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Design: Single-blind, superiority, randomized controlled trial with 48 weeks follow-up.
Setting: Physiotherapy out-patient clinic.
Participants: Forty individuals aged 16 or older, with a history of non-traumatic LPD were ran-
domized to a knee-based strengthening (KBSG) or quadriceps and hip strengthening exercise
(HQSG) program (N=40). Inclusion criteria included a positive apprehension sign, pain on palpa-
tion along the medial retinaculum, and J sign. Exclusion criteria included restricted range of
motion (<90° knee flexion), and traumatic or postsurgical LPD.
Interventions: Concealed randomization was performed using random permuted blocks of size 4.
Individuals received their corresponding exercise program according to randomization and group
allocation: knee-based strengthening (n=20) or combined hip and quadriceps strengthening
(n=20) twice weekly for 8 weeks over 16 appointments.
Main Outcome Measures: Primary outcome was the Lysholm Knee Score. Secondary outcomes
included Numerical Pain Ratings Scale (NPRS) at rest and during effort, Norwich Patellar Instabil-
ity Score (NPIS), Kujala Anterior Knee Pain Scale (AKPS), Lower Extremity Functional Scale
(LEFS), 4 domains of the WHOQOL-Bref, and recurrence rate. Patient-reported outcome meas-
ures were assessed from the baseline to 48 weeks. Assessments were performed by a physiother-
apist who was blinded to the group allocation. Data were analyzed by using a repeated-measures
ANOVA model with Tukey’s post hoc test after an intention-to-treat principle.
Results: At the primary time-point of 8 weeks, there were no substantial between-group differ-
ences in the Lysholm Knee Score: mean difference=-6.8 (95% CI -14.3 to 3.7); NPIS: mean differ-
ence=23.5 (95% CI 5.6 to 41.3); AKPS: mean difference=-1.54 (95% CI -8.6 to 5.6), NPRS at rest
and during effort (mean difference=0.32 (95% CI -0.37 to 1); and mean difference=0.68 (95% CI
-0.9 to 1.86); LEFS mean difference=-1.08 (95% CI -5.9 to 2.4), WHOQOL-Bref domains (physical
health: mean difference=-0.12, (95% CI -1.26 to 1.02); psychological: mean difference=-0.32
(95% CI -2.04 to 1.4); social relations: mean difference=-0.7 (95% CI -2.2 to 0.82); environment:
mean difference=0.44 (95% CI -1 to 1.9), and recurrence rate (P=.69).
Conclusion: This study indicates that combined hip and knee muscle strengthening is not superior
to knee-based strengthening for LPD treatment. The limitations stemming from the underpow-
ered nature of the trial must be acknowledged, concerning the potential oversight of moderate
intervention effects.
© 2024 Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Lateral patellar dislocation (LPD) is a prevalent orthopedic
condition1 characterized by the lateral displacement of the
patella away from the trochlear groove, often accompanied
by a rupture of the medial patellofemoral ligament (MPFL).2

Recurrent LPD occurs in approximately 7.7%-13.8% of cases in
the absence of any risk factors.3 This incidence can increase sub-
stantially, reaching up to 70% of cases when 3 ormore risk factors
are present.3,4 Individuals with recurrent dislocations commonly
face a diminished quality of life, characterized by persistent
symptoms such as pain, instability, reduced activity, and the
potential for chondral injury to the patellofemoral joint.5,6

Several anatomic factors have been attributed to first-time
LPD, such as trochlear dysplasia, tibial tuberosity to trochlear
groove distance greater than 20mm,patella alta, lateral patellar
tilt exceeding 20°, skeletal immaturity, and ligamentous laxity.6,7

Conservative treatment stands as the primary approach
for managing first-time LPD in the absence of osteochondral
fracture.8 This frequently focuses on vastus medialis and
general quadriceps strengthening, quadriceps electrical
stimulation, and proprioceptive exercises.9,10

The recommendation to incorporate a hip muscle
strengthening program alongside quadriceps muscle
strengthening for individuals after LPD is rooted in the
evidence base for patellofemoral pain (PFP).11-13 Despite
recent findings suggesting an association between hip
muscles weakness and recurrent instability,14 the efficacy of
a combined hip muscle and quadriceps strengthening pro-
gram remains unexplored in the context of LPD. Moreover,
while such programs have been investigated in the context
of PFP,13 the distinct nature of LPD as compared with PFP
suggests caution in generalizing these findings. Accordingly,
the objective of this trial was to evaluate the superiority
of a hip muscle strengthening (extensors, abductors, and
lateral rotators [LR]) in conjunction with a quadriceps
strengthening program compared with a program focusing
on knee-based strengthening exercises.
Methods

Study design

This was a single-blinded, superiority, parallel, randomized
controlled trial (RCT). This has been reported in accordance
to the Consolidated Standards of Reporting Trials (CONSORT)
reporting statement.
Participants

Participants with a prior history of non-traumatic LPD requir-
ing emergency care were recruited from the Institute of
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Medical Assistance to the State Public Servant (IAMSPE)
under the supervision of a medical doctor responsible for
diagnosing these cases (RTdC). All participants signed an
informed consent form or assent form depending on age.
The study was approved by the Federal University of S~ao
Paulo Ethics and Research Committee on October 05, 2017
(reference: 2.317.503) and the IAMSPE Ethics and Research
Committee on December 18, 2017 (reference: 2.445.222). It
was prospectively registered in the Brazilian Clinical Trials
Registry (RBR-8kf6ks).

This study was conducted in compliance with the princi-
ples of the Declaration of Helsinki.

Eligibility criteria

The eligibility of participants was evaluated by the medical
doctor (RTdC) who was responsible for diagnosing these
cases.

Inclusion criteria
We included men and women, aged 16 or older, with a his-
tory of nontraumatic LPD − whether it was their initial
occurrence or a recurrent event. This encompassed both
unilateral cases and those with a prior history of dislocation
in either leg (bilateral) requiring emergency care. The inter-
val between the latest LPD episode and enrolment was
required to be a minimum of 6 weeks. Participants were
required to exhibit a positive apprehension sign to the later-
alization of the patella, pain on palpation along the medial
retinaculum, and increased patellar inclination in knee-flex-
ion-extension (J sign).15

Exclusion criteria
We excluded participants who had used knee immobilization
for more than 48 hours after their emergency care visit, or
those with restricted range of motion hindering compliance
with the exercise protocol at the time of approach (less than
90° of knee flexion). We excluded participants with a history
of traumatic or patellar dislocation (PD) after surgery, prior
traumatic meniscal injury, prior complete tear of the ante-
rior cruciate ligament, posterior cruciate ligament, and/or
collateral ligament, a history of radiological evidence of
knee osteoarthritis, and those who had undergone lower
limb surgery during the previous 12 months.

Setting

This study occurred at a physiotherapy out-patient clinic at a
tertiary hospital.

Randomization

Concealed randomization was performed using randomly
permuted blocks of size 4, generated on Microsoft Excel,
employing a simple randomization method, in a 1:1 alloca-
tion ratio. The randomization process was performed by a
physiotherapist uninvolved in enrolment, assessments or
treatment (PYLW). Opaque, closed, numbered envelopes
were used and stored in a locked cabinet. The randomized
groups comprised the knee-based strengthening group
(KBSG) and the hip and quadriceps strengthening group
(HQSG). Group assignment occurred post-consent and com-
pletion of baseline questionnaires. This allocated group
information was subsequently communicated to the physio-
therapist responsible for the intervention (VGCdO).16
Intervention

After randomization, each individual received their corre-
sponding exercise program: isolated quadriceps strengthen-
ing or combined hip and quadriceps strengthening. Both
programs commenced a minimum of 6 weeks after the last
episode of LPD and were delivered by an experienced phys-
iotherapist (VGCdO), face-to-face, twice weekly for 8 weeks
over 16 appointments. The 8-week duration was chosen to
align with the predominant treatment period identified in
routine physiotherapy practices for this specific popula-
tion.17 The exercises prescribed, the load progression, and
the type of exercises and equipment used are described in
table 1 and illustrated in figures 1-6. The load was measured
and progressed weekly, tailored in dosage to participants.

The KBSG had treatment sessions lasting 30 minutes for
the first 2 weeks, 45 minutes for weeks 2-4, and 60-70
minutes for weeks 4-8. The HQSG’s sessions were 60 minutes
for the first 2 weeks, 75 minutes for weeks 2-4, and 90-100
minutes for weeks 4-8.

The KBSG and the HQSG programs were developed based
on the frameworks proposed in prior studies involving partic-
ipants with PFP.11,12,18,19

At the end of each program, participants from both
groups were instructed to conduct strengthening exercises
at a gym on their own, for a minimum of 3 times per week.20

Exercise compliance was recorded at each follow-up
appointment using the following question: “did you continue
the muscle strengthening exercises at a gym at least 3 times
per week?”
Outcome measures

Data were collected at the following time-points: baseline
(pre-randomization), 4 weeks, 8 weeks (primary endpoint),
12 weeks, 24 weeks, and 48 weeks post-randomization. The
selection of the 8-week primary endpoint was based on
aligning with the established 8-week discharge timeframe
and considering the practical transition of patients to gym-
based activities. The isometric hip and knee muscle strength
evaluation was collected at baseline (pre-randomization)
and the end of the treatment (8 weeks post-randomization).
The primary outcome measure was the Lysholm Knee
Score.21 The Lysholm Knee Score is a Patient-Reported Out-
come Measure (PROM) designed to evaluate the functional
status of individuals with knee conditions. Scores range from
0 to 100, with higher scores reflecting better knee function.
It was chosen as the primary outcome because it was vali-
dated for patients with patellar instability, demonstrating
high internal consistency and test-retest reliability.22 The
secondary outcomes were as follows:

Numerical pain rating scale (NPRS) at rest and during
effort23: Numerical scale comprising 11 points, where 0
denoted the absence of pain, and 10 represented the worst
pain imaginable. The term “rest pain” referred to discom-
fort experienced when the individual was stationary, while



Table 1 Protocol description of Knee-based Strengthening Group and Hip and Quadriceps Strengthening Group according to TIDieR guideline

Group Time Exercise Load Sets Equipment

KBSG
KBSG

0-2 weeks Hamstrings stretching 30 seconds 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC Elastic resistance 3 sets of 15 repetitions for each leg with 30 seconds of rest

between sets
Exercise band of medium
resistance

Quadriceps strengthening in CKC with low feet positioning
and protected angle (0°-60°/70° of knee flexion)

60% of 1RM 3 sets of 15 repetitions using both legs with 30 seconds of
rest between sets

Leg-press

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

60% of 1RM 3 sets of 15 repetitions using both legs with 30 seconds of
rest between sets

Hack squat

2-4 weeks Hamstrings stretching 1 minute 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC 80% of 1RM 3 sets of 12 repetitions using both legs with 60 seconds of

rest between sets
Quadriceps bench

Quadriceps strengthening in CKC with low foot positioning
and protected angle (0°-60°/70° of knee flexion)

80% of 1RM 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Leg-press

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

80% of 1RM 3 sets of 12 repetitions using both legs with 60 seconds of
rest between sets

Hack squat

Balance exercise − static control of medial femoral
rotation in a stable surface

Bodyweight 3 sets of 30 seconds for each leg with 30 seconds of rest
between sets

Step

4-8 weeks
4-8 weeks

Hamstrings stretching 1 minute 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC 80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest

between sets
Quadriceps bench

Quadriceps strengthening in CKC with low foot positioning
and protected angle (0°-60°/70° of knee flexion)

80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Leg-press

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Hack squat

Balance exercise − dynamic valgus control on a step-down
task

Bodyweight 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Step

Balance exercise − static control of medial femoral
rotation in an unstable surface

Bodyweight 3 sets of 30 seconds for each leg with 30 seconds of rest
between sets

Bosu ball

HQSG
HQSG
HQSG
HQSG
HQSG

0-2 weeks
0-2 weeks

Hamstrings stretching 30 seconds 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC Elastic resistance 3 sets of 15 repetitions for each leg with 30 seconds of rest

between sets
Exercise band of medium
resistance

Quadriceps strengthening in CKC with low feet positioning
and protected angle (0°-60°/70° of knee flexion)

60% of 1RM 3 sets of 15 repetitions using both legs with 30 seconds of
rest between sets

Leg-press

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

60% of 1RM 3 sets of 15 repetitions using both legs with 30 seconds of
rest between sets

Hack squat

Hip abductors strengthening in OKC (SLR) 60% of 1RM 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Ankle weights

Hip abductors strengthening in OKC − Side-lying clam Elastic resistance 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Exercise band of medium
resistance

Hip extensors strengthening in OKC (SLR) 60% of 1RM 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Ankle weights

Hip lateral rotators at 90° strengthening Elastic resistance 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Exercise band of light
resistance

Hip lateral rotators at 0° strengthening Elastic resistance 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Exercise band of light
resistance

2-4 weeks
2-4 weeks

Hamstrings stretching 1 minute 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC 80% of 1RM 3 sets of 12 repetitions using both legs with 60 seconds of

rest between sets
Quadriceps bench

Quadriceps strengthening in CKC with low foot positioning
and protected angle (0°-60°/70° of knee flexion)

80% of 1RM 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Leg-press

(continued)
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Table 1 (Continued)

Group Time Exercise Load Sets Equipment

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

80% of 1RM 3 sets of 12 repetitions using both legs with 60 seconds of
rest between sets

Hack squat

Hip abductors strengthening in OKC (SLR) 80% of 1RM 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Ankle weights

Hip abductors strengthening in OKC − Side-lying clam Elastic resistance 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of medium-
heavy resistance

Hip extensors strengthening in OKC (SLR) 80% of 1RM 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Ankle weights

Hip lateral rotators at 90° strengthening Elastic resistance 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of light-
medium resistance

Hip lateral rotators at 0° strengthening Elastic resistance 3 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of light-
medium resistance

Balance exercise − static control of medial femoral
rotation in a stable surface

Bodyweight 3 sets of 30 seconds for each leg with 30 seconds of rest
between sets

Step

4-8 weeks
4-8 weeks

Hamstrings stretching 1 minute 3 sets for each leg Inelastic belt
Quadriceps strengthening in OKC 80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest

between sets
Quadriceps bench

Quadriceps strengthening in CKC with low foot positioning
and protected angle (0°-60°/70° of knee flexion)

80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Leg-press

Quadriceps strengthening in CKC with protected angle
(0°-60°/70° of knee flexion)

80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Hack squat

Hip abductors strengthening in OKC (SLR) 80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Ankle weights

Hip abductors strengthening in OKC − Side-lying clam Elastic resistance 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of heavy
resistance

Hip extensors strengthening in OKC (SLR) 80% of 1RM 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Ankle weights

Hip lateral rotators at 90° strengthening Elastic resistance 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of medium
resistance

Hip lateral rotators at 0° strengthening Elastic resistance 4 sets of 12 repetitions for each leg with 60 seconds of rest
between sets

Exercise band of medium
resistance

Balance exercise − dynamic valgus control on a step-down
task

Bodyweight 3 sets of 15 repetitions for each leg with 30 seconds of rest
between sets

Step

Balance exercise − static control of medial femoral
rotation in an unstable surface

Bodyweight 3 sets of 30 seconds for each leg with 30 seconds of rest
between sets

Bosu ball

Abbreviations: 1RM, 1-repetition maximum; CKC, Closed Kinetic Chain; OKC, Open Kinetic Chain.
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Fig 1 Exercises performed from 0 to 2 weeks − Knee-based
Strengthening Group. (A) Hamstring stretching; (B) Quadriceps
strengthening in open kinetic chain with elastic resistance; (C)
Quadriceps strengthening in closed kinetic chain on a leg-press
machine; (D) Quadriceps strengthening in closed kinetic chain
on a hack squat.

6 L.S. Arrebola et al.
“effort pain” encompassed the pain during activities such as
squatting, kneeling, and climbing stairs.

Norwich Patellar Instability (NPI) Score:24 The NPI Score
was designed to assess the effect of patellar instability on
an individual’s daily life. It includes domains related to
Fig 2 Exercises performed from 2 to 4 weeks − Knee-based S
strengthening in open kinetic chain on a quadriceps bench; (C) Q
machine; (D) Quadriceps strengthening in closed kinetic chain on a h
ble surface.
symptoms and functional limitations. The score ranges from
0 to 250, with lower scores indicating better outcomes.22

Kujala Anterior Knee Pain Scale (AKPS):25 The AKPS is a
PROM specifically focused on evaluating individuals with
anterior knee pain. The score ranges from 0 to 100, with
higher scores indicating better knee function.23

Lower Extremity Functional Scale (LEFS):26 The LEFS is a
PROM that gauges the functional status of individuals with
lower extremity musculoskeletal conditions. It encompasses
various daily activities, ranging from basic functions to more
complex movements. The score ranges from 0 to 80, with
higher scores indicating better functional status.24

World Health Organization Quality of Life Assessment
(WHOQOL-BREF):27 The WHOQOL-BREF is composed of 4
domains: physical health, psychological, social relations,
and environmental. For statistical purposes, the domains
were interpreted separately. The mean scores obtained per
domain were multiplied by 4 to compare the results with the
WHOQOL-100 scores and better interpret the findings.28

Frequency of recurrent PD requiring emergency or health
care management. The analysis encompasses instances
involving either patella in individuals with a history of bilat-
eral dislocation.15

Isometric hip and knee muscle strength evaluation
assessed using the Lafayette Manual Muscle Testing System
Model-01165,a factory calibrated.14 The hand-held dyna-
mometer was stabilized with assessor counter-resistance
and externally with an inelastic belt to assess the hip and
the knee muscles, respectively. The following muscle groups
were assessed: hip flexors, hip extensors, hip abductors, hip
adductors, hip LR at 90°and 0°, hip medial rotators (MR) at
90° and 0°, and femoral quadriceps at 60°. All patients
were evaluated in sequence, alternating measurements
between lower limbs to minimize fatigue. Before the evalua-
tion, 2 submaximal contractions were performed to familiar-
ize individuals. Subjects were verbally encouraged to
perform the contractions at maximum capacity. For each
muscle group, 3 measurements were performed with an
interval of 30 seconds between tests. If the difference
between measurements was greater than 10%, the result
was discarded and remeasurement occurred. The muscle
strength values obtained were normalized by body mass,
employing the following formula: strength (kgf)/mass
trengthening Group. (A) Hamstring stretching; (B) Quadriceps
uadriceps strengthening in closed kinetic chain on a leg-press
ack squat; (E) Static control of medial femoral rotation on a sta-



Fig 3 Exercises performed from 4 to 8 weeks− Knee-based Strengthening Group. (A) Hamstring stretching; (B) Quadriceps strengthening in
open kinetic chain on a quadriceps bench; (C) Quadriceps strengthening in closed kinetic chain on a leg-pressmachine; (D) Quadriceps strength-
ening in closed kinetic chain on a hack squat; (E) Dynamic valgus control on a step-down task; (F) Static control of medial femoral rotation on an
unstable surface.

Fig 4 Exercises performed from0 to 2weeks−Hip andQuadriceps Strengthening Group. (A) Hamstring stretching; (B) Quadriceps strength-
ening in open kinetic chainwith elastic resistance; (C) Quadriceps strengthening in closed kinetic chain on a leg-pressmachine; (D) Quadriceps
strengthening in closed kinetic chain on a hack squat; (E) Hip abductors strengthening on a straight leg raise (SLR) exercisewith ankle weights;
(F) Hip abductors strengthening on a side-lying clam exercise with elastic resistance; (G) Hip extensors strengthening on a SLR exercise with
ankleweights; (H) Hip LR at 90° strengtheningwith elastic resistance; (I) Hip LR at 0° strengtheningwith elastic resistance.

Rehabilitation for patellar dislocation 7



Fig 5 Exercises performed from 2 to 4 weeks − Hip and Quadriceps Strengthening Group. (A) Hamstring stretching; (B) Quadriceps
strengthening in open kinetic chain on a quadriceps bench; (C) Quadriceps strengthening in closed kinetic chain on a leg-press
machine; (D) Quadriceps strengthening in closed kinetic chain on a hack squat; (E) Hip abductors strengthening on a straight leg raise
(SLR) exercise with ankle weights; (F) Hip abductors strengthening on a side-lying clam exercise with elastic resistance; (G) Hip
extensors strengthening on a SLR exercise with ankle weights; (H) Hip LR at 90° strengthening with elastic resistance; (I) Hip LR at 0°
strengthening with elastic resistance; (J) Static control of medial femoral rotation on a stable surface.

8 L.S. Arrebola et al.
(kg) £ 100. The mean of the 3 contractions was used for
comparisons.

All assessments were performed by the same experi-
enced physiotherapist (PRdO) who was blinded to the
group allocation.
Fig 6 Exercises performed from 4 to 8 weeks − Hip and Quadricep
strengthening in open kinetic chain on a quadriceps bench; (C) Q
machine; (D) Quadriceps strengthening in closed kinetic chain on a h
(SLR) exercise with ankle weights; (F) Hip abductors strengthening
extensors strengthening on a SLR exercise with ankle weights; (H) Hi
strengthening with elastic resistance; (J) Dynamic valgus control on
on an unstable surface.
Sample size calculation

The sample size was based on a Lysholm Knee Score21 at the
end of the treatment (8 weeks; primary endpoint), where a
10-point clinical difference29 was considered significant
s Strengthening Group. (A) Hamstring stretching; (B) Quadriceps
uadriceps strengthening in closed kinetic chain on a leg-press
ack squat; (E) Hip abductors strengthening on a straight leg raise
on a side-lying clam exercise with elastic resistance; (G) Hip

p LR at 90° strengthening with elastic resistance; (I) Hip LR at 0°
a step-down task; (K) Static control of medial femoral rotation
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between groups, assuming Cohen’s d effect size (ES) of 1.06,
a power of 0.80, and a statistical significance level of P<.05
(2-sided). This resulted in a sample size of 30 individuals, 15
per group, increased by 25% for attrition, resulting in a total
of 40 participants, 20 per group.15

Statistical analysis

Descriptive data were represented by the mean § SD and
frequency. Prior to analysis, the data distribution was
assessed for normality and homogeneity by visual inspection
of histograms and Shapiro-Wilk and Levene tests.

The analysis followed an intention-to-treat principle.
Missing data were addressed through multiple imputations
and analyzed through sensitivity analysis.30 Ten imputations
of missing values were generated through the fully condi-
tional specification. The imputations were analyzed through
descriptive statistics (mean § SD, interquartile ranges, and
confidence intervals [CI]) to verify the imputed data did not
deviate significantly from the original.

At each time-point, descriptive analyses, including
means, mean differences, and 95% CI, were employed to
assess between-group differences. Additionally, a repeated-
measures ANOVA model with Tukey’s post hoc test was
applied for further analysis. The recurrence rate was pre-
sented as both frequency and percentage, and inter-group
differences at each time-point were scrutinized through Log
Rank (Mantel-Cox) and Kaplan-Meier survival analyses. This
post hoc analysis was conducted to enhance the interpret-
ability of our findings. Exercise compliance was conveyed in
terms of frequency and percentage.

A significance level of 0.05 was used in all statistical
tests.

All analyses were performed using IBM SPSS software
version 20.0 for Windows.b
Results

Flow of the participants and cohort characteristics

From 24 September 2018 through 7 January 2020, 43 individ-
uals were screened for eligibility, with 3 ineligible for inclu-
sion. Forty individuals (11 men; 29 women) with a mean age
of 20.3 years underwent randomization with 20 assigned to
KBSG and 20 to HQSG. The characteristics of the participants
and baseline data are presented in table 2, while the Con-
sort Flow Diagram is provided in figure 7.

Primary outcome

Lysholm Knee Score
As illustrated in table 3, the mean differences observed
between the KBSG and HQSG during the treatment period
were -9.7 (95% CI -19.4 to 4.8) at 4 weeks, and -6.8 (95% CI
-14.3 to 3.7) at 8 weeks. The mean differences for the fol-
low-up periods were -5.4 (95% CI -14 to 3.2) at 12 weeks,
-5.5 (95% CI -13.9 to 2.8) at 24 weeks, and -1.64 (95% CI
-13.6 to 10.3) at 48 weeks, as illustrated in table 4. No sta-
tistically significant differences were observed between the
KBSG and HQSG in the Lysholm Knee Score at any time point.
Secondary outcomes

NPRS at rest and during effort
The mean differences between the KBSG and HQSG during
the treatment period for the NPRS at rest were 1.4 (95% CI
0.45 to 2.4) at 4 weeks, and 0.32 (95% CI -0.37 to 1) at 8
weeks. Likewise, for the NPRS during effort during the same
period, the mean differences between groups were 2.2 (95%
CI 0.62 to 3.8), and 0.68 (95% CI -0.9 to 1.86), respectively.
These findings are presented in table 3.

During the follow-up periods, the mean differences
between groups for the NPRS at rest were 0.59 (95% CI -0.2
to 1.34) at 12 weeks, 0.23 (95% CI -0.6 to 1.12) at 24 weeks,
and 0.25 (95% CI -0.9 to 1.43) at 48 weeks. For the NPRS dur-
ing effort, the mean differences were 0.95 (95% CI -0.42 to
2.3) at 12 weeks, 0.77 (95% CI -0.56 to 2.1) at 24 weeks, and
0.9 (95% CI -0.74 to 2.5) at 48 weeks. These findings are pre-
sented in table 4.

While no statistical difference was observed between the
KBSG and HQSG for the NPRS at rest and during effort at any
time point, a clinically meaningful distinction between the
groups emerged for the NPRS during effort at the 4-week
mark.23

NPI Score
As shown in table 3, the mean differences between groups
for the NPI Score during the treatment period were 8.6 (95%
CI -19.1 to 36.3) at 4 weeks and 23.5 (95% CI 5.6 to 41.3) at 8
weeks. In table 4, mean differences between groups during
follow-up were 15.7 (95% CI -1.8 to 33.2) at 12 weeks, 18.9
(95% CI 0.2 to 37.6) at 24 weeks, and 10.8 (-9.2 to 30.7) at
48 weeks. While the NPI Score demonstrated no significant
difference between the KBSG and HQSG at any time point,
the 95% CI for the group differences did not cross the zero
mark, potentially indicating a difference favoring the HQSG.
This information is depicted in tables 3 and 4.

Kujala AKPS
As presented in table 3, the mean differences between the
KBSG and HQSG for the Kujala AKPS during the treatment
period were -2.8 (95% CI -12.4 to 6.8) at 4 weeks, and -1.54
(95% CI -8.6 to 5.6) at 8 weeks. Table 4 illustrates the follow-
up periods, where the mean differences between groups
were -1.6 (95% CI -9.9 to 6.6) at 12 weeks, -3.2 (-11.6 to 5.2)
at 24 weeks, and -1.2 (-10.2 to 7.9) at 48 weeks. No substan-
tial differences between the KBSG and HQSG were found at
any time point.

LEFS
The mean differences between KBSG and HQSG for the LEFS
during the treatment period were -6.8 (95% CI -13.9 to 0.28)
at 4 weeks, and -1.08 (95% CI -5.9 to 2.4) at 8 weeks, as illus-
trated in table 3. In the follow-up periods, the mean differ-
ences between groups were -3.1 (95% CI -8.4 to 2.3) at 12
weeks, -5 (95% CI -10.4 to 0.28) at 24 weeks, and -2.7 (95%
CI -10.6 to 5.2) at 48 weeks, as shown in table 4.

The LEFS demonstrated no substantial difference
between the KBSG and HQSG at any time point.

WHOQOL-Bref
As indicated in table 3, the mean differences between
groups during the treatment period for the 4 domains of the



Table 2 Characteristics of the participants and baseline data

Variable KBSG (n=20) Mean § SD HQSG (n=20) Mean § SD

Women 13 16
Men 7 4
Age (y) 18.85 (4.67) 21.75 (7.79)
Weight (kg) 68.5 (16.4) 61.6 (12.29)
Height (m) 1.67 (0.07) 1.66 (0.09)
BMI (kg/m2) 24.2 (4.65) 22.34 (4.05)
Number of episodes 3.05 (2.01) 3.4 (3.01)
Age at first episode (y) 14.50 (4.19) 14.30 (4.57)
Bilateral dislocation 8 6
Unilateral dislocation 12 14
Lysholm Knee Score 59.85 (17.2) 59.25 (21.2)
NPRS at rest 1.82 (2.69) 2.4 (2.78)
NPRS during effort 4.62 (2.74) 5.1 (3.05)
NPIS 94.45 (51.3) 94.80 (51.2)
Kujala AKPS 66.15 (14.7) 64.95 (16.6)
LEFS 52.2 (15.21) 56.3 (12.75)
WHOQOL-BREF physical health 12.22 (2.45) 12.72 (2.56)
WHOQOL-BREF psychological 14.66 (3.10) 14.88 (2.30)
WHOQOL-BREF social relations 15.78 (3.01) 15.98 (3.33)
WHOQOL-BREF environment 13.94 (2.72) 13.58 (2.12)
Isometric hip flexors strength (kgf/kg £ 100) 31 (7.42) 30.36 (7.90)
Isometric hip extensors strength (kgf/kg £ 100) 26.68 (7.67) 26.74 (7.51)
Isometric hip abductors strength (kgf/kg £ 100) 17.33 (3.77) 17.23 (4.55)
Isometric hip adductors strength (kgf/kg £ 100) 15.81 (4.58) 14.18 (4.96)
Isometric hip LR 90° strength (kgf/kg £ 100) 13.54 (3.27) 14.42 (4.29)
Isometric hip LR 0° strength (kgf/kg £ 100) 13.29 (3.91) 11.53 (2.62)
Isometric hip MR 90° strength (kgf/kg £ 100) 16.70 (5.55) 17.18 (5.36)
Isometric hip MR 0° strength (kgf/kg £ 100) 11.14 (3.28) 10.8 (2.66)
Isometric quadriceps strength (kgf/kg £ 100) 43.72 (10) 38.28 (13.8)

Abbreviations: BMI, body mass index.

10 L.S. Arrebola et al.
WHOQOL-BREF were as follows: -0.56 (95% CI -2.1 to 1) at 4
weeks and -1.08 (95% CI -5.9 to 2.4) at 8 weeks for physical
health; -0.34 (95% CI -2.2 to 1.5) at 4 weeks and -0.32 (95%
CI -2.04 to 1.4) at 8 weeks for psychological health; -0.84
(95% CI -2.5 to 0.8) at 4 weeks and -0.7 (95% CI -2.2 to 0.82)
at 8 weeks for social relations; -0.16 (95% CI -1.5 to 1.1) at 4
weeks and 0.44 (-1 to 1.9) at 8 weeks for the environment.
No substantial differences between the KBSG and HQSG
were observed for the 4 domains of the WHOQOL-Bref at any
time point.

Frequency of recurrent patellar dislocation
As in tables 3 and 4 and figure 8, there was no substantial dif-
ference between the QS and HQS in the frequency of recur-
rent PD requiring health care management at any time, as
indicated by the Log Rank (Mantel-Cox) and Kaplan-Meier
survival analyses. At the 4-week follow-up, 1 participant
from the HQSG experienced an episode of recurrent PD man-
aged conservatively. Similarly, at the 12-week follow-up, 1
participant from the KBSG experienced an episode of recur-
rent PD managed surgically through MPFL reconstruction.
Furthermore, at the 24-week follow-up, 1 participant from
the KBSG faced recurrent PD and opted for conservative
treatment (early mobilization and strengthening exercises).
At the 48-week follow-up, 3 participants from the HQSG and
1 participant from the KBSG experienced recurrent PD.
Among the HQSG, 1 opted for surgical treatment (MPFL
reconstruction), while the remaining 2 chose conservative
treatment (early mobilization and strengthening exercises).
Overall, the prevalence of recurrent PD over the 48-week
study period was 17.5% (7/40; KBSG=3; HQSG=4). Five of the
7 participants who experienced recurrent PD were not
engaged in the exercises at the time of the recurrence.
Isometric hip and knee muscle strength
As depicted in table 3, the mean differences between the
KBSG and HQSG for the hip and knee strength at the end of
the treatment (8 weeks) were as follows: -0.5 kgf/kg £ 100
(95% CI -6.7 to 5.7) for hip flexors, 1.83 kgf/kg £ 100 (95% CI
-3.4 to 7) for hip extensors, 1.3 kgf/kg £ 100 (95% CI -1.4 to
4) for hip abductors, 2 kgf/kg £ 100 (95% CI -1.06 to 5) for
hip adductors, -0.4 kgf/kg £ 100 (95% CI -3.5 to 2.7) for hip
LR at 90°, 1.18 kgf/kg £ 100 (95% CI -0.9 to 3.3) for hip LR at
0°, -0.61 kgf/kg £ 100 (95% CI -4.08 to 2.8) for hip MR at
90°, 0.48 kgf/kg £ 100 (95% CI -1.24 to 2.2) for MR at 0°,
and 0.62 kgf/kg £ 100 (-7.9 to 9.2) for femoral quadriceps
at 60°. There was no substantial difference between the
KBSG and HQSG in hip and knee muscle strength at 8 weeks
for the assessed muscle groups.



Fig 7 Consolidated standards of reporting trials flowchart.
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Exercise adherence after discharge
At the 12- and 24-week follow-ups, 11 out of 18 participants
(61%) from the KBSG and 13 out of 19 participants (68%)
from the HQSG adhered to the strengthening exercises at
least 3 times per week after discharge. By the 48-week
follow-up, the number of participants adhering to the
strengthening exercises in the KBSG remained the same
(11 out of 18; 61%), whereas there was a slight decrease in
participants adhering to the HQSG strengthening exercises
(11 out of 19; 58%).
Discussion

This study is the first single-blind RCT to investigate whether
combined intervention targeting HQSG is superior to the
knee-based strengthening approach to treat LPD. The main
findings were (1) there is no statistical difference between a
combined hip and quadriceps muscle strengthening program
and a knee-based strengthening program for the Lysholm
Knee Score at the 8-week evaluation (primary outcome); (2)
there is no statistical difference between a combined hip
and quadriceps muscle strengthening program and a knee-
based strengthening program for improving pain (NPRS at
rest and during effort), function (NPI Score, Kujala AKPS,
and LEFS), quality of life (WHOQOL-Bref), frequency of
recurrent PD and lower limb muscle strength for any time
point; (3) While no statistical differences emerged, notable
between-group differences for NPRS during effort at 4 weeks
and for the NPI Score at the primary endpoint (8 weeks) fur-
ther supports the possibility of a meaningful difference
favoring the HQSG.

While combined hip and quadriceps exercises are widely
advocated for enhancing pain and function in individuals
with PFP in both short- and long-term,13 our study diverges
from this established narrative for LPD.11,12,18 The anatomic
and biomechanical distinctions, as well as variations in
injury mechanisms and natural histories, between PFP and
LPD7,31,32 underscore the importance of tailoring interven-
tions to the specific condition at hand. After PD, many peo-
ple have generalized hip and knee weakness compared with
healthy subjects,14 and similarly with women with PFP,33

this population could benefit from a combined hip and knee
strengthening program. Notably, our findings suggest that
individuals with LPD may not experience substantial differ-
ences in patellofemoral joint-related scores (Lysholm,



Table 3 Primary and secondary outcomes at weeks 4 (during treatment) and 8 (primary endpoint; end of treatment)

4 weeks 8 weeks

KBSG
Mean (95% CI)

HQSG
Mean (95% CI)

Mean Difference
(95% CI)

KBSG
Mean (95% CI)

HQSG
Mean (95% CI)

Mean Difference
(95% CI)

P Value*

Lysholm Knee Score 72.5 (64 to 81) 82.2 (76.9-87.5) �9.7 (�19.4 to 4.8) 82.9 (77 to 88.7) 89.7 (84.7-94.7) �6.8 (�14.3 to 3.7) 0.22
NPRS at rest 1.7 (0.75-2.7) 0.3 (�0.5 to 0.6) 1.4 (0.45-2.4) 0.7 (0.2-1.2) 0.38 (�1.2 to 0.9) 0.32 (�0.37 to 1) 0.30
NPRS during effort 3.6 (2.2-5.1) 1.4 (0.6-2.2) 2.2 (0.62-3.8) 1.9 (0.9-2.8) 1.4 (0.3-2.5) 0.68 (�0.9 to 1.86) 0.16
NPI Score 57 (37.5-76.6) 48.4 (27.5-69.4) 8.6 (�19.1 to 36.3) 42.2 (27.3-57) 18.7 (7.8-29.6) 23.5 (5.6-41.3) 0.11
Kujala AKPS 75.8 (69 to 82.7) 78.6 (71.4-85.9) �2.8 (�12.4 to 6.8) 87.4 (83 to 91.8) 89 (83 to 94.8) �1.54 (�8.6 to 5.6) 0.68
LEFS 61.3 (55.8-66.9) 68.1 (63.4-72.9) �6.8 (�13.9 to 0.28) 70.7 (67.1-74.3) 71.8 (68.3-75.2) �1.08 (�5.9 to 2.4) 0.16
WHOQOL-BREF physical health 14.4 (13.3-15.5) 15 (13.8-16.2) �0.56 (�2.1 to 1) 15.7 (14.8-16.7) 15.9 (15.1-16.6) �0.12 (�1.26 to 1.02) 0.89
WHOQOL-BREF psychological 15.1 (13.6-16.6) 15.4 (14.3-16.6) �0.34 (�2.2 to 1.5) 15.5 (14.1-17) 15.9 (14.8-16.9) �0.32 (�2.04 to 1.4) 0.98
WHOQOL-BREF social relations 16.5 (15.3-17.6) 17.3 (16 to 18.6) �0.84 (�2.5 to 0.8) 16.2 (15.1-17.4) 16.9 (15.8-18) �0.7 (�2.2 to 0.82) 0.63
WHOQOL-BREF environment 15 (13.9-16) 15.1 (14.2-16.1) �0.16 (�1.5 to 1.1) 15 (14 to 16.1) 14.6 (13.6-15.7) 0.44 (�1 to 1.9) 0.40
Recurrence of LPD − cumulative N (%) 0 (0%) 1 (5%) 1 0 (0%) 1 (5%) 1 0.69
Isometric hip flexors strength (kgf/kg £ 100) - - - 35.6 (31 to 40.2) 36.1 (31.5-40.7) �0.5 (�6.7 to 5.7) 0.97
Isometric hip extensors strength (kgf/kg £ 100) - - - 35.7 (31.8-39.6) 33.8 (30.2-37.5) 1.83 (�3.4 to 7) 0.67
Isometric hip abductors strength (kgf/kg £ 100) - - - 20.5 (18.8-22.2) 19.2 (16.9-21.4) 1.3 (�1.4 to 4) 0.54
Isometric hip adductors strength (kgf/kg £ 100) - - - 18.5 (16.2-20.8) 16.5 (14.3-18.7) 2 (�1.06 to 5) 0.15
Isometric hip LR at 90° strength (kgf/kg £ 100) - - - 17.7 (15.4-20) 18.1 (16 to 20.3) �0.4 (�3.5 to 2.7) 0.56
Isometric hip LR at 0° strength (kgf/kg £ 100) - - - 16.3 (14.4-18.2) 15.1 (14 to 16.2) 1.18 (�0.9 to 3.3) 0.1
Isometric hip MR at 90° strength (kgf/kg £ 100) - - - 22.9 (20.1-25.6) 23.5 (21.2-25.7) �0.61 (�4.08 to 2.8) 0.72
Isometric hip MR at 0° strength (kgf/kg £ 100) - - - 13.9 (12.8-14.9) 13.4 (12 to 14.8) 0.48 (�1.24 to 2.2) 0.61
Isometric femoral quadriceps at 60° strength (kgf/kg £ 100) - - - 56.8 (50.8-62.9) 56.2 (49.7-62.7) 0.62 (�7.9 to 9.2) 0.39
* The P values represent the time-group interaction, assessed through the application of the repeated-measures ANOVA model. Given he absence of statistical differences in both primary

and secondary outcomes, no specific P value is associated with any particular time point.
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Kujala AKPS, and NPI Score) between the combined and iso-
lated strengthening programs at any time point.

Considering the potential role of femoral quadriceps in
patellofemoral joint stabilization as indicated by our results,
aligns with previous work by Smith et al.15 Their study, dem-
onstrating favorable outcomes with specific-VM and general
quadriceps exercises for LPD, echoes our findings where par-
ticipants in both KBSG and HQSG groups achieved similar
Lysholm Knee Score ranges (83-90 points at 8 weeks, with
the highest mean scores at 24 weeks). Additionally, Wong et
al34 demonstrated improvements in quadriceps muscle
strength and patellar stability after an 8-week quadriceps
strengthening program in healthy subjects and a hip
strengthening program with loads of 80% of 1-repetition
maximum, similar to our study, seemed to lack any effect on
the improvement of the dynamic knee valgus,35 the main
mechanism of injury of LPD.36

While no statistical differences emerged between the
groups regarding 3 patellofemoral joint-related scores,
there were notable between-group mean differences of 2.2
and 23.5 observed for NPRS during effort at 4 weeks and NPI
Score at 8 weeks, all favoring the HQSG. These differences
suggest a potentially clinically meaningful finding,37 and the
95% CI of the mean difference in the NPI Score, excluding 0
at the primary endpoint (8 weeks), further supports the pos-
sibility of a meaningful difference favoring the HQSG.

This aligns with existing evidence highlighting the effi-
cacy of combined hip and knee-targeted exercises in improv-
ing pain and function in individuals with PFP.13 Interestingly,
comparable improvements in lower limb strength (hip and
knee) were observed in both KBSG and HQSG, despite only
the latter receiving specific hip strengthening exercises,
hinting at exercise-induced hypoalgesia, potentially stem-
ming from the higher exercise volume in the HQSG.38

Furthermore, despite the lack of information on the sen-
sitivity of the NPI Score to our study population, this specific
tool tailored for individuals after LPD appears to exhibit
greater sensitivity than the Lysholm Knee Score in discerning
differences between the 2 interventions. While the 95% CI of
the mean difference and the ES suggest a meaningful advan-
tage for the HQSG, caution should be exercised in drawing
conclusions. Notably, we did not conduct an adequate sam-
ple size calculation for these secondary outcomes, and the
absence of information regarding the minimally clinically
important difference complicates interpretation. This
emphasizes the necessity for further investigation to vali-
date and substantiate these findings.

The total recurrence rate observed in our study at the 48-
week follow-up was 17.5%, with 7 participants experiencing
recurrence − 3 in the KBSG and 4 in the HQSG, mirroring
rates documented in prior studies (16% at 2 years follow-
up).9 Notably, 5 of the 7 participants experiencing recurrent
PD did not adhere to the prescribed exercise regimen after
discharge. It is conceivable that the gains achieved in patel-
lar instability through the 8-week strengthening protocol
may not be sustained over the 48-week follow-up period,
particularly in the absence of consistent exercise engage-
ment. This sedentary behavior likely contributed to a
decline in strength, potentially influencing the recurrence
rate of LPD as reported in our study.39 Further exploration is
warranted to elucidate the interplay between post-



Fig 8 Kaplan-Meier survival analysis: recurrence of lateral patellar dislocation over follow-up periods.
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discharge exercise compliance, sedentary behavior, and
their effect on recurrence rates and perceived instability in
LPD.

Study limitations

This study presents some limitations. Firstly, the absence of
magnetic resonance imaging (MRI) assessment of partici-
pants’ patellofemoral joint anatomy represents a potential
influence on our study outcomes. Various anatomic factors
contribute to recurrence rate and perceived instability,7 and
the lack of MRI data may limit a comprehensive understand-
ing of these dynamics. Unfortunately, because of constraints
at the hospital where the study was conducted and limited
patient access to imaging during treatment, MRI evaluation
was not feasible.

Secondly, the NPI Score, a tool tailored for assessing indi-
viduals with patellar instability and potentially more sensi-
tive than the Lysholm Knee Score in capturing changes was
not employed as a primary outcome. This decision stemmed
from the absence of information on its Minimally Clinically
Important Difference and SD for a sample size calculation of
during the design of our RCT. Additionally, at the inception
of our study, no Brazilian Portuguese translated version of
the Norwich Patellar Instability Score (NPI Score) was avail-
able. Our research group took the initiative to translate,
cross-culturally adapt and validate the NPI Score in 2018,
with the results being published in early 2019.24

Thirdly, the ES employed in determining our sample size
calculation, Cohen’s d of 1.06, is deemed excessively large
and not practically applicable in the context of human sub-
jects’ research. Consequently, the sample size used in our
study lacks statistical power. Additionally, the small sample
size in our study underscores the need for caution when
extending the implications of our findings to a wider popula-
tion. Despite the implementation of a sample size calcula-
tion and adherence to a methodological framework aimed at
minimizing potential biases, further investigations with
larger and more diverse cohorts are warranted to corrobo-
rate and extend the applicability of our findings to a more
comprehensive demographic spectrum.
Lastly, our study did not include an evaluation of
kinesiophobia, an aspect relevant to individuals with
PFP and recurrent LPD. Women with PFP have been
reported to exhibit greater kinesiophobia,40 possibly
linked to altered movement patterns (dynamic valgus)
rather than muscle strength.41 Given the potential
effect on perceived function, future studies should con-
sider incorporating kinesiophobia assessments in individ-
uals with recurrent LPD who may share similar patterns
of movement-related fear.42
Conclusions

This randomized controlled trial, while revealing no statisti-
cal differences in various outcome measures (including
Lysholm Knee Score, NPI Score, Kujala AKPS, NPRS at rest
and during effort, LEFS, WHOQOL-Bref, isometric hip and
knee muscle strengthening, recurrence rate of LPD, and
exercise adherence after discharge) between KBSG and
HQSG, presents findings that need cautious interpretation.
Acknowledging the study’s limitations, particularly its
underpowered nature, is crucial. The sample size may not
have provided sufficient statistical power to detect moder-
ate effects of the interventions on these outcomes, espe-
cially for the NPRS during effort and the NPI Score.

Therefore, clinicians should consider both approaches,
with the choice potentially influenced by co-existing pathol-
ogies at either the knee or the hip joint. Further research is
warranted to generalize these findings to a broader popula-
tion and should focus on optimizing conservative treatment
strategies, exploring exercise volume, load, and post-dis-
charge adherence to enhance recovery, and minimizing LPD
recurrence in this specific population.
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