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Background: Meniscal repair is the goal, whenever possible, for the treatment of meniscal injury. The purpose of this
study was to evaluate the long-term clinical success of meniscal repair performed with a second-generation, all-inside
repair device with a concomitant anterior cruciate ligament (ACL) reconstruction.

Methods: This was a retrospective review of prospectively collected patients who underwent meniscal repair by a single
surgeon using the all-inside FAST-FIX Meniscal Repair System (Smith & Nephew) in conjunction with a concurrent ACL
reconstruction. Eighty-onemeniscal repairs (81 patients) were identified: 59medial repairs and 22 lateral repairs. Clinical
failure was defined as repeat surgical intervention involving resection or revision repair. Clinical outcomes were assessed
with the Knee injury and Osteoarthritis Outcome Score (KOOS), International Knee Documentation Committee (IKDC)
score, and Marx Activity Rating Scale score.

Results: Ten-year follow-up was obtained for 85% (69) of 81 patients. Nine patients (13% of 69) underwent a failed
meniscal repair (6 medial, 3 lateral), corresponding to a failure rate of 12% (6 of 50) for medial repairs and 16% (3 of 19)
for lateral repairs. The mean time to failure was 2.8 years (range, 1.2 to 5.6 years) for the medial repairs and 5.8 years
(range, 4.2 to 7.0 years) for the lateral repairs (p = 0.002). There was no difference in mean patient age, sex, body mass
index, graft type, or number of sutures utilized between successful repairs and failures. Postoperative KOOS and IKDC
outcome scores significantly improved over baseline scores (p < 0.001). There was no significant difference in patient-
reported outcomes at 10 years between the group with successful repairs and those who had a failed repair.

Conclusions: This report of long-term follow-up results of primary second-generation, all-inside meniscal repair dem-
onstrates its relative success when it is performed with concurrent ACL reconstruction. After a minimum follow-up of 10
years, 84% to 88% of the patients continued to demonstrate successful repair. Failure of medial meniscal repairs occurred
significantly earlier compared with lateral meniscal repairs.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

T
hemedial and lateralmenisci provide important protection
for the chondral surfaces of the femur and tibia. Addi-
tionally, joint congruity, stability, and distribution of contact

forces rely upon an intactmeniscus tomaximize themeniscal effect.
Given the importance of the meniscus, repair with preservation of
the uninjured portion of the meniscus when possible is preferred.

Early results of arthroscopic repair were reported by Charles
Henning in the 1980s as an inside-out procedure1,2. Because of the
neurovascular risk and the extra incision, surgeons continued to
search for newmethods. In the early 1990s, all-inside repair devices
were developed. The early devices remained challenging to use and
were frequently rigid devices that could cause harm to the chondral

surface. Second-generation, all-inside repair devices were devel-
oped that mimicked the suture-based, inside-out process without
requiring an additional incision. These gained wide acceptance
and were the most common approach used for meniscal repair.
Despite their popularity, few long-term 10-year results are
available3-7. Although 10-year results are uncommon, a recent
systematic review and meta-analysis utilizing random effects
modeling of 5-year results demonstrated failures for inside-out
(14.2%) and current-technique all-inside repairs (15.8%). Addi-
tionally, failure rates were similar (p = 0.54) between knees with
an intact anterior cruciate ligament (ACL) (23.3%) and those
requiring concomitant ACL reconstruction (21.2%)8.
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Surgeons have commonly believed that the inside-out
repair method remains the standard with which other devices
and methods should be compared. Second-generation devices
were designed to more closely resemble inside-out suture tech-
niques and to improve outcomes with less risk and fewer com-
plications. The goal for meniscal repair is to create a biological
environment for the meniscal tear surfaces to heal. This can be
accomplished adequately by all-inside, suture-based repair tech-
niques. In a meta-analysis of biomechanics of inside-out sutures
and all-inside devices, Buckland et al. found that all-inside repairs
can approximate the strength of inside-out sutures9. The purpose
of this current study was to analyze minimum 10-year follow-up
results of meniscal repair in the setting of concomitant ACL
reconstruction. We hypothesized that all-inside repairs that have
demonstrated good results at 5 years would maintain their rea-
sonable outcomes beyond 10 years and remain equally successful
compared with inside-out repairs.

Materials and Methods
Study Design

This was a retrospective review of prospectively collected
data for patients who underwent meniscal repair with use

of the all-inside FAST-FIX Meniscal Repair System (Smith &
Nephew) in conjunction with a concurrent primary ACL recon-
struction from January 2002 to December 2008. A previously
established prospective database (Multicenter Orthopaedic Out-
comes Network [MOON]) was analyzed to identify patients
treated by the senior author (R.W.W.) with meniscal repair in
conjunction with an ACL reconstruction. Patients who had pre-
viously undergone a repair of that meniscus were excluded.
Patients who had undergone partial or full meniscal resec-
tion or had untreated meniscal tears were excluded. We
analyzed patient data including demographics and intra-
operative information. Tear location, morphology, and the
number of sutures utilized for the repair were included in
our data collection.

Clinical outcomes were assessed with the International
Knee Documentation Committee (IKDC) score, Knee injury
and Osteoarthritis Outcome Score (KOOS), and Marx Activity
Rating Scale. These validated patient-reported outcome instru-
ments were obtained both at the time of the index surgical pro-
cedure and at the 10-year follow-up.

Clinical failure was defined as repeat surgical intervention
involving resection or revision repair of the involved meniscus.

Operative Technique
The surgeon (R.W.W.) assessed each tear for repairability. This was
based on instability of the tear and a location in an area with
adequate vascular supply for healing. All repaired tears in this
series were bucket-handle or vertical longitudinal tears in the red-
red or red-white vascular region. Radial tears were not included.
All repairs were performed arthroscopically utilizing the FAST-FIX
using manufacturer-described techniques. Sutures were placed
until the desired stability was achieved. The ACL reconstruction
technique was a bone-patellar tendon-bone (BTB) autograft
reconstruction with metal interference screw fixation or a qua-

drupled hamstring autograft reconstruction with bio-interference
screw fixation. All reconstructions were performed utilizing a 2-
incision technique with a rear entry guide. The postoperative
protocol for combined meniscal repair and ACL reconstruction
was weight-bearing as tolerated without bracing. Jogging without
cutting was allowed at 3 months and patients were allowed to
begin to progress toward return to sports at 6 months.

Follow-up
Follow-up was managed centrally at a single site (Vanderbilt
University Medical Center, Nashville, Tennessee). The question-
naire completed by subjects at the baseline ACL surgical procedure
was readministered and completed by mail at the 10-year follow-
up. All subjects were also contacted by phone by research coor-
dinators to determine if they had undergone any knee reoperations
since the time of the original ACL reconstruction. Research
coordinators made every reasonable effort to obtain medical rec-
ords for any reoperations not performed by the surgeon (R.W.W.).

Statistical Analysis
The description of categorical data (sex, ACL graft type, and
meniscal repair location) for the cohort was performed using
counts and percentages. The mean and the standard deviation
were reported for age, body mass index (BMI), number of
sutures, time to failure, and patient-reported outcome measures.

The comparison of categorical variables was performed
with use of the Fisher exact test. TheWilcoxon test was used for
the analysis of numerical data. Time to failure was defined as
the time between the initial meniscal repair and the repeat
meniscal repair or meniscectomy in the same compartment.
SPSS Statistics version 27 (IBM) was used for survivorship
analysis. Significance was defined as p < 0.05.

Source of Funding
There was no source of external funding for this study.

Results
Patient Characteristics

Eighty-one meniscal repairs, 59 medial and 22 lateral, were
identified in 81 patients, 45 male and 36 female, with a

mean age (and standard deviation) of 26.1 ± 10.4 years (range,
12 to 52 years) at the time of the index surgical procedure. The
mean BMI at the time of the index surgical procedure was 26 ±
4.7 kg/m2. Follow-upwith regard tomeniscal failurewas obtained
for 85% (69) of the 81 patients. The mean duration of follow-up
was 10.5 ± 0.4 years (range, 10.0 to 12.5 years).

Successful Compared with Failed Repairs
Successful repair was defined as the patient not undergoing a
subsequent surgical procedure related to the meniscus. Failed
repair was defined as the patient requiring a subsequent sur-
gical procedure for symptoms or the meniscus being noted to
be torn at a subsequent surgical procedure for ACL revision
reconstruction. At 10 years, 9 failed meniscal repairs (6 medial
and 3 lateral) were identified among 69 patients, corresponding
to an overall failure rate of 13% and failure rates of 12% (6 of
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50) for medial repairs and 16% (3 of 19) for lateral repairs. The
medial and lateral failure rates did not differ significantly (p =
0.70). Of the 9 failures, 1 medial repair and 2 lateral repair
failures were identified in conjunction with a subsequent
revision ACL reconstruction. All initial tears had involved at
least a portion of the posterior horn, and all tears observed at
reoperation involved at least a portion of the posterior horn.

Thus, it is impossible to determine if these represented retears,
new tears, or unhealed previous repairs.

There was no difference in patient age, sex, BMI, graft
type, side of the repair (medial versus lateral), or number of
sutures utilized between successful repairs and failures (Table I).
Hamstring grafts had a nonsignificantly higher rate of repeat
meniscal surgical procedures, for which there is no known

TABLE I Characteristics of Successful and Failed Meniscal Repairs

Successful Repairs (N = 60) Failed Repairs (N = 9) P Value

Age (yr) 0.52

Mean* 26.5 ± 10.6 24.0 ± 11.2

Median† 23.5 (13 to 52) 22.0 (12 to 43)

Sex‡ 1.00

Male 35 (58%) 5 (56%)

Female 25 (42%) 4 (44%)

BMI (kg/m2) 0.24

Mean* 26.0 ± 4.5 23.7 ± 4.3

Median† 25.0 (18.6 to 40.2) 24.4 (18.3 to 32.1)

ACL graft type‡ 0.12

BTB autograft 57 (95%) 7 (78%)

Hamstring autograft 3 (5%) 2 (22%)

Meniscal repairs‡ 0.70

Medial 44 (73%) 6 (67%)

Lateral 16 (27%) 3 (33%)

Location‡

Anterior

Central and/or middle third 0 (0%) 0 (0%)

Peripheral thirds 1 (2%) 0 (0%)

Posterior

Central and/or middle third 11 (18%) 1 (11%)

Peripheral thirds 32 (53%) 7 (78%)

Not reported or blank 1 (2%) 0 (0%)

Anterior and posterior

Central and/or middle third 2 (3%) 1 (11%)

Peripheral thirds 13 (22%) 0 (0%)

Type of tear‡ 0.10

Longitudinal 46 (77%) 8 (89%)

Bucket-handle 13 (22%) 0 (0%)

Posterior horn, other, or not reported 1 (2%) 1 (11%)

No. of sutures 0.61

Medial

Mean* 2.1 ± 1.1 2.0 ± 0.9

Median† 2.0 (1 to 4) 2.0 (1 to 3)

Lateral

Mean* 1.7 ± 0.9 2.3 ± 1.2

Median† 1.5 (1 to 4) 3.0 (1 to 3)

*The values are given as the mean and the standard deviation. †The values are given as the median, with the range in parentheses. ‡The values
are given as the number of patients, with the percentage in parentheses.
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explanation. No other complications associated with meniscal
repair were identified.

Time to Failure
The mean time to failure was 2.8 years (range, 1.2 to 5.6 years)
for medial repairs and 5.8 years (range, 4.2 to 7.0 years) for
lateral repairs; the difference was significant (p = 0.002).
Figure 1 depicts the Kaplan-Meier survival analysis com-
paring the 2 repair groups.

Patient-Reported Outcome Scores
KOOS and IKDC outcome scores at 10 years were significantly
better (p < 0.001) compared with baseline scores (Table II). Con-

versely, the Marx Activity Rating Scale score at 10 years was signif-
icantly lower (worse) (p < 0.001) compared with baseline (Table II).

There was no significant difference in patient-reported
outcomes at either the time of the surgical procedure (Table III)
or 10 years (Table IV) between the groups with successful and
failed repairs.

Discussion

All-inside meniscal repair with a second-generation system
is a reasonable approach with good long-term results. Our

study demonstrates outcomes consistent with those of inside-
out repairs at 10 years10-12. Surgeons do not rely on the suture to
hold the repair for 10 years; rather, biological healing is intended

Fig. 1

Kaplan-Meier survival analysis for both medial and lateral meniscal repairs over the course of 10 years.

TABLE II Baseline and 10-Year IKDC, KOOS, and Marx Activity Rating Scale Results

Baseline* (N = 81) 10-Year Follow-up* (N = 69) P Value†

IKDC 55 ± 15 78 ± 20 <0.001

KOOS

Symptoms 70 ± 20 84 ± 17 <0.001

Pain 77 ± 15 91 ± 14 <0.001

Activities of daily living 85 ± 14 94 ± 14 <0.001

Sport and recreation 57 ± 30 80 ± 25 <0.001

Quality of life 38 ± 21 76 ± 21 <0.001

Marx Activity Rating Scale 10.5 ± 6.1 5.4 ± 4.7 <0.001

*The values are given as the mean and the standard deviation. †Bold indicates a significant difference.
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to serve as the end point for the need of suture support. In our
series, 84% to 88% of the patients had continued success at a
minimum of 10 years after the repair. Success rates were not
impacted by patient age, sex, or BMI, or by graft choice.

There are previous reports in the literature of minimum
10-year follow-up of meniscal repairs3,4,7,10-13 and all-inside repairs3-5,7.
Most 10-year studies are reports of early open techniques14,15 or
inside-out techniques10-12. In general, these minimum 10-year
studies have demonstrated good results, with success rates
ranging from 58% to 91% as determined by a variety of
parameters.

Several studies have shown the minimum 5-year results
of all-inside repair6,15-22. Alvarez-Diaz et al. reported on 29
soccer players with a minimum follow-up of 5 years16. Utilizing
the FAST-FIX device, 6.7% required a repeat arthroscopy with a
partialmeniscectomy prior to returning to soccer. Bogunovic et al.
reported on the results at a minimum 5-year follow-up of 75
repairs utilizing the FAST-FIX device, which showed failure rates
of 12% for isolated meniscal repair and 18% for meniscal repair
with ACL reconstruction17. The difference between these rates was
not significant. Additionally, they assessed the KOOS and reported
the subscale results for stiffness (84.0), pain (91.3), activities of

daily living (90.9), sport and recreation (63.6), and quality of life
(76.2). The subjective IKDC score was 80.9. Pujol et al. evaluated
FAST-FIX repairs in 27 patients at a median follow-up of 9.5
years6; they noted a 14.8% failure rate (4 repairs) requiring a
repeat surgical procedure. In a series of meniscal repairs,
utilizing a variety of devices, in the MOON cohort evaluated
at 6 years, Westermann et al. demonstrated a failure rate of
14.9% (31 of 208) for all-inside repairs19.

Solheim et al. reported results at a median follow-up of 10
years (range, 7 to 12 years) following all-inside repair using an
alternative device (RapidLoc; DePuy Mitek) not utilized in our
study4. At the time of follow-up, 39 (48%) of 82 patients had
undergone a further surgical procedure due to failure of the me-
niscal repair, and 26 of the 39 failures occurred within 2 years.
Solheim et al. were unable to detect a significant difference in failure
rate based on sex, age,medial comparedwith lateral repair, or intact
compared with reconstructed ACLs. Based on the high failure rate,
Solheim et al. questioned the utility of this device inmeniscal repair.

Zimmerer et al. reported on their use of the FAST-FIX
system for meniscal repair at a minimum follow-up of 12
years3. A total of 325 patients underwent all-inside meniscal
repair, but the authors were only able to obtain follow-up on 63

TABLE III Baseline IKDC, KOOS, and Marx Activity Rating Scale Results for Successful and Failed Meniscal Repairs

Successful Repairs* (N = 60) Failed Repairs* (N = 9) P Value

IKDC 54 ± 15 62 ± 14 0.14

KOOS

Symptoms 70 ± 20 72 ± 22 0.75

Pain 77 ± 15 80 ± 15 0.55

Activities of daily living 84 ± 15 91 ± 10 0.19

Sport and recreation 57 ± 30 52 ± 23 0.63

Quality of life 37 ± 20 47 ± 24 0.21

Marx Activity Rating Scale 10.4 ± 6.1 11.8 ± 5.8 0.52

*The values are given as the mean and the standard deviation.

TABLE IV Ten-Year IKDC, KOOS, and Marx Activity Rating Scale Results for Successful and Failed Meniscal Repairs

Successful Repairs* (N = 60) Failed Repairs* (N = 9) P Value

IKDC 80 ± 20 72 ± 17 0.31

KOOS

Symptoms 84 ± 18 80 ± 14 0.52

Pain 91 ± 14 91 ± 12 0.97

Activities of daily living 94 ± 14 94 ± 11 0.97

Sport and recreation 81 ±24 71 ± 28 0.26

Quality of life 78 ± 21 65 ± 19 0.07

Marx Activity Rating Scale 5.3 ± 4.6 6.0 ± 5.0 0.67

*The values are given as the mean and the standard deviation.
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patients (19%). Seventeen (27%) of the 63 patients required a
further surgical procedure for the repaired meniscus. Eight of
the 17 failures occurred in the first 2 years, which is an earlier
time frame than most of the unhealed repairs or retears iden-
tified in our study. Zimmerer et al. obtained KOOS subscale
scores at follow-up for pain (91.3), stiffness (86.6), activities of
daily living (94.6), sport and recreation (80.3), and quality of
life (77.3). Unlike our study, they found a failure rate of 48% in
female patients that was significantly higher than the 15% in
male patients (p = 0.005). Similar to our study, patient age,
height, and weight demonstrated no significant differences, but
both studies may be underpowered. Zimmerer et al. included
both patients with an intact ACL and those with a reconstructed
ACL but could not detect a difference in the failure rates between
these 2 groups.

Our 10-year results of second-generation, all-inside repair
were better than those of first-generation implants and equivalent
to those seen with the other common techniques10-15. In a sys-
tematic review and meta-analysis evaluating the 5-year results of
meniscal repairs performed with a variety of techniques, the
combined failure rate of first-generation, all-inside repair was
24%, whereas the authors found pooled failure rates of 22.2% for
inside-outmeniscal repairs, 23.9% for outside-inmeniscal repairs,
and 23.1% for open meniscal repairs23. This analysis was recently
updated with the inclusion of more recent studies and modern
repair techniques8. Failure rates were analyzed by technique.
Similar to the current study, all-inside failure rates were good
overall and essentially equal to those of inside-out suturing. The
failure rates were 23.7% for open repairs, 21.7% for outside-in
repairs, 14.2% for inside-out repairs, and 15.8% for modern all-
inside devices. Our failure rate of 13% in a setting of concomitant
ACL reconstruction compares favorably with those results. The
meta-analysis also comparedmedial with lateral tears and found a
medial meniscal failure rate of 23.9% that was significantly higher
(p= 0.04) than the lateral meniscal failure rate of 12.6%. This is in
contradistinction to our study, which showed a failure rate of 16%
for lateral tear repairs that was higher than the rate of 12% for
medial tear repairs, but not significantly so (p = 0.70). We do not
have an explanation or hypothesis for why medial repairs would
fail sooner than lateral repairs. In the meta-analysis by Nepple
et al.8, failure rates at 10 years did not differ between repairs with
concomitant ACL reconstruction (21.2%) and repairs in knees
with an intact ACL (23.3%, p = 0.54). Additionally, there was no
difference in failure rates between meniscal repairs with con-
comitant ACL reconstruction and repairs in knees with an intact
ACL in the individual studies that contained both.

The Marx Activity Rating Scale scores in the current
study were worse after 10 years, which is consistent with the
decreased activity over time demonstrated by a previous
analysis of the MOON cohort24. The Marx Activity Rating Scale
scores in our study were similar to the MOON Group’s scores
at 10 years, with a median score of 6 in their study compared
with 5.4 in our study. Scores in both groups had decreased
from a baseline of 10. We believe the reason that patient-
reported outcome measures were similar for patients who
required or did not require a repeat surgical procedure is that,

even at a 10-year follow-up, patient-reported outcome mea-
sures may not be negatively impacted until articular cartilage
damage resulting from meniscectomy has developed to a
level that affects the patient and his or her impression of the
status and function of the knee.

The strengths of our study include the duration of follow-
up and utilization of validated patient-based outcome measures.
An additional strength is the 85% follow-up rate, which limited
attrition bias. The follow-up rate was only 19% in the only other
study with minimum 10-year follow-up after use of the FAST-
FIX3. In our study, meniscal repair failure was noted to occur as
late as 7 years postoperatively, with the typical time to failure being
3 years for medial repairs and 6 years for lateral repairs. Thus,
long-term follow-up is necessary to adequately assess meniscal
repair.

This study had several limitations. First, it was a retro-
spective review of prospectively enrolled patients and was vul-
nerable to the bias associated with such reviews. Second, it was a
single-surgeon, single-center study, with the same surgeon
determining the repairability of all tears. Thus, external validity
may have been limited. Third, meniscal repair failure was defined
as the need for a repeat surgical procedure involving revision
repair or partial meniscectomy. This may underestimate failure,
but it represents the currently accepted definition of failure25,26. It
remains possible that there are undetected tears or partially healed
repairs in patients without symptoms. We are also unable to
ascertain if the tears seen at reoperations for meniscus-related
symptoms or for revision ACL reconstruction represented new
tears or unhealed repairs. A meniscal tear rate of approximately
50% has been found to be associated with ACL primary and graft
ruptures; thus, even normal menisci have torn in this setting27,28,
which may have resulted in an overestimation of the tear rate in
ACL reconstruction. However, the failure rate may have been
underestimated because second-look arthroscopy was not per-
formed routinely to assess the healing of themeniscus. Finally, the
small number of retears may result in the underpowering of some
comparisons.

In conclusion, this study of long-term follow-up results
of primary, second-generation, all-inside meniscal repair dem-
onstrates its effectiveness when it is performed with concurrent
ACL reconstruction. After aminimum follow-up of 10 years, 84%
to 88% of the patients continued to demonstrate successful repair.
Failures occurred significantly earlier aftermedial meniscal repairs
compared with lateral meniscal repairs. n
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