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Predictors of Surgery and Cost of Care Associated
with Patellar Instability in the Pediatric and Young

Adult Population

Lambert T. Li, B.A., Steven L. Bokshan, M.D., Nicholas J. Lemme, M.D.,

Edward J. Testa, M.D., Brett D. Owens, M.D., and Aristides I. Cruz Jr., M.D., M.B.A.
Purpose: To determine how patient demographics, socioeconomic status, history of recurrence, and initial point of
presentation for health care influenced the decision for surgical treatment following a patellar instability episode.
Methods: The New York SPARCS database from 2016 to 2018 was queried for patients aged 21 and younger who were
diagnosed with a patellar instability episode. These were linked to later surgeries with Current Procedural Terminology
(CPT) codes 27405 (MPFL repair), 27418 (tibial tubercle osteotomy), 27420 (dislocating patella reconstruction), 27422
(Campbell/Roux-Goldthwait procedure), and 27427 (extra-articular knee ligamentous reconstruction). c2-analysis and
binary logistic regression were used to assess demographic and injury-specific variables for association with operative
management. A generalized linear model was used to estimate charges associated with patellar instability. Results: There
were 2,557 patients with patellar instability, 134 (5.2%) of whom underwent surgery. Patients with recurrent instability
had 1.875 times higher odds of undergoing surgery (P ¼ .017). Compared to white patients, black patients had 0.428 times
the odds of surgery (P ¼ .004). None of the patients without insurance had surgery. In the cost model, an initial visit to an
outpatient office was associated with $1,994 lower charges compared to an emergency department (ED) visit (P < .001).
Black patients had $566 more in charges than White patients (P ¼ .009). Compared with nonoperative treatment, sur-
geries with CPT 27405 added $13,124, CPT 27418 added $10,749, CPT 27422 added $18,981, CPT 27420 added $23,700,
and CPT 27427 added $25,032 (all P < .001). Conclusions: Patients with recurrent instability had higher odds of surgery,
while Black and uninsured patients had lower odds of surgery. ED visits were associated with significantly higher charges
compared to office visits, and Black patients had higher charges than white patients. Minority and uninsured patients may
face barriers in access to orthopedic care. Level of Evidence: Level III, retrospective cohort study.
Introduction
atellar instability (PI), which includes either dislo-
Pcation or subluxation of the patella from the femoral

trochlea, is a common injury in pediatric and adolescent
patients.1Waterman et al. demonstrated the incidence of
PI to be 2.29 events per 100,000 person-years, with pa-
tients 15-19years oldhaving thehighest risk of instability
at an incidence of 11.9 per 100,000 person-years.2 For
high school athletes, PI has been estimated to occur in
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1.95 per 100,000 athletic exposures, while for collegiate
athletes the incidence may be as high as 16.1 incidents
per 100,000 athlete exposures.3,4 PI commonly occurs
during athletic activity, and as such, with the rise in
participation, intensity, and frequency of youth sports, it
is prudent to properly manage patients with PI to
decrease the risk of recurrence, the associated physical
and psychosocial impairments, any functional deficits,
and future risk of osteoarthritis.2,5e7
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The management of patients with patellar instability
varies amongst providers, and the management of a
first-time dislocation is particularly controversial.8,9

Traditionally, patients presenting with a first-time
instability event without evidence of gross instability
or concomitant injury, such as an osteochondral loose
body, have been managed nonoperatively, which
consists of a brief period of immobilization, followed
by rehabilitation, and a gradual return to activity.5

Surgical intervention is typically reserved for patients
with gross instability following reduction, patients
with recurrent instability, and patients with concom-
itant osteochondral injuries.5 The decision to manage
first-time dislocations nonoperatively stems from early
research that showed no significant difference in
recurrence rate or patient-reported outcomes between
surgical and conservative management.10e12 Howev-
er, nonoperative management of first-time disloca-
tions in high-risk populations can have recurrence
rates that approach 70%.13 Such recurrence is not
benign and can result in irreparable cartilage lesions
and patellofemoral arthritis.14,15 Operative manage-
ment has been shown to dramatically reduce the risk
of recurrence and further chondral damage, and it can
result in improved patient-reported outcomes.7,16,17

The mainstay of surgical treatment for patients with
patellar instability includes repair or reconstruction of
the medial patellofemoral ligament.18,19 Additionally,
concomitant procedures may be performed to address
anatomical factors that increase the risk of recurrence,
such as lateral retinacular release, trochleoplasty,
guided growth, or osteotomy to address genu valgum,
and distal extensor mechanism realignment
procedures.20e22

In addition to providing surgical intervention to
the appropriate patients, it is also important that we
ensure equity in care. It is well documented that a
patient’s demographic and socioeconomic status are
associated with not only their health-related out-
comes, but also their access to care and the offered
management options.23e27 It is unclear to what
degree these disparities may exist in the treatment
of patellar instability. The purpose of this study was
to determine how patient demographics, socioeco-
nomic status, history of recurrence, and initial point
of presentation for healthcare influenced the deci-
sion for surgical treatment following a patellar
instability episode. We hypothesized that patients
who were female, had private insurance, or had a
history of recurrent instability would be more likely
to undergo surgical intervention for patellar insta-
bility. Furthermore, we hypothesized that initial
presentation to the emergency department and
minority race would be associated with higher costs
of care.
Methods

Data Source
The data source for this study was outpatient data

from the Statewide Planning and Research Cooperative
System (SPARCS), an all-payer data system from New
York state. Cases from January 1, 2016 to December 31,
2018 were included. This timeframe was chosen to use
the newest International Classification of Diseases, 10th
revision (ICD-10) diagnosis codes. SPARCS includes
data on patient demographics, ICD-10 codes, Current
Procedural Terminology (CPT) codes, and charges for
services rendered. Data are captured from every
ambulatory surgery center, emergency department
(ED), and clinic that provide outpatient services in New
York state. A unique aspect of this database is the in-
clusion of both a claim-specific identifier, as well as an
anonymized patient identifier that allows for tracking of
patients across visits. The “limited” version of SPARCS
was used, meaning no direct patient identifiers were
available. As such, no approval from an Institutional
Review Board was needed.

Case Selection
All patients 21 years or younger who experienced a

patellar dislocation or subluxation were selected using
ICD-10 codes S83.001 through S83.096. These diag-
nosis codes represent lateral, unspecified, and other
subluxations and dislocations of the patella. The age
cutoff was chosen as the majority of primary patellar
instability episodes occur among the pediatric and
young adult population.28 Further inclusion criteria for
dislocation events included presence of CPT codes
99201-99205 (initial office visits), 99211-99215
(established patient office visits), or 99281-99285 (ED
visit), as well as a visit date before October 1, 2018, as
patients experiencing instability after this date may not
have had the opportunity to see an orthopedist.
Recurrent instability was defined as having two or
more visits with one of the selected ICD-10 codes
ending in “A”, indicating that it was an initial
encounter to provide active diagnosis/treatment and
not simply a routine follow up visit for a previous
instability event. For patients who experienced multi-
ple instability events throughout the course of the
study, the first case was used as the index event. Data
for patients who subsequently underwent stabilization
surgery was then matched using patient identifiers.
This was determined using CPT codes 27420 (recon-
struction of a dislocating patella), 27422 (Campbell or
Roux-Goldthwait type procedure), 27427 (extra-artic-
ular knee ligamentous reconstruction), 27418 (tibial
tubercle osteotomy), and 27405 (torn collateral liga-
ment/capsule repair). A full description of inclusion
criteria is presented in Fig 1.



Fig 1. Flowchart of inclusion criteria for patients experiencing patellar instability, Statewide Planning and Research Cooperative
System, or SPARCS, database, 2016 to 2018. A total of 2,423 patients were included in the nonoperative cohort, and 134 patients
were included in the operative cohort.
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Statistical Analysis
We first performed c2-analysis to determine the

proportion of patients undergoing surgery after an
instability event based on several demographic and
injury-specific factors, including patient sex, race, in-
surance, one-time versus repeat instability, type of
instability, and site of initial care. Variables that were
significant in this analysis were then included in a
multivariate binary logistic regression that modeled
odds of surgery after experiencing patellar instability.
Finally, a multivariate generalized linear model was
created to estimate the cost of care surrounding an
instability episode, including surgery and concomitant
procedures if applicable. The concomitant procedures
assessed included chondroplasty (CPT 29877) and
lateral release (CPT 27425 and 29873). SPSS V26.0 was
used for analysis (IBM Corporation, Armonk, NY).

Results
After exclusions, there were 2,557 patients who sus-

tained a patella dislocation or subluxation. Of these
patients, 134 (5.2%) had a linked surgery, 19 of which
were for recurrent instability. There was no difference
in mean age between the nonoperative and operative
groups (15.3 vs 15.2 years; P ¼ .662). There were 245
patients (9.6%) who had recurrent instability. Of these
patients, the mean number of instability events occur-
ring during the course of the study was 2.7. For patients
in the operative group, the most common CPT used was
27427 (n ¼ 60), followed by 27422 (n ¼ 37), 27420
(n ¼ 26) 27418 (n ¼ 7), and 27405 (n ¼ 4). There were
25 concomitantly performed chondroplasties and 17
lateral releases.
The proportion of patients undergoing surgery after
an instability event varied significantly by patient race,
insurance, and recurrent instability (Table 1). Hispanic
patients had a surgery rate of 2.0% after an instability
event compared with 3.2% for Black patients and 6.9%
for White patients (P ¼ .005). Privately insured patients
had a surgery rate of 5.5%, whereas patients who had
no insurance had a surgery rate of 0% (P ¼ .009). Pa-
tients with recurrent instability had a surgery rate of
7.8% compared with 4.5% for patients with one-time
instability (P ¼ .023). There was no difference in rate
of surgery by patient sex, subluxation versus disloca-
tion, or site of initial care.
Patient sex, race, insurance, recurrent instability, and

instability type were also associated with ED utilization
(Table 2). Female patients were less likely to use the ED
for initial care than male patients (Odds Ratio [OR]
.691, P ¼ .001). White patients were the most likely to
use the ED, whereas Black patients (OR .371, P < .001)
and patients of another race (OR .320, P < .001) were
significantly less likely to present to the ED for initial
care. Compared with privately insured patients, pa-
tients with Medicaid were less likely to use the ED (OR
.640, P < .001). Patients without insurance were more
likely to present to the ED (OR 1.881, P ¼ .016).
Instability recurrence was also a factor, as only 33.1%
of patients with recurrent instability used the ED
compared with 87.6% of first-time dislocations (OR
.070, P < .001). Finally, 67.6% of subluxations resulted
in an ED visit compared to 85.0% of dislocations (OR
2.708, P < .001).
Both patient race and recurrent instability were found

to be independent predictors of surgery under a binary



Table 1. Percentage of Patients Undergoing Surgical
Stabilization after an Episode of Patellar Instability and
c2-Analysis, 2016-2018

Variable Group N

Percent
Undergoing
Surgery P Value

Sex Male 1173 4.9% 0.426
Female 1384 5.6%

Race White 1300 6.9% 0.005*

Black 432 3.2%
Hispanic 98 2.0%
Asian 119 2.5%

Native American 14 7.1%
Other 594 4.0%

Insurance Private Insurance 1705 5.9% 0.009*

Medicaid 609 4.9%
Self-Pay 177 0.0%
Other 66 4.5%

Recurrent instability No 2312 5.0% 0.023
Yes 245 7.8%

Type of Instability Subluxation 380 4.7% 0.633
Dislocation 2177 5.3%

Site of initial care ED 2106 5.2% 0.932
Office Visit 451 5.3%

ED, Emergency Department.
*P value denotes overall significance.
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logistic regression (Table 3). Patients with recurrent
instability had 1.875 times the odds of undergoing
stabilization surgery than patients with one-time
instability (P ¼ .017). Compared to White patients,
Black patients had 0.428 times the odds of surgery (P ¼
0.004). Hispanic patients had 0.268 times the odds of
surgery compared to White patients, but this difference
was not significant (P ¼ .069).
We found several independent drivers of charges for

care after patellar instability (Table 4). Compared with
using the ED for care, an initial visit to an outpatient
office was associated with $1,994 less in charges (P <
.001). Black patients had $566 more charges than
Table 2. Percentage of Patients Visiting the Emergency Departme

Variable Group Percent

Sex Male 8
Female 8

Race White 8
Black 7

Hispanic 8
Asian 8

Native American 8
Other 7

Insurance Private Insurance 8
Medicaid 7
None 9
Other 9

Instability Recurrence One-time 8
Recurrent 3

Instability type Subluxation 6
Dislocation 8

CI: confidence interval; ED, Emergency Department.
White patients (P ¼ .009). Compared with nonopera-
tive treatment, surgical treatment had significantly
higher charges. Specifically, CPT 27422 added $19,198
(P < .001), CPT 27420 added $24,443 (P < .001), CPT
27427 added $25,259 (P < .001), CPT 27405 added
$13,124 (P < .001), and CPT 27418 added $10,749 in
charges (P < .001). For patients undergoing surgery, a
concomitant chondroplasty added $6,116 (P < .001),
and lateral release added $9,106 (P < .001).

Discussion
In the current study, 5.2% of patients required sur-

gical management for their patellar instability. Inde-
pendent predictors of surgery following a patellar
instability event included patient race and recurrent
instability. We also determined that drivers of increased
charges included an initial emergency room consulta-
tion, race, surgical management, and the performance
of concomitant procedures. These results support our
hypothesis. Although it is expected that recurrent
instability would be a predictor of surgical intervention,
it is not clear why race would be a factor.
The relationship between race and surgical manage-

ment of orthopaedic injuries has been explored in
several facets. Navarro et al. identified differences in
sex, age, mechanism of injury, and surgeon training
when comparing various racial groups undergoing
anterior ligament reconstruction.29 In rotator cuff
repair surgery, Hispanic patients were shown to be
significantly less likely to receive surgical care from a
high-volume surgeon or at a high-volume facility.24

With regard to patellar instability, Waterman et al.
observed significantly greater incidence rates of patellar
dislocation in Black and White patients compared with
patients of Hispanic race; however, these authors did
not consider factors affecting surgery after dislocation.2

Our findings demonstrate that Black patients have
nt for Patellar Instability with Odds Ratios, 2016-2018

Visiting ED Odds Ratio (95% CI) P Value

5.3% Reference
0.0% .691 (0.561 to .851) .001
9.0% Reference
5.0% .371 (.281 to .490) <.001
4.7% .684 (.384 to 1.217) .197
3.2% .612 (.367 to 1.020) .059
5.7% .742 (.164 to 3.347) .697
2.7% .320 (.257 to 0.423) <.0001
3.3% Reference
6.2% .640 (.510 to 0.802) <.001
0.4% 1.881 (1.123 to 3.151) .016
3.9% 3.098 (1.118 to 8.583) .030
7.6% Reference
3.1% .070 (.052 to .094) <.001
7.6% Reference
5.0% 2.708 (2.119 to 3.459) <.001



Table 3. Binary Logistic Regression of Odds of Surgery after a Patellar Instability Event

Variable Group Odds Ratio

95% Confidence Interval

P ValueLower Upper

Recurrent Instability Recurrent 1.875 1.122 3.136 .017
One-time Reference

Race Other .528 .331 .843 .007
Native American 1.026 .132 7.956 .980

Asian .336 .105 1.081 .067
Hispanic .268 .065 1.108 .069
Black .428 .241 .763 .004
White Reference

Variables that were assessed but were not significant predictors: sex, age, insurance, and subluxation vs dislocation.
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significantly decreased odds of undergoing patellar
stabilization surgery compared with white patients (OR
.428, P ¼ .004). These numbers suggest there may be
racial disparity in the operative management of patellar
instability, and further research into understanding the
reason for such differences would be beneficial.
Our findings also show that race may be a factor

affecting the cost of care for patellar instability patients.
For example, our multivariable regression revealed that
the charges associated with care for Black patients was
significantly higher than that for White patients
(þ$566, P ¼ .009), even when adjusting for other
variables, such as insurance, site of initial care, and
operative versus nonoperative treatment. Hispanic and
Asian patients followed a similar trend at $458 and
$491 more charges on average, although these values
did not reach the level of statistical significance (P ¼
.222 and P ¼ .252, respectively). This trend has been
noted previously in total joint arthroplasty surgery,
with Black patients having a $440 increase in the cost of
care episodes, even when controlling for possible
Table 4. Charges Associated with Patellar Instability

Variable Group

Intercept
Site of initial care Office visit

ED visit
Race Other

Native American
Asian

Hispanic
Black
White

Treatment Tibial tubercle osteotomy (CPT 2741
Torn collateral ligament/capsule repair (CP

Extra-articular ligamentous reconstruction (C
Extensor realignment - Campbell/Goldthwai

(CPT 27422)
Reconstruction of dislocating patella (CPT

Nonoperative treatment
Concomitant procedures Chondroplasty (CPT 29877)

Lateral release (CPT 27425 or 2987

Variables assessed but that were not significant predictors: sex, insuranc
ED, Emergency Department.
confounders.30 These authors implicated increased
rates of home health and rehabilitation as a cause for
increased costs in this population, which would not be
expected to be an issue with an outpatient procedure
addressing patellar instability. Moreover, it was found
that Black patients were less likely to use the ED for
care, which itself is associated with higher costs, so the
cost disparity may be related to charges incurred during
the initial episodes of care. Although we do not have
data on what specific factors lead to increased costs
among black patients, future studies may investigate
specific cost drivers not accounted for here, such as
PACU time, durable medical equipment, and physical
therapy usage. Such trends are important for surgeons,
insurers, and policymakers alike to appreciate as equi-
table and affordable health care costs are sought.
The charges associated with undergoing surgical

intervention for patellar instability has a wide range,
with our study identifying average surgical charges
starting between $10,000 and $25,000 depending on
the CPT code utilized (Table 4). Other important factors
Cost

95% Confidence Interval

P ValueLower Upper

$2,235 $2,005 $2,464 <.001
�$1,994 �$2,413 �$1,575 <.001
Reference

$385 �$13 $784 .051
$848 �$1,284 $2,979 .827
$491 �$269 $1,250 .252
$458 �$373 $1,288 .222
$566 $121 $1,011 .009

Reference
8) $10,749 $7,396 $14,103 <.001
T 27405) $13,124 $9,131 $17,117
PT 27427) $25,259 $24,144 $26,375
t procedure $19,198 $17,754 $20,643

27420) $24,443 $22,758 $26,128
Reference
$6,116 $4,370 $7,862 <.001

3) $9,106 $7,092 $11,120 <.001

e, age, subluxation vs dislocation, and recurrent instability.
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identified that may affect cost include the additional
coding of concomitant chondroplasty or lateral release.
These procedures may be an adjunct to MPFL recon-
struction, which has become commonplace in the
treatment of patellar instability, depending on any
additional pathology, which must be addressed.31 Of
note, lateral release charges were nearly $10,000 more
than the standard MPFL reconstruction, resulting in the
greatest increase in cost to surgical management of
patellar instability in our cohort. Given the currently
debated indications for lateral release, these data may
help inform decision making around cost-conscious
care.32

Nwachukwu et al. performed a cost-effectiveness
analysis of first-time patellar dislocations in adoles-
cents, finding that nonoperative treatment has been
shown to be the least costly but also least effective
procedure, with a cost of $7,300 and lower quality-
adjusted life years (QALY) than immediate or delayed
surgery.33 They concluded that immediate surgery and
delayed surgery were both cost-effective options;
however, their model was sensitive to the probability of
a recurrent instability episode following initial nonop-
erative treatment. Our results demonstrate higher rates
of surgical management in patients having multiple
instability events compared with a single event. This
suggests that surgeons continue to attempt nonopera-
tive management after first-time instability events,
which is in line with current literature, suggesting good
outcomes with nonoperative management in initial
dislocators.34 There was no difference in surgery rates
between patients who had subluxations versus dislo-
cations, indicating that the recurrence of instability is a
more important factor than degree of initial instability.
It should be noted that the 9.6% rate of recurrence in
our study is much lower than the >30% rate that has
been reported in recent systematic reviews.35,36 This is
likely because of the shorter time period covered by this
study, as the median time from instability event to the
end of the study was 16 months.
Another factor affecting the cost of a care is an initial

emergency room-based consultation for patellar insta-
bility. Anderson et al. reviewed a series of patients with
musculoskeletal complaints evaluated in an orthopae-
dic urgent care center versus the emergency room
setting, establishing a $8,150 average cost for patients
evaluated in a hospital emergency room, compared
with only $461 for the urgent care setting.37 In 2017,
the state of New York permitted emergency medical
technicians (EMTs) to perform patella relocations, given
the general ease of reduction and favorable risk-benefit
profile.38 Lord et al. found that 90% patellar disloca-
tions were successfully reduced by New York EMT
providers, but ultimately 77.4% of patients received
transport to the hospital to be evaluated in the emer-
gency room.38 This large percentage is similar to the
82% of patients initially treated in the emergency room
for their patellar instability event, as determined by our
study (Table 1). Patient education and prior experience
with PI may be an especially important factor given the
low ED utilization among patients with recurrent
instability in our study. Less than one-third of these
patients presented to the ED for care, compared with
87.6% of first-time dislocators. As these patients had
experienced instability before, they may have been
more inclined to avoid the ED and use urgent care
centers or orthopaedic practices.
Health insurance status is a well-known barrier to the

full scope of medical care in the United States, and has
been shown to affect surgical management, as well as
outcomes after orthopaedic and spine surgery.39,40,41

Our findings implicate insurance status as another fac-
tor affecting the rate of surgical management of patellar
instability. There were zero uninsured patients who
underwent surgical intervention in our cohort, while
privately insured patients had the highest rate of sur-
gical management at 5.9% (P < .001) (Table 1). Pa-
tients who do not have insurance coverage may be
unable to afford the high costs of surgery out-of-pocket,
thus contributing to an important barrier in the access
to surgical care. Unfortunately, these uninsured pa-
tients were also more likely to use the ED for care,
which is an additional cost burden. Similar findings
have previously been observed in other studies. For
example, Daly et al. found that patients with health
insurance have a significantly higher rate of surgical
intervention following spine fractures, regardless of
evidence of spinal cord injury.40 Gundle and Ramappa
showed that self-pay patients have a significantly lower
chance of undergoing surgery following a meniscal
tear.42 As the United States continues to evolve with
respect to health insurance policy, it is essential to
recognize and appreciate the disparities observed in
surgical care in the underinsured and seek to ensure
their access to care to optimize patient outcomes.

Limitations
This study contains several inherent limitations. First,

the nature of all database studies reflects limitations
seen in retrospective investigations, as well as requires
accurate coding to ensure adequate data and valid re-
sults. As with any database study, we cannot be sure
what the coding accuracy is because we cannot access
the patient notes, and there is always the risk that
billing practices may not accurately depict subluxation
versus dislocation or initial versus recurrent instability.
Patellar instability can range from simple subluxation to
dislocation, but dislocation events may also be associ-
ated with concomitant injuries, such as multi-
ligamentous knee injuries and displaced osteochondral
fragments.34 We were unable to specifically consider
individual, patient-specific injury patterns or patient
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morphologies given the large, retrospective, nature of
our study; however, we limited patients to those who
only had patellar instability-specific diagnosis codes.
Although we excluded instability events from the
fourth quarter of 2018, it is possible that patients
experiencing instability before this were managed
operatively after December 31, 2018, giving a surgery
rate that is lower than what may actually exist. Finally,
our data are limited geographically to New York state
via use of the SPARCS database. Therefore, national
and global trends cannot be directly considered,
possibly limiting appropriate extrapolation to other
areas.

Conclusion
Patients with recurrent instability had higher odds of

surgery, while Black and uninsured patients had lower
odds of surgery. ED visits were associated with signifi-
cantly higher charges compared to office visits, and
Black patients had higher charges than White patients.
Minority and uninsured patients may face barriers in
access to orthopedic care.
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