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Recent Trends in Concomitant Meniscal
Procedures During Anterior Cruciate
Ligament Reconstruction
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Background: The chondroprotective effect and secondary stabilizing role of the meniscus has been well-established. Meniscal
preservation during anterior cruciate ligament reconstruction (ACLR) has been advocated in the literature and supported by
advancements in surgical techniques.

Purpose: To examine the recent trends in concomitant partial meniscectomy and meniscal repair procedures with ACLR.

Study Design: Descriptive epidemiological study.

Methods: Patients who underwent arthroscopic meniscectomy (Current Procedural Terminology [CPT] codes 29880, 29881),
meniscal repair (CPT codes 29882, 29883), and ACLR (CPT code 29888) between 2010 and 2018 were identified using the National
Surgical Quality Improvement Program database. We calculated the proportion of patients who underwent each surgery type,
stratified by year and by patient age and body mass index (BMI) groups. The Cochran-Armitage test for trend was used to analyze
yearly proportions of concomitant meniscal surgery types.

Results: During the 9-year study period, 22,760 patients underwent either isolated ACLR (n ¼ 10,562) or ACLR with concomitant
meniscal surgery (either meniscectomy [n ¼ 8931] or meniscal repair [n ¼ 3267]). There was a gradual decrease in the proportion of
meniscectomies (from 80.8% of concomitant procedures in 2010 to 63.8% in 2018), while the proportion of meniscal repairs almost
doubled (from 19.2% in 2010 to 36.2% in 2018) (trend, P< .001). ACLR with meniscal repair increased in patients aged 35 to 44 years
and 45 to 54 years (trend, P¼ .027) between 2010 and 2018; at the same time, the proportion of normal weight patients decreased by
17.7%, the proportion of overweight patients increased by 13.2%, and increases were seen in BMI groups corresponding to obesity
classes 1 to 3 (trend, P < .001). In 2010, the average BMI of patients undergoing ACLR with meniscectomy versus meniscal repair
differed by 2 (P ¼ .004), but by 2018 the difference was nonsignificant (28.83 ± 5.80 vs 28.53 ± 5.73; P ¼ .113).

Conclusion: Between 2010 and 2018, there was an upward trend in the proportion of meniscal repairs performed during ACLR,
with notable increases in the proportion of repairs being performed on older, overweight, and obese patients.

Keywords: anterior cruciate ligament; knee; meniscus; knee; general; biology of cartilage

It is estimated that there are between 60,000 and 200,000
anterior cruciate ligament (ACL) injuries annually in the
United States,31 and 40% to 60% of patients who sustain an
ACL tear will have a concomitant meniscal tear.24,37 His-
torically, treatment of meniscal tears consisted of complete
meniscectomy; however, detrimental long-term effects of
meniscal loss have led to favoring the preservation of viable
tissue. The chondroprotective effect of performing an
arthroscopic meniscal repair, instead of a partial menis-
cectomy, with a concomitant ACL reconstruction (ACLR)
has been demonstrated in multiple studies.5,14,16,20,48,52,62

Even with restoration of knee stability, meniscectomy
(when performed before, during, or after ACL surgery) has
been shown to accelerate degenerative joint
changes.14,20,30,35,52 Therefore, the importance of meniscal
preservation in ACLR is increasingly recognized.

Database publications between 2004 and 2015 have dis-
played trends of decreased meniscectomy rates with either
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stable or increasing meniscal repair rates.4,16,48 These pub-
lications concluded that surgeons were performing more
meniscal repairs, particularly on younger patients and
those with lower body mass index (BMI). Evolving evidence
and surgical procedures in favor of meniscal preservation
has led to a diversification of surgical candidates undergo-
ing meniscal repair. The 2019 European Society for Sports
Traumatology, Knee Surgery and Arthroscopy consensus
on the management of traumatic meniscal tears concluded
that several patient factors are linked to higher failure
rates including older age and increased BMI.33 However,
they concluded that neither of these factors were contra-
indications for meniscal repair.33 A previous study, using
the Great Britain National Hospital Episode statistics
between 1997 and 2019, found the incidence of meniscal
repair during ACLR increased by 2.4 times in the 30- to
39-year-old group and 1.3 times in the 40- to 49-year-old
group.3 Serial database publications have continued to
demonstrate trends favoring meniscal preservation during
ACLR, and the British literature has suggested a paradigm
shift toward meniscal preservation in older patients. In the
US literature, there remains a lack of particular focus on
demographics, such as advancing age and BMI. There is
undoubtedly an orthopaedic consensus on the value of
meniscal preservation during ACLR, and surgeons are
redefining their surgical selection criteria.

The purpose of our study was to evaluate how meniscal
surgery during ACLR has evolved between 2010 and 2018.
Specifically, we examined trends in (1) meniscectomy and
meniscal repair during ACLR, (2) patient age, and (3)
patient BMI.

METHODS

Database

This study utilized the American College of Surgeons (ACS)
National Surgical Quality Improvement Program (NSQIP)
database. Data are collected for this database from over 700
participating hospitals by trained clinical reviewers and
include demographics; comorbidities; diagnoses in Interna-
tional Classification of Diseases, Ninth and Tenth Revi-
sions, codes; inpatient and outpatient surgical procedures
in Current Procedural Terminology (CPT) codes; and sur-
gical outcomes for 30 days postoperatively. The database
does not include procedures from independent or separate
ambulatory surgical centers not affiliated directly with
partnering NSQIP hospitals. All patient data are deidenti-
fied of any protected health information; thus, the study
was exempt from institutional review board approval.

Study Population

The NSQIP database was queried to identify all patients
who underwent an ACLR as defined by the CPT code 29888,
between January 1, 2010, and December 31, 2018.1 A total
of 30,375 patients were identified and then further subdi-
vided by CPT codes into procedure type, which included (1)
isolated ACLR (29888) (with no concomitant procedures)

and (2) ACLR with concomitant meniscal surgery: (i) ACLR
with concomitant partial meniscectomy (29880, 29881) and
(ii) ACLR with concomitant meniscal repair (29882, 29883).
During the 9-year study period, the database query yielded
a total of 22,760 patients who underwent either isolated
ACLR or ACLR with concomitant meniscal surgery (either
partial meniscectomy or meniscal repair).

Patient Demographics and Statistical Analysis

Demographic parameters collected included age, sex,
height, weight, and year of procedure. The proportion of
each surgery type by year and within groups was calcu-
lated. BMI was calculated, with missing height or weight
data noted in 158 (0.7%) cases of isolated ACLR and 131
(0.6%) cases of ACLR with meniscal surgery. Averages are
reported as means with variability as 1 SD. The Cochran-
Armitage test for trend was used to analyze yearly propor-
tions of concomitant meniscal surgery types. Kendall tau-b
was used to determine the relationship between increasing
year and mean age and mean BMI for concomitant menis-
cal surgery and types. The Mann-Whitney U test was used
for comparison of mean BMI between meniscectomy and
meniscal repair in 2010 and 2018. The Jonckheere-
Terpstra test was used to determine trend significance of
changes in age and BMI groups across the study period. All
statistical and graphical analyses were performed using
SPSS Version 26 (IBM Corp).

RESULTS

During the study period, the total number of procedures
collected per year increased from 697 to 4032 cases. There
were 10,562 patients (46.4%) who underwent isolated
ACLR, while 12,198 (53.6%) had concomitant meniscal sur-
gery, either meniscectomy or meniscal repair. There were
8931 patients (73.2%) who underwent concomitant menis-
cectomy and 3267 (26.8%) who underwent concomitant
meniscal repair (Table 1). Between 2010 and 2018, there
was an overall decrease in meniscal procedures during
ACLR, with increases in meniscal repair but decreases in
meniscectomy (Figure 1). As a proportion of concomitant
procedures, meniscal repair almost doubled from 19.2% to
36.2%, while meniscectomy decreased from 80.8% to 63.8%
(trend, P < .001) (Table 1).

During the study period, the mean age of patients under-
going any meniscal procedure during ACLR decreased from
33.9 ± 11.9 years in 2010 to 31.5 ± 10.5 years in 2018 (trend,
P < .001) (Table 2). For patients undergoing meniscectomy,
this downward trend was from 35.2 ± 12.0 years in 2010 to
33.2 ± 11.0 years in 2018 (P < .001), and for patients under-
going meniscal repair, it was from 28.7 ± 9.9 in 2010 to 28.5
± 8.7 years in 2018 (P ¼ .019) (Table 2 and Figure 2).

The proportion of ACLRs with meniscal repair decreased
slightly in the younger age groups but increased substan-
tially in the older age groups (trend, P ¼ .027) (Table 3 and
Figure 3). Kendall tau-b demonstrated a positive correla-
tion between increasing year and age for ACLR with any
meniscal surgery (tb ¼ 0.035; P < .001), ACLR with
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meniscectomy (tb¼ 0.036; P< .001), and ACLR with menis-
cal repair (tb ¼ 0.064; P < .001).

The mean BMI of patients undergoing ACLR with con-
comitant meniscal procedures showed an upward trend
between 2010 (28.24 ± 5.92) and 2018 (28.72 ± 5.78) (P <
.001) (Figure 4). In 2010, the average BMI of ACLR
with meniscectomy (28.61 ± 5.96) and meniscal repair
(26.65 ± 5.51) differed by 2 (P ¼ .004), but by 2018 the dif-
ference was minimal (28.83 ± 5.80 vs 28.53 ± 5.73; P ¼ .113)
(Figure 4). The proportion of normal weight patients (BMI,
18.5-24.9) undergoing ACLR with meniscal repair decreased
during the study period, while increases were seen in the
proportion of overweight (BMI, 25.0-29.9) and obesity

classes 1 (BMI, 30.0-34.9), 2 (BMI, 35.0-39.9), and 3 (BMI,
�40.0) (trend, P < .001) (Figure 5).

DISCUSSION

The current study examined the characteristics of patients
who underwent ACLR with concomitant meniscal proce-
dures between 2010 and 2018. Previous studies have exam-
ined meniscal procedure trends up to 2015 but with a lack
of focus on patient demographics. Our study showed that
between 2010 and 2018, the proportion of ACLRs with
meniscal repair increased from 19.2% to 36.2%, while the
proportion of ACLRs with meniscectomy decreased from
80.8% to 63.8%. During this time, the proportion of patients
aged 35 to 44 years who underwent meniscectomies
decreased by 2.6% and who underwent meniscal repair
increased by 3.4%. We suspect this trend reflects literature
favoring meniscal preservation in patients aged over 40
years.9,47 In the 9-year study period, the proportion of
meniscal repairs performed on overweight patients
increased by 13.2%, with increases seen in BMI groups cor-
responding to obesity classes 1 to 3. There was an anoma-
lous decrease in ACLR with meniscal surgery between 2013
(60.1%) and 2014 (46.8%), followed by an increase in 2015
(52.9%). This trend was mainly seen in concomitant menis-
cectomies, and it may have been reflective of studies during
that time demonstrating equivalent strength and clinical
outcomes of all-inside techniques.10,13,27,40 The proportion
of ACLRs with meniscal repair increased steadily during
the study period (Figure 1).

Advances in arthroscopic surgery, coupled with
increased understanding of meniscal healing potential,
have led to a shift from meniscal resection toward meniscal
preservation.43,46,55,56,59 Additionally, meniscal ramp
lesions have received renewed interest in the literature,6

with an estimated prevalence of 9.3% to 40% concurrently
with ACL tears.11,17,38,58 Because of studies supporting con-
comitant meniscal preservation, many authors have advo-
cated for repair of ramp lesions at the time of
ACLR.18,19,49,60 These contemporary changes are reflected

Figure 1. Proportion of ACLRs with concomitant meniscal
surgery cases by year. ACLR, anterior cruciate ligament
reconstruction.

TABLE 1
ACLR by Year: Isolated and With Concomitant Meniscal Proceduresa

Year Study Population Isolated ACLR ACLR With Any Meniscal Surgery ACLR with Meniscectomyb,c ACLR with Meniscal Repairb,c

2010 697 (3.1) 291 (41.8) 406 (58.2) 328 (80.8) 78 (19.2)
2011 964 (4.2) 393 (40.8) 571 (59.2) 468 (82.0) 103 (18.0)
2012 1462 (6.4) 614 (42.0) 848 (58.0) 674 (79.5) 174 (20.5)
2013 1778 (7.8) 710 (39.9) 1068 (60.1) 836 (78.3) 232 (21.7)
2014 2618 (11.5) 1393 (53.2) 1225 (46.8) 942 (76.9) 283 (23.1)
2015 3158 (13.9) 1487 (47.1) 1671 (52.9) 1293 (77.4) 378 (22.6)
2016 3920 (17.2) 1823 (46.5) 2097 (53.5) 1508 (71.9) 589 (28.1)
2017 4131 (18.2) 1869 (45.2) 2262 (54.8) 1574 (69.6) 688 (30.4)
2018 4032 (17.7) 1982 (49.2) 2050 (50.8) 1308 (63.8) 742 (36.2)
Total 22,760 (100.0) 10,562 (46.4) 12,198 (53.6) 8931 (73.2) 3267 (26.8)

aData are reported as n (%). ACLR, anterior cruciate ligament reconstruction.
bCochran-Armitage trend test for increasing year since 2010; P < .001.
cProportion of ACLRs with meniscal surgery by year is shown in parentheses.
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in the current study, which found increases in the propor-
tion of meniscal repair with concomitant ACLR.4,16,48 In a
study by Abrams et al4 between 2005 and 2011, the authors
found a 48.3% overall increase in the number of meniscal
repairs performed during ACLR; however, the overall inci-
dence was not significantly changed. In a similar study by
DeFroda et al16 between 2010 and 2015, the number of
ACLRs with concomitant meniscectomy was 2.9 times that
with concomitant meniscal repairs; however, the incidence
of meniscectomy decreased while the incidence of meniscal
repair remained constant. We found a decrease in concom-
itant meniscal procedures during ACLR between 2013 and
2014, which we attribute to a decrease in meniscectomies,
followed by an increase in 2015. DeFroda et al examined
yearly trends of isolated meniscectomies and meniscal
repairs and found a similar decrease between 2013 and

2014 among isolated meniscectomies, with minimal change
in isolated meniscal repairs. This may be attributed to coin-
cident literature at that time supporting improved out-
comes with meniscal repair, in addition to the advent of a
new generation of industry devices.13,25,27,32,33,36,41,50

Despite the support of concurrent meniscal repair with
ACLR, some researchers have attempted to identify menis-
cal tears that may not necessarily require repair. In a study
of ACLRs by Duchman et al,22 lateral and medial meniscal
tears left in situ did not require reoperation at the 6-year
follow-up in 95.7% and 82.4% of patients, respectively.
However, various studies have shown that approximately
50% of concomitant meniscal tears are amenable to repair
and may heal with an increased rate of healing (compared
with an isolated meniscal tear) owing to the biological envi-
ronment created by tunnel drilling during ACLR.4,6,12,44

With regard to concurrently repairing meniscal ramp
lesions, some studies have advocated for nonoperative heal-
ing potential given the vascularity and location in the red-
red zone.22,38 The development of all-inside techniques,
with reduced surgical times and neurovascular risks60 and
equivalent meniscal failure rates,45 have also made con-
comitant meniscal repair a more feasible orthopaedic pro-
cedure.22,63 Despite literature suggesting that not all
meniscal tears require repair,22 there is an overall consen-
sus on the value of meniscal preservation during ACLR.

Meniscal repair rates in younger patients as well as
those with a lower BMI have been consistently higher
across numerous studies.3,4,16,61 Conversely, a study by
Abram et al,3 using the UK Hospital Episode Statistics
between 1997 and 2017, found that the incidence of menis-
cal repair during ACLR increased by 2.4 times in the 30- to
39-year age group and 1.3 times in the 40- to 49-year age
group. Using the NSQIP database, we observed findings in
the United States that paralleled this trend toward menis-
cal preservation in the older patients undergoing ACLR.
We also noted increases in the proportion of overweight and
obese patients undergoing concomitant meniscal repair
with ACLR, although we found that by 2018 there was only

TABLE 2
Age and BMI by Year for Patients Undergoing ACLR With Concomitant MSa

2010 2011 2012 2013 2014 2015 2016 2017 2018

P Value
for

Trendb

ACLR þ MS
Age, y 33.9 ± 11.9 34.3 ± 12.4 33.9 ± 11.5 32.4 ± 11.0 33.4 ± 11.7 32.7 ± 10.9 32.0 ± 11.0 31.8 ± 11.1 31.5 ± 10.5 <.001
BMI 28.24 ± 5.92 27.76 ± 5.30 27.90 ± 5.65 28.48 ± 6.05 28.35 ± 5.86 28.67 ± 5.79 28.56 ± 5.79 28.75 ± 5.76 28.72 ± 5.78 <.001

ACLR þ MEC
Age, y 35.2 ± 12.0 35.4 ± 12.7 34.5 ± 11.5 33.3 ± 11.0 34.4 ± 12.1 33.6 ± 11.1 33.4 ± 11.3 33.3 ± 11.4 33.2 ± 11.0 <.001
BMI 28.61 ± 5.96 28.14 ± 5.34 27.98 ± 5.57 28.80 ± 6.24 28.56 ± 5.97 28.90 ± 5.79 28.87 ± 6.03 29.21 ± 5.91 28.83 ± 5.80 <.001

ACLR þ MR
Age, y 28.7 ± 9.9 29.1 ± 9.7 31.4 ± 11.3 29.2 ± 10.3 30.0 ± 9.9 29.7 ± 9.4 28.6 ± 9.3 28.6 ± 9.5 28.5 ± 8.7 .019
BMI 26.65 ± 5.51 25.93 ± 4.70 27.61 ± 5.94 27.31 ± 5.16 27.64 ± 5.40 27.89 ± 5.73 27.76 ± 5.03 27.70 ± 5.26 28.53 ± 5.73 <.001

aData are reported as mean ± SD. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; MEC, meniscectomy;
MR, meniscal repair; MS, any meniscal surgery.

bKendall tau-b correlation with increasing years since 2010.

Figure 2. Mean patient age by year for patients undergoing
ACLR with concomitant meniscal surgery. ACLR, anterior
cruciate ligament reconstruction.
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a minimal difference in average BMI between patients who
had a meniscal repair and patients who had a partial
meniscectomy.

According to the National Center for Health Statistics,
between 1999 and 2018 the age-adjusted prevalence of obe-
sity increased from 30.5% to 42.4%, and the prevalence of
severe obesity increased from 4.7% to 9.2%.28 In light of
rising obesity trends, Sommerfeldt et al57 studied the rela-
tionship between BMI and meniscal repair failure, conclud-
ing that although higher BMI increased the likelihood of a
degenerative meniscal lesion,21,26,34 patients with a higher
BMI (up to 35) did not have a higher risk of repair failure.
With regard to the expanding appreciation of meniscal
extrusion (ie, root tears), authors have found medial menis-
cal extrusion to increase with advancing age8 and higher
BMI,2 which gives further attribution to the increase in

meniscal repair rates in such populations. The escalating
obesity crisis parallels our observed increasing trends in
meniscal preservation among patients with higher BMI,
which raises questions regarding their hypothetical corre-
lation. More importantly, the well-recognized obesity epi-
demic highlights the importance of future research as it
pertains to meniscal preservation during ACLR.

Across the study period, there was an almost 6-fold
increase in the number of ACLR cases (regardless of menis-
cal procedure), which resembles the increase in database
participation among NSQIP hospitals. In 2004, there were
18 hospitals participating in the database,29 whereas there
are currently more than 700 hospitals.1 The cumulative
data now available in NSQIP are immense, with more than
5.5 million cases indexed in the total ACS NSQIP archive.29

With regard to the increase in ACLR procedures, reports

TABLE 3
Demographics of Patients Undergoing ACLR With Concomitant Meniscal Surgery by Yeara

2010 2011 2012 2013 2014 2015 2016 2017 2018
P Value for

Trendb

ACLR þ MEC
Sex

Female 114 (34.8) 155 (33.1) 210 (31.2) 291 (34.8) 325 (34.5) 430 (33.3) 493 (32.7) 484 (30.7) 403 (30.8)
Male 214 (65.2) 313 (66.9) 464 (68.8) 545 (65.2) 617 (65.5) 863 (66.7) 1015 (67.3) 1090 (69.3) 905 (69.2)

Age group, y .001
<25 89 (27.1) 121 (25.9) 165 (24.5) 232 (27.8) 247 (26.2) 335 (25.90 418 (27.7) 430 (27.3) 342 (26.1)
25-34 68 (20.7) 116 (24.8) 194 (28.8) 269 (32.2) 278 (29.5) 388 (30.0) 473 (31.4) 503 (32.0) 419 (32.0)
35-44 90 (27.4) 113 (24.1) 173 (25.7) 173 (20.7) 211 (22.4) 338 (26.1) 319 (21.2) 357 (22.7) 324 (24.8)
45-54 63 (19.2) 81 (17.3) 108 (16.0) 132 (15.8) 145 (15.4) 186 (14.4) 225 (14.9) 208 (13.2) 162 (12.4)
55-64 16 (4.9) 25 (5.3) 26 (3.9) 28 (3.3) 51 (5.4) 38 (2.9) 66 (4.4) 62 (3.9) 56 (4.3)
�65 2 (0.6) 12 (2.6) 8 (1.2) 2 (0.2) 10 (1.1) 8 (0.6) 7 (0.5) 14 (0.9) 5 (0.4)

BMI group <.001
<18.50 0 (0.0) 3 (0.6) 9 (1.3) 2 (0.2) 2 (0.2) 1 (0.1) 6 (0.4) 4 (0.3) 4 (0.3)
18.50-24.99 101 (30.8) 132 (28.2) 191 (28.3) 224 (26.8) 262 (27.8) 318 (24.6) 389 (25.8) 373 (23.7) 324 (24.8)
25.00-29.99 120 (36.6) 197 (42.1) 279 (41.4) 332 (39.7) 385 (40.9) 527 (40.8) 604 (40.1) 619 (39.3) 522 (39.9)
30.00-34.99 64 (19.5) 83 (17.7) 120 (17.8) 147 (17.6) 158 (16.8) 268 (20.7) 303 (20.1) 342 (21.7) 276 (21.1)
35.00-39.99 26 (7.9) 33 (7.1) 44 (6.5) 67 (8.0) 77 (8.2) 98 (7.6) 123 (8.2) 151 (9.6) 111 (8.5)
�40.00 16 (4.9) 17 (3.6) 23 (3.4) 48 (5.7) 48 (5.1) 69 (5.3) 70 (4.6) 75 (4.8) 55 (4.2)

ACLR þ MR
Sex

Female 25 (32.1) 41 (39.8) 53 (30.5) 89 (38.4) 98 (34.6) 130 (34.4) 171 (29.0) 250 (36.3) 229 (30.9)
Male 53 (67.9) 62 (60.2) 121 (69.5) 143 (61.6) 185 (65.4) 248 (65.6) 418 (71.0) 438 (63.7) 513 (69.1)

Age group, y .027
<25 32 (41.0) 42 (40.8) 52 (29.9) 105 (45.3) 102 (36.0) 139 (36.8) 256 (43.5) 304 (44.2) 300 (40.4)
25-34 30 (38.5) 32 (31.1) 69 (39.7) 68 (29.3) 105 (37.1) 135 (35.7) 199 (33.8) 229 (33.3) 266 (35.8)
35-44 11 (14.1) 21 (20.4) 30 (17.2) 37 (15.9) 48 (17.0) 75 (19.8) 86 (14.6) 99 (14.4) 130 (17.5)
45-54 2 (2.6) 7 (6.8) 14 (8.0) 18 (7.8) 23 (8.1) 21 (5.6) 39 (6.6) 45 (6.5) 41 (5.5)
55-64 3 (3.8) 1 (1.0) 8 (4.6) 2 (0.9) 5 (1.8) 7 (1.9) 9 (1.5) 8 (1.2) 5 (0.7)
�65 0 (0.0) 0 (0.0) 1 (0.6) 2 (0.9) 0 (0.0) 1 (0.3) 0 (0.0) 3 (0.4) 0 (0.0)

BMI group <.001
<18.50 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.9) 2 (0.7) 1 (0.3) 2 (0.3) 2 (0.3) 2 (0.3)
18.50-24.99 34 (43.6) 47 (45.6) 64 (36.8) 76 (32.8) 88 (31.1) 121 (32.0) 172 (29.2) 218 (31.7) 192 (25.9)
25.00-29.99 23 (29.5) 36 (35.0) 64 (36.8) 96 (41.4) 116 (41.0) 153 (40.5) 271 (46.0) 284 (41.3) 317 (42.7)
30.00-34.99 13 (16.7) 10 (9.7) 27 (15.5) 32 (13.8) 46 (16.3) 64 (16.9) 94 (16.0) 123 (17.9) 142 (19.1)
35.00-39.99 4 (5.1) 5 (4.9) 9 (5.2) 9 (3.9) 18 (6.4) 19 (5.0) 29 (4.9) 34 (4.9) 46 (6.2)
�40.00 2 (2.6) 1 (1.0) 6 (3.4) 9 (3.9) 8 (2.8) 16 (4.2) 18 (3.1) 22 (3.2) 36 (4.9)

aData are reported as n (%). ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; MEC, meniscectomy; MR, meniscal
repair.

bJonckheere-Terpstra test trend with increasing years since 2010.
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from large database registries have demonstrated similar
trends between the early 1990s and the present.15,39,42,53

However, it remains unclear whether the increase in sur-
gical management of ACL tears is reflective of changes in
injury patterns or simply changes in population incidence
or operative indications over time.53 In a study with a time
frame similar to ours, the overall rate of ACLR increased by
22%, from 61.4 per 100,000 person-years in 2002 to 74.6 per
100,000 person-years in 2014.31 Similarly, in the study by
Abram et al,3 the rate of ACLR in the United Kingdom

increased 12-fold between 1997 and 2017. We believe that
the dramatic increase in observed ACLR cases throughout
our study is likely owed to the emerging participation of
hospitals in the NSQIP. As the NSQIP participation stabi-
lizes, future commensurate studies may help better define
ACLR rates. Regardless, our intent to compare meniscal
procedure trends within ACLRs was largely unaffected by
this overlying trend.

Although our study benefited from a large number of
surgical cases, certain limitations need to be considered.
There are limitations inherent to the NSQIP database. CPT
codes are used to identify patients in the NSQIP database,
and when potential miscoding is considered, incomplete
patient capture is a risk. In addition, the misclassification
of data is a concern when using database information. How-
ever, interrater reliability disagreement within ACS
NSQIP has previously been shown to be less than 1.8%.1

Because the database is reported by individual hospitals,
the case numbers may reflect the trends of the participating
institutions rather than being a true representation of a
larger population. However, with the increasing number
of institutions submitting data, the trends become more
generalizable. Additionally, the NSQIP database does not
include independent ambulatory centers. Therefore, true
ambulatory cases captured in the database are only reflec-
tive of “outpatient” cases performed at centers directly with
NSQIP participating hospitals.1 It is also important to note
that the NSQIP database is limited to surgical outcomes for
30 days postoperatively. We focused on the proportions of
total cases and on yearly changes, which allowed us to
report variations in concomitant procedure type rather
than on the absolute number of cases. Last, the study
design inherently restricted the ability to clarify factors,

Figure 3. Percentage of patients who underwent ACLR with concomitant meniscal surgery according to age group (A) overall and
(B) in 2010 and 2018. ACLR, anterior cruciate ligament reconstruction.

Figure 4. Mean patient body mass index by year for patients
undergoing ACLR with concomitant meniscal surgery. ACLR,
anterior cruciate ligament reconstruction; BMI, body mass
index.
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such as tear characteristics (size, location, type, root
involvement), failing to highlight their contribution to
reparability as well as evaluation of postoperative out-
comes. However, the intent of our investigation was to
examine trends in recent practice with regard to available
demographic data rather than to contribute strongly to cur-
rent practice guidelines.

Our findings reflect trends in concomitant meniscal work
between 2010 and 2018 that were influenced by evidence-
based practice guidelines developed in part from literature
published before and during that time frame. Similar data-
base analyses in the future will likely be reflective of the
contemporary literature on outcomes of meniscectomy ver-
sus meniscal repair during ACLR. A 2019 systematic
review and meta-analysis of 25 studies compared menis-
cectomy and meniscal repair during ACLR using the Knee
injury and Osteoarthritis Outcome Score at 2 years postop-
eratively.54 The authors concluded that ACLR combined
with meniscal resection rather than meniscal repair dem-
onstrated better symptoms at 2 years. Conversely, their
subanalysis of 8 studies including the long-term follow-up
of �4 years favored meniscal repair, which demonstrated
superior International Knee Documentation Committee
scores. Additionally, medial meniscal resection showed sig-
nificantly increased anterior tibial translation compared
with medial meniscal repair.54 Recent prospective studies
have also suggested that lack of meniscus (medial or lat-
eral) is associated with altered knee kinematics and subse-
quent ACLR failure.7,51

While most literature has favored meniscal preserva-
tion, one must not mitigate the potential risk of meniscal
repair failure. A systematic review of outcome studies

regarding meniscal repair in adults found a more than 5-
year follow-up pooled risk failure of 20% to 24%,45 with
similar failure rates in a study with patients aged over
40 years.23 In the latter study, repairs with concomitant
ACLR had 10% fewer failures compared with meniscal
repairs in patients with intact ACLs.23 Last, given the
chondroprotective effect of meniscal presence, repair
attempts can be taken more aggressively in less favorable
tear patterns in the younger population, as older patients
have more feasible options in the face of arthritic sequelae
(ie, total knee arthroplasty, high tibial osteotomy, unicon-
dylar arthroplasty). We anticipate that future epidemio-
logical studies examining these trends will be largely
reflective of contemporary and future clinical research.
As researchers further demonstrate the long-term clinical
benefit of meniscal preservation during ACLR, continued
trends toward increased meniscal repair rates will likely
be reflected in future studies.

CONCLUSION

The current study showed that between 2010 and 2018,
there was an upward trend in meniscal repairs performed
during ACLR. Although ACLR with concurrent meniscal
repair was still most commonly performed in patients youn-
ger than 25 years, the priority of meniscal preservation was
highlighted by the increasing proportion of older patients
and those with higher BMI who underwent the procedure.
Technical improvements, evolving simplicity of use, and
favorable outcomes will continue to make meniscal repair
an attractive option for orthopaedic surgeons managing
meniscal tears during ACLR.

Figure 5. Percentage of patients who underwent ACLR with concomitant meniscal surgery according to BMI grouping (A) overall
and (B) in 2010 and 2018. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index.
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