone ACL reconstruction with normal menisci were identified for comparison. Outcome scoring included IKDC and Lysholm scores
for the meniscal repair group. Two sample t-tests and chisquare tests were used to compare the IKDC subjective
scores, with a minimum level of significance set at 5%
(P = 0.05).
Results Fourty-four patients were identified for analysis
with a median follow-up of 10 years (7.7–12.6). Patients
undergoing ACL reconstruction combined with meniscal
repair had a mean IKDC of 84.2 compared with a mean
score of 70.5 (P = 0.008) in patients who had undergone
menisectomy and 88.2 (P = 0.005) in patients with intact
menisci. 86.2% of patients with ACL reconstruction and
meniscal repair had Lysholm score of between 80 and
100%. Sixty-nine percent follow-up was achieved. Survival
analysis by life table method shows a best case of 89%
10-years survival.
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Conclusions This study demonstrates that good long-term
outcomes can be obtained in patients up to over 12 years
after combined ACL reconstruction and meniscal repair.
Improved functional scores can be achieved when compared with ACL reconstruction and menisectomy. The
authors advocate repair of meniscal tears during ACL
reconstruction unless there is complex tearing, radial
tearing or plastic deformation of the remaining meniscus.
Level of evidence III.
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Introduction
Healthy meniscal cartilage of the knee is involved in load
transmission and joint stability, lubrication and nutrition of
the articular cartilage. When damaged, these meniscal
functions are impaired, predisposing to degenerative
change within the joint [6]. Studies have demonstrated a
75% reduction in total contact area following medial and
lateral total menisectomy leading to an increase in peak
tibio-femoral contact pressures of 235% [6, 13]. Reduced
articular contact area impedes normal lubrication and
synovial fluid nutrition of articular hyaline cartilage leading to premature joint degeneration. Advances in arthroscopic surgery over the last 25 years coupled with
increasing understanding of meniscal function when intact,
damaged or removed have led to a shift away from meniscal resection and towards meniscal preservation [29, 32,
40, 43]. Common meniscal preservation tactics include
leaving stable or partial tears alone, limited partial menisectomy and meniscal repair [9]. Pujol and Beaufils
reviewed the evidence for meniscal preservation with and
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without fixation of stable meniscal tears and found poor
results when medial meniscal tears were left in situ without
fixation [34]. Meniscal repair using either ‘all-inside’ or
‘inside out’ techniques has been shown to have high success rates in the short term, but there is less evidence to
support long-term improved outcome [14].
The consequences of menisectomy have been well discussed in the literature and recently reviewed by Amis and
McDermott [4]. Partial menisectomy is the mainstay of
treatment for the majority of meniscal tears, but even
partial menisectomy has been linked to an increased incidence of degenerative change [26, 35]. More recently, there
has been interest in meniscal transplantation to try and
recreate the functions of the meniscus in the painful
meniscus-deficient knee [25, 28]. The status of the meniscal cartilages in the context of anterior cruciate ligament
(ACL) reconstruction has previously been shown to be an
important predictor of the long-term development of osteoarthrosis [24, 33].
The absence of a functioning ACL has now been
accepted as a predisposing factor in the progression to
degenerative joint disease after the inevitable symptomatic
meniscal abnormalities occur [9, 31]. In addition, the
menisci themselves are also known to contribute to knee
stability, as secondary restraints [9]. Therefore, in the
presence of a reconstructed ACL, a repaired meniscus may
augment knee stability on account of its secondary
restraint. Conversely, in the absence of a functioning
meniscus, a worse outcome from ACL reconstruction
might be expected due to the increased force per unit area
on the articular surfaces [6].
In this study, the authors set out to investigate the longterm outcome of meniscal repair when performed with
simultaneous ACL reconstruction. They compare this in a
matched cohort study to ACL reconstruction with partial
menisectomy and ACL reconstruction with intact menisci.
The null hypothesis was that there was no difference in
long-term outcome between the three groups described.

Materials and methods
From an ACL reconstruction database (with prospective
data collection), 44 patients (Group R) who had undergone
simultaneous meniscal repair and ACL reconstruction
between 1991 and 1999 were identified. Any patients who
had undergone simultaneous treatment for chondral or
osteochondral lesions were not included in the patient
cohort. Of the 44 patients, 9 were excluded for previous
meniscal or ACL surgery.
In order to identify the effects of a meniscal injury on
the knee and any benefits associated with meniscal repair
compared with partial menisectomy at the time of ACL
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reconstruction; two age- and sex-matched cohorts of 40
patients were selected from the prospective database, who
had either undergone partial menisectomy (Group M) at the
time of surgery or who had normal menisci (Group N).
Patients who had undergone simultaneous treatment for
chondral or osteochondral lesions were not included in
these patient cohorts. Patients in all three groups therefore
had no chondral damage worse than minor grade II change.
All surgery was carried out arthroscopically by the
senior author. Only menisci with bucket handle and
peripheral tears without plastic deformation were repaired.
The torn edges were routinely rasped in an attempt to
‘freshen’ the tissues to improve healing. Stacked vertical
non-absorbable mattress sutures passed from inside to out
were used for the repair. Radial tears, complex and
degenerative tears were not repaired, but underwent partial
menisectomy. The ACL was reconstructed with either fourstrand hamstring (HS) or Bone-Patellar Tendon-Bone
(BTB) autografts.
The post-operative protocol included immediate weight
bearing and was identical to the senior author’s usual ACL
regime except that patients were instructed to avoid deep
flexion (flexion beyond 100°) for the first 6 weeks.
Subjective and objective evaluation was performed on
an annual basis from 1 year post-operatively on all
patients. Subjective and objective components were
assessed using a validated patient questionnaire: the
International Knee Documentation Committee (IKDC)
evaluation proforma [16], with scores from the most recent
evaluation used in the analyses. To achieve the most up to
date follow-up with least patient interference, we used the
International Knee Documentation Committee (IKDC)
scores, patients being contacted first by letter and then
telephone call. Lysholm knee scores were also analysed for
the study group.
Statistical analysis
Two sample t-tests and chi-square tests were used to
compare the IKDC subjective scores, with a minimum
level of significance set at 5% (P = 0.05). All statistical
methods and calculations were checked and approved by
an independent professional statistician.

Results
Follow-up ranged from 7.7 to 12.6 years (median
10 years). A total of 44 patients were identified for analysis
with 9 patients excluded having had previous meniscal or
cruciate surgery. Thirty-seven menisci in 35 patients were
sutured. The median age at surgery in the meniscal repair
group was 28 (range, 20–53). Eight cases underwent ACL
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Table 1 Characteristics of patient group undergoing meniscal repair
Patient number

44

After exclusions

35

21 Males

Menisci sutured

37

2 Bilateral

Age at surgery

28

Range 20–53

Side

32 Medial

5 Lateral

2 Medial and lateral

Meniscal zone

22 White–white (Rim [ 3 mm)

12 Red–white (Rim 1–3 mm)

3 Red–red (Rim 0–1 mm)

Timing

29 chronic ([3 months)

8 sub-acute (\3 months)

No acute cases

14 Females

Number of sutures

Median = 4

Range = 1–9

SD = 1.7

ACL—patella tendon

31

Interference screws femur

Interference screws (26)
langdaner (5) tibia

ACL—4 strand hamstring

4

Femoral anchors

Tibial Intrafix

Clinical review number
Subjective IKDC and lysholm returns

23 (66%) Patients
24 (69%) Patients

Mean f/u 5 year
Median f/u 10 year

1.1–7.7
Range 7.7–12.6

Subjective IKDC scores
Meniscal Suture / ACLR

14

Number of patients

Number of patients

10
8
6
4
2
0
0-20

20-40

40-60

60-80

80-90

Lysholm Scores
Meniscal Suture / ACLR

90-95

12
10
8
6
4
2

>95
0

% subjective IKDC score

reconstruction and meniscal repair within 3 months of
injury, and 29 were operated on more than 3 months following injury. No patients were operated on acutely, within
6 weeks. Twenty-four patients were available for longterm follow-up. Demographics, nature of the meniscal
injury and surgical repair are shown in Table 1. As a part
of the prospective study, these patients were followed up
with clinical review, including validated cruciometry
(Westminster Cruciometer) and IKDC scores. The comparative groups were age and sex matched with a median
age of 27 in the ACL reconstruction and menisectomy
group and 27 in the ACL reconstruction and intact
meniscus group.
Figures 1 and 2 show the IKDC and Lysholm score
distributions. There was a statistically significant difference
between mean IKDC scores for meniscal repair, menisectomy and those patients with normal menisci undergoing
ACL reconstruction demonstrated graphically in Fig. 3.
Patients had a mean IKDC of 84.2 following meniscal
repair at a median follow-up time of 10 years. This compares to a mean score of 70.5 in patients who had

20-40

40-60

60-80

80-90

90-95

>95

% Lysholm score
Fig. 2 Subjective Lysholm scores for meniscal suture with ACL
reconstruction
100
90

Mean IKDC Score

Fig. 1 Subjective IKDC scores for meniscal suture with ACL
reconstruction

0-20

80

Menisectomy, 70.5

Meniscal Suture,
84.2
Intact Menisci
88.3

70
60
50
40
30
20

p = 0.008

p = 0.005

10
0

Fig. 3 Comparison of mean IKDC score following menisectomy,
meniscal suture and native menisci, in long-term outcome of ACL
reconstruction

undergone menisectomy and 88.2 in patients with intact
menisci. There was no statistically significant difference in
scores between the groups when analysed by region of tear.
There was no significant difference in the groups when
analysed according to whether the patients were operated
on at 6–12 weeks post-injury or over 3 months. 86.2% of
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Fig. 4 Best (filled diamond)- and worst (filled square)-case survival
curves for meniscal suture with ACLR

patients undergoing ACL reconstruction with combined
meniscal repair had Lysholm scores of between 80 and
100%.
Survival analysis by life table method was performed
including a worst-case scenario assuming all lost to followup as failure at the time of loss. A survival curve (Fig. 4) is
included and shows a best case of 89% 10-years survival
and at worst a 49% survival.

Discussion
The most important finding of this study is that long-term
IKDC scores for patients undergoing ACL reconstruction
and meniscal repair remain better than for patients with
ACL reconstruction and partial menisectomy. The study
documents the long-term outcome (up to 12.6 years) of
inside-out meniscal repair for non-degenerate, non-complex meniscal tears with concurrent ACL reconstruction.
Outside-in and all-inside techniques have been used with
some success. The outside-in technique can be useful for
anterior horn tears, avoids the need for large incisions and
the risk of nerve injury, but it is not recommended for
posterior horn tears [36]. All-inside techniques have the
attraction of smaller incisions and reduced operative time
and although good early clinical results have been
achieved [2, 11, 22, 41] with healing evident on secondlook arthroscopy [3], animal models have demonstrated
inferior healing and long-term clinical outcome studies are
lacking [17, 27]. The use of a variety of all-inside
arthroscopic suture devices, darts, arrows, screws and
anchors has been described [10, 15, 18, 20, 45]. The
inside-out technique using vertical mattress sutures was
used for this study as this has been considered the gold
standard to which other techniques have been compared,
including series involving elite athletes [23, 27, 44, 46].
Biomechanical testing has also shown that vertical

123

mattress sutures withstand the greatest forces to failure [5,
47] and that sutures containing ultra high-molecular
weight polyethylene provide greater strength than earlier
generations of meniscal repair [7].
Traditionally meniscal repair has been confined to the
vascular region of the meniscus [8], however, it has been
demonstrated that meniscal repair (with a meniscal rim of
C3 mm) is certainly possible and this study demonstrates
good long-term survivorship of the repair when undertaken
in this zone which is well into the ‘red-white’ zone
approaching the ‘white–white’ zone.
The chronicity of injury is believed to influence the
potential for meniscal repair with poorer results in cases
with significant time lapse following injury. This study did
not show this to be significant, nor was there a trend to
better function with earlier repair. It may be that different
results would have been seen if compared with cases
operated on within 3–6 weeks of injury. Current referral
patterns in the healthcare system rarely allow operation
within 6 weeks. Provided there has not been gross plastic
deformation of the meniscus rendering it irreducible, the
meniscus may still be reparable in more chronic cases.
This study demonstrates a significant outcome
improvement in those ACL reconstruction patients that had
meniscal repair compared with partial menisectomy, with
the repair group out performing the menisectomy group by
14 IKDC points. There was a further significant difference
between ACL reconstruction with a repaired meniscus and
with intact menisci with the group with intact menisci
having better scores. This may be due to a number of
factors. It may be attributable to an increased severity of
the original injury. An injury which results in ACL rupture
and complex meniscal tears requiring menisectomy may be
of higher energy than an injury causing ACL rupture and
simple linear tear amenable to surgical repair or without
meniscal tear. This disparity of injury severity may lead to
differing clinical outcomes because of a primary effect of
associated chondral damage or bone bruising on the outcome of the ACL reconstruction regardless of the treatment
of concomitant meniscal pathology. The IKDC score will
be reduced in the presence of symptoms of pain or instability. The improved scores in meniscal repair compared
with menisectomy may be due to less pain directly attributable to the meniscus itself, less secondary degenerate
chondral loss or possibly improved stability due to the
secondary restraint that the repaired meniscus provides.
The mean IKDC scores were slightly lower following
meniscal repair when compared with intact menisci. This
may be due to the fact that although the torn meniscus may
be repaired, it may not possess the same secondary
restraining characteristics of the native meniscus. Five
patients had IKDC scores of less than 80%. The average
age of these patients was 36, and two patients had both
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medial and lateral tears. Three of 5 had tears with a
peripheral rim of more than 3 mm.
This study complements the findings of Salmon et al.
[37] in whose study there was a significant correlation
between menisectomy and worse long-term outcome following ACL reconstruction. Pernin et al. also found that
medial menisectomy in the context of ACL reconstruction
was a major risk factor for the development of osteoarthrosis in the long term with almost 25 years follow-up
[33]. Aglietti et al. [1] showed that patients with menisectomy and ACL reconstruction had more pain and
degenerate change in the knee compared with meniscal
repair and ACL reconstruction. DeHaven et al. [12] also
found that symptomatic degenerate change was more prevalent in ACL reconstruction and failed meniscal repair
when compared with a group with ACL reconstruction and
an intact repair at 10-year follow-up.
When comparing this work to previous studies [38, 39],
the authors believe that their selection criteria for meniscal
repair may explain the improved subjective IKDC scores in
the meniscal repair group. All degenerative or complex
tears underwent partial menisectomy. As discussed above,
the severity of injury required to produce a complex tear of
the meniscus may also be related to the worse IKDC scores
in the menisectomy group. Johnson, Muellner and Steenbrugge published long-term outcome studies (over
10 years) in patient cohorts undergoing meniscal repair
without ACL reconstruction showing clinical success rates
of 75% [19], survival of meniscal repair of 91% despite
persistent intra-substance high signal on MRI [30] but
noted worse results in ACL-deficient knees [42]. Since
then, further work has been published confirming improved
outcomes of meniscal repair when performed with concomitant ACL reconstruction [15, 21].
Previous works have suggested that site of tear and
timing from injury is critical in the survival of meniscal
repair. It has been suggested that only red–red and red–
white tears of the meniscus tears are amenable to repair,
but this is reliant on early access to surgery, which is not
always available in many clinical settings. Medium-term
results of ACL reconstruction with menisectomy or
meniscal repair revealed more pain and degeneration in
the menisectomy group at 5 years [1]. Longer-term outcome, however, [39] demonstrated that meniscal repair
was not superior from partial menisectomy, but it was
noted that repaired degenerative meniscal tears had lower
subjective outcome scores than non-degenerative tears.
The authors did not include degenerative tears in this
study.
The study was limited by the number of patients
involved due to the need to exclude patients with significant chondral damage and those having other secondary
procedures at the time of surgery. There was loss to follow-
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up as this population is young and geographically mobile.
The authors have accounted for this by including best-case
and worse-case scenarios.

Conclusion
The authors believe that meniscal repair where possible, in
the context of ACL reconstruction, offers the patient the
best chance of optimal outcome. This study demonstrates a
significant drop in the long-term IKDC score when a partial
menisectomy is performed compared with a repair. Longterm outcome of meniscal repair approaches that of intact
menisci in the context of ACL reconstruction. The clinical
relevance of these findings is that meniscal repair should be
undertaken where possible to improve the long-term outcome for patients with ACL-deficient knees and meniscal
tears.
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