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Surgical Trends in Articular Cartilage Injuries of the
Knee, Analysis of the Truven Health MarketScan
Commercial Claims Database from 2005-2014
Nicholas A. Bonazza, M.D., Dallas M. Smuin, M.D., Rajat Joshi, B.S., Djibril Ba, M.P.H.,
Guodong Liu, Ph.D., Douglas L. Leslie, Ph.D., and Aman Dhawan, M.D.
Purpose: To evaluate trends in procedures for the treatment of chondral injuries of the knee using the MarketScan
database in the hope that further work can be performed to refine the indications for chondral intervention Method-
s: The MarketScan Research Database was searched using Current Procedure Terminology, 4th edition, codes to identify
patients who underwent chondral procedures of the knee from 2005-2014. Combined procedures, including meniscal
transplant or osteotomy, were also identified. Patients were characterized by gender, age group and year of initial pro-
cedure. A c2 test was used to evaluate differences in surgical trends between individual patient groups delineated by age
and gender. The Cochran-Armitage trend test was used to identify significant differences in surgical trends yearly.
Results: Of 148,373,254 unique patients, 520,934 patients underwent a total of 599,119 procedures. Arthroscopy with
debridement/shaving of articular cartilage decreased in proportion from 75% of all procedures in 2005 to 51% of all
procedures in 2014 (P < .0001). Open osteochondral allograft saw the greatest change during the study period; a higher
number of females than males underwent condral procedures (P < .0001). Patients aged 45-54 underwent the most
procedures (32.9% of all procedures). A total of 483 patients underwent chondral procedures in conjunction with
meniscal transplant with variable incidence during the study period. A total of 1,418 patients underwent chondral pro-
cedures in conjunction with osteotomy; cumulative incidence decreased from 4.5 procedures per 1,000,000 patients/year
in 2005 to 2.6 procedures per 1,000,000 patients/year in 2014 (P < .0001). Conclusions: Knee arthroscopy with
debridement/shaving of articular cartilage remains the most common procedure performed. Although open allograft and
autograft transplantation saw a sustained increase in incidence, the overall incidence of cartilage procedures, as well as
those performed with osteotomies, declined. Level of Evidence: Level IV, cross-sectional study.
rticular cartilage injury of the knee remains a
Achallenging orthopaedic problem. The effects of
chondral defects on patient pain and function have led
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Arthroscopy, Sports Medicine, and Rehabilitation,
to significant research efforts to develop effective
treatments and understand the limitations of those
treatments.1-4 Several studies have shown success with
a variety of surgical techniques in a variety of patient
populations.5-11 There are limited randomized trials,
however, to allow for effective comparison of the
techniques that are most effective in treating isolated
cartilage defects of the knee, specifically in adults.12

Furthermore, secondary to the limitations of available
high-level studies, the incidence of procedures per-
formed has not been well described, especially with
regard to indications.
Additionally, there continue to be limitations in cur-

rent techniques, including inconsistent outcomes and
high rates of reoperation.12-15 This may be secondary to
the poor understanding of the demographics of patients
being treated and the indications for chondral inter-
vention. Frank et al.12 found a reoperation rate for all
patients undergoing microfracture, autologous chon-
drocyte implantation (ACI), osteochondral autograft
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transplantation or osteochondral allograft of 14.9% at 2
years with ACI, specifically, showing a 2-year reoper-
ation rate of 29.7%. In another study, Frank et al.13

found a 5-year reoperation rate of 37% for patients
undergoing osteochondral autograft transplantation.
Thus, there continues to be debate regarding best
practices, and practice trends continue to change as
surgeons seek to improve current treatments with
advancing techniques and refined indications.10,16-19

Despite questions regarding best practices and in-
dications, McCormick et al.20 noted a 5% annual in-
crease in the number of cartilage surgical procedures
between 2004 and 2011.
The purpose of our study was to evaluate trends in

procedures for the treatment of chondral injuries of the
knee using the MarketScan database in the hope that
further work can be performed to refine the indications
for chondral intervention. We sought to assess changes
in the incidence of these procedures and the epidemi-
ology of the patient population that has undergone
these procedures as well as concomitant procedures
such as osteotomies that have been performed in recent
years in a larger database than previously studied. Our
hypothesis was that microfracture and chondroplasty
would remain the most common procedures performed
for articular defects, although they would be decreasing
in proportion to other procedures.

Methods
The MarketScan database is a medical and drug in-

surance claims database that contains inpatient and
outpatient records and services from more than 100
insurance companies and large employers in the United
health care system. The database contains information
for more than 39 million individual patients for each
year included in this study. The following Current
Procedure Terminology (CPT), 4th edition, codes were
used to search for patients undergoing the following
procedures: 29,866 arthroscopy, knee, surgical; osteo-
chondral autografts (e.g., mosaicplasty, which includes
harvesting of the autografts); 29,867 arthroscopy, knee,
surgical; osteochondral allograft (e.g., mosaicplasty);
29,877 arthroscopy, knee, surgical; debridement/
shaving of articular cartilage (chondroplasty); 29,879
arthroscopy, knee, surgical; abrasion arthroplasty
(including chondroplasty when necessary) or multiple
drilling or microfracture; 27,412 ACI, knee; 27,415
osteochondral allograft, knee, open; and 27;416 osteo-
chondral autografts, knee, open (e.g., mosaicplasty,
including harvesting of autografts).
Patient data were divided into frequency of each

procedure type by year to examine yearly incidence.
The frequency of all chondral procedures independent
of individual CPT codes was recorded based on age
group (0-17, 18-34, 35-44, 45-54, 55-64) and gender
(male or female). The incidence of any chondral
procedure performed in conjunction with meniscal
transplant (CPT code 29868) or osteotomy (CPT codes
27448, 27450, 27454, 27455, 27457) was also
identified.
A c2 test was used to evaluate differences in surgical

trends between individual patient groups divided by age
group and gender. The Cochran-Armitage test was used
to identify statistically significant differences in yearly
surgical trends throughout the study period. All statis-
tical tests were 2-sided, and a P value of less than 0.05
was considered statistically significant.

Results
A total of 520,934 patients of 148,373,254 unique

patients in the database underwent a total of 599,119
chondral procedures between 2005 and 2014.
Arthroscopy with debridement/shaving of articular
cartilage was the most common procedure performed
overall, making up 68.7% (411,423) of all procedures
performed, but it decreased in proportion from 75%
(31,172/41,690) of all procedures in 2005 to 51%
(18,806/37,192) of all procedures in 2014 (P <.0001).
The second most commonly performed procedure was
arthroscopy with abrasion arthroplasty of multiple
drilling, or microfracture surgery, making up 29.2%
(175,021) of all procedures performed, but it increased
in proportion over the study period from 24% (9,922/
41,690) of all procedures in 2005 to 45% (16,754/
38,584) in 2014 (P <.0001). The rest of the examined
chondral procedures combined to make up just 2.1%
(12,675) of total procedures performed during the
study period.
The overall incidence of procedures was 4.04 pro-

cedures per 1,000 patients over 10 years, but incidence
declined, specifically from 2009-2014, from 19 pro-
cedures per 10,000 patients to 7.9 per 10,000 patients.
Open osteochondral allograft saw the greatest change
during the study period, increasing 259% in incidence
(Fig. 1) (Table 1). Both open osteochondral autograft,
which did not have a CPT code until 2008, and
arthroscopic osteochondral allograft increased 81% and
12%, respectively, in incidence during the study period
(P <.0001). ACI (e20%), arthroscopic osteochondral
autograft (e27%), chondroplasty (e68%), and micro-
fracture (e10%) all saw decreased incidence in 2014
compared to 2005, although annual incidence varied
throughout the study period (Fig. 1) (Fig. 2) (Table 1).
During the study period, females underwent more

total chondral procedures (311,918) than males
(287,205) (P < .0001). Females were more likely to
undergo chondroplasty and were almost equally likely
to undergo microfracture compared to males during the
study period (Fig. 3).
Patients aged 45-54 underwent the most chondral

procedures overall (32.9% of all procedures). Overall,
patients over the age of 45 accounted for 62.0% of all
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Fig. 1. Annual incidence of procedures.
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chondral procedures, whereas pediatric patients (age 17
or younger) made up just 4.4% of all procedures. Age
preference varied by procedure, with ACI, open
osteochondral allograft, open osteochondral autograft,
arthroscopic autograft, and arthroscopic allograft pro-
cedures all peaking in the 18-34 age group (P < .0001).
Chondroplasty and microfracture, which were much
more common overall, peaked in the 45-54 age group
(Fig. 4).
A total of 483 patients underwent chondral proced-

ures in conjunction with meniscal transplant; the inci-
dence ranged from 8.9 procedures per 100,000 patients
in 2012 to 14 procedures per 100,000 patients in 2014
(Fig. 5). Of these chondral procedures, open osteo-
chondral allografts were the most commonly performed
procedure in conjunction with meniscal transplant,
making up 28.1% of all procedures. Arthroscopy with
abrasion arthroplasty of multiple drilling or micro-
fracture surgery was the second most commonly per-
formed procedure in conjunction with meniscal
transplant, making up 21.3% of all procedures. A total
of 1,418 patients underwent chondral procedures in
conjunction with osteotomy, decreasing in incidence
from 4.5 procedures per 10,000 patients in 2005 to 2.6
procedures per 10,000 patients in 2014. During this
period, arthroscopy with debridement/shaving of
Table 1. Annual Incidence of Procedure Performed and Total Nu

2005 2006 2007 2008

Autologous chondrocyte
implantation

3.53E-03 3.01E-03 2.99E-03 3.77E-03

Open allograft 2.06E-03 2.58E-03 3.53E-03 2.56E-03
Open autograft NA NA NA 1.45E-03
Arthroscopic autograft 5.16E-03 5.14E-03 4.39E-03 4.45E-03
Arthroscopic allograft 3.55E-03 4.55E-03 3.23E-03 4.11E-03
Chondroplasty 7.48E-01 7.30E-01 7.26E-01 7.27E-01
Microfracture 2.38E-01 2.55E-01 2.59E-01 2.57E-01
Total annually 41690 57419 62595 73741
articular cartilage was the most common procedure
performed in conjunction with osteotomy, making up
41.2% of all procedures. This was followed by
arthroscopy with abrasion arthroplasty of multiple
drilling or microfracture surgery, which made up
30.1% of all procedures performed in conjunction with
osteotomy.

Discussion
The results of the study confirmed our hypothesis that

chondroplasty and microfracture remain the most
common procedures performed for articular cartilage
lesions of the knee at 51% and 45% of procedures as of
2014. However, despite a decrease in the proportion of
cases consisting of chondroplasty (75% in 2005 to 51%
in 2014), microfracture actually increased from 24% of
all cases in 2005 to 45% of all cases in 2014. Although
the incidence of microfracture remained stable over the
study period, the incidence of chondroplasty decreased
by 68%. This is probably because of the decrease in
these procedures used in isolation despite the clinical
improvement shown when performed with appropriate
indications.21-23

Ignoring chondroplasty and microfracture, the inci-
dence of other procedures increased from 2.38 pro-
cedures per 100,000 patients in 2005 to 3.45
mber in Database

2009 2010 2011 2012 2013 2014

3.91E-03 3.27E-03 3.58E-03 5.32E-03 6.69E-03 5.94E-03

3.25E-03 4.11E-03 5.23E-03 8.71E-03 1.41E-02 1.57E-02
2.21E-03 2.60E-03 3.00E-03 4.68E-03 5.60E-03 5.97E-03
4.20E-03 4.09E-03 4.28E-03 7.06E-03 7.67E-03 7.88E-03
3.16E-03 3.04E-03 3.34E-03 5.85E-03 7.33E-03 8.42E-03
7.27E-01 7.24E-01 7.26E-01 5.67E-01 5.24E-01 5.06E-01
2.56E-01 2.59E-01 2.55E-01 4.01E-01 4.34E-01 4.50E-01
74124 76086 83016 54672 38584 37192
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procedures per 100,000 patients in 2014. Specifically,
open osteochondral allograft saw a 2.6 increase in
incidence, and open osteochondral autograft saw a 0.8
increase, suggesting a shift toward increasing open
chondral restorative procedures, specifically in younger
patients, who most commonly underwent these pro-
cedures. Other chondral restorative procedures saw less
of a change in incidence; arthroscopic allograft pro-
cedure incidence increased 12%, whereas ACI and
arthroscopic autograft procedures decreased by 20%
and 27%, respectively, in incidence over 10 years.
Previous studies have shown varying results with

regard to trends in cartilage procedures of the knee.
Gowd et al.24 saw a linear increase in both arthroscopic
and open autograft and allograft procedures as well as
ACI when looking at more than 15,000 procedures
between 2010 and 2016 in the American College of
Surgeons National Surgical Quality Improvement Pro-
gram. The shorter time period and smaller number of
procedures may explain the difference seen when
looking specifically at arthroscopic autograft and ACI
procedures during the same time period in our study.
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Fig. 3. Distribution of procedures by
gender.
Hancock et al.25 evaluated the trends in knee articular
cartilage treatments in recently trained surgeons by
using data from the American Board of Orthopaedic
Surgery Part II database. Although Hancock et al.
demonstrated a 46% decrease in the overall number of
procedures performed between 2004 and 2013, our
data demonstrated a 53% decrease in procedure inci-
dence over a similar period (16.7 per 10,000 patients in
2005 to 7.9 per 10,000 patients in 2014). The overall
distribution of cases in our larger representative popu-
lation was similar; chondroplasty, microfracture and
osteochondral grafting were the 3 most common pro-
cedures performed.
It is interesting that our results differed from those

found by Montgomery et al.,26 who used a different
national commercial claims database, PearlDiver. These
authors foundminimal change in theoverall incidence of
cartilage procedures in the knee over a 6-year period,
from 2004-2009 (1.27-1.53 cases per 10,000 patients;
P ¼ .06) and found that males were more likely to un-
dergo anyprocedure.Our datawere consistentwith their
finding that microfracture and chondroplasty were the
Procedure

Male Female
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most common procedures performed and that patients
older than 40 underwent a significant number of these
procedures. Differences between the studies may be
related to evaluation of a larger number of patients,more
than 3.5 times larger in the MarketScan Research data-
base, or to a longer timeframe (2005-2014), as well as to
more recent data in the presented work.
Although the total number of procedures performed

concomitantly with meniscal transplant remained
steady throughout the study period, there was a 42%
decrease in the number of procedures being performed
concomitantly with osteotomies (4.5 procedures per
10,000 patients in 2005 to 2.6 procedures per 10,000
patients in 2014). The decreasing number of procedures
may indicate narrowing indications for concomitant
cartilage-regeneration procedures in patients with
alignment deformities necessitating osteotomy. This
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may be secondary to multiple studies that have
demonstrated mixed results with regard to outcomes,
complication rates and reoperation rates following
osteotomy.27-31
Limitations
Limitations of our study include the limited de-

mographic and clinical details for the patients who un-
derwent any procedure. Specifically, we did not consider
patient factors, such as activity levels or clinical factors,
such as mechanical alignment, concomitant pathology,
or location, size or grading of the lesion, which can in-
fluence procedural decisions. Thus, we made the
assumption that the distribution of clinical factors and
lesion characteristics for patients present in the popula-
tion were constant in each year of the study period.
2 2013 2014

 Osteotomy

Fig. 5. Incidence of combined procedures
with meniscal transplant or osteotomy.
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The population of patients studied each year also
varies based on insurance coverage, employment and
other factors that may affect a patient’s presence or
absence from the database. Additionally, we used an
insurance and commercial claims database, so there is
variability in who enters coding data concerning pa-
tients and in the accuracy of those data, depending on
the source; that can cause error or bias in the database.
The data are entered fundamentally for the purpose of
financial remuneration, not for research or epidemi-
ology. This discrepancy in purpose may create vari-
ability in the data and specifics available for each
procedure. There also are changes in coding and
reimbursement practices, such as the bundling of
debridement of articular cartilage when done concom-
itantly with meniscectomy effected in 2011, and that
may alter the way in which these procedures are coded.
Our chondroplasty data from later than 2011, thus,
represents a conservative estimate; many more were
probably performed but were bundled with concomi-
tant procedures. Despite this, chondroplasty remained
the most common cartilage procedure performed
in 2014.

Conclusions
Knee arthroscopy with debridement/shaving of

articular cartilage continues to be the most commonly
performed procedure for chondral defects, although it is
decreasing in proportion to other procedures; open
osteochondral allograft showed the greatest increase in
incidence between 2005 and 2014. Of chondral
restorative procedures, only open allograft and auto-
graft transplantation saw a sustained increase in inci-
dence. Females and patients 45-54 years of age
underwent the most procedures overall. Cartilage pro-
cedures had an overall incidence of 4.04 procedures per
1,000 patients over 10 years, but the incidence
declined, specifically from 2009-2014, from 19 pro-
cedures per 10,000 patients to 7.9 per 10,000 patients.
The incidence of cartilage procedures performed in
conjunction with osteotomies decreased 42% over 10
years.
Institutional Review Board: A waiver was granted

by the Institutional Review Board after review of the
study’s methodology.
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