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Background: The rate of concomitant meniscal procedures performed in conjunction with anterior cruciate ligament (ACL) recon-
struction is increasing. Few studies have examined these procedures in high-risk pediatric cohorts.

Hypotheses: That (1) the rates of meniscal repair compared with meniscectomy would increase throughout the study
period and (2) patient-related factors would be able to predict the type of meniscal operation, which would differ according
to age.

Study Design: Cohort study (prevalence); Level of evidence, 2.

Methods: Natural language processing was used to extract clinical variables from notes of patients who underwent ACL recon-
struction between 2000 and 2020 at a single institution. Patients were stratified to pediatric (5-13 years) and adolescent (14-19
years) cohorts. Linear regression was used to evaluate changes in the prevalence of concomitant meniscal surgery during the
study period. Logistic regression was used to determine predictors of the need for and type of meniscal procedure.

Results: Of 4729 patients (mean age, 16 6 2 years; 54.7% female) identified, 2458 patients (52%) underwent concomitant me-
niscal procedures (55% repair rate). The prevalence of lateral meniscal (LM) procedures increased in both pediatric and adoles-
cent cohorts, whereas the prevalence of medial meniscal (MM) repair increased in the adolescent cohort (P = .02). In the
adolescent cohort, older age was predictive of concomitant medial meniscectomy (P = .031). In the pediatric cohort, female
sex was predictive of concomitant MM surgery and of undergoing lateral meniscectomy versus repair (P � .029). Female sex
was associated with decreased odds of concomitant LM surgery in both cohorts (P � .018). Revision ACLR was predictive of
concomitant MM surgery and of meniscectomy (medial and lateral) in the adolescent cohort (P \ .001). Higher body mass index
was associated with increased odds of undergoing medial meniscectomy versus repair in the pediatric cohort (P = .03).

Conclusion: More than half of the young patients who underwent ACLR had meniscal pathology warranting surgical intervention.
The prevalence of MM repair compared with meniscectomy in adolescents increased throughout the study period. Patients who
underwent revision ACLR were more likely to undergo concomitant meniscal surgeries, which were more often meniscectomy.
Female sex had mixed effects in both the pediatric and adolescent cohorts.
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The knee is one of the most commonly injured joints in ath-
letes, and roughly 20% of these injuries involve the ante-
rior cruciate ligament (ACL).11,21 A well-documented
increase has been seen in the incidence of pediatric ACL
injury and ACL reconstruction (ACLR), which is outpacing
most general pediatric orthopaedic procedures and adult
ACLR.3,5,13,39,42 Prompt intervention in skeletally imma-
ture patients is recommended to minimize the risk of devel-
oping further pathologic changes in the joint, including
chondral and meniscal injury, which are well-established
risk factors for osteoarthritis.1,14,23,25,28 ACLR in this cohort
has been shown to expedite return to sports and other activ-
ities and reliably address knee instability.15,17

Isolated injury to the ACL is less common,43 and associ-
ations with concomitant injury to the menisci have been
well established, particularly in younger patient
cohorts.4,12,19,29,31,41 In addition to the increasing rates of
pediatric ACL injury, the rates of concomitant meniscal
surgeries have been likewise increasing.4,12 Compared
with adults, pediatric patients tend to have better out-
comes after meniscal repair, which have been attributed
to enhanced vascularity and healing potential.10,20 Accord-
ingly, a growing trend of increasing rates of pediatric
meniscal repair over meniscectomy has emerged.4,29,42

Although the risk factors for concomitant meniscal injury
in adult ACL injuries have been well studied, such investi-
gations are sparse in pediatric and adolescent cohorts.7,36

A recent single-center study performed by Perkins et al32

revealed that increasing age and body mass index (BMI)
were independent risk factors for concomitant meniscal
injury in a pediatric cohort. Conversely, a recent analysis
of American Board of Orthopaedic Surgery candidate
data concluded that age was not associated with concomi-
tant meniscal surgery in pediatric patients.12 Such discrep-
ancies underscore the paucity of literature regarding
pediatric risk factors for meniscal injury and treatment
in association with ACLR and how these compare to those
in adult populations.

The purpose of this study was to evaluate and compare
trends in the prevalence of concomitant meniscal proce-
dures in pediatric and adolescent patients undergoing
ACLR and evaluate associated risk factors for concomitant
meniscal surgery as well as meniscectomy versus meniscal
repair. Such data may inform more evidence-based and
patient-centered treatment algorithms in these common
injury patterns. We hypothesized that the rates of

meniscal repair compared with meniscectomy would
increase between 2000 and 2020. Additionally, we hypoth-
esized different patient-related factors would be predictive
of the type of meniscal operation performed in pediatric
versus adolescent patients.

METHODS

Participants

After obtaining institutional review board approval, we
used a custom natural language processing (NLP) pipe-
line37 to identify all patients who underwent ACLR at
our institution between January 1, 2000, and December
31, 2020, and we extracted pertinent clinical and operative
data from the available unstructured electronic clinical
notes to develop an institutional ACLR registry. Details
of the NLP pipeline used along with model performance
metrics and validation have been previously published.37,38

Briefly, we developed with an NLP model to identify ACL
surgical cases from operative notes (accuracy, 1.00; sensi-
tivity, 0.99; specificity, 1.00).38 We then extracted relevant
injury and surgical details from the operative notes of the
identified patients using NLP (accuracy, 0.98 6 0.01; sen-
sitivity, 0.97 6 0.03; specificity, 0.98 6 0.02).37

Age, sex, height, weight, BMI, race, and insurance sta-
tus were retrieved from the structured medical record.
Mechanism of injury (ie, contact vs noncontact), ipsilateral
ACL injury history, and sports participation were
extracted from preoperative notes using NLP. Laterality
and concomitant operations, including meniscal repair
and meniscectomy, were extracted from the operative
reports using NLP. Patients were grouped by age, with
the pediatric cohort made up of patients between 5 and
13 years of age and the adolescent cohort between 14 and
19 years, to characterize the effects of puberty and the
transition toward skeletal maturity on the risk of concom-
itant surgery.16,22 Patients were also compared based on
their participation in high-risk sports according to the clas-
sification proposed by Moksnes et al,27 who adapted the
original system developed by Hefti et al.18 With this sys-
tem, level 1 activities include frequent jumping, cutting,
and pivoting (eg, soccer, basketball); level 2 activities
involve lateral movements with less pivoting (eg, racket
sports, gymnastics); and level 3 activities include primarily
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straight-ahead activities without jumping or pivoting (eg,
running, weightlifting).26

All surgeries were performed by 1 of 8 sports medicine
fellowship–trained orthopaedic specialists, 4 of whom also
completed general pediatric orthopaedic surgery fellow-
ships. Surgical technique varied by surgeon and was based
on a variety of patient-based criteria, but these criteria
were not consistent among the surgeons.

Statistical Analysis

Demographic characteristics were summarized by stan-
dard descriptive summaries (ie, means and standard devi-
ations for continuous variables such as age, percentages for
categorical variables such as sex). Linear regression was
used to evaluate changes in prevalence of concomitant
medial and lateral meniscal procedures during the study
period as well as the percentage of those procedures that
were meniscal repairs. Separate models were developed
for the pediatric and adolescent cohorts, yielding 8 linear
regression models. The slopes of the linear regression mod-
els (betas) were used to estimate the change in prevalence
per year. The linear regression models were developed
using GraphPad Prism 8 (GraphPad Software).

Subsequently, logistic regression was used to evaluate
potential predictors of meniscal procedure. Separate mod-
els were developed for (1) concomitant medial meniscal
procedure, (2) concomitant medial meniscectomy, (3) con-
comitant lateral meniscal procedure, and (4) concomitant
lateral meniscectomy for the 2 cohorts, again yielding 8
unique models. The models used to predict meniscectomy
were created using only data from the cohort undergoing
any meniscal procedure to isolate predictors of meniscec-
tomy versus repair. Male sex, primary ACLR, level 1 sports
participation, private insurance, White race, noncontact
injury, and left knee injury were used as baselines for com-
parison and thus do not have an associated odds ratio
(aOR). The logistic regression models were developed using
RStudio (RStudio, Inc). Statistical significance was set
at P \ .05.

RESULTS

Between January 2000 and December 2020, there were
4729 ACLRs identified by the NLP pipeline. The mean
age of patients at the time of surgery was 15.6 years
(range, 5.3-19.9 years), and the sample included 2586
(54.7%) female patients. A total of 2459 patients (52.0%)
underwent at least 1 concomitant meniscal operation. Of
the total concomitant meniscal procedures, 1656 (54.6%)
were meniscal repairs; 309 (6.5%) of the identified opera-
tions were revision ACLR procedures (Table 1). Data
regarding graft use are presented in Table 2.

20-Year Trends in Concomitant Meniscal Surgeries

The results from the linear regression models are seen in
Table 3. No changes were found in the overall prevalence
of concomitant medial meniscal procedures at the time of

ACLR in either cohort (R2 \ 0.08; P . .2). Among adoles-
cent patients undergoing medial meniscal procedures,
a 1.0% annual increase in medial meniscal repair proce-
dures was seen (R2 = 0.25; P = .02), but no change in the
prevalence of medial meniscal repair procedures was found
in the pediatric cohort (R2 = 0.06; P = .3).

An annual increase of 0.6% to 1.2% in concomitant lat-
eral meniscal procedures was found in the pediatric (R2 =
0.21; P = .038) and adolescent (R2 = 0.71; P \ .0001)
patients who underwent ACLR throughout the study
period (Table 3). Among these patients who underwent
a concomitant lateral meniscal procedure, no changes
were observed in the proportion of patients who underwent
meniscal repair in either cohort (R2 \ 0.14; P . .09).

Predictors of Medial Meniscal Surgery

The aOR and 95% CI for potential predictors of concomi-
tant medial meniscal surgery are presented in Table 4.
In the pediatric cohort, only female sex (aOR = 1.93; P =
.006) was associated with increased odds of undergoing
a concomitant medial meniscal procedure. No patient fac-
tors were associated with decreased odds of requiring a con-
comitant medial meniscal procedure.

In the adolescent cohort, revision ACLR (aOR = 2.68;
P \ .001), public insurance (aOR = 1.44; P = .006), and
Asian ethnicity (aOR = 1.79; P = .043) were significant
risk factors for undergoing a concomitant medial meniscal
procedure. In contrast, adolescent patients who sustained
a contact injury were less likely to receive a concomitant
medial meniscal procedure (aOR = 0.80; P = .018) (Table 4).

Predictors of Medial Meniscectomy

The aOR and 95% CI for predictors of medial meniscec-
tomy in the subgroup of patients who underwent concomi-
tant medial meniscal procedures are presented in Table 5.
In the pediatric group, only higher BMI (aOR = 1.33; P =
.03) was associated with increased odds of undergoing
meniscectomy versus repair. No patient factors were found
to be associated with decreased odds of undergoing
meniscectomy.

In the adolescent group, older age (aOR = 1.15; P = .031)
and revision ACLR (aOR = 3.76; P \ .001) were associated
with increased odds of undergoing medial meniscectomy
versus repair. Notably, the odds of undergoing medial
meniscectomy (vs repair) decreased 7% each year through-
out the study period (aOR = 0.93; P = .002) (Table 5).

Predictors of Lateral Meniscal Surgery

The aOR and 95% CI for predictors of concomitant lateral
meniscal procedures are presented in Table 6. No signifi-
cant predictors of undergoing a concomitant lateral menis-
cal procedure were found in the pediatric cohort. Of note,
female pediatric patients had decreased odds of undergo-
ing a lateral meniscal procedure (aOR = 0.68; P = .018)
compared with their male counterparts.
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In the adolescent population, later year of surgery
(aOR = 1.04; P \ .001), heavier weight (aOR = 1.02; P =
.016), and right knee laterality (aOR = 1.22; P = .012) were
significant risk factors for undergoing a concomitant lateral

meniscal procedure. Female sex (aOR = 0.66; P \ .001),
increased height (aOR = 0.98; P = .047), and level 3 sports par-
ticipation (aOR = 0.51; P = .011) were associated with lower
odds of requiring a lateral meniscal procedure (Table 6).

TABLE 2
Graft Use During the Study Period (2000-2020)a

Graft Type

Pediatric Group Adolescent Group Total

Primary ACLR
(n = 1005)

Revision ACLR
(n = 25)

Primary ACLR
(n = 3415)

Revision ACLR
(n = 284)

Primary ACLR
(n = 4420)

Revision ACLR
(n = 309)

Allograft 15 (1.5) 5 (20.0) 129 (3.8) 91 (32.0) 144 (3.3) 96 (31.1)
BTB autograft 15 (1.5) 2 (8.0) 625 (18.3) 116 (40.8) 640 (14.5) 118 (38.2)
Hamstring autograft 390 (38.8) 10 (40.0) 2403 (70.4) 61 (21.5) 2793 (63.2) 71 (23.0)
Iliotibial band autograft 554 (55.1) 8 (32.0) 60 (1.8) 6 (2.1) 614 (13.9) 14 (4.5)
Quadriceps autograph 26 (2.6) 0 (0) 135 (4.0) 4 (1.4) 161 (3.6) 4 (1.3)
Hamstring 1 allograft 5 (0.5) 0 (0) 63 (1.8) 6 (2.1) 68 (1.5) 6 (1.9)

aData are reported as n (%). ACLR, anterior cruciate ligament reconstruction; BTB, bone–patellar tendon–bone.

TABLE 1
Cohort Characteristicsa

Characteristic

Pediatric Group

(n = 1030)

Adolescent Group

(n = 3699)

Overall

(N = 4729) Characteristic

Pediatric Group

(n = 1030)

Adolescent Group

(n = 3699)

Overall

(N = 4729)

Sex Revision ACLR

Male 592 (57.5) 1551 (41.9) 2143 (45.3) No 1005 (97.6) 3415 (92.3) 4420 (93.5)

Female 438 (42.5) 2148 (58.1) 2586 (54.7) Yes 25 (2.4) 284 (7.7) 309 (6.5)

Age, y Race

Mean 6 SD 12.2 6 1.71 16.6 6 1.51 15.6 6 2.41 White 621 (60.3) 2273 (61.4) 2894 (61.2)

Median (range) 12.7 (5.32-14.0) 16.5 (14.0-19.9) 15.9 (5.32-19.9) Black 32 (3.1) 182 (4.9) 214 (4.5)

Laterality Otherb 42 (4.1) 211 (5.7) 253 (5.4)

Left 521 (50.6) 1855 (50.1) 2376 (50.2) Asian 20 (1.9) 69 (1.9) 89 (1.9)

Right 509 (49.4) 1844 (49.9) 2353 (49.8) Hispanic/Latino 3 (0.3) 15 (0.4) 18 (0.4)

Presence of meniscal procedure Not documented 312 (30.3) 949 (25.7) 1261 (26.7)

No 563 (54.7) 1708 (46.2) 2271 (48.0) Insurance type

Yes 467 (45.3) 1991 (53.8) 2458 (52.0) Private 846 (82.1) 3020 (81.6) 3866 (81.8)

Type of meniscal procedurec Public 141 (13.7) 505 (13.7) 646 (13.7)

Repair 336 (65.9) 1320 (57.0) 1656 (54.6) Not documented 43 (4.2) 174 (4.7) 217 (4.6)

Meniscectomy 174 (34.1) 994 (43.0) 1168 (41.4) Body mass index

Medial meniscal procedure Mean 6 SD 20.7 6 4.37 24.1 6 5.74 23.3 6 5.65

No 897 (87.1) 2800 (75.7) 3697 (78.2) Median (range) 19.9 (12.3-62.8) 23.1 (11.5-140) 22.5 (11.5-140)

Yes 133 (12.9) 899 (24.3) 1032 (21.8) Sport classification

Medial meniscectomy Level 1 775 (75.2) 2808 (75.9) 3583 (75.8)

No 999 (97.0) 3433 (92.8) 4432 (93.7) Level 2 85 (8.3) 273 (7.4) 358 (7.6)

Yes 31 (3.0) 266 (7.2) 297 (6.3) Level 3 33 (3.2) 91 (2.5) 124 (2.6)

Medial repair Not documented 137 (13.3) 527 (14.2) 664 (14.0)

No 928 (90.1) 3066 (82.9) 3994 (84.5) Contact injury

Yes 102 (9.9) 633 (17.1) 735 (15.5) No 622 (60.4) 2170 (58.7) 2792 (59.0)

Lateral meniscal procedure Yes 338 (32.8) 1257 (34.0) 1595 (33.7)

No 653 (63.4) 2284 (61.7) 2937 (62.1) Not documented 70 (6.8) 272 (7.4) 342 (7.2)

Yes 377 (36.6) 1415 (38.3) 1792 (37.9)

Lateral meniscectomy

No 887 (86.1) 2971 (80.3) 3858 (81.6)

Yes 143 (13.9) 728 (19.7) 871 (18.4)

Lateral repair

No 796 (77.3) 3012 (81.4) 3808 (80.5)

Yes 234 (22.7) 687 (18.6) 921 (19.5)

aData are reported as n (%) unless otherwise indicated. ACLR, anterior cruciate ligament reconstruction.
bNative American, Alaskan native, native Hawaiian or other Pacific Islander, and multiracial.
cSome patients underwent .1 concomitant meniscal surgery.
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Predictors of Lateral Meniscectomy

The aOR and 95% CI for predictors of lateral meniscectomy
in the subgroup of patients who underwent lateral menis-
cal procedures are presented in Table 7. In the pediatric
group, only female sex (aOR = 1.82; P = .029) was a signif-
icant predictor of lateral meniscectomy versus lateral
meniscal repair. Patients with public insurance (aOR =
0.42; P = .045) had lower odds of undergoing lateral menis-
cectomy versus repair.

In the adolescent group, only revision ACLR (aOR =
2.30; P \ .001) was a significant predictor of undergoing

lateral meniscectomy versus repair. Additionally, right
knees were less likely to undergo meniscectomy versus
repair (aOR = 0.78; P = .04) (Table 7).

DISCUSSION

The results of this longitudinal single-center study showed
that 52% of young patients who underwent ACLR between
2000 and 2020 were found to have meniscal pathology war-
ranting surgical intervention. Lateral meniscal procedures
were more common than medial meniscal procedures (38%
vs 22%). Analysis of changes in prevalence over time
showed that the prevalence of concomitant medial menis-
cal procedures did not change over the study period. Nota-
bly, a significant increase was found in the proportion of
patients who underwent concomitant lateral meniscal pro-
cedures in both cohorts (range, 0.58%-1.2% annually),
potentially related to the high intensity of youth and ado-
lescent sports participation and competition over time
leading to more substantial, higher energy injuries. We
noted a 1% annual increase in the percentage of adolescent
patients undergoing medial meniscal repair (vs meniscec-
tomy) but no increase in the proportion of patients under-
going lateral meniscal repair in either cohort. In the
adolescent cohort, revision ACLR was more consistently
associated with the need for concomitant meniscal proce-
dures, particularly meniscectomy, when compared with
primary ACLR. Interestingly, female sex and higher levels
of sports participation both had mixed effects on the
rates of meniscectomy versus repair. Of note, BMI was

TABLE 3
Changes in Meniscal Procedure Patterns, 2000-2020a

Procedure b (95% CI) R2 P

Concomitant medial meniscal surgeries
Pediatric –0.27 (–0.74 to 0.19) 0.08 .229
Adolescent 0.17 (–0.16 to 0.51) 0.06 .292

Medial repair
Pediatric 0.87 (–0.83 to 2.58) 0.06 .295
Adolescent 1.03 (0.18 to 1.88) 0.25 .020

Concomitant lateral meniscal surgeries
Pediatric 0.58 (0.04 to 1.13) 0.21 .038
Adolescent 1.19 (0.82 to 1.56) 0.71 \.001

Lateral repair
Pediatric –0.84 (–1.85 to 0.16) 0.14 .094
Adolescent 0.21 (–0.21 to 0.63) 0.06 .300

aBoldface P values indicate statistical significance (P \ .05).

TABLE 4
Predictors of Concomitant Medial Meniscal Procedures in the Pediatric and Adolescent Cohortsa

Variable

Pediatric Group Adolescent Group

aOR (95% CI) P aOR (95% CI) P

Age 1.06 (0.84-1.34) .6 1.06 (0.99-1.13) .074
Year of surgery 0.99 (0.93-1.05) .6 1 (0.98-1.02) .9
Female sex 1.93 (1.22-3.10) .006 1.23 (0.97-1.55) .086
Revision ACLR 1.89 (0.51-5.63) .3 2.68 (1.98-3.62) \.001
Body mass index 0.99 (0.81-1.15) ..9 1.01 (0.97-1.04) .7
Height 0.98 (0.92-1.04) .5 1.01 (0.99-1.02) .6
Weight 1.04 (0.98-1.12) .3 1.01 (1.00-1.02) .2
Sport classification

Level 2 1.86 (0.93-3.54) .066 1 (0.72-1.38) ..9
Level 3 2.33 (0.83-5.82) .085 1.33 (0.78-2.19) .3

Public insurance 1.25 (0.64-2.33) .5 1.44 (1.11-1.85) .006
Race/ethnicity

Black 0.95 (0.19-3.41) ..9 1.26 (0.85-1.85) .2
Asian 2.93 (0.84-8.97) .07 1.79 (1.00-3.13) .043
Hispanic — — — —
Other 0.99 (0.26-2.93) ..9 0.86 (0.55-1.29) .5

Contact injury 0.67 (0.40-1.09) .11 0.8 (0.66-0.96) .018
Laterality, right 0.98 (0.63-1.52) ..9 0.95 (0.80-1.14) .6

aBoldface P values indicate statistical significance (P \ .05). Dashes indicate there were insufficient data to calculate the aOR. ACLR,
anterior cruciate ligament reconstruction; aOR, associated odds ratio.
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a significant risk factor only for undergoing medial menis-
cectomy (versus repair), and this was observed only in the
pediatric cohort.

The findings of the current study are similar to those of
Mercurio et al,24 who accessed the Pediatric Health Infor-
mation System database and found 14,398 patients aged

TABLE 5
Predictors of Concomitant Medial Meniscectomy in the Pediatric and Adolescent Cohorts

Who Underwent Medial Meniscal Procedures at the Time of ACLRa

Variable

Pediatric Group Adolescent Group

aOR (95% CI) P aOR (95% CI) P

Age 1.18 (0.70-2.02) .5 1.15 (1.01-1.31) .031
Year of surgery 1.07 (0.88-1.30) .5 0.93 (0.88-0.97) .002
Female sex 1.3 (0.34-5.40) .7 0.86 (0.52-1.43) .6
Revision ACLR 4.78 (0.14-96.8) .3 3.76 (2.29-6.19) \.001
Body mass index 1.33 (1.04-1.86) .03 0.97 (0.84-1.04) .6
Height 0.95 (0.88-1.05) .3 0.98 (0.93-1.02) .4
Weight 0.94 (0.83-1.02) .2 1.03 (1.00-1.08) .2
Sport classification

Level 2 0.67 (0.10-3.33) .6 1.29 (0.67-2.42) .4
Level 3 — — 2.49 (0.96-6.34) .055

Public insurance 0.83 (0.12-4.56) .8 1.39 (0.83-2.30) .2
Race

Black — — 0.64 (0.27-1.37) .3
Asian 0.38 (0.01-4.96) .5 0.27 (0.04-1.03) .1
Hispanic — — — —
Other 1.55 (0.04-29.3) .8 0.42 (0.14-1.07) .089

Contact injury 1.57 (0.40-5.97) .5 0.7 (0.46-1.04) .081
Laterality, right 3.64 (1.01-15.8) .06 1.05 (0.72-1.53) .8

aBoldface P values indicate statistical significance (P \ .05). Dashes indicate there were insufficient data to calculate the aOR. ACLR,
anterior cruciate ligament reconstruction; aOR, associated odds ratio.

TABLE 6
Predictors of Concomitant Lateral Meniscal Procedures in the Pediatric and Adolescent Cohortsa

Variable

Pediatric Group Adolescent Group

aOR (95% CI) P aOR (95% CI) P

Age 1.14 (0.98-1.33) .091 1 (0.94-1.05) ..9
Year of surgery 1 (0.96-1.04) .9 1.04 (1.01-1.06) \.001
Female sex 0.68 (0.49-0.94) .018 0.66 (0.54-0.80) \.001
Revision ACLR 1.3 (0.48-3.41) .6 1.3 (0.96-1.75) .083
Body mass index 1.05 (0.93-1.19) .5 0.96 (0.91-1.00) .1
Height 0.98 (0.95-1.02) .4 0.98 (0.96-1.00) .047
Weight 1 (0.95-1.05) ..9 1.02 (1.01-1.04) .016
Sport classification

Level 2 0.79 (0.45-1.34) .4 0.97 (0.72-1.28) .8
Level 3 0.64 (0.25-1.47) .3 0.51 (0.30-0.84) .011

Public insurance 1.1 (0.70-1.73) .7 0.91 (0.72-1.16) .5
Race

Black 0.66 (0.23-1.72) .4 1.42 (1.00-2.03) .051
Asian 2.13 (0.79-5.89) .13 0.69 (0.37-1.22) .2
Hispanic — — 4.61 (0.40-106) .2
Other 1.16 (0.50-2.57) .7 0.87 (0.60-1.24) .4

Contact injury 0.85 (0.62-1.16) .3 0.93 (0.79-1.09) .3
Laterality, right 0.96 (0.72-1.29) .8 1.22 (1.04-1.42) .012

aBoldface P values indicate statistical significance (P \ .05). Dashes indicate there were insufficient data to calculate the aOR. ACLR,
anterior cruciate ligament reconstruction; aOR, associated odds ratio.
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\18 years between 2015 and 2019 in whom a 1.24-fold
increase in concomitant meniscal procedures for patients
who underwent ACLR was detected as well as a 0.82-fold
change in the number of meniscectomies compared with
repair. Unlike the current study, the investigation by Mer-
curio et al did not stratify meniscal procedures by compart-
ment (medial vs lateral). Similarly, in an IBM MarketScan
database study, Block et al4 reported a 15% increase in the
use of repair compared with meniscectomy between 2006
and 2018. Finally, in a study including pediatric patients
undergoing ACL reconstruction, Cruz et al12 observed
a significant positive correlation between year and rate
of concomitant meniscal procedures (compared with iso-
lated ACLR) and a significant negative correlation
between year and rate of concomitant meniscectomy (com-
pared with repair). The overall body of emerging evidence
suggests that a growing proportion of pediatric and ado-
lescent patients are presenting for ACLR with more con-
comitant meniscal injuries, which are increasingly being
treated with repair compared with meniscectomy. This
trend is likely multifactorial, as some studies have found
that younger patient age and a provider’s sports medicine
fellowship training are associated with increased likeli-
hood that a patient will undergo repair compared with
meniscectomy.12,44 Additionally, recent advances in
meniscal repair techniques have allowed for more broad
indications for repair,2,9 which are likely to be preferred
in younger patients in attempts to optimize long-term
joint health.

These findings suggest a mixed effect of sex as a risk
factor for concomitant meniscal surgeries in both cohorts.
Somewhat paradoxically, female sex was predictive of

medial meniscal procedures in the pediatric cohort but pro-
tective from lateral meniscal procedures in both the pediat-
ric and adolescent cohorts. Nevertheless, these findings
are similar to those of Jackson et al,20 whose retrospective
case series included 880 pediatric patients receiving menis-
cal surgery (45% of whom underwent concomitant ACL
reconstructions). Jackson et al reported that boys were sig-
nificantly more likely to have lateral meniscal tears and
girls were significantly more likely to have medial menis-
cal tears. Other studies have reported that male patients
had higher odds of undergoing concomitant meniscal pro-
cedures4,24; however, the authors of those studies did not
analyze the rates of medial versus lateral meniscal proce-
dures separately. These sex-based differences between
the 2 cohorts, specific to the tibial compartment, make
future investigations of pediatric and adolescent patients
particularly important.

Recent studies have highlighted that pediatric and ado-
lescent patients who undergo revision ACLR have worse
outcomes than those who undergo primary ACLR.8,30 Ouil-
lette et al30 found that adolescent patients who underwent
revision ACLR had more meniscal and cartilage damage,
worse functional outcomes, and higher graft failure rates
than patients who underwent their first ACLR. At the
time of revision surgery, patients were also significantly
more likely to have meniscal injury than patients undergo-
ing primary ACLR. In a similar pediatric and adolescent
study, Christino et al8 also reported an increased incidence
of meniscal and chondral damage in the patients’ revision
ACLR compared with their primary ACLR. The findings of
the current study are similar, in that adolescent patients
undergoing revision ACLR were more likely to require

TABLE 7
Predictors of Concomitant Lateral Meniscectomy in the Pediatric and Adolescent Cohorts

Who Underwent Lateral Meniscal Procedures at the Time of ACLRa

Variable

Pediatric Group Adolescent Group

aOR (95% CI) P aOR (95% CI) P

Age 1.16 (0.90-1.52) .3 1.04 (0.96-1.13) .3
Year of surgery 1.04 (0.97-1.11) .3 1 (0.97-1.03) ..9
Female sex 1.82 (1.06-3.12) .029 1.1 (0.81-1.50) .5
Revision ACLR 1.67 (0.35-8.03) .5 2.3 (1.45-3.74) \.001
Body mass index 0.81 (0.61-1.01) .13 1.06 (0.98-1.15) .2
Height 0.94 (0.86-1.01) .12 1 (0.98-1.03) .7
Weight 1.1 (1.00-1.23) .077 0.99 (0.96-1.02) .6
Sport classification

Level 2 0.88 (0.31-2.34) .8 1.01 (0.65-1.59) ..9
Level 3 1.63 (0.36-7.43) .5 1.14 (0.46-2.90) .8

Public Insurance 0.42 (0.17-0.95) .045 0.93 (0.65-1.33) .7
Race

Black 2 (0.33-12.5) .4 1.37 (0.82-2.33) .2
Asian 3.14 (0.76-15.8) .13 1.02 (0.38-2.79) ..9
Hispanic — — — —
Other 1.21 (0.26-4.99) .8 0.65 (0.36-1.15) .15

Contact injury 0.98 (0.57-1.67) ..9 0.9 (0.71-1.16) .4
Laterality, right 0.71 (0.43-1.16) .2 0.78 (0.61-0.99) .04

aBoldface P values indicate statistical significance (P \ .05). Dashes indicate there were insufficient data to calculate the aOR. ACLR,
anterior cruciate ligament reconstruction; aOR, associated odds ratio.
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concomitant medial meniscal surgery and that medial and
lateral meniscal procedures were more likely to be menis-
cectomy. In the current study, the increased articular dam-
age at the time of revision, and the need for meniscectomy
as opposed to repair in the adolescent cohort, highlights
the need for effective, evidence-based surgical intervention
and rehabilitation at the time of initial injury to protect
patients’ long-term joint health.

The current study included patient height, weight, and
BMI as predictors to assess the relationship between body
habitus and the need for concomitant meniscal surgeries.
Of note, increased BMI was not a risk factor for undergoing
meniscal procedures in either cohort, but it was a risk fac-
tor for medial meniscectomy in pediatric patients. Previous
studies have shown conflicting results on the relationship
between BMI and meniscal surgery in young patients,
with stronger associations observed between increased
BMI and medial meniscal injury.32,41 The current study
also found that increased weight was predictive of concom-
itant lateral meniscal procedures and that increased
height was associated with decreased odds of undergoing
a concomitant lateral meniscal procedure in adolescent
patients. The isolated effects of height and weight as vari-
ables on the risk of concomitant meniscal surgery are
poorly characterized; however, Dumont et al14 found that
increased patient weight was associated with an increased
rate of medial and lateral meniscal tears. The discrepancy
between the findings of the current study and those of
other studies, as well as the paucity of data including
height and weight as predictors of injury or surgery, high-
lights the need for future studies to isolate what effect, if
any, these variables have on the risk of concomitant menis-
cal surgery.

We used NLP to retrospectively identify our cohort of
study patients and extract pertinent operative details for
analyses. NLP has been used for medical research in
a number of specialties, including orthopaedic surgery,
for cohort identification and variable extraction tasks
using clinical documentation.6,33-35,40,45 These techniques
have been shown to be more accurate than traditional
approaches (eg, diagnostic or billing code–based searches)
in identifying cohorts of interest.38 Specifically, using
NLP, we were able to identify 20% more ACL surgery cases
compared with using Current Procedural Terminology bill-
ing codes alone.38 The strengths of this approach include
drastically reducing the time of manual chart review and
potentially reducing the administrative and logistical costs
of performing database research. Weaknesses of this
approach include that multi-institutional collaboration
would be required to establish the external validity of
these models as well as error within the model itself. How-
ever, with an adequate sample size and appropriate
amount of manual review, the effects of error within the
model can be minimized.

Limitations

This study is not without limitations. This was a retrospec-
tive single-center study, which may be limited by selection

bias and unclear generalizability. However, the large sam-
ple size of patients seeking care across a large region over
a 20-year period helps ensure a representative young, ath-
letic subpopulation. Additionally, only patients who under-
went surgery for ACL injuries were included, potentially
excluding those with nonsurgical management. Impor-
tantly, these effects are minimal because the goal of the
study was to characterize concomitant surgical manage-
ment. Finally, we did not have access to clinical data
from outside visits for patients who underwent later revi-
sion ACLR at different institutions or presented as new
patients to the study institution for revision, which may
have affected some conclusions.

CONCLUSION

Analysis of 4729 ACLR procedures performed by 8 differ-
ent surgeons between 2000 and 2020 at a large academic
medical center and regional referral center revealed an
increase in the prevalence of concomitant lateral meniscal
procedures in pediatric and adolescent patients. An
increase was noted in the proportion of adolescent patients
receiving medial meniscal repair, compared with meniscec-
tomy, throughout the study period. Several risk factors
for undergoing concomitant meniscal procedures were
detected but with some mixed findings based on age, sex,
and knee compartment. Patients undergoing revision
ACLR were more likely to require concomitant meniscal
procedures, particularly meniscectomy.

ACKNOWLEDGMENTS

The authors thank Dr Amir Kimia, Mr Assaf Landschaft,
and Ms Lanna Feldman for assisting with this study.

REFERENCES

1. Anderson AF, Anderson CN. Correlation of meniscal and articular

cartilage injuries in children and adolescents with timing of anterior

cruciate ligament reconstruction. Am J Sports Med. 2015;43(2):

275-281.

2. Bansal S, Floyd ER, Kowalski MA, et al. Meniscal repair: the current

state and recent advances in augmentation. J Orthop Res. 2021;

39(7):1368-1382.

3. Beck NA, Lawrence JTR, Nordin JD, DeFor TA, Tompkins M. ACL

tears in school-aged children and adolescents over 20 years. Pediat-

rics. 2017;139(3):e20161877.

4. Block AM, Eisenberg MT, Inclan PM, Nepple JJ. Treatment trends in

meniscal pathology in the setting of concomitant ACL injuries in pedi-

atric and young adult patients: an insurance database study. Am J

Sports Med. 2022;50(9):2367-2373.

5. Bloom DA, Wolfert AJ, Michalowitz A, Jazrawi LM, Carter CW. ACL

Injuries aren’t just for girls: the role of age in predicting pediatric

ACL injury. Sports Health. 2020;12(6):559-563.

6. Bobba PS, Sailer A, Pruneski JA, et al. Natural language processing

in radiology: clinical applications and future directions. Clin Imaging.

2023;97:55-61.

7. Brambilla L, Pulici L, Carimati G, et al. Prevalence of associated

lesions in anterior cruciate ligament reconstruction: correlation with

surgical timing and with patient age, sex, and body mass index.

Am J Sports Med. 2015;43(12):2966-2973.

8 Pruneski et al The Orthopaedic Journal of Sports Medicine



8. Christino MA, Tepolt FA, Sugimoto D, Micheli LJ, Kocher MS. Revi-

sion ACL reconstruction in children and adolescents. J Pediatr

Orthop. 2020;40(3):129-134.

9. Cinque ME, DePhillipo NN, Moatshe G, et al. Clinical outcomes of

inside-out meniscal repair according to anatomic zone of the menis-

cal tear. Orthop J Sports Med. 2019;7(7):2325967119860806.

10. Clark C, Ogden J. Development of the menisci of the human knee

joint: morphological changes and their potential role in childhood

meniscal injury. J Bone Joint Surg Am. 1983;65(4):538-547.

11. Comstock RD, Collins CL. Summary report: National High School

Sports-related Injury Surveillance Study: 2018-2019 school year

https://coloradosph.cuanschutz.edu/docs/librariesprovider204/defa

ult-document-library/2018-19.pdf?sfvrsn=d26400b9_2

12. Cruz AI, Jr, Gao B, Ganley TJ, et al. Trends in concomitant meniscal

surgery among pediatric patients undergoing ACL reconstruction: an

analysis of ABOS part II candidates from 2000 to 2016. Orthop J

Sports Med. 2019;7(9):2325967119869848.

13. Dodwell ER, Lamont LE, Green DW, et al. 20 years of pediatric ante-

rior cruciate ligament reconstruction in New York State. Am J Sports

Med. 2014;42(3):675-680.

14. Dumont GD, Hogue GD, Padalecki JR, Okoro N, Wilson PL. Meniscal

and chondral injuries associated with pediatric anterior cruciate liga-

ment tears: relationship of treatment time and patient-specific fac-

tors. Am J Sports Med. 2012;40(9):2128-2133.

15. Dunn KL, Lam KC, Valovich McLeod TC. Early operative versus

delayed or nonoperative treatment of anterior cruciate ligament inju-

ries in pediatric patients. J Athl Train. 2016;51(5):425-427.

16. Fabricant PD, Kocher MS. Management of ACL injuries in children

and adolescents. J Bone Joint Surg Am. 2017;99(7):600-612.

17. Fabricant PD, Lakomkin N, Cruz AI, Spitzer E, Marx RG. ACL recon-

struction in youth athletes results in an improved rate of return to ath-

letic activity when compared with non-operative treatment:

a systematic review of the literature. J ISAKOS. 2016;1(2):62-69.

18. Hefti F, Müller W, Jakob RP, Stäubli HU. Evaluation of knee ligament
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