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Background: Few population-based descriptive studies on the incidence of anterior cruciate ligament (ACL) reconstruction
and concomitant pathology exist.

Hypothesis: Incidence of ACL reconstruction has increased from 2002 to 2014.
Study Design: Descriptive clinical epidemiology study.
Level of Evidence: Level 3.

Methods: The Truven Health Analytics MarketScan Commercial Claims and Encounters database, which contains insurance
enrollment and health care utilization data for approximately 158 million privately insured individuals younger than 65
years, was used to obtain records of ACL reconstructions performed between 2002 and 2014 and any concomitant pathology
using Current Procedures Terminology (CPT) and International Classification of Diseases, Ninth Revision (ICD-9) codes. The
denominator population was defined as the total number of person-years (PYs) for all individuals in the database. Annual
rates were computed overall and stratified by age, sex, and concomitant procedure.

Results: There were 283,810 ACL reconstructions and 385,384,623 PYs from 2002 to 2014. The overall rate of ACL
reconstruction increased 22%, from 61.4 per 100,000 PYs in 2002 to 74.6 per 100,000 PYs in 2014. Rates of isolated ACL
reconstruction were relatively stable over the study period. However, among children and adolescents, rates of both isolated
ACL reconstruction and ACL reconstruction with concomitant meniscal surgery increased substantially. Adolescents aged

13 to 17 years had the highest absolute rates of ACL reconstruction, and their rates increased dramatically over the 13-

year study period (isolated, +37%; ACL + meniscal repair, +107%; ACL + meniscectomy, +63%). Rates of isolated ACL
reconstruction were similar for males and females (26.1 vs 25.6 per 100,000 PYs, respectively, in 2014), but males had higher
rates of ACL reconstruction with concomitant meniscal surgery than females.

Conclusion: Incidence rates of isolated ACL reconstruction and rates of concomitant meniscal surgery have increased,
particularly among children and adolescents.

Clinical Relevance: A renewed focus on adoption of injury prevention programs is needed to mitigate these trends.
In addition, more research is needed on long-term patient outcomes and postoperative health care utilization after ACL
reconstruction, with a focus on understanding the sex-based disparity in concomitant meniscal surgery.
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among the most severe knee injuries.*'""” The precise

number of ACL injuries in the United States is unknown
but has been approximated to be between 60,000 and 200,000
injuries annually.*'*" Because of the devastating nature of an
ACL tear or rupture, many people undergo surgical intervention
to reconstruct the ligament and stabilize the knee. 11103 Despite
the fact that a large number of ACL reconstructions are
performed annually in the United States, information about the
clinical epidemiology of these procedures is relatively limited.
One factor contributing to this paucity of basic epidemiologic
information is the lack of large population-based data sources
that capture a broad spectrum of individuals. The use of data
sources such as administrative claims databases is one means of
addressing this knowledge gap in orthopaedic research.'** The
primary aim of this study was to describe the clinical
epidemiology of ACL reconstruction and concomitant procedures
among commercially insured individuals in the United States. We
quantified trends in the annual incidence rates of ACL
reconstruction from 2002 to 2014 overall and by a variety of
factors, including concomitant procedures, age, and sex.

Q nterior cruciate ligament (ACL) tears and ruptures are

METHODS

This study used the Truven Health Analytics MarketScan
Commercial Claims and Encounters database for the years 2002
through 2014. This administrative database contains information
for a large sample (approximately 158 million people) of privately
insured individuals younger than 65 years who obtain employer-
sponsored health insurance.” Multiple insurance providers are
included and more than 20 billion claims are stored in the
database, allowing investigators to track an individual’s health
care utilization over time while they are enrolled in an employer-
sponsored health insurance plan. We quantified the annual
incidence rates of ACL reconstruction from 2002 through 2014
overall and by setting (outpatient vs inpatient), approach (open
vs arthroscopic), and concomitant procedures. Analyses were
stratified by clinically meaningful age groups (<13, 13-17, 18-30,
31-40, and >40 years) and sex. The study was determined to be
exempt from review by the University of North Carolina at
Chapel Hill institutional review board.

Event Definition

Individuals who underwent ACL reconstruction were identified
using both the Outpatient and Inpatient Services files of the
database from January 1, 2002 through December 31, 2014.
Current Procedural Terminology (CPT) codes for arthroscopically
aided ACL reconstruction or augmentation (CPT 29888) or
ligamentous reconstruction of the knee (CPT 27428) with
concurrent identification of new or prior ACL tear (ICD-9
diagnosis codes 717.83 or 844.2) were used to identify incident
surgeries. International Classification of Diseases, Ninth Revision
(ICD-9) procedure code 81.45 (other repair of the cruciate
ligaments) was also used with concurrent ICD-9 diagnosis codes.
Given that we analyzed the epidemiology of incident

reconstruction and not incident injury, all ACL reconstructions
were included as events; however, to ensure that a reconstruction
was not counted more than once, only 1 ACL reconstruction per
patient per 30-day period was included in the sample. If the
patient had more than 1 claim for an ACL reconstruction per
30-day period, only the first instance (first date) was included.

Denominator Definition

The incidence rate denominator reflects person-time at risk for
all unique individuals enrolled in a commercial insurance plan
captured in the database. Given the variable length of
enrollment in the database for each participant, time at risk for
the outcome was defined as person-months at risk. Participants
were required to have continuous enrollment in the database
for the full month. It was possible for individuals to have more
than 1 incident ACL reconstruction within a calendar year and
therefore be counted as a case more than once in a calendar
year. However, based on the definition used for an incident ACL
reconstruction in this study, it was not possible for individuals
to experience more than 1 ACL reconstruction in a given month.
The denominator is presented as person-years (PYs) for ease of
interpretation.

Concomitant Procedures

To analyze the incidence of concomitant procedures performed
with the ACL reconstruction, the following definitions were
used: medial and/or lateral meniscectomy (CPT: 29880, 29881,
27332), medial and/or lateral meniscal repair (CPT: 29882,
29883, 27403), chondroplasty (CPT: 29877), microfracture (CPT:
29879), collateral ligament (medial or lateral) repair or
reconstruction (CPT: 27405, 27409, 27427), and posterior
cruciate ligament (PCL) repair or reconstruction (CPT: 29889).
Patients who underwent ACL reconstruction without any of
these prespecified concomitant procedures were defined as
having isolated ACL reconstructions.

RESULTS

There were 283,810 unique ACL reconstructions and
385,384,623 PYs at risk identified from January 1, 2002 to
December 31, 2014. Overall, the rate of ACL reconstruction was
73.6 reconstructions per 100,000 PYs. The rate of ACL
reconstructions per 100,000 PYs increased 22% from 61.4 in
2002 to 74.6 in 2014 (Figure 1).

Setting and Approach

Most ACL reconstructions were performed in an outpatient
setting (98%) using an arthroscopic approach (98%) (Table 1).
Outpatient procedures increased 28% over the study period
from 58.0 to 74.1 per 100,000 PYs, with a concurrent decrease
in inpatient procedures (Figure 1). Similarly, arthroscopic
procedures increased from 59.3 per 100,000 PYs in 2002 to 73.2
per 100,000 PYs in 2014. However, open procedure rates
remained relatively stable (1.5 to 1.3 per 100,000 PYs)

(Figure 2).
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Figure 1. Annual trends in incidence rate of inpatient versus outpatient anterior cruciate ligament reconstruction per 100,000
person-years (PYs) among patients included in the Truven Health Analytics MarketScan Commercial Claims and Encounters

database 2002-2014.

Concomitant Procedures

Overall, isolated ACL reconstruction rates increased slightly over
the study period, ranging from a low of 22.6 per 100,000 PY in
2003 to a high of 27.0 per 100,000 PYs in 2012 and 2013 (Figure
3). Approximately 50% of patients underwent concomitant
meniscectomy, which was the most common concomitant
procedure (Table 1). Concomitant meniscal repairs and
meniscectomies both increased appreciably over the study
period (73% and 34% increase, respectively), as did concomitant
microfracture surgery (75% increase) (Figure 3). Concomitant
collateral ligament repair or reconstruction and PCL repair or
reconstruction also increased over the study period (21% and
16% increase, respectively). Between 2002 and 2009, there were
increasing rates of concomitant chondroplasty, followed by a
sharp decrease in rates from 2009 to 2014 (Figure 3).

For males, rates of isolated ACL reconstruction appeared
relatively stable (Figure 4a); however, rates of isolated ACL
reconstruction increased 21% among females from 21.1 per
100,000 PYs in 2002 to 25.6 per 100,000 PYs in 2014 (Figure
4b). In 2014, rates of isolated ACL reconstruction were
approximately similar for males and females (26.1 vs 25.6 per
100,000 PYs, respectively). Trends in other concomitant
procedures performed were consistent between males and
females, though males had higher absolute rates of concomitant
procedures performed than females (Figure 4). Specifically,
males had appreciably higher rates of ACL reconstruction with
concomitant meniscal surgery than females (2014: 17.7 vs 11.9
per 100,000 PYs for meniscal repair and 46.3 vs 28.4 per
100,000 PYs for meniscectomy, respectively).

Among age strata, rates and trends of concomitant procedures
performed varied widely (Figure 5). Rates of both isolated ACL
reconstruction and ACL reconstruction with concomitant

meniscal repair and/or concomitant mensicectomy increased
substantially among children and adolescents (Figure 5, a and b,
respectively). Among the same groups, rates of other
concomitant procedures were low, in comparison. Although
children younger than 13 years had low absolute rates of
isolated ACL reconstruction, rates tripled from 0.49 per 100,000
PYs in 2002 to 1.62 per 100,000 PYs in 2014. Over the same
time period, rates of concomitant meniscus repair doubled from
0.43 to 0.88 per 100,000 PYs and rates of concomitant
meniscectomy quadrupled from 0.18 to 0.73 per 100,000 PYs
among this age group. Children younger than 13 years were
also the only age group where rates of concomitant meniscal
repair were similar to or higher than rates of concomitant
meniscectomy.

Adolescents aged 13 to 17 years had the highest absolute rates
of isolated ACL reconstruction and ACL reconstruction with
concomitant meniscal repair. The rate of isolated ACL
reconstruction increased 37% from 70.4 per 100,000 PYs in 2002
t0 96.3 per 100,000 PYs in 2014 in this age group. ACL
reconstructions with concomitant meniscal repair and those
with concomitant meniscectomy had even greater increases.
Concomitant meniscal repairs increased from 31.4 per 100,000
PYs in 2002 to 64.9 per 100,000 PYs in 2014 (107% increase),
and concomitant meniscectomies increased from 59.0 per
100,000 PYs in 2002 to 95.9 per 100,000 PYs in 2014 (63%
increase; Figure 5b).

Among adults aged 18 to 30 (Figure 5¢), 31 to 40 (Figure 5d),
and older than 40 years (Figure 5e), rates and trends of
concomitant procedures were similar; however, adults aged 18 to
30 years had higher absolute rates of isolated ACL reconstruction
(48.4 per 100,000 PYs vs 28.9 for patients 31-40 years and 10.7 for
patients >40 years in 2014), and adults >40 years had the lowest
rates of concomitant meniscal repair (4.0 per 100,000 PYs in 2014).



Table 1. Demographics of patients who underwent ACL reconstruction and were captured in the Truven Health Analytics
MarketScan Commercial Claims and Encounters database 2002-2014 (N = 283,810)

n %
Setting
Inpatient 4806 1.7
Outpatient 279,004 98.3
Approach
Open 5215 1.8
Arthroscopic 277,465 97.8
Missing 1130 0.4
Sex
Male 162,399 57.2
Female 121,411 42.8
Age group, y
<13 1424 0.5
13-17 64,793 22.8
18-30 96,381 34.0
31-40 57,443 20.2
>40 63,769 22.5
Concomitant procedures
Meniscectomy 103,831 36.6
None (isolated ACL) 98,433 34.7
Meniscal repair 26,666 9.4
Meniscal repair, meniscectomy 15,512 55
Meniscectomy, chondroplasty 9196 3.2
Meniscectomy, microfracture 7451 2.6
Chondroplasty 7409 2.6
Microfracture 2620 0.9
Collateral ligament 2298 0.8
Meniscectomy, collateral ligament 1394 0.5
Meniscal repair, chondroplasty 1049 0.4
Meniscectomy, chondroplasty, microfracture 868 0.3
Meniscal repair, microfracture 855 0.3

(continued)



Table 1. (Continued)

n %
Meniscal repair, meniscectomy, chondroplasty 836 0.3
Meniscal repair, meniscectomy, microfracture 822 0.3
PCL 712 0.3
Meniscal repair, collateral ligament 624 0.2
Meniscectomy, PCL 506 0.2
Collateral ligament, PCL 431 0.2
Chondroplasty, microfracture 388 0.1
Meniscal repair, meniscectomy, collateral ligament 304 0.1
Meniscectomy, PCL, microfracture 274 0.1
Meniscectomy, PCL, collateral ligament 165 0.1
Collateral ligament, chondroplasty 155 0.1
Other combinations of concomitant procedures 1011 04
ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.
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Figure 2. Annual trends in incidence rate of open versus arthroscopic anterior cruciate ligament reconstruction per 100,000
person-years (PYs) among patients included in the Truven Health Analytics MarketScan Commercial Claims and Encounters

database 2002-2014.

DISCUSSION

reconstruction rates decreased and open ACL reconstruction
rates remained relatively stable. In terms of concomitant

This study provides an assessment of ACL reconstruction trends ~ procedures, meniscal repair procedures increased appreciably
among commercially insured individuals in the United States over the study period. Isolated ACL reconstruction increased

that is more comprehensive than prior research."" We

slightly overall; however, we noted larger increases in isolated

observed increasing rates of ACL reconstruction since 2002. ACL reconstructions among women and younger age groups.

Across the study period, outpatient and arthroscopic ACL

reconstruction rates increased, while inpatient ACL

A population-based study of the incidence of ACL
reconstructions was recently performed using the National
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Figure 3. Annual trends in incidence rate of anterior cruciate ligament (ACL) reconstruction with concomitant procedures
per 100,000 person-years (PYs) among patients included in the Truven Health Analytics MarketScan Commercial Claims and
Encounters database 2002-2014. MCL, medial collateral ligament; PCL, posterior cruciate ligament.
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Figure 4. Annual trends in incidence rate of anterior cruciate ligament (ACL) reconstruction with concomitant procedures
per 100,000 person-years (PYs) comparing (a) males and (b) females among patients included in the Truven Health Analytics
MarketScan Commercial Claims and Encounters database 2002-2014. MCL, medial collateral ligament; PCL, posterior cruciate

ligament.

Hospital Discharge Survey (NHDS) and the National Survey of
Ambulatory Surgery (NSAS) in 1994, 1995, 1996, and 2006."” The
incidence of ACL reconstruction had increased over the time
period from approximately 32.9 reconstructions per 100,000 PYs
to 43.5 reconstructions per 100,000 PYs."” The rate of ACL
reconstruction in our sample showed a similar increase;
however, the incidence rates in our study were much higher at
61.4 per 100,000 PYs in 2002 to 74.6 per 100,000 PYs in 2014. A
direct comparison of the rates observed in 2006 also suggests
that rates may be much higher among the commercially-insured
patient population compared with individuals sampled in the
NHDS and NSAS, with our analysis yielding a rate of 71.8
reconstructions per 100,000 PYs in 2006 compared with 43.5
reconstructions per 100,000 PYs in the previous study for the
same year.

Another previous study using the Nationwide Inpatient Sample
from 2003 to 2011 found that inpatient ACL reconstructions
represented approximately 7% of ACL reconstructions
performed in the United States, and the annual incidence of
inpatient ACL reconstructions was decreasing over time.” Our
results support this finding, with approximately an 86%
decrease in the incidence rate of inpatient ACL reconstruction
identified from 2002 to 2014. The NSAS was also used to study
the trends of all outpatient knee arthroscopies in the United
States between 1996 and 2006 and found a corresponding
increase in the proportion of ACL reconstructions performed in
the outpatient setting."* Similarly, our results suggest an increase
in both outpatient and arthroscopic procedures that highlights
the shift in the standard-of-care for ACL reconstruction in recent
years.
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Figure 5. Annual trends in incidence rate of anterior cruciate ligament (ACL) reconstruction with concomitant procedures per
100,000 person-years (PYs) comparing (a) <13-year-olds, (b) 13- to 17-year-olds, (c) 18- to 30-year-olds, (d) 31- to 40-year-olds,
and (e) >40-year-olds included in the Truven Health Analytics MarketScan Commercial Claims and Encounters database 2002-
2014. MCL, medial collateral ligament; PCL, posterior cruciate ligament.

We noted increases in meniscal procedures over time,

repair and meniscectomy, performed at the time of ACL

particularly meniscal repairs, and especially among younger age  reconstruction. Our study findings are also consistent with a
groups. Another study analyzed trends of ACL reconstruction previous study from the MOON cohort that reported a relatively
with concomitant meniscal procedures reported to the American  high proportion of concomitant meniscus pathology, with 36%
Board of Orthopaedic Surgery." Similar to our study, that study ~ of reconstructions having a medial meniscus tear and 44%
showed an increase in rate of meniscal procedures, including having a lateral meniscus tear.” In that study, meniscectomy was



also more commonly performed than meniscal repair.
Interestingly, males had much higher rates of concomitant
meniscal surgery than females in our study. This may indicate a
difference in treatment or a difference in injury type and
severity between groups. Given the association between
meniscal pathology and long-term joint health,” further research
into this topic is warranted.

Of special concern are the rates of isolated ACL reconstruction
and ACL reconstruction with concomitant meniscal treatment
among children and adolescents, both of which increased
substantially. This finding is consistent with a recently published
brief report among this same population noting a dramatic
increase in ACL reconstructions, particularly among 13- to
17-year-olds.” Adding to the findings from the previously
published report, the data presented here suggest that not only
are ACL reconstructions increasing, but treatment of concurrent
meniscal pathology is also increasing. It is possible that
advances in surgical procedures have led to increased utilization
of meniscal preservation procedures. Alternatively, the severity
of ACL injuries may be increasing over time because of higher
and more intense levels of sports participation. Regardless, the
increased incidence of concomitant meniscal treatment noted
among younger age groups underscores the importance of
injury prevention and further research on long-term outcomes
after ACL reconstruction.

Our study also noted an increase in concomitant microfracture
and decrease in concomitant chondroplasty procedures, which
could represent an increase in propensity for performing cartilage
restoration procedures to reduce the risk of posttraumatic
osteoarthritis; however, the decrease in observed concomitant
chondroplasty could be driven by a change in procedure coding
and/or reimbursement by commercial insurance plans rather than
a change in procedures performed. Specifically, in 2012, the
guideline for meniscectomy reporting changed such that
chondroplasty became inclusive with the CPT code for
meniscectomy. Subsequently, the decrease in chondroplasties
identified in our dataset may represent the fact that chondroplasty
codes are no longer coded for reimbursement separately when
performed with meniscectomy from 2012 onward. Furthermore,
the increase in concomitant microfracture, as well as the increase
in concomitant collateral ligament and PCL repairs or
reconstructions, could also represent a change in practice patterns
and increased comfort level with performing these challenging
procedures at the time of ACL reconstruction over time.

These findings add to the existing literature on the
epidemiology of ACL reconstruction in the United States. Given
the high volume and increasing incidence of ACL reconstruction
procedures in the United States, coupled with the known
association between ACL tear and posttraumatic
osteoarthritis, "% a renewed focus on research on both ACL
injury prevention and optimal clinical care should be prioritized.
Additionally, the long-term impact of these increases in children
and adolescents is highly concerning. A growing body of
literature demonstrates the progression to osteoarthritis and
other functional limitations after ACL injury.*"**# Thus, there is

a need for research on optimizing long-term patient outcomes
and limiting health care costs for patients who sustain an ACL
injury in their adolescent years.

Strengths and Limitations

The current study provides a comprehensive assessment of
multiple aspects of ACL reconstruction, including analysis of
arthroscopic and open ACL reconstructions, inpatient and
outpatient ACL reconstructions, and concomitant procedures
performed, in addition to analyzing trends across age and sex.
This study also improves on methods used for analyzing
incidence rates in an insurance claims database by using
person-months at risk as the denominator in our rate
calculation, which accounts for the variable number of
participants contained in the database over time. However, this
study is not without limitations. The primary limitation relates to
generalizability of the results, as the study only includes
commercially insured individuals in the United States. Therefore,
inference cannot be made to uninsured or publicly insured
patients. However, it is important to note that a previous study
found the distribution of participants included in the MarketScan
database to be comparable to a nationally representative
privately-insured population in the United States.' There is
potential for misclassification of cases in this study due to
insurance claims reporting. Although no validation study has
been performed for ACL reconstruction codes used in
administrative databases, previous studies have suggested fairly
high sensitivity, specificity, positive predictive value, and
negative predictive value for orthopaedic procedures.”
Furthermore, the significance and expense related to an ACL
reconstruction likely limits the potential for misclassification
within an insurance claims database.

CONCLUSION

Incidence rates of isolated ACL reconstruction and rates of
concomitant meniscal surgery have increased, particularly
among children and adolescents. A renewed focus on adoption
of injury prevention programs is needed to mitigate these
trends. In addition, there is a need for research on long-term
patient outcomes and postoperative health care utilization after
ACL reconstruction, with a focus on understanding the sex
disparity in concomitant meniscal surgery.
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