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Background: Meniscus deficiency may lead to degenerative arthritis in the knee. There is a significant emphasis on meniscus
preservation, particularly in the young patient, to reduce the risk of arthritis.

Purpose: To report on the incidence of meniscus repair and meniscectomy, with and without concomitant anterior cruciate lig-
ament (ACL) reconstruction, in the United States (US) over the past 7 years.

Study Design: Descriptive epidemiology study.

Methods: Patients who underwent arthroscopic meniscectomy (Current Procedural Terminology [CPT] codes 29880 and 29881),
meniscus repair (CPT codes 29882 and 29883), and ACL reconstruction (CPT code 29888) for the years 2005 through 2011 were
identified using the PearlDiver Patient Record Database. Age group and sex were collected for each patient. Patient groups
included meniscectomy alone, meniscus repair alone, meniscus repair followed by meniscectomy, ACL reconstruction with con-
comitant meniscus repair, and ACL reconstruction with concomitant meniscus repair followed by meniscectomy. Linear regres-
sion and Student t tests were utilized for comparisons, with an « value of .05 set as significant.

Results: The database represented approximately 9% of the US population under 65 years of age. There was no significant
change in the number of patients in the covered population during the study time frame (P = .138). From 2005 to 2011, there
were a total of 387,833 meniscectomies, 23,640 meniscus repairs, and 84,927 ACL reconstructions. There was a significant
increase in the total number of isolated meniscus repairs performed (P = .001) and a doubling of the incidence of repairs from
2005 to 2011. There was no significant increase in the total number of meniscectomies performed (P = .712), while the incidence
of meniscectomies increased only 14% from 2005 to 2011. There was no significant change in the number of meniscus repairs
performed at the same time as ACL reconstruction during the study time frame. The total number and incidence of meniscecto-
mies after repair with and without ACL reconstruction significantly decreased.

Conclusion: There has been an increased number of isolated meniscus repairs being performed in the US over the past 7 years
without a concomitant increase in meniscectomies over the same time frame. These data suggest that meniscus repairs are pref-
erentially being performed over meniscectomies.
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Meniscus tears are common injuries and may result either
from acute knee trauma or by more degenerative pro-
cesses.'>18 Current options for a meniscus injury include
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nonoperative treatment, meniscectomy, repair, and trans-
plantation.?® Meniscus repair is preferred to meniscectomy,
when possible, as meniscus-deficient knees are at a signifi-
cantly increased risk of developing osteoarthritis (OA).!3
When meniscus deficiency exists, meniscus replacement
may also be an option in a subset of patients.!'?® This is
because the function of the meniscus is to provide for an
even load distribution across the joint, thereby decreasing
peak contact forces on the tibiofemoral articular carti-
lage.*%19 In the setting of concomitant anterior cruciate lig-
ament (ACL) injuries, it has been estimated that
approximately 50% of meniscus tears are amenable to
repair and may heal with increased frequency (as compared
with a meniscus tear without an ACL tear) because of the
biological milieu created by the ACL reconstruction.?"?*
Given the association with meniscus deficiency and OA,
there has been an emphasis placed on physician education
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regarding meniscus repair and preservation at national
orthopaedic surgery meetings as well as printed educa-
tional material (Bedi A, Verdonk R, Kaeding CC. “Instruc-
tional Course Lecture 332. Meniscus Repair and
Transplantation: Update on Surgical Techniques and Clin-
ical Outcomes.” Presented at the 2012 AAOS Annual Meet-
ing, 2012).%2° This education includes instructional course
lectures, presentations of original research, case discussions
by experts in the area of knee arthroscopic surgery and
orthopaedic sports medicine, and news bulletins/magazines
published by a variety of orthopaedic organizations. Fur-
thermore, the literature has seen an increase in the number
of studies investigating methods, techniques, and outcomes
after meniscus repair. A Medline search for articles from
2008 to 2012 with the subject “meniscus repair” returned
311 investigations, while the same search returned only
173 hits for studies published from 2000 to 2004. It is
unknown, however, whether this education about the
long-term effects of meniscus deficiency and emphasis on
meniscus preservation has translated into increasing rates
of meniscus repairs in the United States (US).

The purpose of this study was to report the annual num-
ber of meniscus repairs and meniscectomies, either with or
without concomitant ACL reconstruction, over the past 7
years in the US for privately insured non-Medicare
patients. The authors hypothesized that the rate and trend
of meniscus repairs would increase from 2005 to 2011 and
that a majority of meniscus repairs would be performed in
the age group of 25 years and younger. Further, the num-
ber of patients undergoing concomitant meniscus repair
(vs meniscectomy) with ACL reconstruction would increase
over the study’s time frame.

MATERIALS AND METHODS

The PearlDiver Patient Record Database (PearlDiver Inc,
Fort Wayne, Indiana) was queried for the years 2005
through 2011. There were no Medicare claims data included
in the current dataset. The number of patients having
a record of Current Procedural Terminology (CPT) codes
29880 (arthroscopy, knee, surgical, with meniscectomy
[medial AND lateral, including any meniscal shaving]
including debridement/shaving of articular cartilage [chon-
droplasty], same or separate compartment(s), when per-
formed), 29881 (arthroscopy, knee, surgical; with
meniscectomy [medial OR lateral, including any meniscal
shaving] including debridement/shaving of articular carti-
lage [chondroplasty], same or separate compartment(s),
when performed), 29882 (arthroscopy, knee, surgical; with
meniscus repair [medial OR lateral]), 29883 (arthroscopy,
knee, surgical; with meniscus repair [medial AND lateral]),
and 29888 (arthroscopically aided anterior cruciate liga-
ment repair/augmentation or reconstruction) were recorded.

Data were stratified to create groups undergoing (1) iso-
lated meniscus repair, (2) isolated meniscectomy, (3) iso-
lated meniscus repair followed by meniscectomy, (4)
concomitant meniscus repair and ACL reconstruction,
and (5) concomitant meniscus repair and ACL reconstruc-
tion followed by meniscectomy.
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The PearlDiver database is a publicly available, Health
Insurance Portability and Accountability Act (HIPAA)-
compliant national database compiled from a collection of pri-
vate insurer records, with UnitedHealth Group (Minneapo-
lis, Minnesota) representing the largest contributing
individual health plan. The database specifically has more
than 2 billion individual patient records and contains CPT'
and International Classification of Diseases, 9th Revision
(ICD-9) codes related to orthopaedic procedures. From 2005
to 2011, the database captured 22.4 to 26.3 million patients
(8.3%-9.9% of the US population) for each year included in
the analysis. In addition to CPT and ICD-9 codes, demo-
graphic data such as age and sex were also recorded.

Kolmogorov-Smirnov testing revealed a Gaussian dis-
tribution of the data. Linear regression was utilized to
compare the trends in meniscectomy, meniscus repair,
and ACL reconstruction from 2005 through 2011. Compar-
isons were also made between the number of patients
undergoing meniscus repair followed by meniscectomy as
well as concomitant ACL reconstruction and meniscus
repair followed by meniscectomy at any time in the cap-
tured follow-up period. Analysis of variance (ANOVA)
and the Student ¢ test were used to compare the number
of patients in each age category as well as the percentage
of male and female patients in each group. An « value of
.05 was set as significant.

RESULTS

The database consisted of an average of 24.8 million people
per year. From 2005 to 2011, there were a total of 387,833
meniscectomies, 23,640 meniscus repairs, and 84,927 ACL
reconstructions (Table 1). Of those having meniscus
repairs, 1826 went on to have meniscectomies at any
time during the follow-up period. An additional 13,508
patients had concomitant ACL reconstruction and menis-
cus repair, with 833 of these patients undergoing eventual
meniscectomy. The incidence (per year) of all outcome
measures is presented in Table 2. There was no significant
change in the number of patients in the covered population
during the study time frame (P = .138)

Within the meniscectomy cohort, there was a signifi-
cantly higher proportion of patients in the 45- to 54-year
age group as compared with the other age groups (P =
.002). For meniscus repair, there were significantly more
patients in the age group of younger than 25 years versus
the other age cohorts (P < .001). Male patients made up
59.5% of the isolated meniscus repair group and 60.3% of
the concomitant meniscus repair and ACL reconstruction
group (Table 1).

There was no significant increase in the number of
meniscectomies (51,699/year vs 54,109/year, respectively;
P = .712) or ACL reconstructions (11,106/year vs 12,365/
year, respectively; P = .074) in comparing the years 2005
and 2011 (Figure 1). There was, however, an 11.4%
increase in the number of meniscus repairs performed dur-
ing this time frame (3196/year vs 3561/year, respectively;
P = .001) (Figure 2). The incidence of meniscectomies
increased by 14%; however, the incidence of meniscus
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TABLE 1
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Patient Information by Sex and Age for Those Undergoing Meniscectomies, Meniscus Repairs,
and ACL Reconstructions during the Study Time Frame®

2005 2006 2007 2008 2009 2010 2011
Meniscectomy
Total 51,703 55,773 56,404 58,967 56,070 54,818 54,110
Sex
Female 22,030 (42.6) 24,165 (43.3) 24,178 (42.9) 25,281 (42.9) 24,002 (42.8) 23,942 (43.7) 23,368 (43.2)
Male 29,673 (57.4) 31,608 (56.7) 32,226 (57.1) 33,686 (57.1) 32,068 (57.2) 30,876 (56.3) 30,742 (56.8)
Age, y
<25 4450 (8.6) 4912 (8.8) 5069 (9.0) 5398 (9.2) 5170 (9.2) 5145 (9.4) 5216 (9.6)
25-34 4586 (8.9) 4812 (8.6) 4613 (8.2) 4987 (8.5) 4735 (8.4) 4354 (7.9) 4191 (7.8)
35-44 10,624 (20.6) 11,011 (19.7) 10,770 (19.1) 10,979 (18.6) 10,484 (18.7) 9936 (18.1) 9533 (17.6)
45-54 17,056 (33.0) 18,375 (33.0) 18,742 (33.2) 19,608 (33.3) 19,015 (33.9) 18,181 (33.2) 17,814 (32.9)
55-64 14,211 (27.5) 15,886 (28.5) 16,387 (29.1) 17,089 (29.0) 16,560 (29.5) 17,330 (31.6) 17,433 (32.2)
>64 971 (1.9) 984 (1.8) 1043 (1.9) 1164 (2.0) 326 (0.6) 49 (0.1) 60 (0.1)
Meniscus repair
Total 3197 3249 3259 3428 3502 3447 3561
Sex
Female 1240 (38.8) 1237 (38.1) 1310 (40.2) 1325 (38.7) 1339 (38.2) 1353 (39.3) 1401 (39.3)
Male 1957 (61.2) 2012 (62.0) 1949 (59.8) 2103 (61.4) 2163 (61.8) 2094 (60.8) 2160 (60.7)
Age, y
<25 1362 (42.6) 1513 (46.6) 1531 (47.0) 1737 (50.7) 1704 (48.7) 1741 (50.5) 1967 (55.2)
25-34 672 (21.0) 665 (20.5) 668 (20.5) 665 (19.4) 730 (20.9) 705 (20.5) 695 (19.5)
35-44 627 (19.6) 585 (18.0) 598 (18.4) 568 (16.6) 580 (16.6) 571 (16.6) 510 (14.3)
45-54 349 (10.9) 335 (10.3) 317 (9.7) 347 (10.1) 355 (10.1) 298 (8.7) 299 (8.4)
55-64 194 (6.1) 158 (4.9) 155 (4.8) 131 (3.8) 146 (4.2) 140 (4.1) 104 (2.9)
>64 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)
ACL reconstruction
Total 11,108 11,678 11,855 12,984 12,642 12,305 12,365
Sex
Female 4464 (40.2) 4634 (39.7) 4732 (39.9) 5159 (39.7) 5156 (40.8) 5230 (42.5) 5131 (41.5)
Male 6644 (59.8) 7044 (60.3) 7123 (60.1) 7825 (60.3) 7486 (59.2) 7075 (57.5) 7234 (58.5)
Age, y
<25 4160 (37.5) 4480 (38.4) 4740 (40.0) 5109 (39.4) 5173 (40.9) 5099 (41.5) 5330 (43.1)
25-34 2785 (25.1) 2893 (24.8) 2764 (23.3) 3057 (23.6) 2932 (23.2) 2723 (22.1) 2760 (22.3)
35-44 2702 (24.3) 2759 (23.6) 2733 (23.1) 2938 (22.6) 2768 (21.9) 2701 (22.0) 2520 (20.4)
45-54 1305 (11.8) 1335 (11.4) 1390 (11.7) 1608 (12.4) 1552 (12.3) 1484 (12.1) 1441 (11.7)
55-64 226 (2.0) 285 (2.4) 296 (2.5) 367 (2.8) 309 (2.4) 354 (2.9) 353 (2.9)
>64 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

“Values are shown as n (%). Current Procedural Terminology (CPT) codes were as follows: meniscectomy, codes 29880/29881; meniscus
repair, codes 29882/29883; and ACL reconstruction, code 29888. ACL, anterior cruciate ligament.

TABLE 2
Incidence per Year of Primary Outcomes Measures Within the PearlDiver Patient Record Database®”

2005 2006 2007 2008 2009 2010 2011
Meniscectomy 0.21 0.22 0.22 0.22 0.23 0.23 0.24
Meniscus repair 0.01 0.01 0.01 0.01 0.01 0.01 0.02
ACL reconstruction 0.05 0.05 0.05 0.05 0.05 0.05 0.06
ACL reconstruction with meniscus repair 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Meniscectomy after meniscus repair 124 12.5 11.1 9.0 3.8 3.0 3.3
Meniscectomy after ACL reconstruction/meniscus repair 10.9 11.0 9.1 7.4 2.5 2.4 2.5

“Values are shown as percentages, expressed as the number of procedures per year divided by the total captured population for the
indicated year (meniscectomy, meniscus repair, anterior cruciate ligament [ACL] reconstruction, ACL reconstruction with meniscus repair)
or divided by the patients previously undergoing the procedure of interest (meniscectomy after meniscus repair, meniscectomy after ACL

reconstruction/meniscus repair).
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Figure 1. Total number of meniscectomies in the study pop-
ulation reported by year for the years 2005-2011.

repairs increased by 100% during the study time frame
(Table 2). The number of meniscus repairs performed at
the same time as ACL reconstructions increased by
48.3% from 2005 to 2011 (1527/year vs 2265/year, respec-
tively; P < .001), but the incidence did not significantly
change (Table 2). Meniscectomies after previous concomi-
tant ACL reconstruction and meniscus repair significantly
decreased during the 2005 to 2009 time frame (167/year vs
52/year, respectively; P = .007) (Figure 3). This decrease
also held for meniscectomy after isolated meniscus repair
during the years 2005 to 2009 (392/year vs 192/year,
respectively; P = .049) (Figure 3). There were also signifi-
cant decreases in the incidence of both of these outcome
measures, with a 69% reduction in meniscectomy after
repair (average incidence of 9.8%) and a 77% decrease in
meniscectomy after combined ACL reconstruction with
meniscus repair (average incidence of 8.2%) (Table 2).
There was no difference in the rate of decline between
these measures.

DISCUSSION

The current investigation found a significant increase in
the number of meniscus repairs being performed over
the past 7 years. This increase was not because of an over-
all increase in the number of meniscus procedures being
performed, as the total number did not significantly
increase during the study time frame. There was an
11.4% increase in the total number of meniscus repairs
in the setting of an isolated meniscus tear, while the
rate of repairs increased 48.3% when an ACL reconstruc-
tion was performed. The incidence of meniscectomies
increased by 14%, while the incidence of meniscus repairs
increased by 100% during the study time frame. In addi-
tion, we found that meniscectomy rates after prior repair
with or without ACL reconstruction decreased from 2005
to 2009 and that young male patients more commonly
received meniscus repairs.

The American Journal of Sports Medicine
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Figure 2. Total number of meniscus repairs in the study pop-
ulation reported by year for the years 2005-2011.

2500

2000 A’—‘_./‘

1500 //

1000

500

——
- o

2005 2006 2007 2008 2009 2010 2011

~e-Concomitant ACL/Meniscus Repair  _g-Meniscectomy Following ACL/Repair
-#-Meniscectomy Following Repair

Figure 3. Total number of concomitant meniscus repairs and
anterior cruciate ligament reconstructions as well as menis-
cectomies after previous repairs during the study time frame.

Assuming that meniscus repair failure is defined as
meniscectomy after meniscus repair, the failure rate in
our population was approximately 9.8% after isolated
meniscus repairs and 8.2% for meniscus repairs with
ACL reconstruction. This is in line with a recent system-
atic review that showed an approximately 16.5% failure
rate after isolated meniscus repairs at 0 to 4 years’
follow-up (consistent with the length of follow-up in this
investigation).?” The same study reported reoperation
rates of 12.4% and 8.0% for meniscus repairs performed
with concomitant ACL reconstruction in the medial and
lateral compartments, respectively. The slight difference
in reported reoperation rates is likely caused by patient
dropouts on a year-to-year basis within the included data-
base cohorts of this investigation. The trend of repairs per-
formed at the same time as ACL reconstruction leading to
lower reoperation rates, however, is consistent.
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There are many factors that influence a physician’s prac-
tice pattern and habits, but the increased emphasis and
education regarding the chondroprotective effects of the
meniscus may be a major reason for the rise in the number
of meniscus repairs performed from 2005 to 2011. The
meniscus is a critical load-bearing structure and essentially
functions to optimize contact area, evenly distribute load
across the cartilage surface, and assist with knee stability.
Lee et al*® demonstrated that segmental medial meniscec-
tomy is nearly equivalent to total meniscectomy when con-
sidering contact forces in the medial compartment.
Similarly, Ode et al?® found that complete radial tears of
the lateral meniscus lead to significantly increased mean
contact pressures and decreased contact areas when com-
pared with the intact meniscus state. In addition to load dis-
persion, the posterior medial meniscus also acts as
a secondary restraint to anterior translation of the tibia
on the femur.! Because the posterior horn of the medial
meniscus is relatively nonmobile, it experiences more shear
stress in the ACL-deficient knee.?! In the setting of ACL
deficiency, therefore, this portion of the meniscus is partic-
ularly at risk for degeneration and tearing.??

While the above factors are likely to play a major role in
the increase in the number of meniscus repair procedures,
other factors may include advances in arthroscopic tech-
nique and instrumentation as well as a decrease in postop-
erative activity restrictions after repair. In the past,
meniscus repair was performed through a formal joint
arthrotomy. The increased morbidity to the patient, in addi-
tion to the difficulty in reaching more central tears, may
have discouraged some physicians from performing repairs
in borderline cases.'®!® Advances in arthroscopic technique
and technology, including the development of all-inside
techniques, have made meniscus repair a more palatable
procedure for surgeons.'* In addition, some surgeons have
been less cautious with postoperative rehabilitation, and
some have allowed full weightbearing immediately after
surgery.®3 This may provide for a more rapid return to activ-
ities of daily living, making the procedure more acceptable
for patients, and therefore cause surgeons to perform menis-
cus repair more frequently. Other factors that may play
a role include the possibility that, because of advances in
equipment and technique as well as the easier dissemina-
tion of surgical technique information, general orthopaedic
surgeons are now more comfortable with performing menis-
cus repairs. Furthermore, improved reimbursement rates
for meniscus repair codes, in addition to the focus on menis-
cus preservation, may incentivize surgeons toward repair
over meniscectomy. The decreased rate in meniscectomy
after both meniscus repair as well as concomitant ACL
reconstruction and meniscus repair is likely related to
some of these same factors. Operative technique and knowl-
edge of factors that stimulate meniscus healing (ie, trephi-
nation) improved clinical decision making, and the
development of meniscus repair—specific rehabilitation pro-
tocols has likely contributed to this decrease.

Clinical results have supported the biomechanical data
demonstrating the negative consequences of the meniscus-
deficient knee. Stein et al®° reported on the clinical bene-
fits of meniscus repair versus meniscectomy in the
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prevention of radiographic arthritic changes in the knee.
The authors found that 81% of patients with prior menis-
cus repairs showed no radiographic signs of arthritis at
an average of 8.8 years’ follow-up. This was significantly
improved over the meniscectomy group in which only
40% of patients showed no arthritic progression.?° Simi-
larly, the chondroprotective effect of arthroscopic meniscus
repair versus meniscectomy when performed with concom-
itant ACL reconstruction has been demonstrated in multi-
ple studies.®!6:17:20.253132 Mg j5 most likely because
healing rates of meniscus repairs performed in conjunction
with ACL reconstruction have been shown to be signifi-
cantly better than those performed in isolation.>"2*

Given these data, meniscus repair has been advocated
over meniscectomy whenever possible, particularly in the
younger or adolescent patient. Our data show that a major-
ity of meniscus repairs were performed in those younger
than 25 years of age. This was in contrast to meniscectomy,
which most commonly occurred in the older age groups.
This overall increase in the meniscus repair rate is likely
caused by the knowledge regarding the chondroprotective
effects of the meniscus, but one cannot discount the fact
that technical advances have allowed more surgeons to per-
form repairs. The fact that a majority of meniscus repairs
occurred in the younger age population is also possibly
related to the fact that younger patients typically have trau-
matic tears in the vascular zone whereas older age groups
more commonly have degenerative tears. For adults, the
meniscus is vascular only in the peripheral 10% to 30% of
its substance.’ In children and adolescents, however, the
blood supply to the meniscus is highly variable, and the cen-
tral and middle thirds may still have vascular channels.®
This is relevant, as the blood supply to the tissues at the
location of the tear is directly related to its healing poten-
tial.? The findings of male patients having a greater propor-
tion of meniscus repairs in this investigation may reflect the
fact that the average young male patient may partake in an
increased number of high-risk activities that predispose to
knee injuries and subsequent meniscus tears.

Limitations to this study include the fact that the data-
base did not capture other important demographic and epi-
demiological factors, including height, weight, body mass
index, location of meniscus tear, type of meniscus repair,
and activity level. These factors may ultimately play
a role in both the decision to repair the meniscus as well
as retear rates leading to future meniscectomy. Further-
more, as with any retrospective database investigation,
the accuracy of coding within the system is critical to the
validity of our findings. Given that this was a private
health insurance database, however, the dictated operative
reports from the procedures must be in agreement with the
billing and diagnosis codes. In addition, as this database is
based only on billing codes, the dataset was not able to
decipher whether subsequent meniscectomy after menis-
cus repair occurred in the same compartment. Even
assuming a worst-case scenario in which a majority of sub-
sequent meniscectomies after repair were not performed in
the same compartment, this would artificially raise the
reported number of meniscectomies. This would lead to
an even smaller proportion of meniscectomies after repair
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in the involved compartment than reported in our results,
further strengthening our statistical significance for this
measure. Lastly, the database does not account for patients
who drop out of the included health plans on a year-to-year
basis. Because of this, the number of meniscectomies after
the index meniscus repair may be underestimated. We
chose, however, to report the 2005 to 2009 data for menis-
cectomy after repair in this particular analysis to ensure
that we have at least 2-year follow-up information after
repair to allow us to capture adverse events related to
the repair, such as retears.

There are several strengths to this study. This study
utilizes a large database of non-Medicare diagnosis and
billing codes that represents almost 10% of the entire pop-
ulation of the US. Given that Medicare patients were
excluded, it actually covers more than 10% of the total pop-
ulation younger than 65 years of age. Such a database
allows for an accurate sample and distribution of patients
throughout the US, and thus, our data are likely applicable
to the practice tendencies of surgeons across the country.
Furthermore, data acquisition and compilation are
blinded, increasing the validity and decreasing any source
of potential bias with regard to data reporting.

CONCLUSION

As education and peer-reviewed literature regarding the
importance of meniscus preservation increase, it follows
that the efforts to repair meniscus tears rather than per-
form meniscectomy, particularly in young patients, should
follow. The current study shows that over the past 7 years,
there was a significantly increased number of meniscus
repairs being performed in the US. The findings presented
in this investigation may be reflective of the focus on phy-
sician education regarding the importance of meniscus
preservation and an increase in the number of publications
regarding the topic.
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