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Background: Meniscal repair has been associated with long-term benefit in patients compared with meniscectomy. As a gener-
alization, meniscal repair in older patients is less likely to be successful, leading to reduced adoption of meniscal repair compared
with younger patients.

Purpose: To establish the clinical performance of meniscal repair in “‘older’’ patients (age, >40 years) and compare it with per-
formance in ““younger” patients (age, <40 years).

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic literature review was performed in September 2021 using Embase and PubMed to identify published
English-language studies that reported on a meniscal repair in >5 patients aged >40 years. Outcomes of interest were suc-
cess/failure rate (as defined by the study), revision meniscal procedure rate, and patient-reported outcomes. Meta-analyses
were used to synthesize outcomes across all studies in older patients. Meta-analyses were also used to compare outcomes
between older and younger patients across studies, providing data on both age groups.

Results: Fourteen studies were identified. Meniscal repair in older patients was determined to have a failure rate of 12% (95% Cl,
7.3% to 19.4%) and a revision meniscal procedure rate of 9.8% (95% ClI, 6.2% to 15.0%). The postoperative Lysholm score was
86.7 (95% Cl, 81.7 to 91.7). No statistically significant differences were observed between older and younger patients in failure
rate (relative risk [RR], 0.73 [95% CI, 0.44 to 1.21]; P = .2205), revision meniscal procedure rate (RR, 0.69 [95% Cl, 0.41 to 1.16]; P
= .1613), or Lysholm scores (mean difference, 2.3 [95% ClI, -4.7 to 9.2]; P = .5278, 4 studies).

Conclusion: Meniscal repair in selected patients aged >40 years resulted in good success rates and patient-reported outcome
measures, which appear similar to those reported for patients aged <40 years. Therefore, meniscal repairs can be performed in at
least a specific portion of ““older”’ patients, and age per se should not be the sole determining factor in whether to perform a me-
niscal repair.
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Meniscal tears are one of the most common soft tissue inju-
ries of the knee.>1® Historically, the standard of care for
meniscal tears has been a total or partial meniscectomy;
however, removing meniscal tissue results in a decreased
joint contact area and increased joint contact pressures.ls’27
These changes in joint biomechanics are believed to contrib-
ute to cartilage degeneration, leading to an increased risk of
osteoarthritis and subsequent need for total knee arthro-
plasty. 1212829894055 Congequently, an emphasis has been
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placed on preserving meniscal tissue through implementing
meniscal repair, which has been demonstrated to maintain
or restore normal joint biomechanics.'®2” Compared with
meniscectomy, meniscal repair has been associated with
a significantly lower risk of degenerative -cartilage
changes,®% lower risk of total knee arthroplasty,*® and
better patient-reported outcome measures (PROMs)?®55 in
the longterm.

Meniscal repair appears to be more commonly accepted
as the standard of care in younger patients.*>%° As a gener-
alization, meniscal repair in older patients is less likely to
be successful due to reduced vascularity across the menis-
cus and an increased likelihood of degenerative tears.3%*!
There is also a belief that the long-term benefits of
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meniscal repair, stemming from minimizing degenerative
cartilage changes, may not be as impactful in older
patients, as they are more likely to present with degenera-
tive changes in the knee. This thinking leads to many con-
sidering older age as a contraindication for meniscal repair
in their surgical practice.

A European meniscus consensus, established by the
European Society of Sports Traumatology, Knee Surgery,
and Arthroscopy, identified that patient age does not
appear to affect the failure rate of repair of a traumatic
meniscal tear.2? However, it was noted that the degenera-
tion of the meniscal tissue in older patients should be con-
sidered. A systematic review reported a pooled meniscal
repair failure rate of 10% across studies in patients aged
>40 years, stating that this rate is similar to rates reported
for younger patients.’® A second systematic review
reported that older age did not increase failure rates.*’
However, these previous systematic reviews were limited
by a small sample size, an inconsistent definition of failure
across studies, and a lack of meta-analytic techniques to
pool data across studies in a valid manner.

Therefore, this study aimed to establish the failure rate
and PROMs after meniscal repair in “older” (>40 years old)
patients and how these outcomes differed from those in
younger (<40 years old) patients. Meniscal repair failure
was defined per each study as in prior systematic
reviews'®%” but also defined as the need for a second
meniscal surgery on the same meniscus, providing a consis-
tent measure of failure across studies. The use of 40 years
of age as a threshold was implemented based on the prece-
dent set in a previous systematic literature review.®

METHODS

This systematic review of the literature with meta-analysis
was performed and written in accordance with the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines.®

Search Strategy

This systematic literature review was performed using 2
previously published systematic literature reviews,'®*’
which investigated the effect of older age on meniscal
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repair outcomes considering articles published up to
2017, followed by an updated systematic literature
search.!? The updated systematic literature search was
performed using PubMed and Embase on September 29,
2021, with a search string of “("meniscus repair” OR
"meniscal repair”) AND (age OR old OR older)” and limits
set to consider publications from 2017 in the English lan-
guage. Reference lists of included studies and systematic
literature reviews were also considered.

Articles identified during the execution of the search
strategy, both from previous systematic literature reviews
and the updated literature search, were screened for suit-
ability: first based on the title and abstract and second
based on the full text. For a study to be considered relevant
for inclusion, it had to report on the outcomes of a group of
patients (n >5) with all patients aged >40 years undergo-
ing meniscal repair of a meniscal tear (excluding repair of
a root tear), with or without concomitant cartilage or liga-
ment surgery. Outcomes of interest were the success (or
failure) rate as defined by the individual study, the rate
of revision meniscectomy or meniscal repair, and PROMs.
Both comparative and noncomparative study designs
were included. In addition, for a study to be included, it
had to be a full-text publication and an original piece of pri-
mary research.

Data Extraction

For all articles identified for inclusion, data associated
with the study, patient, and surgical procedure character-
istics, along with outcome data, were extracted into a pre-
defined data extraction table by 1 reviewer and checked for
accuracy by a second reviewer (M.J.S., C.S.). Study charac-
teristics included author name, year of publication, study
design, and sample size. Patient characteristics included
age at the time of surgery, along with type, location, and
chronicity of meniscal tear. A small/large tear was classi-
fied using a 2-cm long threshold, and an acute/chronic
tear was considered using a 6- to 10-week threshold. Surgi-
cal characteristics included meniscal repair technique,
meniscal repair device, and concomitant procedures. The
incidence of meniscal repair success and failure—as
defined by the individual study, incidence of revision
meniscal surgery (meniscal repair and/or meniscectomy),
and measure of central tendency and spread for PROMs
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(Lysholm)—were extracted. In addition, the study defini-
tion of success/failure and follow-up time were extracted.

Quality Assessment

Each included study’s risk of bias was assessed. For stud-
ies in the analysis of outcomes between patients aged
>40 years and <40 years, the Risk Of Bias In Non-random-
ized Studies - of Exposure was utilized.*® For all studies in
the analysis associated with outcomes in patients aged >40
years, only the Institute of Health Economics Quality
Appraisal for Case Series Studies Checklist was utilized.*®

Data Analysis

Meta-analysis was performed in R Version 4.0.2 (R Foun-
dation for Statistical Computing) using the “meta” pack-
age. Statistical significance was set at an alpha level of
0.05. Meta-analysis was performed to pool meniscal repair
outcomes in “older” patients across studies, providing
a mean and 95% CI. Meta-analysis was also performed to
compare meniscal repair outcomes between the “older”
and “younger” patients reporting a mean difference
(PROMSs) or relative risk (failure) and 95% CI. The hetero-
geneity of included studies was assessed using the I? statis-
tic. A random effects model was utilized throughout
because of heterogeneity between studies.!? Forest plots
were used to display individual studies and heterogeneity
visually.

Where data on the mean and standard deviation were
not provided but an alternative measure of central ten-
dency and spread was available, these data were trans-
formed to the mean and standard deviation using
validated methods.?® Where no measure of the spread of
data was available, standard deviations inputted as the
mean of other standard deviations within the analysis, as
has been done by others previously.?!

Brelin et al” defined failure as revision surgery, includ-
ing subsequent meniscal repair or meniscectomy, and also
meniscal transplant and total knee arthroplasty; however,
because the latter 2 procedures only accounted for <1% of
subsequent surgeries, this study was considered valid to be
included in the analysis.

Sensitivity and publication bias analyses were per-
formed to assess the robustness of the meta-analyses. Sen-
sitivity analysis was conducted through leave-one-out
analysis to ensure the robustness of findings. In addition,
data extracted from Brelin et al” considered an age thresh-
old of 45 years, and sensitivity testing also considered an
age threshold of 35 years. The potential for publication
bias was assessed through funnel plots and the Egger test.

In addition, the proportion of meniscal repairs and fail-
ure rate were established for the given patient, as well as
the surgical characteristics in “older” patients. Character-
istics included meniscus laterality, tear type, tear size,
chronicity of injury, tear location, repair technique, and
anterior cruciate ligament (ACL) status. Where a case or
failure could not be attributed to a characteristic, it was
identified as unclassified.
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RESULTS
Study Characteristics

A total of 14 relevant articles were included in this system-
atic literature review (Figure 1).¥ Of the 11 articles previ-
ously included in the systematic review by Everhart et al,*®
4 were not included, as they lacked a sufficient sample
size. 29545658 Of the 5 articles previously included in the
systematic review by Rothermel et al,*” 3 were not
included, as they were duplicates already considered,>%1>4
and 1 was not included because of insufficient sample
size.?® Six articles were included from the updated system-
atic literature search.”922:30:4246 T articles may appear
to meet the inclusion criteria; however, they were excluded
due to 15% of “older” cases being root tears.>17

Two articles had minor overlap in patients (one “older”
patient and 3 “younger” patients)®>%® and were considered
independent studies. Finally, Brelin et al” reported on an
age threshold of 45 years for “older” patients and was
included in the analysis.

Six articles were of a retrospective cohort
design,?2:30424651 5 wwere of a retrospective case-series
design providing individual patient data sufficient to com-
pare “younger” and “older” patients, 223445253 and 3 articles
were prospective case-series only considering “older”
patients.®>%3% Individual study characteristics are presented
in Table 1 and further expanded in Supplemental Table S1.

Risk of Bias

Eleven studies compared outcomes between older and
younger patients after meniscal repair.2”-22:23,30:42:44,46,51
53 Risk of bias is presented in Supplemental Table S2. A
high risk of bias due to confounding may be apparent
across studies with limited data on patient characteristics
between younger and older patient groups that may affect
outcomes. Furthermore, there may be some concerns about
the risk of bias due to the selection of participants, such
that the decision to perform meniscal repair may be based
on different criteria for younger and older patients, affect-
ing outcomes.

All studies provided a case-series to evaluate the out-
come in older patients. The quality of these case-series is
presented in Supplemental Table S3. Common areas of con-
cern across the studies were a lack of prospective designs,
a lack of multicenter data collection, a lack of complete
inclusion and exclusion criteria, and that each case-series
showed high heterogeneity in characteristics, suggesting
patients may not have entered each study at a similar dis-
ease point. There was also a lack of clarity around the inter-
vention, with many simply referring to meniscal repair.

Meniscal Repair and Revisions in Older Patients

Across the studies, 466 “older” patients were identified as
having undergone meniscal repair (Table 2). In addition,

IReferences 2, 6, 7, 9, 22, 23, 30, 36, 42, 44, 46, 51-53.
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Previous reviews

Identified articles: 16
-Everhart et al: 11

-Rothermel et al: 5
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Updated literature search

Identified articles: 634
-Embase: 408

-PubMed: 226

4{ Duplicates: 3

A

Full-text screened: 13 }

l—b[ Duplicates: 219

{ Title/abstract screened: 415 }

Excluded: 301

-Not full-text: 99

-Not original: 53

-Not meniscal tear: 12
-Not meniscal repair: 25
-Not “older”: 35

-Low sample size: 26
-Not outcome: 41

-Not clinical: 10

{ Full-text screened: 114

Excluded: 5
-Low sample size: 5

Included: 8 }

Excluded: 109

-Not meniscal repair: 17
-Not “older”: 77

-Low sample size: 4

-Not outcome: 8

-Not meniscal tear: 2
-Full-text not available: 1

4—[ Identified from other: 1
A

{ Included: 6 }

l

{ Included: 14

Figure 1. Study selection flowchart.

Lyman et al®*® reported on “older” patients who underwent

meniscal repair; however, the patient number could not be
ascertained. The mean age range of “older” patients across
the studies ranged from 44.2 years® to 52.5 years,** with
the maximum ages reported ranging from 50 years® to 70
years.?!

Table 2 summarizes the characteristics of “older”
patients receiving meniscal repair. There was a larger
number of repairs performed on the medial menisci com-
pared with the lateral menisci (74.9% vs 22.9%), vertical/
longitudinal tears to complex/horizontal and radial tears
(86.5% vs. 9.5% vs 4%), and tears in the vascularized
zone than with an avascular portion or solely in an avascu-
lar zone (red-red zone 57.7% vs red-red zone with avascu-
lar portion 22.8% vs red-white zone 17.5% vs white-white
zone 2.1%). Repairs were most common using an inside-
out approach (64.3%) and in patients with either an intact
ACL or those who underwent concomitant ACL reconstruc-
tion (565.2% and 42.7%). There was a substantial volume of
undefined meniscal repairs such that 31% to 92% of
patients were not accounted for in each characteristic.

Success/Failure as Defined by Individual Study

The definitions of meniscal repair failure varied across the
included studies. Meniscal repair failure definitions
included clinical failure determined through physical
assessment,®%?3 failed meniscus healing determined

through magnetic resonance imaging (MRI) or second-
look arthroscopy,>® the need for subsequent sur-
gery, 22304651 66r PROMs postoperatively,**®® a combi-
nation of meniscus healing and subsequent surgery,*?
a combination of clinical symptoms and meniscus heal-
ing,3® and a combination of PROMs and subsequent sur-
gery.2 MRI or second-look arthroscopy leading to the
definition of failed meniscus healing was most commonly
performed in symptomatic patients,?3%*? with only Buyuk-
kuscu et al® performing radiographic imaging systemati-
cally across all patients. Using the studies’ definitions of
failure, a total of 58 meniscal repair failures were reported
across the studies for the “older” patients, and proportional
meta-analysis revealed a mean meniscal repair failure rate
of 12% (95% CI, 7.3%-19.4%) (Figure 2). Meta-analysis of
comparative studies showed a lower risk of a meniscal
repair failure in “older” than younger patients; however,
this failed to reach statistical significance (relative risk
[RR], 0.73 [95% CI, 0.44-1.21]; P = .2205) (Figure 2).
Table 2 presents pooled failure rates in “older” patients
by characteristic. Meniscal repair failures were more com-
mon when the medial meniscus was repaired over the lat-
eral meniscus (19.8% vs 11.5%) and when the repair was of
a horizontal/complex tear than a vertical/longitudinal tear
(41.7% vs 15.6%, respectively). Failure rates were lower for
repair of tears in the vascular (red-red) zone only or with
an avascular portion (10.4% and 12.9%, respectively) com-
pared with tears in lower vascularity zones (red-white
zone, 21.4% and white-white-zone, 50%). Smaller tears
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TABLE 1
Characteristics of Included Studies®
Age, Follow-up,
Mean (SD) or ACL Status Mean (SD) or
Age- No. Mean (Range), (No. or % of Mean (Range),
Study Study Design Group of Patients Y patients) mo
Ahn et al? (2004) Retrospective case-series”  >40 9 46.9 (40-62) ACLR, 9 20 (7.15)
<40 30 26.9 (18-39) ACLR, 30
Barrett et al® (1998) Prospective case-series >40 37 44.2 (42-50) ACLR, 22 26.5 (-)
Brelin et al” (2018) Retrospective cohort 45-65 132 29 (18-63) ACLR, 1423 40 (12-78)
<45 3127
Buyukkuscu et al® (2019)  Prospective case-series >40 33 46.1 (40-67) ACLR, 0 31.1 (20.1)
Hupperich et al*? (2018) Retrospective cohort > 39 12 Not reported ACLR, 11 44.4 (15-96)
<39 26
Johannsen et al?® (1988) Retrospective case-series®  >40 7 47.7 (40-63) ACLR, 0 Not reported
<40 22 26 (15-39) ACLR, 5; Not reported
ACL injury, 3
Lyman et al®® (2013) Retrospective cohort >40 9561 30.8 (14.9) ACLR, 40.5% 44.3 (31.1)
<40
Noyes and Prospective case-series >40 29 (30 45 (40-58) ACLR, 22 34 (23-71)
Balrber-Westing36 (2000) repairs)
Poland et al*? (2019) Retrospective cohort >40 56 47.2 (5.3) ACLR, 39; 64.1 (33.7)
other ligaments, 2
<40 165 24.7 (6.7) ACLR, 124;
other ligaments, 8
Raza et al** (2011) Retrospective case-series®  >40 6 52.5 (42-64) ACLR, 0 17 (6-84)
<40 8 32.8 (26-38) ACLR, 0
Ronnblad et al*® (2020) Retrospective cohort >40 72 26 (12-60) ACLR, 298; 96
<40 846 ACL injury, 276
Steadman et al®! (2015) Retrospective cohort >40 45 50 (40-70) ACLR, 11 192 (120-252)
<40 136 27 (18-39) ACLR, 62 192 (120-264)
Steenbrugge et al®® (2004) Retrospective case-series®  >40 14 46.3 (40.8-63) ACLR, 2; ACL injury, 1 (72-183.6)
<40 31 32.7 (19-38) ACLR, 4; ACL injury, 9
Steenbrugge et al® (2005) Retrospective case-series®  >40 13 48.7 (40.8-69.4) ACL injury, 4; ACLR, 1 -
<40 32 32.1 (19-38) ACL injury, 11; ACLR, 6 (72-183.6)

“ACL, anterior cruciate ligament; ACLR, concomitant anterior cruciate ligament reconstruction.
*Provided individual patient data to allow for within study comparison between “younger” and “older” patients.

and acute tears had lower failure rates than longer tears
and chronic tears (10% vs 17.6% and 9.8% vs 26.1%,
respectively). Meniscal repair performed in conjunction
with ACL reconstruction had a lower failure rate than
when the ACL was intact, and in turn, both repairs had
higher failure rates than when the ACL was deficient
and not addressed (7.1% vs 23.9% vs 40%, respectively).
A substantial number of failures were missing data and,
therefore, unable to be associated with specific factors
(45% to 91% of failures); thus, statistical analyses were
deemed inappropriate.

Success/Failure as Defined by Revision Meniscal
Repair or Meniscectomy

Nine studies provided sufficient information to consider
failure specifically as a revision meniscal repair or menis-
cectomy in meta-analysis.>%72236:42,465152 N ota_analysis
identified a repeat meniscal repair incidence rate of 9.8%
(95% CI, 6.2%-15.0%) in “older” patients (Figure 3). Seven
comparative studies also provided data amenable for meta-

analysis comparing failure rates between older and younger
patients and revealed there were trends for older patients to
be less likely to experience failure; however, this difference
did not reach statistical significance (Figure 3) (RR, 0.69
[95% CI, 0.41-1.16]; P = .1613).%72242:46,51,52

In addition, Lyman et al®® reported on relevant data
that were not amenable to meta-analysis, observing that
patients aged >40 years were less likely to experience fail-
ure (ie, were less likely to require future meniscectomy)
compared with patients aged <20 years after an isolated
meniscal repair (hazard ratio [HR], 0.53 [95% CI, 0.40-
0.70]; P < .001) but not after meniscal repair with concom-
itant ACL reconstruction (HR, 0.99 [95% CI, 0.71-1.37]; P =
.927). Analysis was not performed on patients aged >40
years and other age categorizations.

Patient-Reported Outcome Measures

Lysholm score was the most common measure present in 4
studies.®?22351  Proportional meta-analysis identified
a mean postoperative Lysholm score of 86.7 (95% CI, 81.7
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TABLE 2
Distribution of Meniscal Repairs and Revision Rates in Older Patients®
Cases Failures
N % n/N Rate, %
Total 466 100 58/459 12.6
Medial 167 74.9 19/96 19.8
Lateral 51 22.9 3/26 11.5
Bilateral 5 2.2 0/0 NC
Vertical/longitudinal 180 86.5 28/180 15.6
Complex/horizontal 24 9.5 5/12 41.7
Radial 10 4 0/4 0
Tear <2 cm 20 54.1 2/20 10
Tear >2 cm 17 45.9 3/17 17.6
Acute 41 37.3 4/41 9.8
Chronic 69 62.7 18/69 26.1
RR 109 57.7 7/67 10.4
RR + RW/WW 43 22.8 4/31 12.9
RW 33 17.5 3/14 21.4
Ww 4 2.1 2/4 50
Isolated repair, intact ACL 137 55.2 21/88 23.9
Isolated repair, ACL deficient 5 2 2/5 40
Concomitant ACLR 106 42.7 4/56 7.1
Inside-out 207 64.3 27/196 13.8
All-inside 98 30.4 3/25 12
Hybrid 17 5.3 0/5 0

“Data are presented by patient, tear, and surgery characteristics. ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament
reconstruction; NC, not calculable; RR, red-red zone; RW, red-white zone; WW, white-white zone.

A
Study Events Total Proportion 95%-Cl
Ahn et al. 2004 0 9'—— 0.00 [0.00; 0.34]
Barrett et al. 1998 5 3 —— 0.14 [0.05; 0.29]
Brelin et al. 2018 6 132 = 0.05 [0.02;0.10]
Buyukkuscu et al. 2019 11 33 g 0.33 [0.18;0.52]
Hupperich et al. 2018 1 12 —==—m 0.08 [0.00;0.38]
Johannsen et al. 1988 0 V| e pe 0.00 [0.00;0.41]
Noyes & Barber-Westin 2000 4 30 —F—— 0.13 [0.04;0.31]
Poland et al. 2019 10 56 i 0.18 [0.09; 0.30]
Raza et al. 2011 2 6 0.33 [0.04;0.78]
Ronnblad et al. 2020 12 72 —= 0.17 [0.09;0.27]
Steadman et al. 2015 2 38 =+ 0.05 [0.01;0.18]
Steenbrugge et al. 2004 0 14— 0.00 [0.00;0.23]
Steenbrugge et al. 2005 5 13 0.38 [0.14;0.68]
Random effects model 459 < 0.12 [0.07; 0.19]

Heterogeneity: 12 = 66%, 2= 0.5596,p<0.01 I 1 T T T T T
0 010203040506 07

B Older Younger
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ahn et al. 2004 0 9 1 30 1.07 [0.05;24.15] 2.4%
Brelin et al. 2018 6 132 437 3127 —— 0.33 [0.15; 0.71] 17.9%
Hupperich et al. 2018 1 12 12 26 g 0.18 [0.03; 1.23] 57%
Johannsen et al. 1988 0 7 0o 19 0.0%
Poland et al. 2019 10 56 35 165 = 0.84 [0.45; 1.59] 21.1%
Raza et al. 2011 2 6 1 8 — 267 [0.31;23.00] 4.7%
Ronnblad et al. 2020 12 72 195 846 . 0.72 [0.43; 1.23] 23.4%
Steadman et al.2015 2 38 6 110 : 096 [0.20; 4.58] 7.9%
Steenbrugge et al. 2004 0 14 6 31 0.17 [0.01; 277) 29%
Steenbrugge et al. 2005 5 13 6 32 = 2.05 [0.76; 5.56] 14.1%
Random effects model 359 4394 < 0.73 [0.44; 1.21] 100.0%
—1rrr 1

Heterogeneity: /° = 43%, ©> = 0.2106, p = 0.08
01 0512 10
Favors Older Favors Younger

Figure 2. (A) Meniscal failure rate, as defined by individual studies, in “‘older”’ patients and (B) in comparison with ‘‘younger”
patients. RR, relative risk.
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A
Study Events Total Proportion 95%-Cl
Ahn et al. 2004 0 E— 0.00 [0.00;0.34]
Barrett et al. 1998 3 37 —/— 0.08 [0.02;0.22]
Brelin etal. 2018 6 132 =+ 0.05 [0.02;0.10]
Hupperich et al. 2018 1 12 0.08 [0.00;0.38]
Noyes & Barber-Westin 2000 3 30 —w— 0.10 [0.02;0.27]
Poland et al. 2019 10 56 — . 0.18 [0.09; 0.30]
Ronnblad et al. 2020 12 72 — 0.17 [0.09;0.27]
Steadman et al. 2015 38 = — 0.05 [0.01;0.18]
Steenbrugge et al. 2005 3 13 0.23 [0.05;0.54]
Random effects model 399 0.10 [0.06; 0.15]

Heterogeneity: /2 = 43%, 1> = 0.2117,p = 0.10

0
B Older Younger
Study Events Total Events Total
Ahn et al. 2004 0 9 1 30
Brelin et al. 2018 6 132 437 3127
Hupperich et al. 2018 1 12 12 26
Poland et al. 2020 10 56 35 165
Ronnblad et al. 2020 122 72 195 846
Steadman et al. 2015 2 38 6 110
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Figure 3. (A) Meniscal failure rate, as defined by meniscus reoperation, in “older’” patients and (B) compared with ‘‘younger”

patients. RR, relative risk.

to 91.7) in older patients. Meta-analysis performed on post-
operative Lysholm scores identified no statistically signifi-
cant difference between older and younger patients (mean
difference, 2.3 [95% CI, —4.7 to 9.2]; P = .5278).

Sensitivity and Publication Analysis

Funnel plots on failure rates were broadly symmetrical
and, when combined with nonsignificant Egger tests (P >
.05), suggested a low probability of publication bias (Sup-
plemental Figures S1 and S2). Studies reporting on menis-
cal repair failure, as defined by each individual study,
tended to demonstrate relatively high failure rates in small
case-series and low failure rates in larger case-series. This
was not observed for meniscal repair failure defined as
a revision procedure.

Leave-one-out sensitivity analysis had minimal impact
on the aggregated failure rates in “older” patients. The
meniscal repair failure rate, as defined by individual stud-
ies and as revision, was between 11.3% and 14.2% and
between 8.6% and 12.7%, respectively. Furthermore,
including patients aged >35 years as older from Brelin et
al” had minimal effects on meniscal repair failure rate as
defined by individual studies or as revision (13.4% and
9.5%, respectively). Finally, sensitivity analysis had mini-
mal effect on effect sizes when comparing “older” patients
to “younger” patients.

DISCUSSION

The most important finding of this systematic literature
review was that the failure rates of meniscal repair in
patients aged >40 years were 12.6% and 9.8% when failure
was defined per each study or, more specifically, as a need
for a second meniscal procedure, respectively. The likeli-
hood of failure was also not statistically different in
patients aged >40 years compared with those aged <40
years. These results indicate that meniscal repair can be
performed in “older” patients through diligent patient
selection.

The observed failure rate of meniscal repair in older
patients is in line with, or at the lower end of, rates
reported in systematic reviews considering the wider pop-
ulation.*11:13,26:33-35.37.48 Thege previous reviews!®3537:48
have reported failure rates across all tear types of 12% to
23%, bucket handle tears®!! of 15% to 29%, horizontal
cleavage tears?®®* of 12% to 26%, and radial tears®® of
8%. The present systematic literature review also identi-
fied the rate of meniscal repair failure to be lower, but
not statistically different, in “older” patients than “youn-
ger” patients. Data on patient activity levels were poorly
reported across the included studies; however, the
observed low failure rates may be a consequence of con-
founding with “older” patients being less physically active
than their “younger” counterparts, placing the meniscus
under less stress and, thus, minimizing the opportunity
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for failure. In addition, a common limitation identified
across the included studies was a risk of selection bias,
such that a more stringent surgeon selection process to
determine which patients receive a meniscal repair may
have been present for “older” patients, which could lead
to a higher likelihood of success. Surgeons are likely
more aggressive in their decision-making to perform
meniscal repair in younger patients and reserve meniscal
repair in older patients when there is high confidence in
meniscal healing. The chondroprotective benefits and
reduced risk of future knee arthroplasty associated with
meniscal repair over meniscectomy may be more impactful
in younger patients over older patients who are more likely
to present with degenerative changes in the knee. Notably,
the avoidance of knee arthroplasty in younger patients is
critical, as joint survivorship is known to be reduced.®
Despite the view that meniscal repair may be less success-
ful in “older” patients, the present review demonstrates
that meniscal repairs can be performed in at least a specific
portion of “older” patients and that age per se should not be
a determining factor in whether to perform a meniscal
repair. Instead, other factors associated with the patient,
such as their knee and tear, should be considered.

The present review observed quantitatively lower fail-
ure rates in “older” patients when the repair was per-
formed on a lateral meniscal tear, a small tear, an acute
tear, a tear in a high vascularity zone, and a vertical/longi-
tudinal tear. Lower failure rates were also apparent in
patients undergoing meniscal repair using an all-inside
technique and undergoing a meniscal repair with a concom-
itant ACL reconstruction. Blood supply is recognized as
needed for meniscus healing and successful outcomes.
This may account for the lower failure rate observed for
repairs in the lateral meniscus,*® the red-red zone, and
concomitant ACL reconstruction. However, previous sys-
tematic literature reviews have not identified any signifi-
cant difference in failure rates based on meniscus
laterality, tear type, tear chronicity, tear vascularity, or
ACL status.?®*® In addition, research has observed that
the entire meniscus, including the white-white zone, has
a level of vascularity and resident mesenchymal progenitor
cells, indicating the potential for meniscal repair even in
the white-white zone.'® Schweizer et al*® observed a higher
failure rate with all-inside techniques; however, when only
modern all-inside devices are considered, failure rates are
not significantly different from those associated with
inside-out repair.3>%” Decisions based on these potentially
influencing characteristics should be made cautiously
because of substantial missing data to allocate tear charac-
teristics with failure and a large reliance on between-study
comparisons. Therefore, future research would be valuable
to investigate determinants of meniscal repair failure in
older patients covering a heterogeneous population to
inform effective patient selection providing greater clarity
on who is a good candidate for repair.

The method of determining meniscal repair failure
across individual clinical studies and systematic literature
reviews shows substantial variation, including observation
of meniscus healing via MRI or second-look arthroscopy,
return of clinical symptoms indicative of a meniscal tear,
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or reoperation (any or specific to the area of the original
tear). These heterogeneous methods may explain some of
the variation in rates reported across studies, and their
amalgamation has previously been identified as a limita-
tion of previous systematic reviews.'%47 Also, the definition
of meniscal repair failure used by an individual study may
determine outcomes, with a recent study documenting
complete healing to be significantly higher in “younger”
patients; however, differences were not evident when con-
sidering failed healing.'® As patients may not demonstrate
healing but may be asymptomatic with good function,
focusing on successful outcomes based on the need for
meniscal reoperation and PROMs may be pertinent.

This systematic literature review identified a mean post-
operative Lysholm score of 86.7 in older patients, respec-
tively. This Lysholm score is in line with the mean score
reported across 488 participants with no history of injury
or surgery and a mean age of 41 years.® Furthermore,
meta-analysis identified no statistical difference in postoper-
ative Lysholm score between “older” and “younger” patients.
While some studies did report differences in postoperative
scores, differences were not apparent after controlling for
confounding factors (namely, preinjury activity level) and
the known effect of age on the outcome measures.*®

The paradigm shift toward meniscus preservation has
been driven by the observation that the high risk of osteoar-
thritis and knee arthroplasty after meniscectomy is to be
minimized through meniscal repair.*>%° Older patients are
naturally more likely to be further along the degenerative
process and consequently have cartilage damage or osteoar-
thritis during meniscal surgery; thus, the benefit of menis-
cal repair may be smaller in these patients. Two studies
reported no changes in osteoarthritis grading, including in
patients with abnormal cartilage, after meniscal repair in
the “older” patients at a mean follow-up time of 24 months
(range, 16-36 months)® and 31.1 months (range, 12-100
months).>® Therefore, the chondroprotective effect of menis-
cal repair may also be observed in these populations.

Limitations

The evidence used in this systematic literature review is
not without limitations. First, the included studies typi-
cally had lower levels of evidence in the form of retrospective
cohort analysis and case-series; however, they represent the
best available evidence to inform clinical practice related to
meniscal repair in “older” populations. Second, the included
studies were identified to have the potential risk of selection
bias and, consequently, confounding bias, which may lead to
low failure rates in older patients. Associated with this, there
was a lack of data on potentially confounding factors, includ-
ing articular cartilage status, body mass index, activity level,
alignment, and tear characteristics, limiting the ability to
understand which patients specifically are likely to have
a successful meniscal repair and contrasting results between
individual studies. Third, most included studies included rel-
atively small sample sizes. These small sample sizes may
limit the ability to sensitively detect failure rates, with a sin-
gle event having a large impact on study observations. These
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small sample sizes limit deeper analysis of factors other than
age, which may affect failure rates. Fourth, although data on
the benefit of meniscal repair were apparent in studies in the
form of patient-reported outcomes, they were limited to
a small number of studies, and data demonstrating the chon-
droprotective effects were even sparser. Fifth, the included
articles may be from a select pool of experienced surgeons
who select and repair meniscal tears in older patients, such
that a level of publication bias cannot be eliminated and
the results may not be generalizable to all surgeons. Further,
the methods used in this systematic literature review are
also not without limitation. Although an attempt was made
to standardize the definition of failure as a revision meniscal
procedure, this may introduce a risk of bias with a different
surgeon- and patient-induced threshold between younger
and older patients to return to the operating room for such
a procedure. Despite these limitations, this study is offered
to raise awareness and encourage further research in the
growing field of meniscal preservation to ensure that all
patients receive the best treatment.

CONCLUSION

Meniscal repair can be performed successfully with a low
failure rate and good PROMs in “older” patients. It is
unclear if these outcomes are equivalent to those in “youn-
ger” patients, as selection bias in surgeon decision-making
may confound observations; nonetheless, it is apparent
that successful meniscal repair procedures can be per-
formed in this age group through diligent patient selection.
Therefore, age per se should not be a primary or sole factor
in deciding whether to perform meniscal repair.
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