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Background: Medial meniscal ramp lesions (MMRLs) can occur in up to 28% of pediatric patients at the time of anterior cruciate
ligament (ACL) reconstruction (ACLR). However, limited studies have examined the outcomes after combined MMRL repair and
ACLR in this at-risk patient population.

Purpose: To evaluate the mid-term clinical outcomes after MMRL repair and ACLR in pediatric and adolescent patients and
investigate possible risk factors for a secondary medial meniscal surgery.

Study Design: Case series, Level of evidence, 4.

Methods: Patients <18 years old who underwent MMRL repair during primary ACLR between 2015 and 2022 at 5 institutions with
a minimum of 2-year follow-up were included. MMRLs were defined as an arthroscopically diagnosed partial or complete periph-
eral vertical/longitudinal tear of the posterior horn of the medial meniscus at/or within 3 mm of the meniscocapsular junction that
underwent repair at the time of ACLR. Postoperative outcome measures included subjective International Knee Documentation
Committee (IKDC) scores, return to sport (RTS), patient satisfaction, complications, rate of secondary medial meniscal surgery,
and other reoperations. Descriptive statistics were used to report the demographic characteristics, operative findings, and post-
operative outcomes for the cohort. Risk factors were assessed for a secondary medial meniscal surgery.

Results: A total of 54 patients who underwent MMRL repair during primary ACLR at a mean age of 16.1 years (range, 12.4-17.9
years) were included in this study. Most patients reported a sports-related injury (82%), with 52% occuring during American foot-
ball or basketball participation. At the time of surgery, 50% of patients demonstrated a high-grade pivot-shift (grade 2 or 3) exam-
ination under anesthesia, and 59% were arthroscopically diagnosed with a concomitant lateral meniscal tear. A total of 48 MMRL
repairs (89%) were performed using all-inside techniques, while 5 (11%) were performed using inside-out techniques, and only 3
(6%) patients underwent a concomitant lateral extra-articular procedure. The mean follow-up was 60 months (range, 24-118
months). Postoperatively, 11 (20%) patients underwent a secondary medial meniscal surgery at a mean of 14 months (range,
6-28 months) after the index procedure. All 11 patients were initially treated with all-inside MMRL repairs, and were arthroscopi-
cally diagnosed with a tear involving or extending into the initial repair site at the time of revision surgery. The majority of retears
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were complex morphologies that occurred in the setting of an intact ACL graft and were the result of acute trauma within the first 2
postoperative years. Six (55%) were treated with a medial partial meniscectomy, while 5 (45%) underwent revision repair. No sig-
nificant risk factors were associated with the presence of a secondary medial meniscal surgery. Overall, the cohort demonstrated
a mean IKDC score of 88 = 12 (range, 41-100), and for those who wished to RTS, an RTS rate of 76%.

Conclusion: In this multicenter cohort of pediatric and adolescent patients who underwent MMRL repair during primary ACLR,
with a mean follow-up of 5 years, the rate of secondary medial meniscal surgery was 20%. Overall, while the subjective patient-
reported outcome measures were cautiously reassuring, larger studies are needed to better understand the modifiable risk fac-
tors for MMRL repair failure after ACLR in pediatric patients.

Keywords: all-inside; inside-out repair; meniscocapsular junction; revision medial meniscectomy; revision meniscal repair; skel-
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Medial meniscal ramp lesions (MMRLSs) of the posterior
horn of the medial meniscus are peripheral longitudinal/
vertical tears at or within 3 mm of the meniscocapsular
junction.®1%2241 The biomechanical function of these
meniscocapsular attachments is to prevent anterior tibial
translation, making the ramp area predisposed to tear con-
comitantly in anterior cruciate ligament (ACL)
tears.®!124! As such, MMRLSs have been reported to occur
concomitantly in 9% to 42% of adults undergoing an ACL
reconstruction (ACLR).2%383% These meniscal tears have
a predilection to be missed due to challenges with diagno-
sis on physical examination, magnetic resonance imaging
(MRI), and standard anterior arthroscopic probing at the
time of ACLR.%'7

In the setting of adult ACLR (age >18 years), the clini-
cal evidence in favor of repairing MMRLs continues to
evolve >14313842 Bismechanically, unrepaired MMRLs
(in the setting of a reconstructed ACL) have been shown
to increase residual anterior tibial translation, which is
eliminated with MMRL repair. While long-term clinical
data are still lacking, Tuphé et al reported that 21% of
unrepaired stable MMRLs during ACLR progressed to
medial meniscal bucket-handle tears at long-term follow-
up.*? Despite the potential risk of residual instability and
long-term complications, the existing clinical outcomes on
MMRL repair and ACLR are limited and primarily con-
fined to adult patient populations.

Pediatric patients, commonly defined as those <18
years old, are considered to be the highest risk patient pop-
ulation for sustaining ACL tears, meniscal tears, and graft

rupture after ACLR.*® While most of the current literature
on MMRL repair and ACLR is derived from adults, a few
observational studies have reported the presence of
MMRLs in 13.2% to 28% of pediatric patients undergoing
ACLR.%'"?8 However, relatively little is known about the
clinical outcomes after MMRL repair and ACLR in these
young patients who are at a higher risk for failure. Pediatric
patients are clinically distinct from adults due to their
increased ligament laxity, higher rates of participation in
organized sports, unique challenges with rehabilitation,
and an increased risk of reinjuries and revision surgeries.*®
As such, this multicenter study aimed to evaluate the mid-
term clinical outcomes after MMRL repair and ACLR in
pediatric and adolescent patients and investigate possible
risk factors for a secondary medial meniscal surgery.

METHODS

Patient Selection and Identification

Institutional review board approvals and multicenter data
sharing agreements were accepted and granted at the 5
study institutions (Yale School of Medicine, Hospital for
Special Surgery, Texas Children’s Hospital, Rush Univer-
sity Medical Center, and Twin Cities Orthopedics). Surgical
records were queried using Current Procedural Terminol-
ogy (CPT) codes for ACLR (29888) with meniscal repair
(CPT 29882 and 29883) to identify all patients aged <18
years at the time of surgery who underwent concomitant
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MMRL repair during ACLR at 1 of the 5 study institutions
between January 2015 and December 2022. Patient data
were queried across 5 orthopaedic surgeons (1 board-
certified pediatric and sports medicine fellowship—trained
surgeon (P.D.F.); 1 board-certified pediatric fellowship—
trained surgeon (S.D.M.), and 3 board-certified sports med-
icine fellowship—trained surgeons (M.J.M., J.C., R.F.L.)),
each from the 5 separate institutions.

All surgeons reported routinely performing a modified
Gillquist maneuver and/or an accessory posteromedial por-
tal during the study period to arthroscopically assess for
the presence of MMRLs at the time of ACLR.%!® Each oper-
ative note was independently reviewed by 2 reviewers
(J.M. and J.Z.A.) to confirm sufficient documentation for
meeting the definition for the presence of a MMRL. Based
on an established arthroscopic definition in the literature,
MMRLs were defined as arthroscopically diagnosed partial
or complete peripheral vertical/longitudinal tears of the
posterior horn of the medial meniscus at/or within 3 mm
of the meniscocapsular junction at the time of ACLR.%3
In cases of disagreement between reviewers on the defini-
tion of an MMRL, the senior author (R.F.L.) made the final
decision to include or exclude the patient of interest.
Arthroscopic images and further subclassification of the
MMRLSs were not assessed.

After identifying the initial cohort who underwent
MMRL repair during ACLR, patients were excluded if
they met any of the following criteria at the time of initial
surgery: (1) concomitant periarticular fractures, not
including bone bruises or subchondral insufficiency frac-
tures; (2) complex medial meniscal tears or those extending
into the meniscal body, anterior horn, or roots; (3) revision
ACLR, as opposed to primary ACLR; (4) incomplete or
ambiguous surgical documentation precluding confirma-
tion of an MMRL; (5) congenital lower extremity abnormal-
ities; (6) diagnosis of an ipsilateral discoid meniscus; (7)
previous ipsilateral knee surgery or injury; (7) concomitant
medial patellofemoral reconstruction, multiligament recon-
struction or repair (medial collateral ligament, posterior
cruciate ligament, and fibular [lateral], collateral ligament
reconstruction, or complete posterolateral corner injury);
(8) osteotomy; or (9) tibial eminence avulsion fracture.

For patients who satisfied the inclusion and exclusion
criteria, the following variables were collected from review-
ing the medical charts: (1) age at the time of surgery; (2)
sex; (3) time from injury to ACLR/MMRL repair (catego-
rized as acute <6 weeks, subacute >6 weeks to <12 weeks,
and chronic > 12 weeks);*?® (4) body mass index (BMI); (5)
BMI percentile according to sex and age; (6) obesity status
(defined as >95 percentile for BMI for age and sex)”; and
(7) mechanism of injury (categorized as contact or noncon-
tact).2>?® Skeletal maturity was classified as mature
(closed physes) or immature (open physes) based on MRI.
Physes were considered to be open if there was a band of
high signal intensity on T2-weighted images in the
expected location of the distal femoral physeal plate.?*
Lachman (grades 1-3) and pivot-shift grading (grades 1-
3) were performed under anesthesia and recorded at the
time of the index surgery. A high-grade pivot-shift was
defined as patients who displayed a grade of >2.
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Additional surgical findings at the time of MMRL repair
and ACLR that were collected included the presence and
surgical treatment of concomitant lateral meniscal tears,
the type of ACLR graft, the MMRL repair technique, the
number of sutures used for MMRL repair, and the presence
of a concomitant lateral extra-articular procedure (LEAP).

Secondary Surgeries, Complications,
and Patient-Reported Outcome Measures

All patients had a minimum of 2-year clinical follow-up. Fi-
nal follow-up for each eligible patient was defined by the
date (with a study end date of December 2024). Telephone
interviews and electronic questionnaires were adminis-
tered to obtain subjective postoperative International
Knee Documentation Committee (IKDC) scores; return to
sport (RTS), defined by returning to the same or higher
level of sport after surgery; visual analog score for patient
satisfaction (0 = worst, 10 = best); and information regard-
ing any complications, reinjuries, or reoperations. Patients
who were unable to be contacted to complete telephone
interviews and electronic questionnaires, or who refused
to participate, were considered lost to follow-up. The
patient-acceptable symptom state for isolated ACLR in
adolescent patients has been reported?® to be an IKDC
score of >80.5. While the present study presents a different
injury pattern than those that undergo an isolated ACLR,
the number of patients achieving this IKDC score threshold
was reported for improved interpretation of the IKDC data.
For the RTS calculation, patients who reported not partici-
pating in sports after surgery for reasons unrelated to their
knee injury were excluded.'® Patients who underwent ipsi-
lateral secondary surgery during the study period were
excluded from the subjective postoperative patient-reported
outcome measure (PROM) analysis for the cohort.

The presence of any secondary surgeries during the
postoperative period was assessed. In addition to reviewing
the medical charts, patient interviews inquired about
potential complications or additional revision surgeries
that may have been performed at an outside institution
or concomitantly with a secondary medial meniscal sur-
gery. For patients who underwent a secondary medial
meniscal surgery after the index procedure, the following
variables were collected: time to secondary medial menis-
cal surgery (defined as the time between the index
MMRL repair and ACLR and secondary medial meniscal
surgery); arthroscopic description of the medial meniscal
retear pattern; mechanism of reinjury; additional arthro-
scopic operative findings, including medial meniscal retear
treatment (repair and/or partial medial meniscectomy);
and additional concomitant procedures at the time of revi-
sion surgery. PROMs were reported only for patients who
did not undergo a secondary surgery.”38

Surgical Technique for Medial Meniscal Ramp Lesion
Repair During Primary ACLR

For all 5 surgeons, the indication for performing an ACLR
at the time of surgery included a complete ACL tear
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Figure 1. Arthroscopic images of a 13-year-old adolescent female’s knee at the time of primary ACLR with (A) a concomitant
MMRL showing the meniscocapsular separation diagnosed on arthroscopy using a modified Gillquist maneuver and (B) a subse-
quent mattress repair of the medial meniscal ramp lesion with an all-inside, capsular-based, self-tensioning device. ACLR, ante-
rior cruciate ligament reconstruction; MFC, medial femoral condyle; MMRL, medial meniscal ramp lesion; PMC, posteromedial

capsule.

confirmed with increased laxity on physical examination,
MRI, and diagnostic arthroscopy. ACLRs were performed
with a mix of autograft techniques, including bone-patellar
tendon-bone, quadriceps tendon, or semitendinosus/graci-
lis grafts, with or without physeal-sparing reconstruction
techniques, based on skeletal maturity. The indications
for performing a concomitant LEAP were not standardized
and varied among the surgeons.

The indications for an MMRL repair during ACLR were
not standardized among surgeons, but were commonly per-
formed in the setting of a partial or complete MMRL
deemed unstable with arthroscopic probing.?® Patients
underwent all-inside or inside-out MMRL repairs per-
formed according to previously described and biomechani-
cally validated techniques in the literature and sugeon
specific preference.>!® All-inside repairs were most com-
monly performed through standard anterior arthroscopic
portals using capsular-based, self-tensioning devices (Fig-
ure 1).1°

For inside-out MMRL repairs, suture needles were
passed in a vertical-mattress fashion, retrieved through
an open posteromedial incision, and subsequently tied
over the posteromedial capsule under direct arthroscopic
visualization anteriorly (Figure 2).%27

Postoperative Rehabilitation Protocol

Postoperative rehabilitation protocols varied across cen-
ters and allowed either partial or full weightbearing as
tolerated, with a brace locked in extension and crutches
recommended until a nonantalgic gait was achieved or
for up to 6 weeks postoperatively. From weeks 2 to 6,
most protocols permitted 0° to 90° of knee motion. By 6
weeks, all patients were allowed full weightbearing and
unrestricted range of motion, without engaging in impact
activities. At 12 weeks, the majority began straight-line
running, with continued restrictions on pivoting and

cutting. Sport-specific progression was initiated after suc-
cessful completion of a functional assessment. RTS was
typically permitted around 9 months after injury, once
patients demonstrated symmetric strength, stability,
and range of motion compared with the contralateral
limb. In some cases, clearance for cutting and pivoting
sports was delayed until approximately 12 months
postoperatively.

Statistical Analysis

Descriptive statistics were used to summarize patient
characteristics, surgical details, and clinical outcomes.
Continuous variables are reported as means and standard
deviations. Categorical variables are presented as counts
and percentages. Because of the small sample size and
low event frequency, formal hypothesis testing was lim-
ited. Exploratory bivariate analyses were performed using
t tests or nonparametric equivalents for continuous varia-
bles, and the chi-square test or the Fisher exact test for cat-
egorical variables. Statistical significance was set as P <
.05. Analyses were performed using Microsoft Excel with
Real Statistics add-in (Microsoft Corp).

RESULTS

Cohort Selection and Patient Eligibility

Overall, 72 patients <18 years who underwent concomi-
tant MMRL repair and primary ACLR between 2015 and
2022 were identified. Of these 72 patients, 54 (75%) were
included in the final analysis and cohort (Figure 3).

Patient characteristics for the cohort are summarized in
Table 1.

During the index procedure, 27 (50%) demonstrated
a high-grade pivot-shift examination under anesthesia
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Figure 2. Arthroscopic images of an example of an inside-out MMRL repair technique. (A) Anterior view of an MMRL that was
deemed unstable with arthroscopic probing. (B) MMRL in the posteromedial compartment from a modified Gilliquist or trans-
notch view. (C) Reapproximation of the meniscocapsular attachment during suture placement through the posterior horn and
posteromedial capsule. (D) Complete inside-out MMRL repair with double-row vertical mattress sutures. Image originally pub-
lished in DePhillipo NN, Dornan GJ, Dekker TJ, Aman ZS, Engebretsen L, LaPrade RF. Clinical Characteristics and Outcomes
After Primary ACL Reconstruction and Meniscus Ramp Repair. Orthop J Sports Med. 2020;8(4):2325967120912427. MMRL,

medial meniscal ramp lesion

(defined by grade >2), and 32 (59%) had a concomitant lat-
eral meniscal tear diagnosed arthroscopically. A total of 48
MMRL repairs (89%) were performed using all-inside tech-
niques, while 6 (11%) were inside-out. Overall, only 3 (6%)
patients underwent a concomitant LEAP. Lastly, inside-
out MMRL repairs used significantly more sutures, on
average, than all-inside MMRL repairs (5 sutures per
repair vs 3 sutures per repair; P < .001). Physical examina-
tion findings under anesthesia and operative details from
the index surgery are summarized in Table 2.

PROMs, Complications, and Revision Surgery

The mean follow-up of the cohort was 60 months (range,
24-118 months) after primary ACLR and MMRL repair.
Overall, 11 (20%) patients underwent a secondary medial
meniscal surgery during the follow-up period. Of the 43
patients who did not undergo secondary medial meniscal
surgery, the mean subjective IKDC was 88 * 12 (range,
41-100), with 35 of 43 patients (81%) achieving a score of
>80.5. The median patient satisfaction score was 9 (inter-
quartile range, 8-10). Of the 37 eligible patients for RTS
analysis, 28 (76%) reported RTS at the same or higher level

postoperatively. Overall, 4 patients experienced a contra-
lateral ACL tear during the follow-up period.

Eleven patients (20%) underwent a secondary surgery
for a medial meniscal retear at a mean of 14 months (range,
6-28 months) after the index procedure. Of these 11
patients, 7 (64%) underwent an isolated secondary medial
meniscal surgery while 4 (36%) had an additional same-
day concomitant revision procedure (2 patients underwent
revision ACLR, 1 patient underwent lysis of adhesions for
arthrofibrosis with a cyclops lesion, and 1 patient under-
went revision lateral meniscal repair). Nine patients (82%)
had an intact ACL graft on arthroscopic evaluation.

All of the medial meniscal retear patterns diagnosed
arthroscopically at the time of revision surgery involved
or extended into the initial MMRL repair site and included
6 complex radial oblique/flap tears at the body/posterior
horn with extension into the previous repair site, 3 verti-
cal/longitudinal tears (recurrent MMRLs) at the index
repair site, and 2 complete medial meniscal bucket-handle
tears. Overall, 6 (55%) retears (3 complex, 2 bucket-handle,
and 1 vertical/longitudinal) were treated with a medial
partial meniscectomy, while 5 (46%) (3 complex and 2 ver-
tical/longitudinal retears) underwent revision medial
meniscal repair.
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Patients Identified (n = 104) Exclusions (n = 11):
Study Period: 2015 - 2022 « Incomplete, missing, or ambiguous surgical
documentation

v

Concomitant MMRL and
ACLR (n =93)

A 4

~

Exclusions (n = 21):
« 7 previous ipsilateral knee injury/surgery
« 6 concomitant surgeries (e.g., MLKI
reconstruction)
« 3 revision ACLR
« 3 complex medial meniscus tears
« 2 ipsilateral discoid meniscus

Eligible Patients for Final Lost to Follow-Up (n = 18): =
_ « 17 invalid contact information/no response
Cohort (n =72) . C e
« 1 declined survey participation

h 4

Patients Included (n = 54)

Figure 3. Study flow chart for the final cohort selection. ACLR, anterior cruciate ligament reconstruction; MLKI, multiligament

knee reconstruction; MMRL, medial meniscal ramp lesion.

All 11 patients with a MMRL repair failure were ini-
tially treated with all-inside MMRL repairs at the time of
the index procedure; however, there was no significant dif-
ference when comparing the failure rates of all-inside ver-
sus inside-out MMRL repairs. The reported mechanisms of
reinjury were as follows: acute trauma during physical
activity or high school sports (n = 10; 91%) and persistent
knee instability with no inciting event (n = 1; 9%). The
bivariate analysis demonstrated no significant differences
between patients who did and did not undergo a secondary
medial meniscal surgery; therefore, a multivariable logisti-
cal regression was not performed (Appendix Tables Al
and A2).

DISCUSSION

In this multicenter cohort of pediatric and adolescent
patients who underwent MMRL repair and primary
ACLR, with a mean follow-up of 5 years, 20% underwent
a secondary medial meniscal surgery for a retear that
involved or extended into the initial MMRL repair site.
Interestingly, these retears were predominately complex
morphologies, most commonly occurred in the setting of
an intact ACL graft, and were the result of acute traumatic
reinjuries within the first 2 postoperative years. More than

half of these young patients underwent a medial partial
meniscectomy as opposed to revision repair. Additionally,
the present study found no significant risk factors associ-
ated with the presence of a secondary medial meniscal sur-
gery. Overall, while the subjective PROMs were cautiously
reassuring, larger studies are needed to better understand
the modifiable risk factors for MMRL repair failure after
ACLR in pediatric patients.

A few studies in the adult literature have reported on
the outcomes after MMRL repair and ACLR, with mean
cohort ages ranging from 26 to 29 years at the time of sur-
gery 214313842 gonnery-Cottet et al®” reported a 10.8%
secondary medial meniscectomy rate in adults (defined as
MMRL repair failure) at a mean follow-up of 46 months
for all-inside posteromedial suture hook MMRL repairs,
while Gousopoulos et al'® reported a 15.6% failure rate at
a mean follow-up of 8 years. Similarly, Tanel et al®®
reported a 21.9% secondary meniscectomy rate at 10-year
follow-up in adults undergoing ACLR and all-inside
MMRL repairs.®® Compared with adult patients, meniscal
repairs have been associated with a significantly higher
failure rate in the pediatric and adolescent patient popula-
tion.2%®* Shieh et al®* studied revision meniscal surgery in
children and adolescents and found that 18% of primary
isolated meniscal repairs (excluding MMRLs) required
revision surgery at a 40-month follow-up. Nearly all their
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TABLE 1
Patient and Cohort Characteristics at the Time
of MMRL Repair During Primary ACLR® (n = 54)

Age at the Time of Surgery, Years 16.1 = 1.4 (12.4-17.9)

Sex
Female 22 (41)
Male 32 (59)

60 * 23 (24-118)
25.5 + 5.2 (16.9-43.8)
78.6 * 19.4 (16.1-99.4)

Follow-up, months
BMI at the time of surgery, kg/m?
BMI percentile
Obese, >95" percentile BMI
Yes 12 (22)
No 42 (78)
Time between initial injury 72.5 + 65.8 (13-338)
and ACLR, days
Chronicity of injury

Acute, <6 weeks 24 (44)

Subacute, >6 weeks to <3 months 16 (30)

Chronic, >3 months 14 (26)
Mechanism of injury

Contact 11 (20)

Noncontact 43 (80)
Sports-related injury

Yes 44 (82)

No 10 (19)

Most common sport at the time
of injury, n = 44

American Football 12 (27)

Basketball 11 (25)

Soccer 5(11)
Physes

Open 6 (11)

Closed 48 (89)

“Data are presented as mean = SD (range) or n (%). ACLR,
anterior cruciate ligament reconstruction; BMI; body mass index;
MMRL, medial meniscal ramp lesion.

failures were attributed to acute reinjury during physical
activity within the first postoperative year.>* Similarly,
in our cohort of pediatric and adolescent patients treated
with MMRL repair and ACLR, with a mean follow-up of
60 months, 20% underwent a secondary medial meniscal
surgery for a reinjury that occurred from acute traumatic
mechanisms during high school sports or physical activity
within the first 2 postoperative years. However, the pres-
ent cohort’s MMRL repair failure rate appears to be on
the higher end of the spectrum compared with those
reported for adults, although further studies that directly
compare the 2 populations are needed to confirm this.

In multiple adult studies throughout the literature, the
presence of a secondary or revision medial meniscal sur-
gery is a commonly used metric to define MMRL repair
failure after ACLR.>%313842 However, this definition
may underestimate the true number of repair failures, as
clinical symptoms and/or postoperative MRIs were not ana-
lyzed, and second-look arthroscopy was not performed on
every patient to assess the healing status of the MMRL
repair, particularly in asymptomatic patients. It is also
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TABLE 2
Physical Examination Findings Under Anesthesia
and Operative Findings at the Time of MMRL
Repair During Primary ACLR® (n = 54)

Pivot-Shift Grade Under Anesthesia Cohort (N = 54 Patients)

0 2 (3.7)

1 25 (46)

2 20 (37)

3 7 (13)
Lachman grade under anesthesia

1 1(2)

2 41 (76)

3 12 (22)
Autograft used for primary ACLR

BPTB 34 (63)

Hamstring 11 (20)

Quadriceps 9(17)
MMRL repair technique

All-inside 48 (89)

Inside-out 6 (11)
MMRL repair sutures

All-inside 3+1(1-5)

Inside-out 5+ 1(37)°
Concomitant LMT on arthroscopy

Yes 32 (59)

No 22 (40.7)
LMT treatment, n = 32

Repair 20 (63)

Meniscectomy 8 (25)

Left in situ 4 (13)
LMT repair technique, n = 20

All-inside 17 (85)

Inside-out 1(5)

Transtibial tunnel repair 2 (10)
LEAP

Yes 3 (6)

No 51 (94)

“Data are reported as n (%). ACLR, anterior cruciate ligament
reconstruction; BPTB, bone-patellar tendon-bone; LEAP, lateral
extra-articular procedure; LMT, lateral meniscal tear; MMRL,
medial meniscal ramp lesion.

®Denotes a significant finding for inside-out repairs using more
sutures than all-inside repairs (P < .001).

unknown whether the repair failures in the present study
were the result of an unrelated new tear that extended
into the initial repair site or a failure of the actual MMRL
repair that could have predisposed the patient to retearing
their meniscus. As such, the term retear and the resultant
rate of secondary medial meniscal surgery should be inter-
preted within the context of these study parameters. Also,
pediatric patients with both MRI-proven retears and clinical
symptoms who do not undergo revision surgery should be
accounted for in future studies.

The treatment of medial meniscal reinjuries after
MMRL repair and ACLR remains poorly understood, espe-
cially in pediatric and adolescent patients. The present
study found that most of these patients had complex
retears in the setting of an intact ACL graft. While
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speculative in nature, the possibility exists that trauma
from the initial repair using all-inside devices that pene-
trate the meniscus could have predisposed a patient to
retear in a complex manner. More than half underwent
a partial medial meniscectomy rather than revision repair,
primarily due to avascularity and poor tissue quality of the
retear and remaining medial meniscus. In the setting of
a failed MMRL repair, partial meniscectomy of the retear
may significantly increase the risk of posttraumatic osteo-
arthritis, especially in younger patients.?®*? Alternatively,
45% were treated with a revision medial meniscal repair. If
the tissue quality and retear pattern appear amenable,
a revision repair may offer a better long-term prognosis
than a partial meniscectomy.® However, larger and long-
term clinical studies are necessary to confirm these find-
ings, as the present study is limited to a small cohort
with mid-term outcomes, where these potential consequen-
ces may not be evident.

The management of MMRLs remains elusive, especially
in the pediatric population. Standardized systematic
arthroscopic techniques, such as a modified Gillquist
maneuver or posteromedial accessory portal, should be
employed in every pediatric patient undergoing ACLR.3¢
All surgeons were routinely performing a modified Gilli-
quist maneuver and/or accessory posteromedial portal on
every patient undergoing ACLR during the entirety of
the study period.'® Furthermore, it is strongly recommen-
ded that unstable MMRLs be repaired during ACLR,
which was the primary indication for repair in the present
study.>11:2735 The present study did not include patients
with MMRLs who were left untreated and deemed stable
at the time of ACLR. In addition, MMRLSs were not catego-
rized into different subtypes, and the use of an existing
classification system may help identify which subtypes
carry a higher risk of failure in pediatric and adolescent
patients.?® Overall, the present study found that the
mean IKDC score was 88, with 35 patients (81%) achieving
a score of >80.5 and 28 (76%) returning to sport at the
same or higher level postoperatively. These PROM scores
closely align with those reported in the literature for iso-
lated ACLR in pediatric and adolescent patients.'®3°

Of the MMRL repairs performed in the present study,
89% were all-inside, while 11% were inside-out. Inside-
out MMRL repair techniques, on average, used significantly
more sutures per repair compared with all-inside techni-
ques (5 vs 3 per repair; P < .001). However, no significant
difference was found in failure rates when comparing the
2 repair techniques. Inside-out MMRL repair may offer flex-
ibility with the placement and number of sutures, thereby
creating a stronger repair. However, this technique requires
an open posteromedial incision and is more technically chal-
lenging compared with all-inside techniques.>?” Although
not assessed in the present study, all-inside MMRL repairs
may inadequately address the meniscotibial attachment
that could contribute to repair failure.'%32 The vast majority
of all-inside MMRL repairs in the present study were per-
formed using anterior arthroscopic portals only. Similarly,
large sample sizes are warranted to compare the clinical
efficacy of different and modern-day MMRL repair
techniques—including those through a posteromedial
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portal—as there is still no consensus on the optimal repair
technique in high-risk pediatric patients.

The protective role of a LEAP in high-risk adolescents
undergoing ACLR has gained much attention recently.**
In the present study, only a small percentage (6%) under-
went a concomitant LEAP at the time of MMRL repair and
ACLR, likely due to the inclusion of a large number of
patients treated before 2020. It is important to highlight
that 50% of our cohort demonstrated a high-grade pivot
shift examination at the time of the index procedure. How-
ever, the widespread adoption of LEAPs and present-day
indications, such as a high-grade pivot-shift in an adoles-
cent athlete, most likely differed from those during our
study period.? Nevertheless, the added rotational stability
afforded by an LEAP has been reported to be protective of
MMRL repair failure in adults undergoing ACLR.3* This is
an important consideration for pediatric and adolescent
patients with ACL tears and MMRLs, given that the
majority of patients who underwent a secondary medial
meniscal surgery in the present study had isolated and
complex retears in the setting of an intact ACL graft. As
such, the addition of a concomitant LEAP may have the
potential to decrease the risk of MMRL repair failure in
pediatric patients, and its protective role in this specific
at-risk patient population still needs to be elucidated.

This multicenter study has several limitations that
have not been mentioned—including its retrospective
design and the lack of a control group for comparison.
Eighteen patients (25%) were considered lost to follow-up
and were unable to be contacted for telephone interviews
and electronic questionnaires, which may have influenced
both the reported failure and success rates. While assess-
ing arthroscopic images could have enhanced the classifi-
cation of MMRLs, digital storage of intraoperative images
in the medical charts was not routinely practiced at every
institution during our study period. Given the small num-
ber of patients who underwent a secondary medial menis-
cal surgery, our sample size was likely underpowered to
detect any differences or risk factors between the 2 groups.
Patients were treated by 1 of 5 sports medicine surgeons,
each employing their preferred repair techniques,
implants, and postoperative rehabilitation protocols that
were not standardized across centers, potentially introduc-
ing selection bias. Only two of the surgeons were dedicated
pediatric sports medicine surgeons, whose practices pri-
marily consisted of this patient population, while the other
3 surgeons primarily treated adult patients. As such, the
number of pediatric and adolescent patients contributed
by each surgeon and institution varied greatly due to these
inherent practice differences. However, this heterogeneity
may increase the generalizability of our results. The study
start period was chosen because patient contact informa-
tion was routinely stored in the electronic medical charts
beginning in 2015 at the majority of these institutions,
which limited our ability to explore the longer-term out-
comes associated with MMRL repairs in this population.
Lastly, while the type of sport and participation may influ-
ence the survivorship of MMRL repairs after ACLR, the
diversity of sports represented in this cohort limited our
ability to conduct meaningful subgroup analysis.
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CONCLUSION

In this multicenter cohort of pediatric and adolescent
patients who underwent MMRL repair during primary
ACLR, with a mean follow-up of 5 years, the rate of second-
ary medial meniscal surgery was 20%. Overall, while the
subjective PROMs were cautiously reassuring, larger studies
are needed to better understand the modifiable risk factors
for MMRL repair failure after ACLR in pediatric patients.
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APPENDIX

TABLE Al

Comparison of Baseline Characteristics of Patients Who Did and Did Not Undergo
a Secondary Medial Meniscal Surgery After MMRL Repair and ACLR®

No Secondary Medial Meniscal

Secondary Medial Meniscal

Surgery, n = 43 Surgery, n = 11 P
Age at the time of surgery, years 16.1 = 1.4 (12.5-17.9) 16.1 = 1.5 (12.4-17.9) .832
Sex
Female 19 (44.2) 3(27.3) .493
Male 24 (55.8) 8 (72.7)
BMI at the time of surgery, kg/m? 24.9 = 4.7 (16.9-36.9) 27.7 + 6.5 (20.7-43.8) .094
Obese, >95" percentile BMI .693
Yes 9 (20.9) 3(27.3)
No 34 (79.1) 8 (72.7)
Time between initial injury and ACLR, days 68.1 + 58.9 (13-338) 90.1 + 89.3 (13-320) .453
Chronicity of injury .691
Acute, <6 weeks 20 (46.5) 4 (36.4)
Subacute, >6 weeks to <3 months 13 (30.2) 3 (27.3)
Chronic, >3 months 10 (23.3) 4 (36.4)
Mechanism of injury .676
Contact 8 (18.6) 3(27.3)
Noncontact 35 (81.4) 8 (72.7)
Sports-related injury .667
Yes 34 (79.1) 10 (90.9)
No 9 (20.9) 1(9.1
Physes >.999
Open 5 (11.6) 1(9.1)
Closed 38 (88.4) 10 (90.9)

“Data are reported as mean * SD (range) or n (%). BMI, body mass index; ACLR, anterior cruciate ligament reconstruction. MMRL,

medial meniscal ramp lesion.

TABLE A2

Comparison of the Index Operative Data of Patients Who Did and Did Not Undergo
a Secondary Medial Meniscal Surgery After MMRL Repair and ACLR?

No Secondary Medial Meniscal Surgery, n = 43  Secondary Medial Meniscal surgery, n = 11 P
Pivot-shift grade .169
0 1(2.3) 1(9.1)
1 21 (48.8) 4(36.4)
2 14 (32.6) 6 (54.5)
3 7(16.3) 0(0)
Lachman grade
1 1(2.3) 0 (0)
2 32 (74.4) 9 (81.8)
3 10 (23.3) 2(18.2)
MMRL repair technique 327
All-inside 37 (86) 11 (100)
Inside-out 6 (14) 0 (0)
MMRL repair sutures 3 *+1.4(1-7) 2.6 0.9 (1-4) .687
Concomitant LMT .167
Yes 23 (53.5) 9 (81.8)
No 20 (46.5) 2 (21.2)
LMT treatment, n = 32 >.999
Repair 14 (60.9) 6 (66.7)
Meniscectomy 6 (26.1) 2 (22.2)
Observation 3(13) 1(11.1)
LMT repair technique, n = 20 >.999
All-inside 11 (78.6) 6 (100)
Inside-out 1(7.1) 0(0)
Transtibial root 2(14.3) 0 (0)

“Data reported as n (%). ACL, anterior cruciate ligament; BPTB, bone-patellar tendon-bone; LMT, lateral meniscal tear; MMRL, medial

meniscal ramp lesion.



