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Purpose: Patellofemoral Pain Syndrome (PFPS) is among the most frequent knee problems
in active individuals. PFPS is a multifactorial syndrome with various treatments. This study
compared the effects of two training methods of central stability and hip on pain and performance
among women with PFPS.
Methods: In the present quasi-experimental study, 27 women with PPS aged between 20 and 30
years were selected as the statistical sample. The study subjects were randomly divided into three
groups; core stability training, hip training, and controls. Two experimental groups performed the
selected training in 8 weeks and three sessions per week. The Visual Analogue Scale (VAS) and
Lower Extremity Functional Scale (LEFS) were used to measure pain and function in the study
participants, respectively. The obtained data were analyzed using repeated-measures Analysis
of Variance (ANOVA) and Multivariate Analysis of Covariance (MANCOVA) at a significance
level of P≤0.05.
Results: The MANCOVA results suggested a significant improvement in the measured variables
in the experimental groups, compared to the controls (P<0.05); However, there was no significant
difference concerning the effect and durability between the two experimental groups on the
severity of pain (P<0.05); however, function significantly improved in the core stability training
group (P<0.05).
Conclusion: The obtained data indicated the beneficial effects of both core and hip training on
pain intensity and function in the explored female patients with PFPS. This effect could be due
to the increased control and coordination of the knee’s proximal joints. The comparison between
the groups of the core and hip training highlighted that core training had a greater impact on the
function than the hip.
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Highlights
● The core exercise program could improve pain and performance in women with patella femoral pain syndrome
● The hip strengthening program could improve pain and performance in women with patella femoral pain syndrome
● There were not any difference between core exercise and hip strengthening programs regarding pain intensity and
performance.

Plain Language Summary
The purpose of current study was investigate the effects of two exercise programs including core stability exercise and
hip strengthening exercise on pain and performance of women with patella femoral pain syndrome. The result of study
showed the both kind of exercise programs could improve pain and performance of women with patella femoral pain
syndrome. However, there were not any difference between core exercise and hip strengthening programs regarding
pain intensity and performance.

T

1. Introduction

he most frequent complication of the
knee joint is the pain and dysfunction of
the patellofemoral joint [1]. The reason
for 20% to 40% of reference to medical
centers and 10% of all reference to physiotherapy centers is reported to be knee
pain. This syndrome is more prevalent in adolescents,
and to a greater extent, in women [2]. Patellofemoral
Pain Syndrome (PFPS) occurs during daily living activities, such as prolonged squat flexion of the knee or going up and down the stairs and is characterized by the
pain limiting exercise participation. However, its cause
remains undiscovered and controversial [3]. The degradation of the deep layer of the cartilage of the patellofemoral joint; excessive inward-outward mobility of the
patella; change in the contact surface and the point of
force entry due to the malalignment of the sacral-lumbar
region of the patella; decreased quadriceps flexibility,
and delayed onset of internal oblique muscle activity are
among internal and external risk factors for the development of the syndrome [4, 5].
Witvrouw (2000) also added poor neuromuscular control of the proximal parts and weakness in the muscles
around the hip to the causes of PFPS [6]. Review studies
also reported reduced strength of hip muscles, such as
abductors, external rotators, and extensors; as a result,
patellar malalignment is addressed as causes of PFPS
[7]. Yelvar (2015) argued that trunk and pelvic stability are essential for lower extremity movements. The
transverse abdominal and multifidus muscles act as a
co-contraction model and control the anterior pelvic tilt,
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i.e. believed to be associated with inward rotation and
femoral adduction. Excessive inward rotation of the femur causes relative outward rotation in the tibia. This position enhances the Q angle; accordingly, it increases the
contact surface of the outer part of the patella with the
external condyle of the femur. Performing repetitive and
continuous movements in this position destroys the cartilage under the patella. Therefore, the inability to control
the trunk and pelvis affects lower extremity movements
and the whole patellofemoral set [8].
Conservative treatment for the syndrome has conventionally been focused on the local factors of the patellofemoral joint and abnormal patellar movement on
the trochlear groove [8]. Various studies have reported
the accuracy of this topical treatment for knee pain [2].
However, studies on PFPS concluded that conservative
therapies that emphasized proximal factors in addition to
quadriceps muscle strengthening have improved pain in
these patients [9, 10]. The proximal factors of the patellofemoral joint, including muscle weakness around the
hip and trunk, as well as abnormal trunk and hip movements, may significantly impact the development of
patellofemoral pain [11]. In this regard, Fukuda et al.
(2012) stated that adding a hip strengthening program
to the conventional knee muscle strengthening program
further improves pain and performance [12]. Khayyambashi et al. (2012) also documented that focusing the
rehabilitation of PFPS on strengthening the abductor’s
muscles and hip rotator provides better outcomes [13].
Evidence suggests that hip exercises are effective in
treating this syndrome; however, conflicting studies suggested that these exercises may fail to completely cure
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the syndrome. For example, after comparing hip exercises with traditional knee exercises, Dolak et al. (2011)
demonstrated that hip exercises were not significantly
superior to those focused locally on the knee [14]. Bolgla et al. (2011) also observed no significant difference
between hip and knee strengthening exercises in a similar study [2]. Accordingly, perhaps other factors, including the proximal part of the hip (trunk) may play roles
in causing this syndrome. It might be explained by the
reduction in core stability due to alternations in muscle
movement patterns that could lead to the trunk’s excessive movement in different planes. As a result, it may
affect the pelvis’s condition and the mechanics of the
lower extremity. Hip and trunk stabilizers may be activated sooner to compensate for trunk movement and
control lower extremity position.
Decreased pre-contraction of the trunk and hip stabilizers may lead to excessive trunk displacement in the
frontal plane. This process could also increase the load
on the knee and secondarily may lead to disorders and
injury in the knee due to the lack of control over the center of mass [15]. Previous research findings have suggested that it is useful to add a hip muscle strengthening program to the therapeutic protocol of patients with
patellofemoral pain. However, no researcher has directly
compared core stability training with hip muscle training or investigated and compared these training methods
for this syndrome. Therefore, the current research aimed
to compare the effects and durability of a hip and core
stability training on pain, performance, and dynamic balance in women with PFPS.

2. Materials and Methods
The present study was a clinical trial with a pretest-post-test design. The statistical population of this
study consisted of women with PFPS in Mashhad
City, Iran. Among them, 27 women (Mean±SD height:
164.03±4.59 cm & weight: 58.8±5.57 kg) were selected as the statistical sample using a purposive sampling
method. The study samples were then randomly divided
into three groups of 9 individuals. The study inclusion
criteria were as follows: a history of 6 months of pain
in the anterior part of the knee or under the patella and
around it, obtaining pain grade of 3-6 by the Visual
Analogue Scale (VAS), experiencing the gradual onset
of pain without a history of trauma, encountering pain
(at least in two positions: going up and down the stairs,
sitting for a long time with a bent knee, feeling pain in
squat position >90º, running, jumping, & sitting with
folded knees underneath), reporting knee pain in at least
one of the performed tests, as follows: having pain dur-

ing direct patellar pressure on the condyles of the femur
when the knee is in full extension (Waldron’s test), and
experiencing pain in the patella when resistance is applied to the upper part of the patella during the isometric
contraction of the quadriceps muscle (Clarke’s Sign).
The study exclusion criteria included a history of knee
surgery, incomplete treatment sessions, receiving other
treatment methods, experiencing trauma during the
study, the aggravation of pain symptoms and encountering disability by performing study exercises, and objective evidence of osteoarthritis [16]. Besides, the research
subjects provided informed consent forms to participate
in the present study. The pre-test was then conducted on
the study subjects. Then, the experimental groups 1 and
2 performed the selected exercises. Finally, post-test 1
was performed after 8 weeks of training, and post-test
2 was conducted four weeks after without training and
based on the pre-test. In each training session, the study
subjects warmed up for 10 minutes before starting the
training; in the end, they performed the cool-down exercises for 10 minutes. The measurements were performed
one day before the training, one day after the training,
and after 4 weeks without training.
However, the control group received no specific rehabilitation treatment or exercise during this period, either
professionally or recreationally. Exercises considered
for the experimental group 1 included core stability exercises [8]; exercises selected for the experimental group
2 included hip exercises [17] (Appendix 1 & 2). The exercises were performed under the supervision of the researcher at the Tabrizi Sports Club in Mashhad City, Iran.
The VAS was used to measure pain. The validity and reliability of this questionnaire were reported as 0.78 [18].
The Lower Extremity Functional Scale (LEFS) was used
for measuring the study subjects’ performance. This questionnaire has sufficient validity and reliability of 0.95
[19]. The obtained data were analyzed in SPSS using
repeated-measures Analysis of Variance (ANOVA) and
Multivariate Analysis of Covariance (MANCOVA) (intergroup comparison) at the significance level of P≥0.05.

3. Results
Shapiro-Wilk’s test was used to investigate the normal
distribution of study variables. The relevant results suggested that all studied variables had a normal distribution. To compare the effect and durability of hip exercises and core stability on the pain and performance of
the subjects, repeated-measures ANOVA was used at a
significance level of P≤0.05. The obtained data revealed
the intragroup changes from pre-test to post-test phases.
Hip exercises and core stability significantly affected the
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Table 1. Comparing pain and performance between the experimental groups 1 and 2 and the control group from the pre-test to posttests 1 and 2
Group

Experimental 1

Variable
level of pain

Experimental 2

Control

Experimental 1

Performance

Experimental 2

Control

Phase

Mean±SD

Pre-test

6.3±1.49

Post-test 1

4.5±1.43

Post-test 2

4.4±1.17

Pre-test

6.5±1.5

Post-test 1

4.7±1.25

Post-test 2

4.7±1.94

Pre-test

6.6±1.17

Post-test 1

6.6±1.07

Post-test 2

6.6±0.84

Pre-test

59.74±4.78

Post-test 1

71.06±5.93

Post-test 2

71.23±5.81

Pre-test

58.12±4.15

Post-test 1

62.69±5.72

Post-test 2

63.02±5.54

Pre-test

55.92±3.87

Post-test 1

55.68±4.24

Post-test 2

55.55±4.24

F

P

46.07

0.001*

21.44

0.001*

0.09

0.99

30.1

0.001*

13.92

0.001*

0.46

0.63

* Significance level was considered at P<0.05.

pain and performance of the study subjects at different
research stages (Tables 1 and 2) (P<0.05); however, the
related results were not significant in the control group.

pain after 8 weeks. However, there was a significant difference between the two experimental groups in terms
of performance after 8 weeks of training.

MANCOVA at a significance level of P≤0.05 was used
to compare the effect and durability of hip exercises and
core stability on the pain and performance of the study
subjects (the pre-test scores of pain and performance
were considered as covariate variables).

Table 5 indicates a significant difference between the
durability of hip exercises and core stability on pain and
performance after 4 weeks of training (P<0.05). However, it was impossible to determine the significant differences between the research groups. Therefore, Fisher’s
LSD test was used to investigate the relevant difference.

Table 3 presents that hip exercises and core stability significantly affected the pain and performance of the study
subjects (P<0.05). However, it was impossible to determine the significant differences between the research
groups; therefore, Fisher’s Least Significant Difference
(LSD) test was used to investigate the differences.
Table 4 demonstrates no significant difference between
the two experimental groups regarding the intensity of
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Table 6 demonstrates a significant difference between
the two experimental groups regarding the intensity of
pain after 4 weeks without training. Nevertheless, there
was a significant difference between the two experimental groups regarding the performance of individuals after
4 weeks without training.
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Table 2. Pairwise comparisons using the Bonferroni test on pain and performance variables
Variable

Group

Stage

Mean Difference

P

Pre-test, Post-test 1

-1.8

0.001*

Pre-test, Post-test 2

-1.9

0.001*

Post-test, 1-post-test 2

-0.1

1.0

Pre-test, Post-test 1

-1.8

0.004*

Pre-test, Post-test 2

-1.8

0.002*

Post-test, 1-post-test 2

00

1.0

Pre-test, Post-test 1

11.32

0.001*

Pre-test, Post-test 2

11.49

0.001*

Post-test, 1-post-test 2

0.16

1.0

Pre-test, Post-test 1

4.57

0.02*

Pre-test-post-test 2

4.9

0.009*

Post-test, 1-post-test 2

0.32

0.53

Experimental group 1

Pain

Experimental group 2

Experimental group 1

Performance

Experimental group 2

* The level of significance was considered to be P<0.05.

4. Discussion
The present study results suggested no significant difference between the effect and durability of a hip training period and core stability on pain intensity in the
explored women with PFPS. However, a significant
difference was observed in both experimental groups 1
and 2 regarding pain intensity reduction after 8 weeks
of training and 4 weeks without training, compared to
the controls. The present study data were consistent with
those of Yalfani et al. (2015), Rostami et al. (2015), Hoglund et al. (2018), and Khayyambashi et al. (2014). Yalfani et al. (2015) concluded that 8 weeks of hydrotherapy
with and without tipping improved pain in women with
PFPS [20]. They cited the positive effects of the water
environment as the main possible reason for pain reduction. Rostami et al. compared three methods of training.
These methods of core stability of the trunk included

strengthening the extensor muscles, the external rotator
of the hip, and quadriceps muscle. After 8 weeks of training, they observed a significant improvement in pain in all
three groups. However, the effect of core stability exercises was more significant than the other two groups [21].
Regarding the effect of core stability and hip exercises,
the present study data were consistent with those of Rostami and associates. However, no significant difference
was observed in pain intensity between the two explored
methods. This finding was inconsistent with that of the
study by Rostami and colleagues. One possible reason
for such data discrepancy could be the differences in the
implemented training protocols of the two studies. The
hip exercises used in the present study contained balance
exercises, in addition to strengthening the external hip
abductors and rotators. However, Rostami et al. (2015)
only considered the strengthening of external abductors

Table 3. Comparing the effect of hip exercises and core stability on pain and performance in the study participants
Source

Pain

Performance

Sum of Squares

df

F

P

Covariate variable

24.99

1

36.1

0.001

Group

3.5

2

16.63

0.001

Covariate variable

253.1

1

12.63

0.001

Group

704.64

2

17.58

0.001
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Table 4. Pairwise comparisons regarding pain and performance variables
Group

Mean Difference

P

Experimental 1-control

1.89

0.001

Experimental 2-control

1.83

0.001

Experimental1 -experimental 2

0.06

0.86

Experimental 1-control

12.65

0.001

Experimental 2-control

5.44

0.01

Experimental 1-experimental 2

7.21

0.001

Pain

Performance

Table 5. Comparing the permanence of hip exercises and core stability on pain and performance
Source

Pain

Performance

Sum of Squares

df

F

P

Covariate variable

16.64

1

42.18

0.001

Group

25.07

2

31.77

0.001

Covariate variable

247.39

1

12.97

0.001

Group

738.55

2

19.36

0.001

and rotators of the hip. Haglund et al. also examined the
effect of combined hip and core stability exercises on
pain in patients with patellofemoral osteoarthritis. They,
similar to the present study, observed a significant reduction in pain in the explored subjects [22]. Improving
the strength of the central stabilizing muscles enhances
muscle utilization, which consequently improves the
proximal stability of the knee joint. Besides, improving
the strength of central stabilizing muscles alters the strategies used by patients with PFPS [23]. Khayyambashi
et al. compared the effect and duration of hip-knee exercises on pain in patients with PFPS. They observed a
significant improvement in pain in both groups after 8

weeks of exercise. Furthermore, at a 6-month follow-up,
this reduction in pain remained persistent in both experimental groups.
Comparing the two methods suggested that hip exercises provided more significant improvement and durability,
compared to the knee exercises [24]. The leading cause
of this syndrome was the weakness of the broad internal
muscle and the late activation of this muscle, compared
to the broad external muscle. Additionally, the leading
cause of this syndrome is the regular kinematic disruption of the hip joint; the weakness of the external rotator
and abductor muscles of the hip make the hip to approach

Table 6. Pairwise comparisons of pain and performance variables
Group

Pain

Performance

150

Mean Difference

P

Experimental 1-control

2.03

0.001

Experimental 2-control

1.84

0.001

Experimental 1-experimental 2

0.18

0.51

Experimental 1-control

12.98

0.001

Experimental 2-control

5.92

0.006

Experimental 1-experimental 2

7.06

0.001
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and rotate inwardly, which eventually leads to valgus in
the knee. Valgus in the knee also makes the patella to
protrude; therefore, causes the symptoms of PFPS [24].
The weakness of the external rotator and abductor muscles of the hip makes the hip to lose control of the frontal
plate. Eventually, it generates misalignment in the lower
extremity, especially the knees and patella. Besides, decreased core stability due to the changes in muscle movement patterns could lead to the excessive movement of
the trunk in different planes. As a result, it may affect the
pelvis’s condition and the lower extremities’ mechanics.
In patients with PFPS, trunk stabilizers may be activated
earlier to compensate for trunk movement and lower extremity position control. Decreased pre-contraction of
the trunk and hip stabilizers may lead to the excessive
displacement of the trunk in the frontal plane and increase the load on the knee. Decreased core stability and
trunk and hip stabilizing synergists may secondarily lead
to knee damage due to no control over the center of mass.
Studies have suggested that some changes occur in the
movement pattern of the muscles of the central region
in patients. In these patients, e.g., the large and middle
serine muscles begin to function later. Impaired motor
control of the middle and large serine muscles could lead
to pelvic prolapse, adduction, and the inward rotation of
the hip and the larger vector of the valgus force in the
knee, and changes in the knee joint; thus, feeling pain in
the patellofemoral joint [4, 25].
Therefore, a possible reason for improving the patients’ pain could be enhanced coordination and strength
of the central stabilizing muscles and the hip. Besides,
the present study data indicated a significant difference
between the effect and durability of a hip training program and the core stability on the performance of the
studied women with PFPS. Moreover, a significant
improvement was observed in the performance of the
core stability training group, compared to those of the
hip exercise group. However, a significant increase in
performance was observed in both experimental groups
1 and 2 after 8 weeks of training and 4 weeks without
training, compared to the controls. The present study
data were in line with those of the study by Yalfani et al.
(2018), which compared 8 weeks of hydrotherapy with
and without tipping in some subjects [20]. They measured the subjects’ performance concerning the Kujala
questionnaire; however, in the present study, the LEFS
was used to evaluate the study participants’ performance. However, the results of both studies were consistent. A reason for this consistency is the improvement
of pain; this is because the reduction in pain in the subjects probably facilitated performing daily living activities in them; consequently, the studied subjects reported

better performance. Rostami et al. (2017) also used a different method to evaluate performance in their study;
however, they achieved similar results. They assessed
performance using The Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and after 8
weeks of training, they observed a significant improvement in the study subjects’ performance [21]. In another
consistent study, Khayyambashi et al. (2014) concluded
that 8 weeks of hip and knee training improves performance; significant durability was also observed in the
performance of individuals at the 6-month follow-up
phase [24]. However, comparing two training groups
indicated that hip exercises presented a more significant
effect and durability, compared to the knee exercises.
A possible reason for further performance improvement in the group of core stability exercises, compared to
the hip exercises could be a better improvement in trunk
stability as well as an improvement in the trunk muscle
activation pattern in the core stability training group. Improving the coordination and activity of these muscles in
daily movements is necessary to stabilize the trunk and
the lower extremity. Otherwise, the over-displacement
of the trunk leads to unhealthy forces on the knee, like
an inverted pendulum, and, in the long run, aggravates
the pain of patients with PFPS [25]. Moreover, strengthening the muscles of the core stability of the trunk places
the pelvis in the correct direction. Besides, better control
is obtained over the pelvis by strengthening the muscles
in the central area of the trunk; a proper femoral direction is maintained, and patellar bone contact with the ex
ternal condyle of the thigh is reduced. The lack of sufficient
strength of the proximal parts of the knee leads to increased
activity of tensor fasciae latae muscle due to enhanced proximity and the inward rotation of the hip; in turn, it increases
the pressure on the external patella, and ultimately causes
pain and decreased performance [26]. The used core stability exercises probably c ontrolled the inward rotation and
brought the thighs too close; consequently, they improved
pelvic motion control. Such improvement may increase the
use of external extensor and rotator muscles (large, middle,
& small serine muscles). It reduces the activity of the tensor fasciae latae muscle, followed by stretching the external
lateral retinaculum of the patella through the iliotibial band;
eventually, it helps to place the patella in the right direction
[19]. In the present st u dy, the significant effect of central
trunk stability exercises was due to the controlling role of
core stability muscles on the trunk. As a result, it improved
movement in the lower extremity as well as the efficiency of
femoral movement in the hip joint.
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5. Conclusion
The obtained data indicated the beneficial effects of
both core and hip training on pain intensity and function
in the explored female patients with PFPS. This effect
could be due to the increased control and coordination of
the knee’s proximal joints. The comparison between the
groups of the core and hip training highlighted that core
training had a greater impact on the function than the hip.
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Appendix 1. Exercises used in the study Core stability exercises
Weeks

Week 1
(sessions 1 to 3)

Week 2
(sessions 4 to 6)

Week 3
(sessions 7 to 9)

154

Exercise

Set

Repeat/Time

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

2

10 repetitions

3- Toe taps

2

15 repetitions

4- Plank

2

20 seconds

5- Side plank

2

20 seconds

6- Supine straight leg raising

2

15 seconds

7- Side-lying straight leg raising

2

15 repetitions

8- Prone knee ﬂexion

2

20 repetitions

9- Draw foot circles in the supine position

2

15 repetitions

10- Draw foot circles lying sideways

2

15 repetitions

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

2

15 repetitions

3- Toe taps

2

20 repetitions

4- Plank

2

25 seconds

5- Side plank

2

25 seconds

6- Supine straight leg raising

2

20 seconds

7- Side-lying straight leg raising

2

20 repetitions

8- Prone knee ﬂexion

2

25 repetitions

9- Draw foot circles in the supine position

2

20 repetitions

10- Draw foot circles lying sideways

2

20 repetitions

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

2

15 repetitions

3- Toe taps

3

20 repetitions

4- Plank

2

25 seconds

5- Side plank

2

25 seconds

6- Supine straight leg raising

3

20 seconds

7- Side-lying straight leg raising

3

20 repetitions

8- Prone knee ﬂexion

3

25 repetitions

9- Draw foot circles in the supine position

2

20 repetitions

10- Draw foot circles lying sideways

2

20 repetitions

11- Prone cobra

2

15 seconds

12- Hip and knee extension in the crawling position

2

15 repetitions
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Weeks

Week 4
(sessions 10 to 12)

Week 5
(sessions 13 to 15)

Week 6
(sessions 16 to 18)

Exercise

Set

Repeat/Time

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

3

15 repetitions

3- Toe taps

3

20 repetitions

4- Plank

3

25 seconds

5- Side plank

3

25 seconds

6- Supine straight leg raising

3

20 seconds

7- Side-lying straight leg raising

3

20 repetitions

8- Prone knee ﬂexion

3

25 repetitions

9- Draw foot circles in the supine position

3

20 repetitions

10- Draw foot circles lying sideways

3

20 repetitions

11- Prone cobra

2

15 seconds

12- Hip and knee extension in the crawling position

2

15 repetitions

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

3

20 repetitions

3- Toe taps

3

25 repetitions

4- Plank

3

30 seconds

5- Side plank

3

30 seconds

6- Supine straight leg raising

3

25 seconds

7- Side-lying straight leg raising

3

25 repetitions

8- Prone knee ﬂexion

3

30 repetitions

9- Draw foot circles in the supine position

3

25 repetitions

10- Draw foot circles lying sideways

3

25 repetitions

11- Prone cobra

2

20 seconds

12- Hip and knee extension in the crawling position

2

20 repetitions

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

3

20 repetitions

3- Toe taps

3

25 repetitions

4- Plank

3

30 seconds

5- Side plank

3

30 seconds

6- Supine straight leg raising

3

25 seconds

7- Side-lying straight leg raising

3

25 repetitions

8- Prone knee ﬂexion

3

30 repetitions

9- Draw foot circles in the supine position

3

25 repetitions

10- Draw foot circles lying sideways

3

25 repetitions

11- Prone cobra

3

20 seconds

12- Hip and knee extension in the crawling position

3

20 repetitions

13- Weight bearing on one leg

2

20 seconds

14- Hip ﬂexion sitting on the ball

2

20 repetitions
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Weeks

Week 7
(sessions 19 to 21)

Week 8
(sessions 22 to 24)

156

Exercise

Set

Repeat/Time

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

3

20 repetitions

3- Toe taps

3

30 repetitions

4- Plank

3

30 seconds

5- Side plank

3

30 seconds

6- Supine straight leg raising

3

30 seconds

7- Side-lying straight leg raising

3

30 repetitions

8- Prone knee ﬂexion

3

30 repetitions

9- Draw foot circles in the supine position

3

30 repetitions

10- Draw foot circles lying sideways

3

30 repetitions

11- Prone cobra

3

25 seconds

12- Hip and knee extension in the crawling position

3

25 repetitions

13- Weight bearing on one leg

2

25 seconds

14- Hip ﬂexion sitting on the ball

2

25 repetitions

15- Weight-bearing forward and backward sitting on the ball

2

15 repetitions

1- Warming up with a stationary bicycle

1

10 minutes

2- Curl-ups

3

20 repetitions

3- Toe taps

3

30 repetitions

4- Plank

3

30 seconds

5- Side plank

3

30 seconds

6- Supine straight leg raising

3

30 seconds

7- Side-lying straight leg raising

3

30 repetitions

8- Prone knee ﬂexion

3

30 repetitions

9- Draw foot circles in the supine position

3

30 repetitions

10- Draw foot circles lying sideways

3

30 repetitions

11- Prone cobra

3

30 seconds

12- Hip and knee extension in the crawling position

3

30 repetitions

13- Weight bearing on one leg

3

30 seconds

14- Hip ﬂexion sitting on the ball

3

30 repetitions

15- Weight-bearing forward and backward sitting on the ball

3

20 repetitions

16- Stairs-up on the Swiss ball

2

20 repetitions
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Appendix 2. Hip exercises
Weeks

Week 1
(sessions 1 to 3)

Week 2
(sessions 4 to 6)

Week 3
(sessions 7 to 9)

Week 4
(sessions 10 to 12)

Week 5
(sessions 13 to 15)

Week 6
(sessions 16 to 18)

Exercise

Set

Repeat/Time

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

2

10 repetitions

3- Hip external rotator - standing

2

10 repetitions

4- Hip external rotator - seated

2

10 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 2 feet - pad

2

30 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 2 feet - pad

3

30 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 1 feet - pad

3

30 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 1 feet - pad

3

35 seconds
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Weeks

Week 7
(sessions 19 to 21)

Week 8
(sessions 22 to 24)

158

Exercise

Set

Repeat/Time

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 1 feet – pad

3

45 seconds

1- Warming up with a stationary bicycle

1

10 minutes

2- Hip abduction - standing

3

10 repetitions

3- Hip external rotator - standing

3

10 repetitions

4- Hip external rotator - seated

3

10 seconds

5- Balancing 1 feet – pad

3

60 seconds
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