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Abstract

Purpose The mean reported healing rate after meniscal
repairis 60 % of complete healing, 25 % of partial healing and
15 % of failure. However, partially or incompletely healed
menisci are often asymptomatic in the short term. It is
unknown whether the function of the knee with a partially or
incompletely healed meniscus is disturbed in the long term.
The purpose of this study was to assess the long-term outcomes
of meniscal repairs according to the initial rate of healing.
Methods Forty-one consecutive meniscal repairs were
performed between 2002 and 2003. The median age at the
time of surgery was 22 years (9-40). There were 25 medial
and 16 lateral menisci. When present, all ACL lesions
underwent reconstruction (61.3 % of cases). According to
Henning’s criteria, by Arthro-CT at 6 months, twenty cases
had healed completely, seven partially healed and four
cases healed incompletely.

Results At a mean follow-up of 114 £ 10 months, 31
patients were retrospectively followed for clinical and
imaging assessments. Objective IKDC score was good in
92 % of the cases (17 IKDC A, 8 B and 2 C). The mean
KOOS distribution was as follows: pain 94.3 4+ 9; symptoms
90.9 £ 15; daily activities 98.7 £ 2; sports activities
91.1 + 14; and quality of life 91.5 & 15. Twenty-three
patients displayed no signs of osteoarthritis when compared
to the non-injured knee, six patients had grade 1 osteoarthritis
and two grade 2. The subjective IKDC score did not decrease
with time (ns). Moreover, there were no differences between
lateral and medial menisci (ns), in stable or stabilised knees
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(ns). The initial meniscal healing rate did not significantly
influence clinical or imaging outcomes (ns). Four patients
with no healing underwent a meniscectomy (12.9 %).
Conclusion  Arthroscopic all-inside meniscal repair with
hybrid devices may provide long-term protective effects,
even if the initial healing is incomplete.

Level of evidence Case series, Level IV.

Keywords Meniscus - Meniscus repair - Arthroscopy -
Arthritis - Outcomes

Introduction

Arthroscopic meniscal repair has been the procedure of
choice for many years to treat traumatic vertical lesions
occurring in a vascularised area. The goal of meniscal
repair should include early pain relief, healing of the tear
and prevention of secondary lesions and joint degeneration.

Several studies showed that meniscal repair results in
less degenerative changes than partial or subtotal menis-
cectomy [20, 23, 26]. Despite this knowledge, a menis-
cectomy is performed in 65 % of vertical meniscus tears
during ACL reconstruction [18].

Current meniscal repair techniques reduce the tear to a
stable configuration, with 60—80 % complete healing [4, 8,
21]. Repaired menisci, even partially healed, are often
asymptomatic in the short- to mid-term [6, 16].

There is no evidence in the literature that incompletely
healed menisci continue to function properly as load dis-
tributors protecting the weight-bearing surfaces.

The purpose of this study was to assess the long-term
outcomes of meniscal repairs performed in stable or sta-
bilised knees. The hypothesis was that partially or unhealed
repaired menisci would clinically deteriorate with time,
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and that the incidence of articular degenerative changes
would be higher when compared to completely healed
repaired menisci, according to Henning’s criteria.

Materials and methods

During 2002 and 2003, 41 meniscal tears were repaired in
23 men and 18 women. The median age at the time of
meniscal repair was 22 years (range 9-40 years). This is a
long-term retrospective study of patients whose pre-
liminary clinical outcomes and healing rates were pub-
lished 1 year after repair [21].

The meniscal tears involved 29 right knees and 12 left
knees, and the tears were located in 25 (61 %) medial and
16 lateral menisci (39 %). All tears were vertical, located
in the red-red or red—white zone. At the time of meniscal
repair, patients with ACL deficiency also underwent
arthroscopically assisted bone-patellar tendon-bone auto-
graft reconstruction (59 %). The demographics of the
patients are summarised in Table 1. The median length of
the meniscal tear was 20 mm (range 15-35).

Thirty-eight repairs were carried out using FastFix®
hybrid devices (Smith & Nephew, Andover, MA); three
suture repairs were performed using a combination of #0
non-braided absorbable mattress sutures with an outside-in
technique and FastFix® devices. The median number of
sutures or hybrid devices needed was 3 (range 1-7).

After repair, the involved leg was placed in a brace for
4 weeks. Full weight bearing was immediately allowed with
the brace in full extension. Flexion was limited to 90° during
4 weeks. ACL reconstruction did not alter the rehabilitation.

Running, swimming, and cycling were begun at
3 months. Return to full athletic participation was author-
ised at 6 months.

The criteria for meniscal healing were based on arthro-
CT, according to Henning [9], in which a tear was classi-
fied as incompletely healed if the heal was over at least
50 % of the thickness of the tear. A failure was defined as
healing of less than 50 % of the thickness at any point over
the length of the tear.

Six months after the procedure, twenty cases displayed
complete healing, seven were partially healed and four
healed incompletely. Although a meniscal width reduction

Table 1 Demographics of patients

Mean age at surgery (years) 26 (9-40)
Male:female (no) 23:18
Right:left Knee (no) 29:12
Medial:lateral meniscus (%) 61:39
Mean time from injury to surgery (months) 114 £ 10
Stable:ACL reconstructed knee 25:16
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after repair was found in the initial study, a correlation with
clinical outcomes or degenerative changes were found in
the long term.

The median follow-up period was 9.7 years (range
9-10 years). At the time of follow-up, both the injured and
uninjured knees were examined; pain, range of motion,
stability and swelling were recorded. Patients returned
Lysholm, International Knee Documentation Committee
(IKDC) and KOOS forms, including a general question-
naire determining their current function. Failure of repair
was defined as patients developing symptoms of joint line
pain and/or locking and/or swelling requiring repeat
arthroscopy and partial or subtotal meniscectomy.

Bilateral weight-bearing radiographs, including AP,
lateral, schuss or Rosenberg and skyline views at 30° of
flexion, were performed preoperatively and at follow-up.

They were reviewed according to the grading by Ahl-
back and Rydberg [2].

Statistical analysis

Statistical analysis was performed with Statview® (v 5.0,
SAS Institute Inc.). For the comparison of quantitative and
qualitative variables, the Student-Fisher method was used.
For the analysis of the results according to healing rates
(three subgroups), the Kruskal-Wallis test was used. To
compare the quantitative variables, the coefficient of cor-
relation was used. The level of significance was set to 0.05.

Results

At a median follow-up of 9.7 years, a total of 31 patients
were reviewed. Ten patients were lost to follow-up. Four
patients showed no healing and a recurrence of symptoms,
and underwent a subsequent meniscectomy of the medial
meniscus at a median follow-up of 33 months (range
12-46 months) after meniscal repair and concomitant ACL
reconstruction, leaving 27 patients for final analysis.

The median and mean Lysholm scores were 100 (range
80-100) and 94.7 + 8, respectively. The median and mean
IKDC scores were 94 (range 62-100) and 89.8 £ 11,
respectively.

The KOOS distribution was as follows: pain 94.3 + 9;
symptoms 90.9 £ 15; ADL 98.7 £ 2; sports activities
91.1 £ 14; and quality of life 91.5 & 15 (Fig. 1).

There was no deterioration in the clinical outcomes with
time when comparing IKDC scores at 1 year and at final
follow-up (ns).

On clinical examination, the mean active flexion was
139° (range 120-150). There were no extension lag signs.
The objective IKDC score was grade A in 17 patients, B in
eight and C in two.
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Fig. 1 KOOS profile according
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According to the Ahlback osteoarthritis scoring system,
when compared to the contralateral healthy knee, nineteen
patients (70 %) displayed no degenerative changes, six
(22.5 %) had a grade 1 joint space narrowing of the
repaired compartment and two (7.5 %) had a grade 2 joint
space narrowing.

Patients with radiological degenerative changes (>grade
1) gave less favourable results on the KOOS form than
patients without changes (ns).

In both subgroups of medial and lateral repair, clinical
and radiological results were statistically similar (ns).
There were no differences among stable or stabilised knees
(ns).

There was no correlation between the initial healing rate
and clinical outcomes at follow-up (IKDC, Lysholm,
KOOS scores, ns, Fig. 1). The initial healing rate did not
influence chondral degenerative changes at follow-up (ns).
There were six postoperative complications: four failures,
as noted above, underwent secondary meniscectomies, and
two experienced secondary rupture of the ACL requiring
reconstruction (with confirmation of the meniscal healing
during arthroscopy).

Discussion

The most important finding of this study was that the
clinically successful repaired menisci exhibited good long-
term clinical results and a low to moderate incidence of
osteoarthritis in this small group of stable or stabilised
knees.

Studies publishing long-term outcomes of meniscal
repair have been also reviewed (Table 2) [1, 5, 7, 10-13,
15, 17, 19, 22, 24, 25, 27]. Some deteriorating outcomes

after repair have been published, with increased secondary
meniscectomy rates in the long term, especially with the
use of meniscal arrows [11, 24]. With other techniques,
successfully repaired menisci may remain so with time. In
the reference papers listed in Table 2, the failure rate
ranged from 3 to 32 %.

Although these studies published results with arrows,
outside-in or inside-out techniques, this is the first study to
report long-term outcomes of meniscal repairs using all-
inside hybrid devices.

It has been shown that the long-term consequence of
meniscectomy is an increased incidence of osteoarthritis,
whereas successful meniscal repairs seem to lower these
rates [20, 26]. In the literature review of long-term results
after meniscal repair, the incidence of osteoarthritis ranged
from 8 to 35 % (Table 2).

Melton et al. [15] compared three subgroups of patients
having either meniscal repair, an intact meniscus or men-
iscectomy during ACL reconstruction, at a median follow-
up of 10 years. Patients 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 meniscectomy
and 88.2 (p = 0.005) in patients with intact menisci.

McGinty [14] showed that 62 % of their patients with a
subtotal meniscectomy had degenerative chondral lesions,
compared to 36 % of their patients treated with partial
meniscectomy, at mid-term follow-up. Stein et al. [26]
compared arthroscopic partial meniscectomy and meniscal
repair at 3 and 8 years. They found better clinical results
and fewer osteoarthritic changes in the repaired group,
especially in young patients.

Paxton et al. [20] published a literature review com-
paring meniscal repair and partial meniscectomy. In the
long-term, meniscal repair was associated with higher
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Table 2 Long-term results after meniscal repair: literature review

Author Years n Mean age  Follow-up  Technique for Failure  Clinical X-rays: grade of
at surgery  (years) meniscal repair (%) outcomes osteoarthritis
Siebold et al. [24] 2007 95 30 6 Arrows 28.4 Lysholm: 90.5 -
(55-100)
IKDC: 82.2
(62-100)
Logan et al. [12] 2009 45 232 8.5 Inside-out 24 Lysholm: 87.4 -
(37-100)
IKDC: 82.2
(18-100)
Majewski 2006 88 2938 10 Outside-in 23.8 Lysholm: 94 0: 65.4 %
et al. [13] (26-100) 1: 30 %
2:3 %
3:1.6 %
Steenbrugge 2002 13 35 13 Inside-out - Modified HSS score -
et al. [25] Excellent: 15.3 %
Good: 69.3 %
Fair: 15.3 %
Tengrootenhuysen 2011 119 23 5.8 Inside-out and 26 Lysholm: 92 0: 87 %
et al. [27] arrows (51-100) 1=2: 11 %
34:2%
Lee and Diduch [11] 2005 28 - 6.6 Arrows 28.6 Flandry VAS -
Johnson et al. [10] 1999 38 20.2 10 - 3 76 % good 0: 92 %
24 % fair Joint space
narrowing in
extension: 8 %
Abdelkafy et al. [1] 2007 41 265 11.7 Outside-in 12.2 Lysholm: 90.6 & 12 0: 29.3 %
1:36.6 %
2:24 %
3:31.7 %
Owen [19] 2005 112 - 5.4-12.9 Inside-Out 11.8 Lysholm: 86.4 -
IKDC: 82
Rockborn and 2000 31 25 13.5 Open 29 Lysholm: 95 0: 77.4 %
Gillquist [22] 1:16.1 %
2: 64 %
Eggli et al. [7] 1995 40 29 7.5 23 90 % good -
10 % fair
Brucker et al. [5] 2011 26 31 20.6 Open 30.8 Lysholm: 97.8 0:22.2 %
(85-100) 1: 50 %
2:27.8 %
Muellner et al. [17] 1999 22 35.1 12.9 Open 9 - 0: 77 %
1: 13.6 %
>2:9 %
Melton et al. [15] 2011 24 28 10 Inside-out - IKDC: 84.2 -
Present study - 27 26 10 All inside 13 IKDC: 94 0: 70 %
1: 225 %
2:7.5 %
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Lysholm scores and less
meniscectomy.

Different rates of healing are reported after meniscal
repair. The rate of complete healing after meniscal repair is
only around 60 % in the literature [2, 28].

Ahn et al. [3] reviewed meniscal repairs among 140
patients undergoing simultaneous arthroscopic ACL
reconstruction. Among them, 84.3 % of meniscal repairs
were completely healed at the second-look arthroscopy.
The clinical success rate was 96.4 % because patients in
the incompletely healed group showed no clinical symp-
toms associated with residual meniscal tears. The status of
the incompletely healed meniscus and its association with
the risk of increasing failure rate with time and long-term
protective effect on cartilage are still unknown. In our
study, there were no decreasing outcomes with time, even
for partially healed menisci, and the repaired meniscus, if
still present, seemed to retain a biomechanical function
protecting cartilage from degenerative changes.

Limitations of this study were that 10 patients were not
available at 10 years, and that the number of patients
involved was small. Nevertheless, the preoperative and
operative data of the 10 patients lost to follow-up were
comparable to the 31 reviewed patients, avoiding some
major bias. A 75 % follow-up rate for a 10-year clinical
study in a young population is acceptable when compared
to other studies.

Overall, a partial healing of a repaired meniscus is not
detrimental in the long term if the patient remains pain free
and/or does not need a subsequent meniscectomy.

degeneration than partial

Conclusion

A long-term protective effect of the meniscus against
degenerative joint disease might be preserved after repair,
even if the initial healing is incomplete. The incidence of
joint space narrowing is low. Therefore, repair of a rup-
tured meniscus is recommended whenever possible, despite
risks of partial healings or outright failure.
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