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Abstract
Introduction: Patellofemoral pain syndrome (PFPS) is one of the most common musculoskeletal 
disorders affecting the knee joint. Conservative treatment reduces pain and improves functional 
capacity in the short and medium-term. 
Objective: To determine the therapeutic effect of two muscle strengthening exercise programs in 
patients with PFPS from Bogotá, Colombia, aged between 15 and 40 years. 
Materials and methods: Experimental randomized controlled clinical trial conducted in 40 pa-
tients with PFPS from Bogotá, Colombia, aged 15-40 years, with a mild to moderate level of physical 
activity. Participants were randomly distributed into 2 intervention groups: Group A: 8-week-long 
core, hip and knee muscles strengthening exercises program; Group B: 8-week-long hip and knee 
muscles strengthening exercises program. The level of pain was measured using the Visual Analog 
Scale and the Kujala Anterior Knee Pain Scale.
Results: The addition of core muscle strengthening exercises to the traditional treatment improved 
the quality of life of participants in the intervention group A, where a significant reduction of pain, 
with a statistically significant difference in the total score of the Kujala scale (p=0.025) was observed.
Conclusions: Including core muscle strengthening exercises in the conservative management 
of PFPS increases its effectiveness to reduce pain and improve the quality of life of these patients. 
Keywords: Exercise; Patellofemoral Pain Syndrome; Chondromalacia Patellae; Abdominal Mus-
cles (MeSH).
ClinicalTrials.gov Identifier: NCT04011436

Resumen 
Introducción. El síndrome de dolor pátelofemoral (SPF) es una de las alteraciones musculoesquelé-
ticas más frecuentes que afectan la articulación de la rodilla. El tratamiento conservador reduce el 
dolor y mejora la capacidad funcional en el corto y mediano plazo. 
Objetivo. Establecer el efecto terapéutico de dos programas de ejercicios de fortalecimiento mus-
cular en pacientes con SPF de Bogotá, Colombia, con edades entre 15 y 40 años. 
Materiales y métodos. Ensayo clínico controlado aleatorio experimental realizado en 40 pacien-
tes con SPF de Bogotá, Colombia, con edades entre los 15 y 40 años, con nivel de actividad física 
leve a moderada y que fueron distribuidos de forma aleatoria en 2 grupos de intervención: Grupo 
A: programa de ejercicios de fortalecimiento de los músculos del core, la cadera y la rodilla con una 
duración de 8 semanas; Grupo B: programa de ejercicios de fortalecimiento de los músculos de la 
cadera y la rodilla con la misma duración. El nivel de dolor se midió a través de la Escala Visual Ana-
lógica y de la Escala de Kujala para dolor patelofemoral.
Resultados. La adición de ejercicios de fortalecimiento de los músculos del core al tratamiento 
tradicional mejoró la calidad de vida de los participantes en el grupo de intervención A, donde se 
observó una reducción significativa del dolor con una diferencia estadísticamente significativa en la 
puntuación total de la escala Kujala (p=0.025).
Conclusiones. Incluir ejercicios de fortalecimiento de los músculos del core al manejo conservador 
del SPF aumenta su efectividad para reducir el dolor y mejorar la calidad de vida de estos pacientes. 
Palabras clave: Ejercicio; Síndrome de dolor patelofemoral; Condromalacia de la rótula; Mús-
culos abdominales (DeCS).
ClinicalTrials.gov Identifier: NCT04011436
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Muscle strengthening in patellofemoral pain syndrome

Introduction

Patellofemoral pain syndrome (PFPS) is one of the most 
common musculoskeletal disorders. It causes pain in 
the front of the knee and usually affects young adults.1-4 
PFPS accounts for 11% to 17% of all knee pain cases, 
and its prevalence in physically active adolescents and 
adults ranges from 21% to 45% and from 15% to 33%, 
respectively,5-7 being higher in women, mainly because 
their Q- angle is higher than in men.2,8-10

There are several therapeutic alternatives to treat this 
condition, provided that, in patients with PFPS, healing 
knee pain is essential to improve their participation rates 
in physical and sports activities, which in turn will help 
them improve their body functionality and quality of life.11-

13 In this sense, conservative (non-surgical) treatment for 
PFPS, based on physical therapy exercises, may lead to 
clinically significant pain level reductions, improvement 
of the knee functional capacity, and functionality recov-
ery in the short and medium-term. However, the best 
way for a physical therapist to treat this disorder is still 
unclear; likewise, it is unknown if conservative manage-
ment should be used with all patients with PFPS.2,4,14,15

Taking this into account, the objective of the pres-
ent study was to determine the therapeutic effect of 
two muscle strengthening exercise programs in pa-
tients with PFPS (aged 15-45) from Bogotá, Colombia.

Materials and methods:

Study design

An experimental and randomized controlled clinical trial 
was conducted in 40 individuals (aged 15-40) who were 
diagnosed with PFPS from 2015 to 2018.

Sample size

In order to calculate sample size, a contrast non-para-
metric test of medians between two populations, adapted 
from Hollander et al.,16 and Delicado,17 was used to check 
the symmetric distribution of the groups. Finally, the 
table of critical values of the Mann-Whitney U test18 
was used and a sample size of 20 individuals was es-
tablished for each group. Consequently, out of the 60 
patients who initially met the inclusion criteria, 40 were 
randomly distributed into groups A and B.

Study population: Participants were recruited from 
patients attending a doctor’s visit and who were informed 
about the study by an orthopedic knee specialist. Upon 
their acceptance, they were referred to the main re-
searcher to formalize their participation process.

Inclusion criteria

• Being 15 to 40 years old and being diagnosed with PFPS 
from 2015 to 2018 (confirmed diagnosis through a CT 
scan of the knee).

• Living in Bogotá, D.C.
• Having clinical signs of patellar pain while resting, sit-

ting for an extended period, or doing any following 
activities: going up or down stairs, jumping, running, 
squatting, kneeling.

• Experiencing pain when moving the kneecap or being 
afraid of moving it at all.

• Experiencing crepitus when doing squats.
• Reporting unilateral or bilateral patellofemoral joint 

alignment complaints that were confirmed through 
a CT scan.

• Having mild to moderate physical activity levels.

Exclusion criteria

• Having a history of patellofemoral dislocation, sublux-
ation or knee osteoarthrosis.

• Having connective tissue disorders, knee bursitis, torn 
meniscus, patellar tendinitis, or synovial plica syn-
drome in the knee. 

• Having osteoarthrosis secondary to congenital diseases.
• Having ligament or meniscal injuries.
• Having undergone any type of lower limb orthope-

dic surgery.

Selection process

From January to June 2018, 86 people were asked 
to participate in the study, of which 26 were exclud-
ed since they did not meet the inclusion criteria: 12 
were older than 40 years, 5 were younger than 15 
years, 4 had been diagnosed with a condition other 
than PFPS (knee osteoarthritis), and 5 had under-
gone a knee surgery. Finally, based on the sample 
size previously established, out of the 60 participants 
who met the inclusion criteria, 40 were randomly se-
lected to participate and complete the intervention 
programs according to the group into which they were 
classified. The study population selection process is 
shown in Figure 1.

Informed consent and ethical considerations

Before participating in the muscle-strengthening ex-
ercise programs, all participants (n=60, pilot test and 
experimental intervention) signed an informed consent. 
In addition, this study was granted ethical approval by 
the Research Ethics Committee of the Faculty of Medi-
cine of Universidad Nacional de Colombia, as stated in 
Minutes 007-078-17 of May 11, 2017. Likewise, all pro-
cedures performed were in agreement with the ethical 
principles for medical research involving human subjects 
outlined by the Declaration of Helsinki19 and the scien-
tific, technical and administrative standards for health 
research established in Resolution 8430 of 1993,20 is-
sued by the Colombian Ministry of Health.

Pilot test

A pilot test was conducted in 20 participants who 
met the inclusion criteria and expressed their will-
ingness to participate in the study, but they were not 
included in the final sample due to the size previous-
ly established (20 participants per group). It should 
be noted that all patients who met the inclusion cri-
teria (n=60) were randomly selected to be part of 
the experimental study or the pilot test using the 
sequentially numbered, opaque, sealed envelopes 
(SNOSE) method,21 and that said method was also 
used for group distribution. Taking this into account, 
participants selected for the pilot test were randomly 
assigned to both intervention groups: A (n=10) and B 
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(n=10). The pilot test lasted 4 weeks and it was used 
to standardize the strengthening exercise protocol by 
identifying the degree of difficulty of the exercises, 
the execution speed, the characteristics of the rest 
periods to be implemented between each exercise se-
ries and the commands to be used to ask participants 
to start performing each exercise series. It must be 
noted that none of data collected during this phase 
was considered for statistical analysis. The prescrip-
tion of the exercises was adjusted after conducting 
the pilot test, taking into account the training phases 
and the principles of the prescription.

Additionally, the 20 participants of the pilot test com-
pleted the remaining four weeks of the treatment proposed 
at the start of the study in compliance with the ethi-
cal principles established for conducting this study, but 
only the results of the first month of intervention were 
analyzed to make the necessary adjustments to the 
experimental protocol. It should be noted that all the 
subjects who took part in this study, both in the pilot 
test and in the experimental protocol, were evaluated at 
the beginning and at the end of the 8 weeks of interven-
tion by a physical therapist different from the one who 
carried out the training sessions or physical exercises.

Selection process

Patients included in
the pilot test

n=20

Group A
n=10

Group A
n=20

Group B
n=20

Group B
n=10

Patients who were asked to participate 
n=86

Patients finally included
in the experimental
intervention groups

n=40

Random distribution of
participants in gropus A

and B (Pilot test and
Experimental intervention)

= SNOSE Method

1 patient could not complete
the intervention program due

to patellar luxation

1 patient could not complete
the intervention program due

to a concomitant condition
(low back pain as a result

of household chores)

Patients who did not
meet the inclusion criteria

n=26

Muscle strengthening program for patients with PFPS *

Warm-up

13 exercises
(8-10 minutes)

28 exercises
(30 minutes)

28 exercises
(30 minutes)

8 exercises
(8-10 minutes)

10 exercises
30 seconds per
group muscle

Group A Group B

Strengthening StretchingNeuromuscular
training

Figure 1. Study population selection process.
SNOSE: sequentially numbered, opaque, sealed envelopes.
Source: Own elaboration.

Intervention

All participants (n=40) were randomly distributed into two 
experimental groups using the SNOSE method (n=20): 
the intervention group, in which a core muscle, hip and 
knee muscle strengthening exercise program was imple-
mented (group A, n=20) and the control group, where 
a hip and knee muscle strengthening exercise program 
was used (group B, n=20).

Likewise, they were asked to complete each mus-
cle-strengthening exercise program according to the 
group they were assigned to. Both exercise pro-
tocols lasted eight weeks and each session (45 to 
60 minutes) consisted of four phases: warming-up, 
strengthening, neuromuscular training, and stretch-
ing (Figure 2).

Figure 2. Muscle strengthening exercise programs implemented in each group. 
* For a detailed description of each exercise, see Prieto-García.22

Source: Own elaboration.
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Exercise sessions took place at the Physical Rehabil-
itation Center of CAFAM IPS (Health Service Provision 
Institution) as follows: Three sessions per week during 
eight weeks, for a total of 24 sessions; each session 
was attended by the participants in groups of four peo-
ple and was monitored by a physical therapy specialist, 
who was in charge of verifying that each exercise was 
properly performed,  as well as teaching them  the fun-
damentals of proper breathing techniques during the first 
two weeks of the intervention (anatomical conditioning 
phase), and providing them with feedback throughout 
the intervention. In addition, this specialist was also 
responsible for ensuring participants’ posture was ad-
equate for performing each exercise, thus avoiding low 
back pain as a consequence of using the wrong training 
method and increased intra-abdominal pressure due 
to inadequate breathing techniques when engaging in 
strength training.

Participants’ adequate hydration during each train-
ing session was also ensured and, right before starting 
the intervention, they were informed about the impor-
tance of wearing appropriate footwear and sportswear 
for training. Also, during the first two weeks of the in-
tervention, they were asked to wear training shorts 
so that the physical therapist specialist could see the 
position of their knees while performing the exercises. 
Then, they were asked to wear ankle length spandex 
pants to avoid any skin abrasion due to the rubbing ef-
fect of the TheraBand™; likewise, they were instructed 
to bring to the location where the sessions were held 
only a bottle of water for hydration and a towel to wipe 
their sweat, and to avoid wearing any item that could 
cause an injury during the sessions, such as brace-
lets or necklaces.

Study variables

• Dependent variable: Anterior knee pain.
• Independent variables: Muscle strengthening programs: 

Groups A (core, hip and knee muscles strengthening 
exercises) and B (hip and knee muscle strengthening 
exercises only).

• Intervening variables: Age, sex, BMI, physical activity 
level, Q-angle, muscle strength, flexibility and unipedal 
balance.

Anthropometric measurements and assessment of 
physical activity levels and quality of life

The following anthropometric variables were mea-
sured for all participants: height, weight, body mass 
index (BMI), body fat percentage, muscle mass per-
centage, visceral fat percentage, basal metabolic rate, 
and metabolic age. Their level of physical activity was 
also measured using the International Physical Activ-
ity Questionnaire (IPAQ). Furthermore, anterior knee 
pain was measured using the visual analogue scale 
(VAS) and the Kujala anterior knee pain scale. The 
latter scale was used to assess participants’ quality of 
life since this tool is specifically designed to measure 
the quality of life in people with PFPS by means of 13 
questions grouped into 3 domains: pain and physical 

alteration, limb mobility limitations, and participation 
in sports activities. 

Finally, a Microsoft Excel® sheet was created to re-
cord participants’ data, including pain assessment, Q 
angle (right and left knee), core muscle strength, hip 
and knee muscle strength, muscle length, static bal-
ance, and postural assessment.10,23-27

Statistical analysis

Before conducting the statistical analysis, the database 
(the Microsoft Excel Sheet) was filtered by organizing 
the data collected according to each study variable. 
Then, a univariate analysis was performed to deter-
mine absolute and relative frequencies, followed by 
a bivariate analysis to compare the scores obtained 
in each of the domains of the Kujala scale. Further-
more, the Spearman’s correlation coefficient was used 
to assess the correlation between Q-angle and ante-
rior knee pain. 

On the other hand, in order to assess whether 
there were differences or not regarding the study 
variables between both groups after completing the 
intervention, a comparison of the scores obtained 
after the administration of the Kujala scale and the 
Visual Analogue Scale (VAS) in both groups and the 
measurements obtained from the number of squats 
performed by each participant, their Q-angle, balance 
data, physical activity levels and core muscles strength 
measurements, was performed. In addition, normal 
distribution of data was evaluated using graphical 
and numerical methods. Finally, two-tailed statistical 
hypothesis tests were performed using a Cronbach’s 
alpha coefficient of 0.05. STATA 14.0 was used to per-
form all statistical analysis.

Results 

As mentioned above, 40 people with PFPS were random-
ly distributed into group A (n=20) and group B (n=20); 
however, only 19 participants of each group were able 
to complete the intervention program since one person 
in Group A presented with patellar luxation and a per-
son in Group B withdrew from the study as a result of a 
concomitant condition that made impossible the proper 
execution of the exercises. Out of the 40 participants, 
only 4 (10%) were men; 26 (65%) had normal weight 
(BMI<25), and 14 (35%) were overweight (BMI≥25). 
Participants’ average age was 32in Group A, and 29 in 
group B. The basic demographic characteristics of the 
study population, as well as their baseline (pre-interven-
tion) measurements and scores for each study variable, 
are shown in Table 1. There were no significant differ-
ences between both groups at this stage. 

Post-intervention results

Table 2 shows the differences of the medians (post-inter-
vention changes or differences in pain, knee alignment, 
core muscles, hip and knee strength, and balance) per 
intervention group for each study variable measured 
before and after the intervention.
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Table 1. Basic demographic data and baseline measurements and scores of the study population by intervention group.

Variables
A Group 
(n=20)

B Group 
(n=20) p-value †

% %
Sex Female 90(65.7- 97.6) * 90.0(65.7- 97.6) * 1.000 ‡

x̄ (IQR) x̄ (IQR)
Age 32.5 (25.5-38.0) 29.0 (25.0-36.5) 0.569
Initial Weight (Kg) 64.6 (55.3-72.4) 62.7 (52.9-68.5) 0379
Height (cm) 160 (156.5-167.0) 159.5 (154.0-163.0) 0.423
Body mass index 25.4 (21.5-27.9) 23.8 (22.3-25.2) 0.456
Body fat % 35.4 (28.9-40.4) 35.4 (24.5-38.7) 0.714
Muscle fat % 26.9 (24.5-28.9) 26.2 (24.6-29.0) 0.849
Visceral fat % 6 (3.5-7.09) 5 (4.0-6.0) 0.433
IPAQ (minutes of PA) 3003 (1116-4638) 1617 (944-6138) 0.588
Pain score
(VAS) 7.5 (5.5-9.0) 7.0 (5.5-8.5) 0764

Kujala questionnaire total score 65.5 (42.5-72.5) 53.0 (44.5-71.5) 0.892
x̄ (95%CI) x̄ (95%CI)

Q-Angle
Right 19.0 (15.0-20.0) 18.0 (15.0-20.0) 0.557
Left 18.0 (15.0-20.0) 18.0 (15.0-20.0) 0.944

Prone Plank (in seconds) 20.5 (12.0-32.0) 30.0 (13.5-33.5) 0.673

Side Plank (in seconds)
Right 15.0 (10.0-21.0) 15.0 (9.5-20.0) 1.000
Left 12.5 (10.5-19.0) 18.0 (11.0-23.0) 0.356

Trunk extension (in seconds) 13.5 (6.0-26.5) 13.5 (2.5-20.0) 0.586
Squats 10.0 (8.0-18.5) 12.5 (8.5-20.0) 0.673

IPAQ: International Physical Activity Questionnaire; PA: Physical Activity; VAS: Visual Analog Scale.
* CI:95%. 
† Mann-Whitney U.
‡ Chi square test.
Source: Own elaboration.
Table 2. Effects of muscle strengthening exercise programs on participants’ pain, knee alignment, core, hip and knee 
strength and balance by intervention groups.

Variable

A Group B group

p-value *Before the 
intervention
Median (IQR)

After the 
intervention
Median (IQR)

Difference of the
Median (IQR)

Before the 
intervention
Median (IQR)

After the 
intervention
Median (IQR)

Difference of the
Median (IQR)

Pain score (VAS) 7.5 (5.5-9.0) 2 (0-2) -6 ((-10)-(-4)) 7.0 (5.5-8.5) 2.0 (0-4) -4 ((-7)-(-3)) 0.058

Kujala scale total 
score 65.5 (42.5-72.5) 88.0 (81.0-95.0) 23.0 (16.0-37.0) 53.0 (44.5-71.5) 78.0 (64.0-88.0) 17.0 (8.0-24.0) 0.025

Squats 10.0 (8.0-18.5) 35.0 (30.0-38.0) 20.0 (18.0-25.0) 12.5 (8.5-20.0) 35.0 (29.0-38.0) 20.0 (15.0-24.0) 0.670

IPAQ (in 
minutes)

3 003 (1 116-
4 638)

4 275 (2 587-
6 522)

1 539 (807-
2 457)

1 617 (944-
6 138)

4 598 (2 888-
7 344)

1 977 (1 191-
2 815) 0.492

Q-Angle
Right 19.0 (15.0-20.0) 18.0 (15.0-20.0) 0 ((-2)-(2)) 18.0 (15.0-20.0) 18.0 (15.0-20.0) 0 ((-2)-(2)) 0.819

Left 18.0 (15.0-20.0) 18.0 (16.0-20.0) 0 ((-2)-(2)) 18.0 (15.0-20.0) 18.0 (15.0-20.0) 0 ((-2)-(2)) 0.672

Balance 
with eyes 
open

Right 30.0 818.25-
45.0) 45.0 (45.0-45.0) 11.5 (0-25.5) 40.0 (18.25-

45.0) 45.0 (45.0-45.0) 7.5 (0-30.0) 0916

Left 29.5 (15.75-
44.0) 45.0 (45.0-45.0) 9.5 (0-21.5) 25.75 (14.5-

45.0) 45.0 (45.0-45.0) 20.0 (0-30.0) 0.282

Balance 
with eyes 
closed

Right 4.5 (3.0-9.259) 28.5 (21.0-35.0) 20.0 (14.0-27.5) 5.25 (3.0-7.25) 23.5 (16.5-31.5) 19.0 (9.5-24.0) 0.671

Left 5.0 (3.0-8.7) 30.0 (23.5-38.0) 24.5 (13.0-30.5) 4.25 (3.5-7.259 27.5 (14.0-34.5) 20.0 (10.5-30.5) 0.349

Prone Plank 20.5 (12.0-32.0) 60.0 (45.0-70.0) 37.0 (24.0-48.0) 30.0 (13.5-33.5) 35.0 (20.0-60.0) 10.0 (2.0-15.0) <0.001

Side Plank: Right 15.0 (10.0-21.0) 45.0 (38.0-51.0) 30.0 (19.0-36.0) 15.0 (9.5-20.0) 22.0 (16.0-38.0) 6.0 (2.0-12.0) <0.001

Side Plank: Left 12.5 (10.5-19.0) 45.0 (36.0-56.0) 30.0 (17.0-40.0) 18.0 (11.0-23.0) 21.0 (15.0-34.0) 5.0 ((-2)-(10.0)) <0.001

Trunk extension 13.5 (6.0-26.5) 61.0 (50.0-75.0) 49.0 (30.0-55.0) 13.5 (2.5-20.0) 30.0 (15.0-60.0) 15.0 (7.0-34.0) 0.001

IPAQ: International Physical Activity Questionnaire; VAS: Visual Analog Scale.
* The Mann-Whitney U test was used to obtain the measurements of the difference of the median between groups.
Source: Own elaboration.
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When core muscle strengthening exercises are add-
ed to the conservative (non-surgical) management of 
patients with PFPS or anterior knee pain, their quality 
of life, measured with the Kujala scale, improves since 
a significant pain reduction was reported in the present 
study in the group where these exercises were imple-
mented. In addition, a statistically significant difference 
(p=0.025) was found between both groups in the total 
score of the Kujala scale, as participants in group A, in 
average, scored 5 points more than participants in group 
B (23.0 vs. 17.0), which shows that patients who were 
asked to perform core strength exercises had a better 
outcome regarding the improvement of their quality of 
life after completing the exercise program.

An increase in core muscle strength was also ob-
served in group A after the intervention, especially in 
the case of side planks since the holding time in group 
A increased 30 seconds in average for both sides, while 
in group B it only increased 7 and 5 seconds in average 
for the right and left side, respectively, with a statis-
tically significant p-value (p<0.001) in both groups.

On the other hand, differences regarding total pain 
scores according to the VAS were also observed between 
both groups: -6 (IQR: (-10)-(-4)) and -4 (IQR: (-7)-(-3)),  
respectively. Although these differences were not sta-
tistically significant, they were clinically relevant. In the 
case of hip and knee strength, measured through the 
squat test, no statistically significant differences were 
found in the median deltas between both groups, yet 
all participants, regardless of the intervention group 
they were in, increased their hip and knee strength af-
ter completing the program as a result of performing 
strengthening exercises for these muscle groups.

Discussion

According to the results obtained here, adding core 
muscle strengthening exercises to conventional man-
agement of PFPS (based on hip and knee strengthening 
exercises) is more effective to reduce pain in these pa-
tients than using only hip and knee muscles strength 
exercises.

Regarding hip and knee muscles strengthening, Neal et al.,28  
state that typical exercise interventions performed in 
rehabilitation centers, and based on the strengthening 
of the muscles of the knee and the hip, have a positive 
impact on pain reduction and improve knee functional-
ity, which is similar to the findings of the present study, 
where, according to the total score of the Kujala scale, 
all participants in both groups experienced pain reduc-
tion after completing the intervention program. Pain 
reduction in the total score of this scale has also been 
described in other studies, such as those conducted by 
Moradi et al.29 and Kettunen et al.30

On the other hand, Behm et al.,24 Anderson et al.,31 and 
Anh et al.9 have described that balance training using un-
stable surfaces increases central muscle activation, for 
activities that emphasize neuromuscular coordination 
involving the movement of the whole body are effec-
tive to increase balance. Therefore, performing unipedal 
standing balance exercises (when the base of support is 
reduced) and unilateral exercises increases the superfi-
cial muscular activation of core muscles. In this sense, a 
similar finding was observed in the present study since it 
was found that posture can be controlled with less effort, 

better coordination, and greater muscular efficiency af-
ter training by activating core and postural muscle. Thus, 
progressive balance training may improve both bipedal 
and unipedal balance in middle-aged people, especially 
in balance exercises done with eyes closed.

Furthermore, Oliver et al.32 reported that trunk exten-
sion exercises, performed in prone position, as well as 
the quadruped superman exercise, produced the high-
est activation levels in core muscles. These authors also 
described that single leg bridge exercise caused great-
er muscular activation of the buttocks, especially the 
gluteus medius, in the leg used to support the weight 
of the body.32 This finding was also observed in the last 
two weeks of the intervention program used in the pres-
ent study, when these exercises were implemented to 
increase the activation of core muscles, as reported by 
Shirey et al.,33 Shirazi et al.,34 and Page.35 This activation 
was visually confirmed by the physical therapy specialist 
in charge of monitoring the performance of the exercis-
es by observing the alignment of the pelvis when raising 
one of the two legs, indicating a greater activation of the 
gluteal and core muscles when the right hemipelvis was 
at the same height as the left hemipelvis.

Finally, Rabelo et al.,25 Bily et al.36 and Schneider et al.37  
showed that implementing closed kinetic chain exercise 
programs using a proper proprioceptive input is effective 
to improve body functionality, reduce pain and make 
people more independent in terms of body movement. 
This was confirmed in the present study, as it found that 
improving the strength of core muscles helped reduce 
anterior knee pain and improve lumbopelvic rhythm, 
because participants’ skills for performing the exercises 
improved in the last two weeks of the training program, 
showing a better quality of movement, especially at the 
lumbar-pelvic level, compared to their performance in 
the first week of the intervention. This in turn allowed 
improving body stability at the central level and, thus, 
achieving better distal motor control, mainly due to 
muscle activation.38

In general, the results of the present study are consistent 
with the findings of Alba-Martín et al.,39 Nakagawa et al.,40  
Gaitonde et al.,41 Motealleh et al.,42 Rabelo et al.,25 and 
Khayambashi et al.,43 who reported that conservative 
(non-surgical) treatments that use physical exercises 
help patients with PFPS by reducing their pain and im-
proving their body functionality, and that those based on 
external rotators and hip abductor muscle strengthen-
ing exercises have better effects than those based only 
on strengthening exercises for the quadriceps femoris.

Limitations and recommendations

Since some of the participants were not only diagnosed 
with PFPS but also had other conditions, such as un-
specified lumbar pain, they found it difficult to perform 
certain exercises.

Conclusions

Adding core muscle strengthening exercises to tra-
ditional exercise programs for strengthening gluteal 
muscles, vastus medialis oblique and vastus lateralis 
of the quadriceps femoris increases the program effec-
tiveness to reduce pain and improve knee functionality 
in people with PFPS.
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Static balance training allows individuals to improve 
selectively their proprioception at the level of the ankle, 
the sacroiliac joint and the neck (cervical vertebrae) by 
reducing the base of support and the available visual 
information, providing greater stability and neuromus-
cular control of the lower limbs in daily life activities, 
such as going up and down stairs.

Preferentially, core muscle strengthening exercises 
should be included in health rehabilitation or training 
programs since the activation, coordination and se-
lective control of these muscles may result in greater 
postural stability, mobility of the upper and lower limbs, 
and less risk of injury. 

Based on the findings of this study, patients with 
PFPS should continue their core, hip, and knee muscle 
strengthening exercise program after completing the 
two-month period outlined here, so that their quality 
of life improves as they continue to participate in the 
exercise program.
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