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Background: Treatment of patellofemoral instability has evolved as our understanding of the relevant pathoanatomy has
improved. In light of these developments, current practice patterns and management trends have likely changed to reflect these
advancements; however, this has not been evaluated in a formal study.

Purpose: To determine nationwide patient demographics, surgical trends, and postoperative complications associated with the
operative management of patellar instability surgery.

Study Design: Descriptive epidemiological study.

Methods: A large private-payer database (PearlDiver) comprising patients covered by Humana and United Healthcare insurance
policies was retrospectively reviewed using Current Procedural Terminology (CPT) codes to identify patients who underwent
surgery for patellar instability. The study cohort was established by querying for patients billed under CPT codes 27420, 27422, or
27427 while satisfying the diagnostic requirement of patellar instability (International Classification of Diseases–9th Revision codes
718.36, 718.86, or 836.3). Patient demographics, surgical trends, concomitant procedures, and postoperative complications were
determined.

Results: A total of 6190 patients underwent surgical management for patellar instability. Adolescents (age range, 10-19 years)
represented 51.5% of cases, and 59.6% were female. The number of patellar instability procedures increased annually over the
study period in both the Humana (P ¼ .004, R2 ¼ 0.76) and United Healthcare (P ¼ .097, R2 ¼ 0.54) cohorts. The most common
concomitant procedures were lateral retinacular release (43.7%), chondroplasty (31.1%), tibial tubercle osteotomy (13.1%),
removal of loose bodies (10.5%), osteochondral grafting (9.5%), and microfracture surgery (9.5%). Manipulation under anesthesia
was required in 4.6% of patients within 1 year. Patellar fracture within 1 year and infection within 30 days occurred in 2.1% and
1.2% of patients, respectively.

Conclusion: Patellar instability surgery has increased over the past decade. This finding may be attributed to growing clinical
evidence to support these procedures as well as increased surgeon familiarity and comfort with these specific techniques. We
observed an unexpectedly high rate of concomitant lateral retinacular release. Overall, the rates of commonly recognized com-
plications (stiffness, patellar fracture, and postoperative infection) were similar to those observed in smaller case series.
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Recurrent patellofemoral instability is a condition that
predominantly affects young adults, particularly females,
in the second and third decades of life.12 It is now under-
stood that the associated pathophysiology involves disrup-
tion of the medial patellofemoral ligament (MPFL), the
primary soft tissue stabilizer that provides 50% to 60% of

the medial restraining force to lateral dislocation.10,20

While the rate of recurrence after first-time dislocation is
highly variable across studies (13%-40%), patients who
have had at least 2 dislocations demonstrate a 50% recur-
rence rate.18 These observed rates of redislocation are even
higher among patients with confirmed MPFL injury on mag-
netic resonance imaging (MRI).6,36 Risk factors for this con-
dition include high-energy trauma at the time of primary
injury, insufficient vastus medialis oblique (VMO) strength,
positive family history, and preexisting anatomical variation
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such as ligament laxity, increased quadriceps (Q)-angle,
trochlear dysplasia, and patella alta.1

As a result of recurrent dislocation, patients frequently
present with significant comorbid soft tissue and joint dam-
age, particularly involving the articular cartilage of the
patella, lateral femoral condyle, and trochlea.31,45 The prev-
alence of traumatic cartilage damage after patellar disloca-
tion has been shown to be as high as 40% to 96%.10,46

Clinically, this may manifest as debilitating anterior knee
pain, limitation of activities of daily living, and restricted
participation in athletics. In the majority of cases, a course
of nonoperative management (activity modification and
physical therapy) is initiated. However, due to the preva-
lence of recurrent, symptomatic dislocation among this rel-
atively young and active patient population, surgical
treatment may be necessary to restore joint stability and
improve function in cases of recurrent instability. Among
these techniques, MPFL reconstruction has evolved over
the past few decades, with numerous technical improve-
ments in graft choice, surgical fixation, and graft tension-
ing, thereby resulting in improved functional outcomes in
recent clinical studies.11,15,23 Given the heightened aware-
ness of comorbid soft tissue/articular cartilage pathology
and an improved understanding of anatomic variations and
their contributions to instability, additional surgical treat-
ment may include concomitant articular cartilage proce-
dures (eg, chondroplasty, autologous chondrocyte
implantation, osteochondral allograft) or bony/soft tissue
realignment (eg, lateral retinacular release, tibial tubercle
transfer, trochleoplasty).7,8,13,39,40

Despite the reported clinical success of patellar insta-
bility surgery, there are limited data on the current
nationwide surgical trends, utilization, and associated com-
plications of these procedures.38 The purpose of this study
was to determine patient demographics, surgical trends
including concomitant procedures, and postoperative com-
plications associated with patellar instability surgery
using a large national database. We hypothesized that
nationwide trends would reveal a steady annual increase
in patellar instability surgery performed over the study
period. Accordingly, we hypothesized a higher rate of
postoperative complications than previously reported in
smaller case series with wider adoption of the procedure.

METHODS

A retrospective review of the PearlDiver Patient Record
Database (www.pearldiverinc.com) was conducted for
patients undergoing patellar instability surgery. This com-
mercially available database consists of approximately 20
million patients with orthopaedic diagnoses compiled from
2 large private insurance providers based in the United

States: United Healthcare and Humana. Clinical diagnoses
can be queried by using patient billing codes, including
those classified by International Classification of Dis-
eases–9th Revision (ICD-9) and Current Procedural Termi-
nology (CPT).3,48,50

To ensure appropriate study inclusion, a cohort of
patients undergoing patellar instability surgery was deter-
mined by searching for relevant billing codes (CPT codes
27420, 27422, and 27427) while satisfying the diagnostic
requirement for patellar instability (ICD-9 718.36, 718.86,
or 836.3). Data were available from 2007 to 2011 for the
United Healthcare database and from 2007 to 2014 for the
Humana database. The demographic data for each record
included the patient’s age, sex, and year of procedure. For
age distributions, patients were categorized into groups
aged 10 to 19 years (adolescents), 20 to 34 years (young
adults), and �35 years (adults) based on the known demo-
graphics of patellar instability. A linear regression model
was used to determine the R2 coefficient and associated P
value to ascertain the trends for the annual number of pro-
cedures across the study period. Statistical significance was
set at the P < .05 threshold.

To determine the incidence of concomitant procedures,
the aforementioned cohort was queried to identify patients
who underwent a secondary procedure on the same day
and billing record as the primary patellar instability pro-
cedure. The incidence of commonly recognized postopera-
tive complications was also determined by querying the
database for secondary procedures performed for the fol-
lowing: (1) infection requiring surgical treatment within
30 days of the index procedure, (2) loss of motion requiring
manipulation under anesthesia within 1 year of the index
procedure, and (3) patellar fracture within 1 year of the
primary procedure (Table 1).

RESULTS

A total of 6190 patients who underwent patellar instabil-
ity surgery were identified during the aforementioned
time period (Table 2). Of these, 1067 patients were identi-
fied in the Humana database from 2007 to 2014 and 5123
were identified in the United Healthcare database from
2007 to 2011. Females comprised 59.6% of the total cohort.
Overall, 51.5% of cases were adolescents (age range, 10-19
years) and 33.0% were young adults (age range, 20-34
years). The sex and age distributions were comparable
between Humana and United Healthcare cohorts. In
the Humana cohort, we observed an annual increase in
the number of patellar instability procedures performed
over the study period from 2007 to 2014 (P ¼ .004, R2 ¼
0.76). We also observed an overall increase in annual case
volume over the study period in the United Healthcare
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cohort; however, this trend was not statistically signifi-
cant (P ¼ .097, R2 ¼ 0.54).

The database was queried for a series of CPT codes cor-
responding to concomitant procedures and postoperative
complications requiring surgical management. The most
common concomitant procedures were lateral retinacular
release (43.7%), chondroplasty (31.1%), tibial tubercle
osteotomy (13.1%), removal of chondral fragments/loose
bodies (10.5%), chondroplasty (9.5%), and microfracture
surgery (9.5%) (Table 3). With regard to complications, loss
of knee motion requiring manipulation under anesthesia
(MUA) occurred in 4.6% of patients within 1 year of the
primary patellar stabilization procedure. Patellar fracture

occurred in 2.1% of the cohort within 1 year of the index
procedure, and infection requiring reoperation occurred in
1.2% of the cohort (Table 4). The incidence of concomitant
procedures and complications was comparable between the
Humana and United Healthcare cohorts.

DISCUSSION

As our understanding of the pathoanatomy associated with
patellofemoral instability has improved and surgical tech-
niques have evolved, patellar stabilization surgery, and
MPFL reconstruction in particular, has emerged as a

TABLE 1
CPT Codes for Primary Patellar Instability Surgery, Associated Concomitant Procedures, and Postoperative Complicationsa

CPT Code Description

Primary patellar stabilization procedure
27420 Reconstruction of dislocating patella (eg, Hauser-type procedure)
27422 Reconstruction of dislocating patella with extensor realignment and/or muscle advancement or

release (eg, Campbell, Goldwaite-type procedure)
27427 Ligamentous reconstruction (augmentation), knee; extra-articular

Concomitant procedures
Tibial tubercle osteotomy

27418 Anterior tibial tubercleplasty (eg, Maquet-type procedure)
Microfracture surgery

29879 Arthroscopy, knee, surgical; abrasion arthroplasty (includes chondroplasty where necessary) or
multiple drilling or microfracture

Chondroplasty
29877 Arthroscopy, knee, surgical; debridement/shaving of articular cartilage (chondroplasty)

Osteochondral grafting
27412 Autologous chondrocyte implantation, knee
27415 Osteochondral allograft, knee, open
27416 Osteochondral autograft(s), knee, open (eg, mosaicplasty) (includes harvesting of autograft[s])
29866 Arthroscopy, knee, surgical; osteochondral autograft(s) (eg, mosaicplasty) (includes harvesting

of the autograft)
29867 Arthroscopy, knee, surgical; osteochondral allograft (eg, mosaicplasty)
29870 Harvesting of chondrocytes; arthroscopy, knee, diagnostic, with or without synovial biopsy

(separate procedure)
Loose cartilage removal

29874 Arthroscopy, knee, surgical; for removal of loose body or foreign body (eg, osteochondritis dissecans
fragmentation, chondral fragmentation)

Lateral retinacular release
27425 Lateral retinacular release, open
29873 Arthroscopy, knee, surgical; with lateral release

Postoperative complications
Infection (30 d)

27301 Incision and drainage, deep abscess, bursa, or hematoma, thigh or knee region
27303 Incision, deep, with opening of bone cortex, femur or knee (eg, osteomyelitis or bone abscess)
27310 Arthrotomy, knee, with exploration, drainage, or removal of foreign body (eg, infection)
29871 Arthroscopy, knee, surgical; for infection, lavage, and drainage

Knee stiffness (1 y)
27570 Manipulation of knee joint under general anesthesia (includes application of traction or other

fixation devices)
29884 Arthroscopy, knee, surgical; with lysis of adhesions, with or without manipulation (separate

procedure)
Patellar fracture (1 y)

27520 Closed treatment of patellar fracture, without manipulation
27524 Open treatment of patellar fracture, with internal fixation and/or partial or complete patellectomy

and soft tissue repair

aCPT, Current Procedural Terminology.
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popular treatment option for patients with recurrent insta-
bility. Several clinical studies have demonstrated reliable
success with reduced rates of patellar instability and objec-
tive improvements in knee function.11,23,32 Current data on
management trends and complications have been limited to
small case series.33,34,43 There is a paucity of data regarding
the nationwide practice patterns and surgical trends asso-
ciated with these procedures in the United States. Utilizing
a national population-based analysis, we observed a statis-
tically significant increase (P¼ .004, R2¼ 0.76) in the num-
ber of patients who underwent surgical management of
patellar instability in the Humana registry from 2007 to
2014. This observation may reflect increased surgeon com-
fort and familiarity with relevant techniques as well as
broader acceptance and adoption of commonly accepted
procedures as more scientific evidence has become avail-
able to support the reliable success of patellar stabilization,
specifically MPFL reconstruction.

The demographics in this large nationwide cohort were
generally consistent with those reported in smaller case
series. The observed age distribution confirms that patello-
femoral instability commonly affects patients in their ado-
lescent and young adult years, defined as ages 10 to 19 and
20 to 34 years, respectively, in this study.17,47 In general,
the female predominance of this condition is explained by
established anatomic variations, particularly an increased
Q-angle and femoral anteversion relative to males.25,28

However, some authors have noted that sex is not a signif-
icant risk factor for patellar dislocation, and that in the case
of acute, traumatic patellar dislocation, males actually
have a greater incidence of injury.21,47

Recurrent patellar dislocation is associated with an
increased prevalence of patella alta, increased tibial tuber-
cle to trochlear groove (TT-TG) distance, rotational defor-
mity, and trochlear dysplasia.42 Certainly, multiple factors
contribute to the overall risk of patellar dislocation, and the

presence of various anatomic factors must be addressed at
the time of surgery to ensure a successful outcome. Using
the PearlDiver database, we were able to determine the
most common concomitant procedures that were performed
at the time of patellar stabilization. We observed an unex-
pectedly high rate of lateral retinacular release (43.7%) in
our patient cohort. While this technique has largely fallen
out of favor as an isolated procedure for the treatment of
recurrent dislocation due to unacceptably high failure
rates, many studies have reported its concomitant use with
stabilization procedures such as MPFL reconstruc-
tion.4,19,37 Though the lateral retinaculum is an important
secondary stabilizer of the patellofemoral joint,16,26 the effi-
cacy of combined MPFL reconstruction and lateral release
is controversial, with some studies showing no significant
difference in success rates and others showing reduced lat-
eral stability with in vivo and biomechanical models.9,27,44

Despite the aforementioned data, our analysis demon-
strates that lateral release is frequently performed as an
adjunct procedure in patients who undergo patellar stabi-
lization. Tibial tubercle osteotomy, which can be performed
to optimize patellar alignment and correct patellar height,
was performed in 13.1% of patients. While the precise inci-
dence of this procedure has not been studied to our knowl-
edge, it is a reliable treatment option in skeletally mature
patients with patella alta or an increased TT-TG dis-
tance.2,18 Though no epidemiological studies have investi-
gated the precise incidence of increased TT-TG distance in
patients with patellofemoral instability, some authors have
reported that a TT-TG distance >20 mm can be observed in

TABLE 2
Patient Characteristicsa

Characteristic

Humana,
2007-2014
(n ¼ 1067)

United Healthcare,
2007-2011
(n ¼ 5123)

Combined
(N ¼ 6190)

Sex
Male 39.0 (416) 40.7 (2085) 40.4 (2501)
Female 61.0 (651) 59.3 (3038) 59.6 (3689)

Age distribution, y
10-19 49.1 (524) 52.0 (2664) 51.5 (3188)
20-34 32.3 (345) 33.0 (1691) 33.0 (2036)
�35 18.6 (198) 15.0 (768) 15.5 (966)

Yearly distribution
2007 7.5 (80) 16.6 (850)
2008 10.4 (111) 18.4 (943)
2009 13.0 (139) 22.6 (1158)
2010 11.7 (125) 20.4 (1045)
2011 12.1 (129) 22.0 (1127)
2012 15.6 (166) NA
2013 15.3 (163) NA
2014 14.4 (154) NA

aData are presented as % (n). NA, not applicable.

TABLE 3
Concomitant Procedures Associated With

Patellar Instability Surgerya

Concomitant Procedure
Humana,
2007-2014

United
Healthcare,
2007-2011 Combined

Lateral retinacular release 34.1 (364) 45.7 (2342) 43.7 (2706)
Chondroplasty 22.1 (236) 33.0 (1691) 31.1 (1927)
Tibial tubercle osteotomy 10.7 (114) 13.6 (696) 13.1 (810)
Osteochondral grafting 6.2 (66) 10.2 (522) 9.5 (588)
Microfracture surgery 6.7 (71) 10.0 (514) 9.5 (585)
Chondral fragmentation/

loose body removal
8.8 (94) 10.5 (536) 10.2 (630)

aData are presented as % (n).

TABLE 4
Postoperative Complications Associated With

Patellar Instability Surgerya

Postoperative Complication
Humana,
2007-2014

United
Healthcare,
2007-2011 Combined

Knee stiffness (within 1 y) 4.8 (51) 4.5 (233) 4.6 (284)
Patellar fracture (within 1 y) 2.5 (27) 2.0 (101) 2.1 (128)
Infection (within 30 d) 2.1 (22) 1.1 (55) 1.2 (77)

aData are presented as % (n).
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20% to 50% of patients undergoing patellofemoral stabili-
zation procedures. In context, the findings of our study sug-
gest that tibial tubercle osteotomy may be underperformed
by practicing surgeons.23,30 However, some recent studies
have suggested that an elevated TT-TG distance (>20 mm)
may not be an absolute indication for tibial tubercle me-
dialization with MPFL reconstruction.24 Certainly, addi-
tional procedures to correct osseous abnormalities such as
trochleoplasty and rotational osteotomies are effectively
performed outside the United States; however, further
studies are necessary to determine their precise role and
clinical efficacy.22,29 Finally, the overall rate of procedures
related to cartilage pathology was high in our patient
cohort. The incidence of concomitant chondroplasty
(31.1%) and chondral fragment/loose body removal
(10.2%) confirms the relatively high frequency of cartilage
damage observed at the time of surgical intervention in
other case series.10,13 However, we acknowledge that this
number may be an underestimate, as chondroplasty may
not be billed as a separate CPT code in all cases due to
procedure bundling. Osteochondral grafting (9.5%) and
microfracture surgery (9.5%) were performed in a large
number of patients, thereby demonstrating the emergence
of cartilage repair/restoration techniques as a well-
accepted treatment option in patients with moderate to
high-grade traumatic cartilage lesions resulting from
dislocation.13,14,39

Recent studies suggest that a high complication rate is
associated with patellar stabilization surgery. A meta-
analysis by Shah et al38 demonstrated that there is an
overall complication rate of 26.1% in patients undergoing
MPFL reconstruction. Another review by Parikh et al33

found an overall postoperative complication rate of
16.2% among young adults. In these analyses and other
case reports/series, a large proportion of complications
involve recurrent instability, which can be attributed to
a combination of several factors, including failure of graft
fixation or poor tunnel placement, poor graft integration,
and unrecognized anatomic risk factors for recurrent
instability. The overall rate of failure due to recurrent
instability has been studied and is estimated to occur in
5% to 28% of patients.5,7,8,18,33,41 Unfortunately, because
of the inability to specifically identify laterality using the
PearlDiver database (ie, discern ipsilateral revision sur-
gery from contralateral primary failure), this study was
unable to reliably determine the rate of graft failure after
reconstruction. Despite this limitation, we were able to
determine the rate of other common complications on a
large nationwide scale. The observed rate of MUA for knee
arthrofibrosis ranges from 3.5% to 4.5% after surgical sta-
bilization.33,38 We found that loss of motion requiring
MUA occurred at a comparable rate of 4.6% within 1 year
of surgery. Shah et al38 noted that postoperative patellar
fracture is a rare but severe complication that occurred in
0.6% of their combined cohort. Parikh et al33 found a
slightly higher fracture rate of 3.3% among 179 patients.
Our study found that patellar fracture occurred in 2.1% of
the 6190 cases that were performed across the United
States. While some studies have observed increased rates
of postoperative patellar fracture after the use of bone

tunnels for graft fixation, there has been a trend toward
techniques that avoid utilization of tunnels.15,35 Finally,
our analysis also found that postoperative infections
requiring surgical intervention are a rare (1.2%) compli-
cation after patellar instability surgery, which is consis-
tent with previous studies.33,38,49

The primary advantage of a large database study is that
it allows for analysis of nationwide trends across multiple
centers and providers rather than providers at a single
institution or region. It also avoids sampling bias by exclu-
sively evaluating cases performed at academic or high-
volume sports medicine centers. This is critical in studying
a topic with as much variability as patellar instability. Fur-
thermore, by analyzing such a large cohort, this study con-
fers a population size and level of statistical power not
otherwise achievable through conventional chart review.
Despite these strengths, this study has several limitations
that should be noted. First, the patient data obtained from
the database are less comprehensive than those available
through formal chart review. Accordingly, we were unable
to determine the precise cause of postoperative complica-
tions. Given the inability to precisely determine laterality
or indications for billed procedures, we were unable to
determine rates of recurrent instability and removal of
hardware. Next, because the database is analyzed by a for-
mal query of CPT and ICD-9 codes, there is the possibility of
error from inaccurate coding. Furthermore, the CPT codes
used in this study reference historical procedures that are
seldom performed today (Hauser, Campbell, Roux-
Goldthwait, Maquet) because there are no specific codes for
modern patellar stabilization procedures (eg, MPFL recon-
struction). In the present study, we utilized the 3 most com-
monly accepted CPT codes within the Humana and United
Healthcare databases and attempted to eliminate any
errors in patient inclusion by cross-referencing the soft tis-
sue procedures with the ICD-9 codes that are specific for
patellar instability/dislocation. Because of this, we advo-
cate that CPT codes be reevaluated and potentially updated
to reflect the procedural terminology used in modern prac-
tice. We similarly acknowledge that procedural bundling/
unbundling can significantly affect the incidence of second-
ary procedures, which may or may not be separately coded
by individual practitioners in a way that is difficult to dis-
cern (eg, CPT-27422 potentially includes lateral retinacu-
lar release, CPT-27420 potentially includes tibial tubercle
transfer). Overall, it is most likely that bundling would
generally lead to underestimation of concomitant proce-
dure rates. Finally, there is no access to clinical outcome
data by which to analyze treatment decisions reflected in
the PearlDiver database.

CONCLUSION

Patellar instability surgery has evolved over the past few
decades. Using a national insurance database, we found an
annual rise in the rate of surgical procedures performed
across the United States. We observed an unexpectedly
high rate of lateral release and noted a large percentage
of patients underwent cartilage repair/restoration surgery.
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The most commonly recognized complications (knee stiff-
ness, patellar fracture, and infection) occur at a relatively
low frequency, which is consistent with data from smaller
case series. Overall, these data may prove useful for coun-
seling patients on the risks of complications after patellar
instability surgery, as these procedures have become more
widely adopted and utilized within the United States.
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