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Patellar instability has been extensively studied in selected, high-risk cohorts, but the
epidemiology in the general population remains unclear. A longitudinal, prospective
epidemiological database was used to determine the incidence and demographic risk
factors for patellar dislocations presenting to emergency departments of the United
States. The National Electronic Injury Surveillance System was queried for all patellar
dislocations presenting to emergency departments between 2003 and 2008. Incidence
rate ratios (IRRs) were then calculated with respect to sex, age, and race. The hypothesis
was that patellar dislocation is influenced by sex, age, race, and athletic participation. An
estimated 40,544 patellar dislocations occurred among an at-risk population of
1,774,210,081 person-years for an incidence rate of 2.29 per 100,000 person-years
in the United States. When compared with males, females showed no significant overall
or age-stratified differences in the rates of patellar dislocation (IRR 0.85, 95% Cl 0.71,
1.00; p = 0.08; p > 0.05). Peak incidence of patellar dislocation occurred between 15
and 19 years of age (11.19/100,000 person-years). When compared with Hispanic race,
black and white race were associated with significantly higher rates of patellar
dislocation (IRR 4.30 [95% CI 1.63, 6.97; p = 0.02], IRR 4.02 [95% CI 1.06, 6.98;
p = 0.03], respectively). Nearly half (51.9%) of all patellar dislocation occurred during
athletic activity, with basketball (18.2%), soccer (6.9%), and football (6.3%) associated
with the highest percentage of patellar dislocation during athletics. Age between 15 and
19 years is associated with higher rates of patellar dislocation. Sex s not a significant risk
factor for patellar dislocation. Black and white race are a significant risk factor for
patellar dislocation when compared with Hispanic race. Half of all patellar dislocation
occurs during athletic activity. This study was conducted on the Level of evidence II.

An estimated 25% of all knee complaints in sports medicine
clinics are related to the patellofemoral joint, and patellar
instability represents a common complaint among young
athletic cohorts.! Patellar instability, which includes both
subluxation and complete patellofemoral dislocation, com-
prises ~2 to 3% of all knee injuries.? However, the etiology of
patellofemoral instability is multifactorial. Proposed risk
factors including history of prior patellar dislocation, young
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age, female gender, family history of patellofemoral instabili-
ty, aberrant osseous architecture (patella alta, trochlea dys-
plasia, increased tibial tubercle-trochlear groove distance),
soft tissue factors (joint hypermobility, medial patellofemoral
ligament disruption, weakened vastus medialis), and limb
malalignment. Furthermore the sequelae of patellofemoral
instability are well documented, with recurrent dislocation
rates between 15 and 50%>~> and other long-term complaints
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in up to 50%.% Few large-scale population-based studies have
been performed to evaluate the epidemiology of patellar
dislocation.>’=° Furthermore, none of the aforementioned
general population studies have reported on race as a risk
factor. We hypothesize that patellar dislocation is influenced
by sex, race, age, and athletic participation. In this study, a
longitudinal, prospective epidemiological database was used
to determine the incidence and demographic risk factors for
patellar dislocations presenting to emergency departments
within the United States population.

Methods

The current study was approved by our Institutional Review
Board. This descriptive epidemiological study used cases of
patellar dislocation in the Consumer Product Safety Commis-
sion's (CPSC) National Electronic Injury Surveillance System
(NEISS) database, which is a complex probability sample of
injuries presenting to emergency departments in the United
States. A full description of the design and utilization of this
database has been published on the CPSC electronic web-
page.'912 This research tool has been used previously for the
epidemiologic study of certain musculoskeletal conditions,
and its methodology has been previously published.'?'*
Furthermore, the NEISS has served a reliable and reproduc-
ible source for a wide range of epidemiological subjects that
present to the emergency department for medical care.'>2!

Statistical Analysis

In the current study, the NEISS database was queried in 1-year
intervals for all injuries between January 1, 2003 and Decem-
ber 31, 2008 classified in the NEISS database as “dislocation”
type injuries in the knee region, yielding 4948 records. All
entries including the keywords “patella,” “patellar,” or “knee-
cap” were isolated, with exclusion of all other entries (e.g.,
“internal derangement of the knee,” “knee dislocation” of the
tibiofemoral joint with a multiligamentous knee injury, or
vague or unspecified injury). Query results were pooled and
analyzed for any redundancy by use of the unique case
identifier (CPSC case number). Initial analysis focused on
overall demographics of patellar dislocation. Due to the
nature of the NEISS probability sample design, all proportions
are calculated based on weighted estimates. However, gross
sample data, heretofore identified as n, are also provided in
this manuscript for reference. Utilizing SAS statistical soft-
ware (SAS Institute Incorporated, Cary, NC) and SAS program-
ming code provided by the CPSC for the NEISS model, gross
sample population patellar dislocation events were converted
to the cumulative United States population estimates with
95% confidence intervals. Weighted totals were used to
analyze the proportional demographic data of the NEISS
sample population as well as that of identified subgroups
(e.g., age, sex, and race) with respect to location of injury
event, patient disposition, and sports/recreation participa-
tion or activity at time of injury. Additional statistical analy-
ses including the chi-square and Wald chi-square were
performed to identify statistically significant differences be-
tween subgroups. The U.S. Census Bureau population esti-
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mates were used to calculate at-risk person-years for the both
the United States population and variable-delimited sub-
groups throughout the defined time period, allowing the
calculation of incidence rate (IR) with 95% confidence inter-
vals. Due to the off-cycle nature of United States population
estimates (index date July 1) relative to the NEISS sample
(data range, January 1 to December 31 of given year), At-risk
person-years were calculated by including the full population
estimates for each year from 2003 to 2007 and half the
population estimate for 2002 and 2008. IRs are expressed
as the number of patellar dislocations per 100,000 person-
years and are calculated as the number of estimated patellar
dislocations divided by at-risk person-years in the United
States during the study period. Incidence rate ratio (IRR)
represents a unit-less expression of risk in the comparison
of IRs between two distinct, separate subgroups, with the IR
of an identified referent subgroup serving as the denominator
in all calculations. In all statistical analyses, a p value of less
than 0.05 was considered significant.

Results

Between 2003 and 2008, a total of 4948 injuries classified as
dislocations in the knee region were recorded in the NEISS
database. Of these a total of 1098 episodes of documented
patellar dislocation (n) were identified for an estimated
40,544 cases of patellar dislocation (6757/y) among an at-
risk population of 1,774,210,081 person-years. The estimated
IR of patellar dislocation presenting to emergency depart-
ments in the general United States population was 2.29 per
100,000 person-years.

Sex

Of the estimated 40,544 (n = 1098) cases of patellar disloca-
tion, males accounted for 21,592 (53.3%, n =578) and
females accounted for 18,952 (46.7%, n = 521) among an
at-risk population of 873,206,173 male and 901,003,908
female person-years. Males and females had overall IRs of
2.47 and 2.10 per 100,000 person-years, respectively, for an
IRR of 0.85 (95% CI 0.71, 1.00; p = 0.078) with males as the
referent group. Over the study period, no statistically signifi-
cant differences were noted in the overall or gender-specific
annual IR of patellar dislocation presenting to United States
emergency departments.

Age
Median patient age was 17 years (mean, 21.0). Peak incidence
of patellar dislocation occurred between 15 and 19 years of
age, with an estimated IR of 11.19/100,000 person-years
(=Fig. 1). Over half (57.3%) of all patellar dislocation occurred
between 10 and 19 years. When compared with the 50 to 54
age group, the 15 to 19 age group had over 25-fold higher
incidence of patellar dislocation IRR 25.55 (95% CI 11.03,
40.06; p = 0.001).

The peak male and female incidence occurred between
15 and 19 years of age with an estimated IR of 12.98 and 9.31
per 100,000 person-years, respectively. There were no
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Figure 1
group, 2003-2008.
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statistically significant differences in IRs by sex per 20-year
age group (=Table 1; p > 0.05).

Race

Racial category was available for an estimated 27,446 (67.7%,
n = 772) individuals. IR for patellar dislocation was 1.85
among whites, 1.73 among blacks, 0.73 among Native Amer-
icans, 0.62 among Asians, and 0.43 among Hispanics per
100,000 person-years. When compared with Hispanic race,
white race 4.30 (95% CI 1.63, 6.97; p = 0.016) and black race
4.02 (95% CI 1.06, 6.98; p = 0.030) had statistically signifi-
cantly increased IRRs for patellar dislocation, while Asian and
Native American race demonstrated no statistically signifi-
cant differences (p = 0.63 and p = 0.61, respectively). IRs
stratified by race and sex are listed in ~Table 2.

Table 1 [Rs and IRRs of Patellar Dislocation among Males and Females by 20-Year Age Group, 2003-2008
Age Male IR? 95% Cl Female IR® 95% Cl F:M IRR® 95% Cl
0-19y 5.14 3.73 6.55 4.50 3.47 5.53 0.88 0.73 1.02
20-39y 2.73 1.79 3.67 2.60 1.89 3.32 0.95 0.67 1.24
40-59y 0.70 0.46 0.93 0.62 0.35 0.90 0.90 0.45 1.35
60-79y 0.03 0.0 0.17 0.26 0.17 0.34 9.52 0.0 24.38
Overall 2.47 1.74 3.21 2.10 1.59 2.62 0.85 0.71 1.00
*Male and female IR denote incidence rate per 100,000 person-years.
°F:M IRR denotes ratios of males and females per 20-year age group with males as the referent.
IR, incidence rate; IRR, incidence rate ratio; Cl, confidence interval.
Table 2 IRs and IRR of Patellar Dislocation by Race, 2003-2008
Race IR? 95% ClI IRR? 95% ClI
White All 1.85 1.26 2.44 4.30¢ 1.63 6.97
Male 1.94 1.35 2.52 3.96¢ 1.11 6.81
Female 1.77 1.18 2.36 4.99¢ 1.37 8.60
Black All 1.73 0.87 2.58 4.02¢ 1.06 6.98
Male 2.29 1.03 3.55 4.68 0.18 9.18
Female 1.21 0.65 1.78 3.42¢ 1.01 5.83
Native American All 0.73 0.00 1.82 1.70 0.0 4.35
Male 1.47 0.0 3.69 3.01 0.0 7.94
Female - - - - - -
Asian All 0.62 0.0 1.39 1.44 0.0 3.28
Male 0.90 0.0 2.02 1.84 0.0 4.32
Female 0.35 0.0 0.83 1.00 0.0 2.49
Hispanic All 0.43 0.17 0.70 N/A
Male 0.49 0.0 1.05 N/A
Female 0.36 0.13 0.58 N/A

IR denotes incidence rate by race per 100,000 person-years.

PIRR denotes ratio of total, male, and female populations by race with Hispanic race as the referent.
“White race and Black race had significantly higher IR of patellar dislocation than Hispanic race.

—Inadequate sample population was available.
N/A, not applicable because this category was used as referent.

IR, incidence ratio; IRR, incidence rate ratio; Cl, confidence interval.
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Mechanism of Injury

When analyzed by mechanism of injury, over half (51.9%) of
all patellar dislocation occurred during athletic activity.
When considering individual sports, basketball was most
commonly associated with patellar dislocation, accounting
for 11.8% of all episodes of patellar dislocation and 18.2% of
those sustained during athletic activity. Football (6.3%), soc-
cer (6.9%), running (3.9%), volleyball (1.6%), softball (2.2%),
and baseball (2.5%) were the most common remaining ath-
letic activities leading to patellar dislocation. While males had
significantly higher rates of patellar dislocation during bas-
ketball 3.56 (95% CI 1.43, 5.69; p = 0.020) and baseball 13.52
(95% CI 3.05, 23.99; p = 0.022), no other significant differ-
ences were detected by sex or race when organized by
individual sport (p > 0.05). When analyzing nonathletic
mechanisms of injury, activities of daily living accounted
for least 24.0% of all patellar dislocation.

Activity Location

The majority of injuries occurred at place of recreation or
sports (37.8%) or around the home (35.3%), followed by school
(19.3%), other public property (5.8%), and street or highway
(1.3%). Mean age was lower at school 15.5 (95% CI 14.8, 16.2)
and recreation/athletic settings 20.5 (95% CI 18.9, 22.1) than

at home 26.8 (95% CI 24.4, 29.1). No significant differences
were detected by sex and location setting (p > 0.05).

Discussion

In this study, we present the descriptive epidemiology of
patellar dislocation in the United States and demonstrate that
age, race, and athletics participation are important determi-
nants of the IR of patellar dislocation. To our knowledge, this is
the largest sample population available in the literature with
a population atrisk of 1,774,210,081 person-years
(=Table 3). We report an IR of 2.29 per 100,000 person-years
for patellar dislocation, which is nearly half the IR of 5.8
previously reported by Fithian et al® in their descriptive
analysis of patients over 10 years of age. The IR in this study
is also significantly lower than that reported in high-risk
populations. Nietosvaara et al’ reported an IR of 43.0 per
100,000 person-years in children 16 years of age or younger,
while Hsiao et al® showed the highest known IR of 69.0 per
100,000 person-years in active-duty armed forces service
members. This wide variability may be attributable to the
specific sample population demographics and the extent of
at-risk exposure. In contrast to the current study, previous
studies’™ have focused on a younger, more active cohort in

Table 3 Previous Studies Calculating Incidence of Patellar Dislocation

Current Study Fithian et al® Nietosvaara et al’ | Hsiao et al® Sillanpia et al®
IR all dislocations® | 2.29 (40,544) NPP (192) 43.0 (69) 69.0 (9299) NPP (278)
(N)*
IR primary NP 5.8 (128) NPP NPP 77.4 (72)
dislocations® (N)©
IR recurrent NPP 3.8 (64) NP> NPP NPP (206)
dislocation® (N)©
Population Probability sample, | Urban, Pediatric, Military service Male military
United States United States Finland members, conscripts,
United States Finland
Population age 2-92 10-30 + 0-16 17-40 + 17-30
ranged
Study period 2003-2008 1992-1997 1991-1992 1998-2007 1998-2002
Person-years 1,774,210,081 1,749,600¢ 158,362 13,443,448 96,200
Male (%) 21,592 (53%) 91 (48%) 22 (38%) 7,285 (78%) 72
Female (%) 18952 (47%) 98 (52%) 47 (62%) 2,014 (22%) 0
IRR (F:M)f 0.85 (0.71, 1.00) | NP NP® 1.61(1.53, 1.69) | NJA®
Median/mean Age? | 17/22.1 16/NPP 13.5/13.3 NPP 20/19.8
Peak incidence age | 15-19 10-17 9-15 < 20 17-23
group® (11.19/100,000) (29/100,000) (107/100,000) (112/100,000) (77.4/100,000)
Mechanism (%) Athletics (51%) Athletics (47-61%) | Athletics (58%) NPP Athletics (63%)
Military
training (27%)
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“IR denotes incidence rates (IRs) expressed as the number of patellar dislocations per 100,000 person-years at risk.

NP denotes that this parameter is not provided; N/A denotes that this parameter is not applicable.

°N denotes raw or estimated number of patients with patellar dislocation.

9Age is expressed in years.

¢Denotes an extrapolated estimate for person-years derived from average yearly membership over study period.

fIRR denotes Incidence Rate Ratio (IRR), an assessment of relative risk between males and females with males serving as the referent
denominator (F:M).
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epidemiologically disparate populations. Our results more
closely resemble that of Fithian et al,> and our demographic
sample populations reflected a wider range of patient ages
(range, 2 to 92) presenting for acute patellar dislocation in a
similar treatment setting.

Age-related differences in the IR of patellar dislocation are
reported in the current study population. Patients in the
second decade of life (10 to 19 years of age), particularly
those 15 to 19 years of age, have the highest risk of injury in
this study. This parallels previous reports in the literature by
Fithian et al (29/100,000 in 10 to 17 years of age),> Nietos-
vaara et al (107/100,000 in 9 to 15 years of age),” and Hsiao
et al (64/100,000 in <20 years of age).® While the age in the
current study (median, 17 years; mean 21.0 years) is slightly
older than previously reported, our results reinforce the
correlation between young age and incidence of patellar
dislocation. Adolescents and young adults are theorized to
be at highest risk for these injuries due to increased involve-
ment in and exposure to competitive or recreational
athletics.?%3

The current study shows no statistically significant differ-
ences by sex, either in the overall population or when
stratified by 5- or 20-year age group. Previous studies have
implicated the role of sex in patellar dislocation, with higher
rates of primary or recurrent dislocation associated with both
female®*~2° and male sex.3%~>3 Female sex is associated with a
higher prevalence of dysplastic anatomic features such as
increased Q angle, femoral anteversion, and patella alta, and
thus may result in a higher incidence of patellofemoral
conditions, including recurrent patellar dislocation.?>%7-28
Furthermore, differential neuromuscular control in females
is a proven risk factor for anterior cruciate injuryzg'34 and may
ultimately contribute to patellar dislocation, particularly in
active female athletes. However, more contemporary re-
search has called this into question,>3>3® demonstrating no
significant differences by sex. Further studies should control
for athletic exposure and a prior history of patellar instability
to better discern variations according to age and sex.

The role of race in traumatic tendon and ligamentous
injuries is increasingly investigelted.g'14'37‘39 However, no
study has rigorously evaluated race as a nonmodifiable risk
factor for primary or recurrent patellar dislocation. In their
study of active duty military, Hsiao et al showed no significant
differences between black and white races, although both
were at a statistically higher risk when compared with those
classified as “other” racial category.® This represents a func-
tional limitation of the racial categories available through
their dataset and precludes any substantive conclusions with
regards to race. The current study shows that both white and
black race had over a fourfold greater incidence of patellar
dislocation when compared with Hispanic race. To our knowl-
edge, this represents the first study to establish the IRs and
relative risk for patellar dislocation across multiple racial
categories, although the strength of this finding is limited
by race being documented in only 67% of our dataset. Anthro-
pomorphic differences in the lower extremity, particularly at
the knee, have been described by race.*-42 Concordant
differences in skeletal morphology, soft tissue properties,
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and rates of dysplastic musculoskeletal features may underlie
the genetic predispositions associated with certain racial
categories. Alternatively, given the significant association
with athletic activity, type and rate of athletic exposure
may also predict racial disparities in the rates of patellar
dislocation. Subsequent research should attempt to evaluate
and control for these demographic variables and at-risk
exposures.

Athletic activity during injury was documented in over
half (51.9%) of all episodes of patellar dislocation, and the
sports of basketball, soccer, and football were most commonly
associated with injury in the current study population. Pre-
vious series have demonstrated that patellar dislocation
predominately occurs during athletic activity, accounting
for 56 to 72% of all injuries.>”>>*3 While the exact mechanism
of injury is unspecified in the current study, previous studies
have shown that patellar dislocation most commonly occurs
as a result of noncontact, valgus-flexion-external rotation
mechanism on a planted foot during cutting or pivoting
movements.>>*3~4> Activities of daily living account for ap-
proximately one-fourth of all injuries in the current study,
which closely corresponds to the 21% reported by Atkin
et al.3> A direct blow to the knee is a rare cause of patellar
dislocation, accounting for only 7% of all injuries.35

The NEISS is an established model for epidemiological
surveillance of orthopedic injuries. This study represents
the first nationwide evaluation of traumatic patellar disloca-
tion in the United States, as opposed to high-risk cohorts’~° or
closed, regional health care systems.>>° Its strengths are its
diverse patient population and large estimated sample size.
However, certain limitations must be acknowledged in any
large-scale database study. IRs derived from the NEISS data-
base represent attendance rates to emergency departments
in the United States, and this neglects patients who do not
seek treatment or are evaluated in other outpatient medical
settings, such as the primary care or surgical specialty office,
urgent care centers, or athletic training rooms.*® This may
result in sampling bias in this study and may represent a
different demographic that encountered in other health care
settings. The next major limitation is the reliance on the
narrative portion of the data entry to discern true patella
dislocations, with or without spontaneous reduction, from
patellar subluxation or other intra-articular injury. That only
22% of the sampled dislocation injuries about the knee region
were clearly documented as patellofemoral injuries suggests
that potentially many of injuries were inadequately docu-
mented as patella dislocations or otherwise classified (i.e.,
“knee sprain”) and were subsequently excluded from our
analysis. This may also explain why our reported IRs are lower
than that previously reported by Fithian et al. Furthermore,
we are unable to express the IR as a function of athletic
exposure. Despite the increasing female involvement in ath-
letics since the 1970s, disparate trends in type of athletic
activity and extent of athletic exposure may still exist by
sex.?2 An additional limitation of this study is our inability to
stratify IRs based on prior history of patellar instability, as this
information is not available in the current dataset. Similarly,
racial category was also unavailable in approximately
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one-third (32%) of all patients in this study. Finally, the NEISS
dataset records only the most severe injury on presentation to
the emergency department, thus excluding those
patellar dislocations occurring with more severe traumatic
injuries.

Conclusion

We demonstrate that age, race, and athletic participation
influence the IRs of traumatic patellar dislocation presenting
to emergency departments in the United States. Ages be-
tween 15 and 19 years were associated with the highest risk
of patellar dislocation. However, sex was not an independent
risk factor for patellar dislocation. Approximately half of all
traumatic patellar dislocations occur during athletic activity.
With these established risk factors, we can better identify
high-risk target groups to implement preventative measures
and optimize modifiable risk factors.
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