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ABSTRACT

Introduction: The menisci play a major role in the protection of the knee against osteoarthritis. A medial
meniscus (MM) tear occurring in a stable knee is more at risk of repair failure than a suture concomitant
with reconstruction of the anterior cruciate ligament.
Hypothesis: The survival of MM sutures in stable knees depends on the type of lesion.
Materials and methods: This retrospective study was carried out as part of the 2022 Francophone
Arthroscopy Society’s symposium, across 10 centers (Bordeaux-Mérignac, Caen, Lille, Lille Louviére, Lyon,
Marseille, Toulouse, Saint-Etienne, Strasbourg and Versailles) including medial meniscus sutures in stable
knees performed before the end 0f 2017 (minimum 5 years of follow-up) with a collection of demographic,
imaging, suture and postoperative protocol data, and a functional evaluation using the Knee injury and
Osteoarthritis Outcome score (KOOS). The aim of this study was to analyze the medial meniscus sutures
in stable knees and to evaluate their survival and their risk factors for failure according to the type of
lesion; failure being defined by the use of a meniscectomy.
Results: Three-hundred and sixty-seven MM sutures, including 122 bucket-handle tears, were included.
The KOOS score was improved by the meniscal suture by an average of 22.2 points for each sub-score
(p<0.05), with an improvement, which was more marked for the bucket-handle tears. The failure rate,
defined by revision surgery by meniscectomy, was 33% on average (42% for bucket-handles tears, 26% for
others). The probability of survival was reduced for bucket-handle tears (62% at 5 years versus 77% for
the other types). For all lesions, the main risk factor identified for failure was immediate weight-bearing
[OR=3.6 (1.62; 7.98), p=0.0016]. Smoking was a failure risk factor for bucket-handle tears [OR=5.76
(1.81; 18.35), p=0.003].
Conclusion: MM sutures in stable knees improve knee function but present a different risk of failure
depending on the type of lesion treated with a higher risk of failure for bucket-handle tears with the
need for caution to be applied with regards to weight-bearing and smoking.
Level of evidence: IV; retrospective series.

© 2023 Published by Elsevier Masson SAS.
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1. Introduction

The menisci play a major role in load distribution, knee sta-
bility and osteoarthritis prevention [1]. Arthroscopic meniscal
surgery has evolved enormously in recent years with a significant
increase in the number of meniscal repairs at the expense of menis-
cectomies. [2,3] Many types of implants have emerged and the
indications for meniscal repair have expanded [4,5].

In the long term, meniscal repairs provided better functional
and radiological results than partial meniscectomies [6,7]. While
modern techniques have made it possible to suture a large propor-
tion of meniscal tears, the failure rate, generally occurring within
a year, remains significant [8]. Certain risk factors for failure have
already been highlighted, such as the type of lesion, the type of
suture, the integrity of the collateral ligaments or even a suture
of the medial meniscus (MM) compared to one of the lateral
meniscus [9].

Indeed, a meniscal tear occurring in a stable knee is more at risk
of repair failure than a suture concomitant with reconstruction of
the anterior cruciate ligament [10]. It is also known that bucket-
handle tears have a poorer prognosis than simple vertical tears,
with a failure rate of around 30% [11].

It therefore becomes legitimate to ask the question of the place
of meniscal repair in the event of a MM tear in a stable knee. In order
to provide some answers, we carried out a retrospective, multicen-
ter study during the symposium of the Francophone Arthroscopy
Society in order to:

e report the long-term results of a MM suture in a stable knee, in
terms of survival;

¢ analyze the results according to the type of meniscal lesion;

e research the risk factors for failure of these meniscal repairs.

The initial hypothesis was that the results after MM suturing in
a stable knee depend on the type of lesion.

2. Material and method

A retrospective multicenter study was carried out across 10
French centers participating in the 2022 symposium of the Fran-
cophone Arthroscopy Society (Bordeaux-Mérignac, Caen, Lille, Lille
Louviére, Lyon, Marseille, Toulouse, Saint-Etienne, Strasbourg and
Versailles).

This retrospective series included patients operated on for a MM
suture before the end of 2017 to have a minimum follow-up of
5 years during the symposium. The exclusion criteria were knees
with a history of anterior cruciate ligament rupture, operated on or
not.

Files with too much missing data or without sufficient follow-up
were also excluded.

The demographic data of the patients were collected: age, sex,
body mass index (BMI), smoking, initial trauma, and type of sport
during the trauma, if applicable.

The preoperative imaging data included on the X-ray were the
Hip Knee Ankle (HKA) axis measured on the long leg view, the
o and B angles, the tibial slope and the presence or absence of
osteoarthritis, as well as its severity [12-15].

Magnetic resonance imaging (MRI) data included the
tibiofemoral angle, o and (3 angles, medial tibial slope, pres-
ence of chondral lesions and the associated International Cartilage
Repair Society (ICRS) stage, type of meniscal tear and its area (1, 2
or 3 of the periphery from the center of the knee) [16,17].
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The condition of the knee intraoperatively was assessed by the
Knee injury and Osteoarthritis Outcome score (KOOS) [18], and the
patient’s activity was assessed by the Tegner score [19].

The intraoperative data included the type of suture, the number
of stitches, the use of arthroscopy, open or combined surgery, the
associated procedures, if performed, and the presence or absence
of reaming, and its type.

The rehabilitation protocol was also studied with a possi-
ble limitation of flexion, the wearing of a splint and its type,
and the immediate or delayed resumption of weight-bearing.
The delay could be 4 to 6 weeks depending on the center’s
protocol.

The primary endpoint at 5 years or more was suture survival
and time before its revision. Failure was defined as the need for a
meniscectomy.

Functional scores at follow-up were assessed by patient ques-
tionnaires, including the KOOS [18] and Tegner [19] scores while
identifying risk factors for failure, which defined the secondary
endpoint.

The entire cohort was analyzed and then separated into bucket-
handle tears and the rest of the cohort.

2.1. Data collection and statistics

Data collection and statistical analysis was carried out by each
participating center using the EasyMedStat online application (ver-
sion 3.20.4; www.easymedstat.com).

Continuous variables were expressed by their means (&
standard deviation) [interquartile range 25%-75%] and dis-
continuous variables by the number of occurrences and
percentages.

The normality of distribution of the continuous variables was
assessed by a Shapiro-Wilk test and the heteroscedasticity of the
values by the Breush-Pagan and Levene tests.

Continuous variables were compared using an unpaired Stu-
dent’s t-test, Welsh’s t-test, or a Mann-Whitney test depending on
their distribution. Discontinuous variables were compared accord-
ing to a Chi-square test or a Fisher exact test.

Survival probabilities were estimated using a Kaplan-Meier
method and their result was expressed as a percentage with a
95% confidence interval. The comparison of survivals between two
groups was carried out by the Cloglog method.

A multivariate risk factor analysis was performed using logis-
tic regression. The multicollinearity of the values was tested by a
Belsley-Kuh-Welsch test. The result was expressed in the form of
an Odds-Ratio (OR) with a 95% confidence interval.

An alpha risk was chosen at 5%, and the results were considered
significant for a p-value less than 0.05.

3. Results
3.1. Description of the overall cohort

A total of 367 knees (99 women, 268 men) were included in the
retrospective series, the demographics of this cohort and the char-
acteristics of the meniscal lesions are summarized in Table 1. The
population was mainly composed of young (28.3 years on average)
men (73%), with a MM tear from sports trauma (43%). The tear was
typically a bucket-handle tear (122 knees, 33%), horizontal (103
knees, 28%) or vertical (99 knees, 27%) and sutured mainly by an
all-inside technique (246 sutures, 67%), with surgical reaming in all
cases.
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Table 1

Demographic characteristics of the population.
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Cohort (n=367) Bucket-handle Other (n=245) P
(n=122)
Sex (female) 99 (27%) 21(17%) 79 (32%) 0.003
Age (years) 28.34+10[20-35] 27+9 29+11 0.07
BMI (293) 23.4+3[21-25] 23+3 23+4 0.348
Smoking 81/291 (28%) 33/87 (38%) 44178 (25%) 0.037
Injury mechanism
Trauma 227(325 (70%) 100/117 (85%) 143/233 (61%) <0.001
from sport 141/227 (62%) 76/112 (68%) 96/163 (59%) 0.167
from pivoting 119/141 (84%) 69/76 (91%) 78/101 (77%) 0.029
Preoperative Tegner score 5.6+2[4-7] 642 542 0.002
Preoperative KOOS score
Everyday life 89+20[91-98] 80+23 94+10 0.002
Quality of life 55423 [44-73] 42 +25 64+18 <0.001
Pain 76 +16 [70-84] 66418 83410 <0.001
Sport 59428 [42-79] 43+31 70+20 <0.001
Symptoms 78 +21 [68-83] 65+23 87+13 <0.001
Preoperative HKA (95) 179.2+3[177-180] 179+3 179+3 0.496
Morphotype: (95) 0.413
Aligned 52% 48% 57%
Varus 40% 46% 35%
Valgus 8% 6% 9%
Radiography: (100)
Tibial slope 5.8+1.9[5-7] 6+2 6+2 0.078
o angle 96.5+3[95-97] 96+4 9742 0.765
3 angle 87.1+2 [86-88] 87+3 8742 0.969
MRI: (147)
Tibial slope 58+2[4-7] 5+2 6+2 0.022
o angle 95.9 +4[94-98] 95+4 96+4 0.384
B angle 87.3+3[86-88] 87+3 87+3 0.091
Zone of the lesion: (367) 0.022
1 57% 44% 63%
2 37% 48% 30%
3 6% 8% 7%
Meniscal lesion type: (367)
Bucket-handle 34%
Horizontal 28%
Vertical 27%
Complex 6%
Ramp 3%
Root 2%
ICRS lesion: (323) 0.225
0 78% 87% 75%
1 10% 6% 10%
2 10% 6% 12%
3 2% 1% 3%
Type of suture: (367) <0.001
All inside 67% 67% 68%
Mixed 17% 32% 8%
Open surgery 11% 0% 17%
Hook 4% 0% 5%
Other 1% 1% 2%
Number of points (367) 3.2+1.5[2-4] 441 3+2 <0.001
Reaming (367) 360 (98%) 97% 99% 0.097
Type <0.001
Curette 0% 17%
Reamer 30% 45%
Shaver 70% 38%
Postoperative (322)
Weight-bearing 312 (85%) 86% 83% 0.568
Flexion limited to 90° 356 (97%) 97% 97% >0.999
Splint 272 (74%) 79% 65% 0.013
of the joint 95/225 (42%) 26% 52% <0.001
only when walking 155/225 (69%) 64% 71% 0.152

Data described according to mean =+ standard deviation [Q1-Q3] or number (percentage %) In the event of missing data, the number of patients is represented in parentheses
for continuous values or given as a fraction for discontinuous values. BMI: body mass index (kg/m?); HKA: hip knee ankle angle.

The clinical results are shown in Table 2.

Figs. 1 and 2 represent the survival curves of the entire cohort,
and the comparison between bucket-handle tears and other types
of lesions respectively.

Tables 3, 4 and 5 present the risk factors associated with suture
failure in multivariate analysis for each cohort (overall cohort,
bucket-handle tears, other lesions).

3.1.1. Overall cohort analysis

The survival of the overall cohort was 67% at 5 years. For the
overall cohort, age seems to be a protective factor with a decrease
in the risk of suture failure for each increase in years during the
surgical procedure [OR=0.966 (0.94; 0.99), p=0.0153]. Bucket-
handle tear [OR=1.71 (1.02; 2.9), p=0.0437], immediate weight-
bearing [OR=3.6 (1.62; 7.98), p=0.016] and wearing a splint
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Table 2
Clinical results.

Cohort (n=367) Bucket-handle (n=122) Others (n=245) P
Follow-up (months) 82+44[62-111] 98 +42 74+42 0.003
Failures 112/337 (33%) 42% 26% 0.003
Time until failure 26+27[8.5-35] 26+25 28 +30 0.704
Tegner at follow-up 54+2[4-7] 6+2 542 0.002
Tegner progression -0.2+1[-1-0] —-0.1+1 -02+1 0.714
KOOS at follow-up: (95)
Daily life 95+9[96-100] 96+6 95+10 0.288
Quality of life 72 +£30[66-94] 72+30 72+31 0.884
Pain 91+16 [89-97] 91+17 90+ 16 0.84
Sport 76 +31 [65-100] 73431 77+32 0.133
Symptoms 86 +24 [86-100] 88+23 86+25 0.885
KOOS progression: (66)
Daily life 124+18[0-12] 23+22 6+11 0.003
Quality of life 30+£24[13-44] 44 +25 21+20 <0.001
Pain 21+£17[11-28] 33+19 14+£10 <0.001
Sport 30+25[15-50] 44 +£27 21+20 <0.001
Symptoms 18421 [3-27] 35+23 8+13 <0.001
Probability of survival:
At 1 year 88% [84-91] 82% [74-88] 91% [86-94] 0.0196
At 2 years 79% [74-83] 75% [66-82] 84% [78-89] 0.0456
At 5 years 70% [65-75] 61% [52-70] 77%[71-83] 0.0044
At 10 years 65% [60-70] 56% [46-65] 73% [66-79] 0.0041

Data described according to mean + standard deviation [Q1-Q3] or number (percentage %). In the event of missing data, the number of patients is represented in parentheses
for continuous values or given as a fraction for discontinuous values. For survival analyses: % [95% confidence interval].
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Fig. 1. Survival curve of the entire cohort.

Table 3 Table 4

Results of the multivariate analysis of risk factors (entire cohort). Results of the multivariate analysis of risk factors (bucket-handle group).
n=318 Odds-ratio P n=79 Odds-ratio P
Gender (reference = M) 1.39[0.76; 2.5] 0.282 Gender (reference = M) 4.85[1.07; 21.91] 0.04
Age (risk per additional year) 0.966 [0.94; 0.99] 0.0153 Age (risk per additional year) 0.943 [0.881; 1.01] 0.089
BMI (risk per additional kg/m?) 1[0.91; 1.1] 0.935 BMI (risk per additional kg/m?) 1.05 [0.866; 1.28] 0.6
Smoking 1.49[0.83; 2.7] 0.185 Smoking 5.76 [1.81; 18.35] 0.003
Bucket-handle tear 1.71[1.02; 2.9] 0.0437 Weight-bearing 8.98 [1.46; 55.37] 0.0181
Chondral lesions (< 2 or =2) 0.78 [0.31; 2.01] 0.609 Splint 2.7710.689; 11.13] 0.151
Weight-bearing 3.6 [1.62; 7.98] 0.0016 - - . N .
Splint 2.83 [1.54; 5.2] <0.001 Data described according to the odds-ratio [95% confidence interval].

Data described according to the odds-ratio [95% confidence interval].
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Fig. 2. Survival curve comparing bucket-handle tears to other lesions.

Table 5

Results of the multivariate analysis of risk factors (other lesions group).
n=209 Odds-ratio p
Gender (reference = M) 1.26 [0.607; 2.62] 0.534
Age (risk per additional year) 0.975[0.943; 1.01] 0.139
BMI (risk per additional kg/m?) 0.977[0.861; 1.1] 0.708
Smoking 0.685 [0.286; 1.64] 0.396
Weight-bearing 4.84[1.55; 15.08] 0.0065
Splint 3.9[1.76; 8.66] <0.001

Data described according to the odds-ratio [95% confidence interval].

postoperatively [OR=2.83 (1.54; 5.2), p<0.001] are the main risk
factors found.

3.1.2. Analysis by type of lesion

3.1.2.1. Bucket-handle tears. Bucket-handle tears benefited from
longer follow-up and showed better progression of all KOOS sub-
scores. On the other hand, their failure rate was higher, at 42%.
Smoking was a failure risk factor for bucket-handle tears [OR=5.76
(1.81; 18.35), p=0.003], as was female sex [OR 4.85 (1.07; 21.91),
p=0.04] and weight-bearing [OR=8.98 (1.46; 55.37), p = 0.0181].
On the other hand, there was no increased risk, nor protective fac-
tor, for age or splint use.

3.1.2.2. Other types of lesions. Survival at 5 years of follow-up was
higher for these lesions, with survival reaching 77% [71-83].

Immediate weight bearing [OR=4.84 (1.55; 15.08), p=0.0065]
and splint use [OR=3.9 (1.76; 8.66), p<0.001] were the only risk
factors for failure identified.

4. Discussion

MM sutures in stable knees have satisfactory survival at 5 years
of follow-up, but with a difference depending on the type of lesion
and a higher failure rate for bucket-handle tears. The clinical results
are favorable with an improvement in the KOOS score [18], specif-
ically for the bucket-handle tears in our series.

Amongst the literature, good postoperative clinical results exist
for meniscal sutures. At the SFA symposium in 2015, Lutz et al.
[6] found KOOS scores above 90, at 10 years for meniscal sutures
(except for sport with a score of 54). These results are higher than
ours (respectively 95, 72, 91, 76, 86). Their series had fewer sutures
and their number was more variable, including medial and lateral
meniscal sutures.

The survival of the overall cohort in our series was 67% at 5 years.

In a retrospective study of 918 meniscal sutures in 2020,
including medial and lateral sutures as well as unstable knees,
Ronnblad et al. [9] found a suture failure rate lower than ours
(22% vs. 33%).

Similar failure rates were found in a meta-analysis by Nepple
et al. [20] in 2012 with a failure rate between 20.2 and 24.3%.
This analysis included medial and lateral menisci but also unstable
knees.

This survival rate is variable according to the type of lesion in
the literature.

We found a failure rate of 18% at one year for bucket-handle
tears compared to 29.3% of failure at 13 months for Ardizzone et al.
[11], in their 2020 study of 396 bucket-handle tears.

The study by Salle De Chou et al. [7] found low rates of revision
surgery for sutures of horizontal tears, also of the medial and lateral
menisci, with one failure out of 18 for one of their cohorts at 2 years
and no failures out of nine for another cohort at 10 years. The good
success rate of these lesions could explain the difference between
our two cohorts.

In a 2022 meta-analysis of more than 800 meniscal lesions
(including medial and lateral tears as well as lesions associated with
ACL tear), Costa et al. [8] found a risk of failure for bucket-handle
tears with an OR of 1.5 (1.15-2.05), as well as a failure rate of 14.8%
for bucket-handle tears and 9.9% for other types of lesions. Our
study identified a higher failure rate (42% vs. 26%) but with a longer
follow-up. On the other hand, the OR of bucket-handle tears iden-
tified in our study was 1.71 [1.02; 2.9], which corresponds with the
results of the meta-analysis. It should be noted that medial menis-
cus sutures were much more at risk of failure than lateral meniscus



S. Pelletier, A. Djebara, B. Freychetetal.

sutures [8,9], which may also explain our higher failure rate than
those found in the literature.

Another major risk factor found in the literature is the integrity
of the collateral ligaments [8,10]. Ronnblad et al. [9] found a hazard
ratio for medial sutures of 3.7; 95% CI, 2.3-6.0; p<0.001 and for
sutures during ACL reconstruction of 0.5; 95% CI, 0.3-0.9; p = 0.009.
Turcotte [10] obtained a failure rate of 9.7% in the medium term for
meniscal repairs concomitant with ACL reconstruction, compared
to 36% in the case of intact collateral ligaments. This could explain
the significant difference between our rates of overall survival and
the findings of others in the literature, since our cohort combines
predictive factors of failure (MM, stable knee, bucket-handle tear).

In our study isolating sutures of the MM in stable knees, the
risk factors found for the entire cohort were bucket-handle tears,
immediate weight-bearing, wearing a splint and young age, the last
two being statistically related to bucket-handle tears. The only risk
factor for failure found in the “bucket-handle tears” subgroup and
the “other lesions” subgroup was immediate weight-bearing with
a high OR (8.98 and 4.84).

Although bucket-handle tears are known to be at high risk of
failure [10], repair is still recommended, in order to reduce the risk
of osteoarthritis and allow recovery towards better long-term knee
function [21].

Actually, rehabilitation protocols after meniscal repair surgery
are extremely varied among the orthopedic community. A consen-
sus concerning the optimal postoperative protocol is lacking with
regard to both the immediate postoperative phase [22], and the
return to sport stage [23].

Wearing a splint was not identified as a risk factor for failure
in the bucket-handle group but it was identified in the other sub-
group, which can be explained by a high rate of splint wearing in the
bucket-handle group. This makes it less discriminating and, con-
versely, only being worn in cases of difficult lesions in the “other
lesions” group.

Smoking was only identified as a risk factor in the bucket-handle
group. Furthermore, smoking does not appear to be a prognos-
tic factor in the literature [24]. Additional studies are needed to
investigate the risk factors concerning postoperative rehabilitation
protocols after meniscal repair, in greater detail. Particularly, the
resumption of immediate weight-bearing, as well as smoking.

This study has some limitations, predominantly, its retro-
spective nature leading to loss of follow-up in this population
of young and active patients. The multicentric nature of the
study also introduced a confusion bias with certain center effects,
since certain teams sutured more of certain types of lesions,
and used different methods, while certain centers had their
own postoperative protocols conferring further variation from
others.

Our study, carried out as part of a SFA symposium, had the
advantage of including 10 reference centers in knee arthroscopy
with a large number of staff representative of French practices in
terms of MM suture in stable knees. This study was the first to
isolate these lesions at more than 5 years of follow-up, allowing
sufficient follow-up to study all suture failures.

5. Conclusion

MM sutures in stable knees improve knee function but present
a risk of failure that varies according to the type of lesion treated,
with a higher risk of failure for bucket-handle tears. Caution needs
to apply when considering the resumption of weight-bearing and
the influence of smoking. This knowledge makes it possible to pro-
vide better information to the patient when proposing this surgical
intervention.
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Large cohorts of patients, categorized by subtypes of lesion,
remain difficult to establish but should be more readily available in
the future due to the development of registers of meniscal lesions.
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