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Background: Lateral patellar dislocation can become a recurrent problem after the first episode. Identifying those patients who are
at increased risk of redislocation is important for the treatment decision-making process.

Purpose: To identify clinical and radiologic risk factors for recurrence of patellar dislocation after a first episode.
Study Design: Case-control study; Level of evidence, 3.

Methods: The study included patients with lateral patellar dislocation and a 1-year minimum follow-up who were seen between
2011 and 2018. Patients aged 10 to 65 years were included. Patient characteristics, physical examination (patellar apprehension, J
sign), and radiographs were reviewed. The Caton-Deschamps and Insall-Salvati ratios were used to evaluate patella alta. High-
grade trochlear dysplasia was defined as Dejour types B, C, and D.

Results: A total of 130 patients (139 knees) with primary lateral patellar dislocation were included. Recurrent dislocation was seen
in 83 knees (59.71%). Stepwise logistic regression analysis demonstrated that Caton-Deschamps ratio >1.15 (OR, 2.39; 95% ClI,
1.09-5.22; P = .029), age <21 years (OR, 2.53; 95% Cl, 1.11-5.77; P = .027), and high-grade trochlear dysplasia (OR, 4.17; 95% Cl,
1.90-9.17; P < .001) were significantly associated with patellar redislocation. Based on the presence of these factors, the prob-
ability of dislocation after a first lateral patellar dislocation was 31.2% with no factors present, 36.6% with any 1 factor present,
71.7% with any 2 factors present, and 86.2% if all 3 conditions were present.

Conclusion: The results of this study indicated that patella alta, high-grade trochlear dysplasia, and age <21 years were inde-
pendent risk factors for patellar redislocation after a first episode, with an additive effect when they were present together. This may
help to guide the type of treatment for these patients.
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Patellar dislocation is a relatively common knee injury, with
an incidence ranging from 2.3 to 77 per 100,000 people per
year,513:18:34.38.3945 At Joast one-third of skeletally mature
patients will experience recurrent instability over time after
a primary patellar dislocation.!®2427:28:30 pPatellofemoral
stability depends on multiple factors, such as limb align-
ment, the torsional profile, soft tissue constraints, and the
shape of the trochlear groove.® Some of the predisposing
factors that have been associated with patellar redislocation
are trochlear dysplasia, patella alta, malalignment, elevated
tibial tubercle—trochlear groove (TT-TG) distance, and
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skeletal immaturity.? However, there continues to be contro-
versy regarding the type of management a patient should
receive after a first episode of lateral patellar dislocation.
There is a trend toward conservative treatment with few
absolute indications for surgery, such as an associated acute
osteochondral fracture.?3240:42

It has been difficult to predict which patients will go on to
have recurrent instability.!® The multifactorial nature of
patellar instability requires a clinician to understand the
individual risk factors for recurrence and recognize that
certain combinations of factors may considerably increase
the risk of redislocation.® There are risk factors for recur-
rence that have been identified in recent studies. Jaquith
and Parikh?* identified the following: skeletal immaturity,
patella alta (measured using the Caton-Deschamps ratio),
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history of contralateral dislocation, and any type of troch-
lear dysplasia (according to the Dejour classification).
Meanwhile, Arendt et al®> showed that patella alta (mea-
sured using the Insall-Salvati ratio), trochlear dysplasia
(measured as an increased sulcus angle), and skeletal
immaturity were predictors of recurrence. A recent meta-
analysis found that younger age and elevated TT-TG dis-
tance were also risk factors for recurrence.??

Given the high rate of recurrence after a first episode, it
is important to better understand the risk factors involved.
The ability to recognize the factors that predispose a
patient to an increased risk of patellofemoral dislocation
recurrence can be a useful clinical tool for making treat-
ment decisions. The purpose of this study was to identify
clinical and radiologic risk factors for the recurrence of
patellar dislocation after a first episode.

METHODS

This study was conducted at a tertiary-care center with
specialists trained in the care of patients with complex
orthopaedic injuries, making this institution an orthopae-
dic referral center for the region. This study was approved
by the institution’s biomedical research and ethics
committee.

Study Population

Eligible patients were those aged 10 to 65 years who had
sustained a lateral patellar dislocation and were seen at our
institution after their first episode. The study period was
between January 2011 and June 2018. A search was con-
ducted in the medical chart database for patients with the
appropriate ICD-10 (International Classification of Dis-
eases, 10th Revision) diagnostic codes for patellar disloca-
tion (S830, M220, M221), their medical charts were
evaluated, and all these patients were contacted for inclu-
sion in the study. Patients with a history of tibial tubercle
osteotomy were not included in the patellar height analysis,
and no radiographs were taken for patients who were preg-
nant during the follow-up visit.

Patients with at least 1 year of follow-up were invited
to participate in the study during 2019. There were
187 patients who met the inclusion criteria. Of these,
145 patients were contacted and agreed to participate in
the study, and 130 patients (139 knees) underwent radio-
graphic assessment, for a 70% follow-up. Patients lost to
follow-up were older (median age, 20 years) than study
participants (median age, 16 years). Figure 1 shows the
flow diagram of patient inclusion and exclusion.
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Records of patients with lateral patellar
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Figure 1. STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) flow diagram showing the
sampling and inclusion of patients in the study.

Assessment

Data were retrospectively collected from electronic medical
records and included patient and clinical characteristics.
The main outcome was recurrence of patellar dislocation.
The presence of trochlear dysplasia, patellar height, sulcus
angle, tilt, and skeletal maturity were assessed by a radi-
ologist (M.R.). This information was recorded in an elec-
tronic database used exclusively by our institution
(BDClinic).

All study patients were evaluated by an orthopaedic
sports medicine surgeon (J.P.M.-C.). This included ques-
tions about their first episode and further dislocations, type
of treatment received, and physical examination, with
emphasis on an apprehension test and the presence of the
J sign. After patients provided written informed consent, a
comparative radiograph of both knees was taken.

Radiographic Measurements

Anteroposterior, true lateral view (with superimposed dor-
sal condyles),?? and Merchant view radiographs were used
for assessments. Radiographs were obtained and then
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TABLE 1
Characteristics of Knees With and Knees Without Patellar Redislocation®
All Redislocation No Redislocation
Variable (N = 139 Knees) (n = 83 Knees; 59.71%) (n = 56 Knees; 40.29%) P Value?
Baseline measurements
Sex
Female 75 (54) 46 (55.42) 29 (51.79) .673
Male 64 (46) 37 (44.58) 27 (48.21)
Median age, y 16 (14-24) 16 (13-20) 17.5 (15-27) .008
Side
Left 74 (53.24) 45 (54.22) 29 (51.79) 431
Right 65 (46.76) 38 (45.78) 27 (48.21)
Follow-up measurements
Median BMI 22.5 (20.1-25.4) 21.9 (19.5-25.1) 23.7 (20.45-25.95) .021
Median Insall-Salvati ratio 1.34 (1.18-1.47) 1.38 (1.22-1.47) 1.29 (1.14-1.44) .069
Median Caton-Deschamps ratio 1.16 (1.03-1.24) 1.19 (1.09-1.26) 1.1 (0.97-1.22) .003
Median sulcus angle, deg 17 (7-26) 17 (7-26) 17 (7.5-27) 718
Apprehension test 70 (50.36) 51 (61.45) 19 (33.93) .001
J sign 41 (29.5) 30 (36.14) 11 (19.64) .032
Trochlear dysplasia 114 (82.01) 70 (84.34) 44 (78.57) .378
Type of dysplasia®
A 51 (36.69) 22 (26.51) 29 (51.79) .002
B 27 (19.42) 21 (25.30) 6 (10.71) .033
C 23 (16.55) 16 (19.28) 7 (12.5) 291
D 13 (9.35) 11 (13.25) 2(3.57) .047

“Data are presented as n (%) or median (interquartile range). Boldface P values indicate a statistically significant difference between study

groups (P < .05). BMI, body mass index.

*From the 2-group ¢ test and Mann-Whitney U test for continuous variables and the chi-square test and Fisher exact test for categorical

variables.
“According to Dejour classification.

evaluated by the radiologist, who was blinded to the clinical
data and outcomes. For trochlear dysplasia, the Dejour
classification system was used.®*'® Radiographs were
evaluated for the presence of a crossing sign, a supratroch-
lear spur, and a double contour sign. According to the
literature, high-grade trochlear dysplasia includes types
B, C, and D, while low-grade trochlear dysplasia is consid-
ered type A.?° Patella alta was assessed on the lateral
radiographs using the Caton-Deschamps ratio and the
Insall-Salvati ratio.'1162343 Skeletal maturity was evalu-
ated based on the distal femoral and proximal tibial physes
using one of the following categories: open, closing, or
closed. Patients with open or closing physes were consid-
ered skeletally immature, and those with closed physes
were considered skeletally mature.®!

Statistical Analysis

To group data from certain variables, the medians and
interquartile ranges for the Insall-Salvati ratio, Caton-
Deschamps ratio, sulcus angle, and body mass index (BMI)
were used because there was no normal distribution as ver-
ified using the Shapiro-Wilk test. Qualitative variables
were presented as distributions of relative and absolute
frequencies.

A comparison between knees with and knees without
patellar redislocation in relation to quantitative variables
was made using the Mann-Whitney U test; for qualitative

nominal variables, the chi-square or Fisher exact test was
used, depending on the expected frequency in the cate-
gories. Subsequently, a logistic regression model was used
to identify variables that were associated with patellar
redislocation (variables with P < .2). Variables with P <
.05 were allowed to remain in the model. A new variable
was created in which the number of risk factors was
defined, and logistic regression was performed to calculate
the predicted risk of dislocation.

The goodness of fit of the model was verified using the
chi-square Hosmer-Lemeshow test.!” The discriminative
capacity of the models was determined using the area
under the receiver operating characteristic curve method,
and the Akaike information criterion was used to select the
best model.** All analyses and sample size calculations
were performed using Stata 14 statistical software
(StataCorp).

RESULTS

Table 1 shows a description of the characteristics for the
overall study population by outcome of interest. Overall, 83
of the 139 knees (59.71%) had recurrent patellar dislocation
during follow-up (minimum follow-up, 1 year; median
follow-up, 6.3 years). When comparing these characteristics
between cases of redislocation and cases of no redislocation,
a significant difference was found for median age, with the
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TABLE 2
Logistic Regression Analysis of Patellar Redislocation
Group

Regression Model

Variable OR (95% CI) P Value
Caton-Deschamps ratio >1.15 2.39 (1.09-5.22) .029
Age <21y 2.53 (1.11-5.77) .027

High-grade trochlear dysplasia® 4.17 (1.90-9.17) <.001

“Dejour types B, C, and D. OR, odds ratio.

redislocation group being younger (16 vs 17.5 years; P =
.008). The recurrent patellar dislocation group also exhib-
ited a higher rate of patella alta (Caton-Deschamps ratio,
1.19 vs 1.1; P = .003). There was no significant sex-based
difference between the redislocation and no redislocation
groups. The redislocation group had a significantly lower
BMI compared with the no redislocation group (median,
21.9 vs 23.7; P = .021). Recurrent patellar dislocation was
associated with a higher rate of positive J sign (36.14% vs
19.64%; P = .032) and apprehension (61.45% vs 33.93%; P =
.001) during physical examination.

The logistic regression model showed that the factors
associated with redislocation were a Caton-Deschamps
ratio >1.15 (P = .029), age <21 years (P = .027), and
high-grade trochlear dysplasia (P < .001). The results of
the logistic regression analysis are shown in Table 2. This
model was adequately adjusted to the data (P = .59 for the
chi-square Hosmer-Lemeshow test) and showed a discrim-
inative capacity of 75% (area under the receiver operating
characteristic curve) and an Akaike information criterion of
139.

In this study, the probability of redislocation based on
the presence of these specific factors ranged from 31.2%
when no factors were present to 86.2% when all 3 factors
were present. The probability of redislocation is detailed in
Table 3.

DISCUSSION

This study confirms high recurrence of patellar dislocation
after a first episode, especially when certain risk factors
are present. Despite extensive publications about patellar
instability, there is still controversy regarding how to best
treat these patients and when to operate on them after the
first episode.!®21:24:26.28 The following were found to be
independent risk factors for lateral patellar redislocation:
patella alta as measured using a Caton-Deschamps ratio
>1.15, age <21 years, and high-grade trochlear dysplasia
(Dejour types B, C, and D). These variables were used to
create a risk prediction model for redislocation, which
showed a 31.2% risk of redislocation without risk factors,
a 36.6% risk with 1 positive criterion, a 71.7% risk with 2
criteria, and an 86.2% risk with 3 positive criteria. This
finding coincides with previous risk factors identified in
the literature.??* There was no association between
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TABLE 3
Probability of Redislocation by Number of Positive Factors®

Predicted

No. of Risk Redislocation No Redislocation  Probability of

Factors® (n=83Knees) (n=56Knees) Redislocation, %
0 5(6.02) 11 (19.64) 31.2
1 15 (18.07) 26 (46.43) 36.6
2 38 (45.78) 15 (26.79) 71.7
3 25 (30.12) 4(7.14) 86.2

“Data are presented as n (%) unless otherwise indicated.

5The 3 risk factors are Caton-Deschamps ratio >1.15, age <21
years, and high-grade trochlear dysplasia (Dejour types B, C, and
D).

recurrence and female sex or increased BMI; in contrast,
the redislocation group had a slightly lower BMI (P = .02).

We found a 59.7% recurrence after a first episode of
patellar dislocation in our study population. This is a high
recurrence rate that could be related to the retrospective
nature of the study, making it prone for selection bias.
However, this value is in the range of what has been
reported in the literature3®4® (15%-81%), with a similar
distribution among retrospective studies, such as those of
Balcarek et al” (66%), Gravesen et al?® (23%), Buchner
et al® (27%), and Kaewkongnok et al®® (27%), compared
with prospective studies, such as those of Fithian et al'®
(17%), Nikku et al®® (36%), Askenberger et al* (43%), and
Palmu et al®” (71%). There is a significant burden of
disease for these patients, with limitations for daily life
and even more for sports participation.?® Today, part of
our duty is to better understand who could benefit from
early surgery and stratifying by risk factors may be a
useful tool.

Patella alta has been associated with an increased risk
of recurrence and is one of the abnormalities for which
correction can alter the success of treatment in patello-
femoral instability.*! The association between patella alta
and recurrence is likely caused by delayed entry of the
patella into the trochlear groove (the normal osteoarticu-
lar constraint) during early knee flexion, allowing for
instability to occur.'® Not addressing patella alta is one
of the causes of failure for patients after isolated medial
patellofemoral ligament reconstruction.*! However, the
threshold to correct patella alta has not been well
defined, and it has not been established whether the
Caton-Deschamps or Insall-Salvati ratio should be used
to measure it. Arendt et al® found a statistically significant
difference for recurrence using an Insall-Salvati ratio >1.3
as an independent factor. Those patellar height measure-
ments were made using magnetic resonance imaging
(MRI), which can explain the difference with our findings,
which are from radiographs.*® Jaquith and Parikh?* found
that the risk increased using a Caton-Deschamps ratio
>1.45 in children and adolescents. We only had 5 knees
with a Caton-Deschamps ratio >1.45, 4 of which were in
the redislocation group, making that cutoff point very rare
for our study population, which included both children and
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adults. In our study, the redislocation group had higher
values than did the no redislocation group for the Caton-
Deschamps ratio (1.19 vs 1.1; P = .003). For the Insall-
Salvati ratio, there was a nonsignificant difference (1.38
vs 1.29; P = .069). After logistic regression, a Caton-
Deschamps ratio >1.15 remained a significant cutoff
point. This point is in the upper normal limit of what has
been used to define patella alta (Caton-Deschamps ratio,
>1.2).164® It makes sense, then, to consider knees with
patellar heights above this normal value to be at increased
risk for patellar redislocation.

Since 1915, trochlear dysplasia has been recognized as a
risk factor for patellar instability.'® In fact, previous stud-
ies have shown that trochlear dysplasia might be one of the
strongest risk factors for patellar instability and recur-
rence.>'31928 Thig is explained by the lack of constraint
in the lateral wall of the groove and is consistent with our
findings, where high-grade trochlear dysplasia increased
the likelihood of patellar redislocation. Jaquith and Par-
ikh?* found an association between patellar dislocation
recurrence and trochlear dysplasia using the Dejour classi-
fication. Arendt et al® showed an association with sulcus
angles >154° on MRI scans. Our data support dividing dys-
plasia into low-grade (Dejour type A) and high-grade
(Dejour types B, C, and D) groups, with an increased risk
of recurrence for the high-grade group. Dividing dysplasia
into low- and high-grade groups also improves interob-
server reliability.?®

Skeletal immaturity was identified by both Arendt
et al? and Jaquith and Parikh?* as a predictive risk factor
for patellar redislocation after a first episode. In our ret-
rospective study, there was an incomplete number of
patients with radiographs from the first dislocation.
Therefore, chronological age at the time of the first dislo-
cation was used as a proxy measurement for skeletal
maturity. The logistic regression showed a significantly
increased risk for recurrence in patients who had their
first episode of patellofemoral dislocation before they
were 21 years of age. This age threshold could be
explained by skeletal immaturity in some of the patients
but not in all because most would have closed physes by
17 or 18 years of age; there are other characteristics indic-
ative of a younger population, such as returning more
frequently to strenuous sports, similar to what occurs
with anterior cruciate ligament rerupture in younger
patients.*”

The current study and those of Arendt et al,® and
Jaquith and Parikh?* have in common a lower incidence
of recurrence in patients without risk factors, ranging
between 7.7% and 31.2%. Risk increases when patella
alta, skeletal immaturity/age <21 years, or trochlear dys-
plasia is present. The chance of redislocation is between
22.7% and 36.6% with 1 risk factor present, between
50.9% and 71.7% with 2 risk factors present, and between
74.8% and 86.2% when there are 3 present. This can def-
initely help the clinician decide, in conjunction with the
patient and his or her family, what type of treatment to
choose according to the number of risk factors present. It
seems logical to consider surgery when 2 or more of these
risk factors are present, keeping in mind that this might

Patellofemoral Dislocation Recurrence 5

include not only a medial patellofemoral ligament recon-
struction, but also the correction of the other modifiable
risk factors that are present, such as patella alta or troch-
lear dysplasia. While there are risk factors that can pre-
dict recurrence, it continues to be a challenge to define the
timing of surgery and the type of surgery to perform.

The main limitation of this study was the retrospective
nature of the design. Patients were considered eligible
only when the diagnosis of patellar dislocation was regis-
tered during their consultation at the emergency depart-
ment or clinic. Then, during follow-up, they were asked
again about their episode in the questionnaire to confirm
that they did have a real episode of dislocation. For con-
trolling selection bias, all patients during the study period
in the hospital database were eligible, and we actively
tried to reach them through telephone calls and email.
Most patients lost to follow-up were patients who could
not be contacted or lived in another country; only 7 refused
to participate. This decreases the chance for selection bias,
considering that there are no reasons to consider that most
of those patients would have different characteristics or
outcomes compared with the main sample. We could not
measure recurrence, trochlear dysplasia, or patellar
height in patients lost to follow-up, but we did calculate
the median age for them, finding a slightly higher value
(20 years) compared with the median age of study partici-
pants (16 years). This could skew the recurrence to a
higher value. Meanwhile, radiographs were obtained dur-
ing the follow-up visit because there was no high-quality
initial radiograph for most patients; this ensured that we
could have a true lateral view of the knee, which is impor-
tant for trochlear dysplasia assessment, but could intro-
duce information bias in some cases where the
radiographs might have changed over time. For clinical
measurements, such as the J sign or apprehension test,
we did not have the initial status (after the first episode)
for all patients; therefore, this limited the possibility of
including those variables on the analytical model. The
study did not include skeletal maturity status but rather
a proxy measurement of age. Finally, computed tomogra-
phy and MRI scans were not available to measure other
possible risk factors, such as the TT-TG distance or lateral
trochlear inclination angle.!?

CONCLUSION

The results of this study indicated that patella alta,
high-grade trochlear dysplasia, and age <21 years were
independent risk factors for patellar redislocation after a
first episode, with an additive effect when they were pre-
sent together. Surgical treatment may be considered when
2 or more factors are present.
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