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Abstract

Purpose The purpose of this study was to evaluate trends

in surgical treatment of articular cartilage defects of the

knee in the United States.

Methods The current procedural terminology (CPT)

billing codes of patients undergoing articular cartilage

procedures of the knee were searched using the PearlDiver

Patient Record Database, a national database of insurance

billing records. The CPT codes for chondroplasty, micro-

fracture, osteochondral autograft, osteochondral allograft,

and autologous chondrocyte implantation (ACI) were

searched.

Results A total of 163,448 articular cartilage procedures

of the knee were identified over a 6-year period. Micro-

fracture and chondroplasty accounted for over 98 % of

cases. There was no significant change in the incidence of

cartilage procedures noted from 2004 (1.27 cases per

10,000 patients) to 2009 (1.53 cases per 10,000 patients)

(p = 0.06). All procedures were performed more com-

monly in males (p \ 0.001). This gender difference was

smallest in patients undergoing chondroplasty (51 % males

and 49 % females) and greatest for open osteochondral

allograft (61 % males and 39 % females). Chondroplasty

and microfracture were most commonly performed in

patients aged 40–59, while all other procedures were per-

formed most frequently in patients \40 years old

(p \ 0.001).

Conclusions Articular cartilage lesions of the knee are

most commonly treated with microfracture or chondro-

plasty in the United States. Chondroplasty and microfrac-

ture were most often performed in middle-aged patients,

whereas osteochondral autograft, allograft, and ACI were

performed in younger patients, and more frequently in

males.

Level of evidence Cross-sectional study, Level IV.
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Introduction

Articular cartilage defects of the knee present a challenging

problem for orthopaedic surgeons, and the treatment of these

defects represents an active area of orthopaedic research.

Full-thickness chondral defects are commonly found during

arthroscopy in the general population and seen at a higher

frequency in athletes. Curl et al. [7] reported chondral lesions

in 63 % of patients in a retrospective review of over 30,000

arthroscopies in patients of all ages.

During the past two decades, several cartilage reparative

and restorative procedures have been developed. Current

options in the United States include debridement, sub-

chondral marrow stimulation, reconstruction using allo-

graft or autograft, and regeneration via grafting autologous

chondrocyte cells [23]. Second-generation systems are now

available outside of the United States that employ

absorbable scaffolds to support autologous chondrocytes

prior to implantation, and systems employing growth fac-

tors and stem cell therapy are on the horizon [17, 21].

The indications for procedures addressing articular car-

tilage defects are evolving as more data become available on
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clinical outcomes. Current treatment algorithms for cartilage

restoration procedures are based primarily on the size of the

defect, functional demands of the patient, and age [1, 9]. At

present, there are limited clinical studies demonstrating

superiority of any one procedure addressing these lesions [5,

13]. Although there are a number of different cartilage res-

toration procedures being performed in the United States,

there are no data describing the frequency with which they

are being used nor the demographics of the patients under-

going these procedures. The purpose of this study was to use

a cross-sectional analysis to evaluate trends in surgical

treatment of articular cartilage defects of the knee in the

United States and to test the hypothesis that the performance

of these procedures is increasing and utilized primarily in a

younger patient population.

Materials and methods

The current procedural terminology (CPT) billing codes of

patients undergoing articular cartilage procedures of the

knee were searched using the PearlDiver Patient Record

Database (PearlDiver Technologies, Inc., Fort Wayne, IN).

This database is a national insurance database with the

largest contribution being from UnitedHealth Group. From

the years 2004 to 2009, over 216 million orthopaedic patient

records exist in the database from over 11 million patients

with an orthopaedic International Classification of Disease,

Ninth Revision (ICD-9) diagnosis code or CPT code [8].

Procedures and the corresponding CPT codes searched

included chondroplasty, microfracture, osteochondral

autograft, osteochondral allograft, and autologous chon-

drocyte implantation (ACI). The complete definitions of

these codes are listed in Table 1. Each of these CPT codes

was then searched in combination with high tibial osteot-

omy. The type of procedure, date, gender, and region of the

country (West, Midwest, Northeast, and South) was iden-

tified for each patient.

Statistical analysis

Chi-square analysis was used to determine the statistical sig-

nificance with regard to gender, age, and region. Linear

regression was performed to test the significance of trends over

time. Variations in the total number of orthopaedic patients in

the database for a given time, gender, age, or region were

accounted for when performing statistical analysis [24].

Results

A total of 163,448 articular cartilage procedures of the

knee were identified from the years 2004 to 2009. The most

commonly identified codes were observed when chondro-

plasty (125,245) and microfracture (36,095) were searched,

together accounting for over 98 % of all cases. The fewest

number of codes were identified when open osteochondral

autograft was searched, yielding 107 patients. Arthroscopic

osteochondral autograft (696), arthroscopic osteochondral

allograft (633), open osteochondral allograft (310), and

ACI (362) accounted for the remaining identified

procedures.

Temporal trends

There was an increase in the total number of procedures

from 19,772 in 2004 to 29,432 in 2009. However, linear

regression analysis revealed that this difference did not

reach statistical significance in the incidence of proce-

dures identified over the 6-year study period from 2004

to 2009 when normalized to the number of patients in

the database during those years (p = 0.06) (Table 2).

Articular cartilage procedures were performed in

33–40 % of all patients undergoing knee arthroscopy

depending on the year (Table 2), with the majority of

these procedures being chondroplasties.

Age

Patients were stratified into three groups representing a

young (\40 years old), middle-aged (40–59 years), and

Table 1 Description of articular cartilage CPT codes

Manuscript description

of CPT code

Code definition

Chondroplasty Arthroscopy, knee, surgical; debridement/

shaving of articular cartilage

(chondroplasty)

Microfracture Arthroscopy, knee, surgical; abrasion

arthroplasty (includes chondroplasty

where necessary) or multiple drilling or

microfracture

Arthroscopic

osteochondral

autograft

Arthroscopy, knee, surgical; osteochondral

autograft(s) (e.g. mosaicplasty) (includes

harvesting of the autograft[s])

Open osteochondral

autograft

Osteochondral autograft(s), knee, open

(e.g. mosaicplasty) (includes harvesting

of autograft[s])

Arthroscopic

osteochondral

allograft

Arthroscopy, knee, surgical; osteochondral

allograft (e.g. mosaicplasty)

Open osteochondral

allograft

Osteochondral allograft, knee, open

Autologous

chondrocyte

implantation

Autologous chondrocyte implantation,

knee
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older population ([60 years) (Fig. 1). Using this strati-

fication, chondroplasty and microfracture were both

observed at a significantly higher rate in patients aged

40–59 years (p \ 0.001), accounting for 64 and 61 % of

patients undergoing these procedures, respectively.

Osteochondral allograft (open and arthroscopic), osteo-

chondral autograft (open and arthroscopic), and ACI

were all preformed at a significantly higher rate in

patients aged \40 years (p \ 0.001).

Gender

All procedures combined, and each individual procedure,

was performed more commonly in males compared to

females. This difference was smallest with chondroplasty

(52 % males and 48 % females) and microfracture (54 %

males and 46 % females). The magnitude of this difference

was much higher for all other procedures and greatest in

patients undergoing arthroscopic osteochondral allograft

(61 % males and 39 % females). All differences were

statistically significant when compared to the gender

breakdown of those patients searched in the database

(p \ 0.05).

Regional distribution

The database is most well represented by the South (45 %

of all patients), whereas the Northeast has the smallest

representation (13 % of patients). With all procedures

combined, the Northeast accounted for a significantly

smaller proportion of patients (9.8 %) than its representa-

tion in the database, while all other regions accounted for a

slightly larger proportion of patients (p \ 0.001). In all

procedures except ACI and open osteochondral autograft

(n.s.), statistically significant regional differences were

observed (p \ 0.05) (Fig. 2). Arthroscopic osteochondral

allograft was the only procedure in which more patients in

the Northeast were observed than expected (p \ 0.001).

Articular cartilage procedures combined with high

tibial osteotomy

High tibial osteotomy (HTO) was searched in combination

with each articular cartilage procedure to evaluate the

incidence of HTO with each type of intervention. High

tibial osteotomy was performed at a significantly higher

rate in conjunction with ACI (6.3 % of cases) and with

Table 2 Summary of annual

performance of articular

cartilage procedures

Years Articular

cartilage

procedures

Patients

in

database

Incidence per

10,000

patients

Total number

of knee

arthroscopies

Percentage of knee arthroscopies

involving an articular cartilage

procedure

2004 19,772 1,561,066 1.27 59,940 33

2005 22,973 1,787,491 1.29 67,636 34

2006 30,039 1,914,721 1.57 75,570 40

2007 30,366 1,958,644 1.55 76,141 40

2008 30,866 2,003,157 1.54 78,542 39

2009 29,432 1,927,960 1.53 75,143 39

Fig. 1 Percentage of patients within each procedure aged \40 years, 40–59 years, and [60 years. ACI: autologous chondrocyte implantation

2072 Knee Surg Sports Traumatol Arthrosc (2014) 22:2070–2075

123



open osteochondral allograft (4.5 % of cases) compared to

all other procedures (p \ 0.001) (Fig. 3).

Discussion

The most important finding of the present study was that

chondroplasty and microfracture were performed com-

monly in middle-aged patients. Articular cartilage defects

of the knee are common, and the development of surgical

interventions to decrease pain and improve function sec-

ondary to these lesions represents an evolving area in

orthopaedic surgery. Currently, minimal data exist on the

utilization of these procedures in the United States or on

the demographics of patients undergoing these procedures.

We are unaware of similar studies evaluating changes in

the incidence of these procedures with time.

Chondroplasty and microfracture were observed most

often in this database search, yielding 125,245 and 36,095

patients, respectively. Debridement or microfracture are

often first-line treatments, particularly for small chondral

defects, given the relative ease of these procedures, low

cost, and practicality of performing each with other

arthroscopic procedures such as meniscus repair and liga-

ment reconstruction. Chondroplasty, despite its inability to

restore the articular surface, has been demonstrated to have

Fig. 2 Percentage above or

below expected regional

incidence of each procedure

based on the regional

distribution of patients in the

database

Fig. 3 Percentage of each

procedure performed in

combination with high tibial

osteotomy
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benefit in addressing chondral defects in the knee [12].

Additionally, patients have improved their clinical score

following treatment with microfracture in several studies

[6, 10, 16, 19, 22].

In this study, chondroplasty and microfracture were more

commonly performed in patients aged 40–59 years, while all

other procedures were performed more commonly in those

\40 years of age. Age is an important and controversial

consideration in cartilage repairing and restoring procedures

in the knee and has been implicated in the degree of success

achieved with these procedures [15]. In a survey of 242

orthopaedic surgeons in Europe, 33.1 % have an age limit for

invasive cartilage repair, with 22.7 % treating patients only

under the age of 60 and 32.2 % treating patients exclusively

\50 years old [20]. Accordingly, the utility of these proce-

dures in older patients, who are more likely to have diffuse

cartilage degeneration, continues to be a matter of debate.

High-level-of-evidence studies on cartilage surgery are from

randomized controlled trials in patients under 50 years with

focal defects without generalized osteoarthritis. Although

debriding fragments of articular cartilage or chondral flaps

may not be harmful, they may offer no benefit compared to

nonoperative management [14]. Moreover, more aggressive

methods such as microfracture can lead to an increase in the

thickness of the subchondral bone plate and thus may pre-

dispose the joint to further cartilage degeneration [2]. The

cost of rehabilitation, sick leave, crutches, and continuous

passive motion (CPM) must also be considered.

In this study, a greater incidence of procedures was

found in male compared to female patients. These results

are consistent with prior studies reporting on articular

cartilage procedures of the knee. However, in the Norwe-

gian ACL registry, no gender differences in the prevalence

of articular cartilage lesions were observed [11]. Interest-

ingly, we found that gender differences were much smaller

in patients undergoing microfracture and chondroplasty

compared to chondrocyte implantation, autologous trans-

fer, or osteochondral allograft. The results of the current

study suggest that males are more frequently undergoing

these procedures.

Although considerable regional variation existed among

the various procedures analysed in this study, the Northeast

consistently had a lower incidence of cartilage repairing

and restoring procedures when compared to the West,

Midwest, and Southern regions of the United States. The

reason for this difference is unclear. In an analysis of

drivers of surgery rates for the degenerative hip, knee, and

spine, Bederman et al. [4] identified age, nonminority,

insurance coverage, and surgeon enthusiasm as factors that

increased surgical rates. Specialty training in sports medi-

cine has been shown to affect the rates of meniscal repair in

combination with anterior cruciate ligament (ACL)

reconstruction [18].

It is generally agreed that mechanical alignment must be

restored prior to performing a cartilage repairing or

restoring procedure in the knee. In particular, high tibial

osteotomy is necessary to correct varus deformity when

addressing chondral defects of the medial compartment [1].

High tibial osteotomy was most commonly performed with

ACI and osteochondral allograft. Few reports exist in the

literature describing the use of high tibial osteotomy in

conjunction with these procedures. In a study of femoral

osteochondral allograft for the treatment of post-traumatic

knee defects, 68 % of patients underwent a concomitant

realignment procedure and were found to have similar

outcomes to those who underwent osteochondral allograft

alone [3].

This study has a number of limitations. Although the

study included a search of over 11 million patients with an

orthopaedic ICD-9 or CPT code across all four regions of

the United States, this does not necessarily provide a rep-

resentative sample of the US population as a whole. Also,

there is no patient-specific information (i.e. size of articular

cartilage defect), operative report details, post-operative

rehabilitation information, or outcome data available.

Specifically, missing procedure details adds complexity in

interpreting the chondroplasty data, as the term chondro-

plasty can be used to describe procedures ranging from

debridement of loose cartilage flaps to those involving

subchondral stimulation. However, based on the definitions

of CPT codes for chondroplasty and microfracture, the

code for microfracture indicates a more aggressive proce-

dure more likely to involve stimulation of subchondral

bone. Also, information about regional differences in

confounding factorssuch as BMI and smoking habits is not

available, and as with any database search using CPT

codes, the results are subject to error introduced by

improper coding.

Lastly, this study addresses a relatively broad topic

including a number of different procedures. Future studies

may be aimed at further subgroup analysis within each

procedure and cross-referencing with other CPT codes and

ICD-9 codes, such as those for meniscal and ligament

injury, to further delineate the characteristics of surgeries

addressing articular cartilage defects of the knee.

Conclusions

Articular cartilage lesions of the knee are most commonly

treated with microfracture or chondroplasty in the United

States, and no significant increase in utilization of these

procedures was observed during the years evaluated.

Chondroplasty and microfracture were most often per-

formed in middle-aged patients, whereas osteochondral

autograft, allograft, and autologous chondrocyte
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implantation (ACI) were performed in younger patients,

and more frequently in males. This study provides infor-

mation on current practice patterns in the treatment of

articular cartilage defects of the knee as the orthopaedic

community attempts to elucidate the most effective pro-

cedures to treat this pathology and the demographics of

patients most likely to respond to these treatments.
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