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Purpose: Genu valgum deformity a common lower extremity deformity. The weakness of the
lower limb muscles followed by the internal rotation of the femur and external rotation of the
tibia, shift the gravitational pull to the outside of the knee. This lower limb alignment deformity
could increase the distance of ankle medial malleolus and the Q angle. Therefore, the present
study aimed to investigate the effect of TheraBand training on the Q angle and distance of ankle
medial malleolus in individuals with genu valgum deformity.
Methods: This was a quasi-experimental study with a pre-test and post-test and control group
design. The study population consisted of girls in the age range of 9-13 years with genu valgum
deformity. The study subjects were randomly divided into the experimental (n=15) and control
(n=15) groups. The experimental group participated in TheraBand exercises for 8 weeks and 3
sessions per week. However, the control group received no training during this period. Before and
after 8 weeks, the Q angle and distance of ankle medial malleolus were measured by goniometers
and coulis, respectively. Analysis of Covariance (ANCOVA) was used to analyze the collected
data in SPSS. The significance level was considered at 0.05.
Results: The obtained statistical results suggested that TheraBand training significantly
decreased the Q angle and the distance of ankle medial malleolus in the explored subjects with
genu valgum deformity (P=0.001 & P=0.04, respectively). However, no significant difference
was observed in the control group.
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Conclusion: The obtained data revealed that TheraBand training could improve the genu valgum
position. Therefore, this training protocol could be implemented to improve the deformity in this
population.
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Highlights
● The TheraBanddd exercise improves the Q angle in individuals with genu valgum abnormality.
● The TheraBand exercise improve distance of ankle medial malleolus in individuals with genu valgum abnormality.

Plain Language Summary
Physical posture is the alignment of different body parts with each other. When an individual is in a poor physical
posture,due to the high pressure on different body parts, the body direction generates a deformity. This constant pressure, even if relatively low, could cause non-anatomical compatibility. Genu valgum also increases the Q angle in this
group. The Q angle is the angle between the quadriceps muscle line and the patellar tendon line, i.e. reported to be
10-14 degrees in men and 14-18 in women. TheraBandd exercises, as a safe tool, are effective to improve the neuromuscular system, muscle strength, and the ability to perform functional tasks. The obtained statistical results suggested
that TheraBandd training significantly decreased the Q angle and the distance of ankle medial malleolus in the explored
subjects with genu valgum deformity.

1. Introduction

The knee joint, like all other joints in the body, is affected by defects, injuries, and diseases. Moreover, unlike the shoulder joint, the elbow and wrist must bear
the body weight while moving [2]. The most frequent
deformities of the knee, due to the correctability and improvement in the range of corrective movements studied,
include the genu varum, genu valgum, flat foot, hallux
valgus, cavus foot, and hammertoe [3].

[6]. In this condition, the weight line [Center of Gravity
(COG)] that descends from the center of the hip joint
tends to the outside of the knee joint. Subsequently, it
alters the pattern of body weight applied to the medial
and lateral parts of the knee joint [7]. Genu valgum also
increases the Q angle in this group. The Q angle is the
angle between the quadriceps muscle line and the patellar tendon line, i.e. reported to be 10-14 degrees in men
and 14-18 in women. This difference is due to the shape
of the females’ pelvic [4]. Wider pelvic, hip, and tibia
rotation, and genu valgum deformity affect Q angle, and
ultimately optimal posture [8]. Additionally, due to the
changes in the location of the gravity line and the abnormal pressure on different parts of the joint surfaces, the
knee will be prone to premature erosive changes; subsequently, early arthritis could be expected [9]. Advanced
physiological valgus cases after the age of 8 years may
lead to patellar bone misalignment and the instability of
the knee ligaments. Such a condition lead to gait and running problems, as well as lower limb deformities [10].

The genu varum may be caused by weakness in the
lateral muscles, such as the Tensor fasciae latae, Biceps
femoris, and Fibular muscles, as well as the shortness of
the medial muscles, such as the Semimembranosus and
Semitendinosus muscles, Gracilis, and Tibialis anterior
[3]. In this deformity, when the individual is in standing posture with the ankle medial malleolus of the foot
together, the knees remain completely separate [4]. According to previous studies, TheraBand could strengthen
weak muscles; accordingly, it improves the direction
of the femur, tibia, and ankles of individuals with genu
varum [5]. One of the most prevalent deformities, i.e.
more common in females, is genu valgum deformity

Physical exercise, as a cheap, accessible, non-invasive,
and low-risk approach in maintaining health and mobility or improving the alignment of the lower limbs are
recognized [11]. TheraBand exercises are recently employed because they are more comfortable and safer. An
advanced resistance exercise is implementing TheraBand, which could increase muscle size and strength
in individuals [12]. TheraBand exercises, as a safe tool
are effective to improve the nervous-muscular system,
muscle strength, and the ability to perform functional
tasks [11]. For approximately 25 years, researchers have
been using TheraBand resistance exercises to increase
strength and posture stability, and have achieved effec-

P

hysical posture is the alignment of different body parts with each other. When an
individual is in a poor physical posture,
due to the high pressure on different body
parts, the body direction generates a deformity; this constant pressure, even if
relatively low, could cause non-anatomical compatibility. These changes alter individuals’ ability to perform
activities and affect the overall efficiency of the body [1].
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tive results [13]. Elastic resistance (TheraBand) has been
proven to increase strength, mobility, and function, as
well as reduce joint pain. TheraBand is inexpensive,
portable, and versatile. Javanmehr et al. (2018) also
stated that muscle strength could be the most effective
manner of preventing and treating deformities [14]. Park
et al. (2017) demonstrated that TheraBand training and
stretching exercises are effective methods to correct the
genu varum [15]. Lovell et al. (2010) argued that highintensity strength training increases the strength and
power of the elderly [16]. Delshad et al. (2011) stated
that TheraBand strength training could prevent muscle
disability in women [17]. Saki et al. (2019) documented
that plyometric exercises in women with dynamic knee
valgus could increase the strength of weakened muscles
in them [18]. Resistance training with TheraBand provides strength; this resistance is created by stretching
force and could have a strengthening effect on weakened muscles. Therefore, strengthening the weakened
muscles in the lower limbs to reduce the angle Q and
improve the genu valgum deformity is essential. Scholars disregarded investigating this training method and
the effect of TheraBand on the genu valgum deformity.
Thus, the present research aimed to investigate the effect
of 8 weeks of TheraBand training on the Q angle and the
distance of ankle medial malleolus in individuals with
genu valgum deformity.

students of Parnian Girls’ Elementary School in Isfahan
City, Iran. After screening and initial evaluations involving 422 students, 36 subjects with genu valgum deformity were selected by purposive and convivence sampling
method. The study inclusion criteria included being girls
aged 9-13 years, the minimal distance of ankle medial
malleolus of 2.5 cm, the lack of receiving interventions
or exercises that affected the knee posture, no history of
visual, auditory, and neuromuscular disorders that affected balance, and no respiratory distress or injury and fractures in the last 6 months. The individuals participated
voluntarily in this study. An introductory meeting was
held for the selected students’ parents on the subject of
methods, purposes, and interventions of the research. In
total, 30 volunteers were randomly selected and divided
into the study groups of test and control (n=15/group).
The Q angle measurements were performed using a goniometer with a measuring accuracy of 0.1. Moreover,
we considered the distance of ankle medial malleolus by
the coulis with an accuracy of 1.1 mm.

2. Materials and Methods

To measure the Q angle, first, the subject stands without flexion, extension, or extra contraction in the lower
limbs and as the knees are facing. Then, the center of the
goniometer is placed on the center of the patella where
its fixed armrests on the tibial tuberosity and movable
arm are located along the femur and on the Anterior Supinator Iliac Spine (ASIS). The measured angle shown is
the Q angle (Figure 1).

This was a quasi-experimental study with a pre-test,
post-test and a control group design. The statistical population of the present study consisted of 13-9-year-old

To measure the distance of the ankle medial malleolus, the barefoot subject stood up straight and without
muscle contraction while the patella bones were facing

Figure 1. Measuring the angle Q with the goniometer

Figure 2. Measuring the distance of ankle medial malleolus
by the coulis
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each other. By placing a coulis between the ankle medial
malleolus, the distance was recorded (Figure 2).
The experimental group performed exercises for 8
weeks, 3 sessions per week, and about 45-60 minutes
per session (5-10 minutes warm-up included movements, such as speed walking, jogging, etc., followed
by stretching exercises all over the body, especially the
lower limbs, such as hip, knee, and ankle stretch; 40
minutes of TheraBand training; 10 minutes of cooling
down lower limbs stretching exercises). However, the
control group received no training during this period.
The experimental group performed lower limb muscle
strengthening exercises on the hip, knees, and ankles
(Appendix 1). The training protocol is presented in the
Table 1 and 2 [19].

3. Results
The demographic characteristics of the study participants are presented in Table 3.
The statistical indicators related to the Q angle and the
distance of ankle medial malleolus of the study groups
are listed in Table 4.
According to Table 5, the covariance test assumptions
were met; therefore, a covariance analysis test was used
to analyze the collected data.
As per Table 6, ANCOVA data revealed a significant
difference between the study groups (P<0.05). Based
on the mean scores, TheraBand exercises significantly
impacted the Q angle and the distance of ankle medial
malleolus in the explored subjects.

4. Discussion
The present study results suggested that TheraBand
exercises significantly reduced the Q angle and the distance of the ankle medial malleolus in the investigated
individuals with genu valgum deformity.
Several factors, including the alignment of the lower
limbs, such as the femur, shin, and pelvic muscle strength
affected Q angle in the study participants. A factor influencing the Q angle is the alignment of the femur. The
internal rotation of the femur due to weakness of the hip
external rotator muscles increases the valgus in the knee
joint and creates malalignment in the lower limbs [20].
Accordingly, this condition could increase the Q angle
[21]. Previous studies also revealed that the strength of
the abductor and external rotator muscles could significantly affect the normal alignment of the hip, knee, and
ankles as well as the Q angle [22]. Increasing the Q angle
pulls the patella to the lateral, stretching the quadriceps
muscle on the medial side of the knee, and causes muscle
imbalance. Biomechanically, the Q angle could change
an individual’s movement pattern, especially in the foot,
leading to internal rotation of the knee and the generation of the genu valgum [22]. Muscle imbalance in a
person can lead to the formation of this deformity [23,
24]. Mazidi et al. (2011) investigated the effects of therapeutic exercises on the Q angle among 60 athletes with
patellofemoral pain syndrome [25]. They reported that
quadriceps strengthening exercises effectively reduced
the Q angle and pain in the studied samples. Delshad et
al. (2011) also reported that strengthening training could
prevent muscle disability [17].
In this study, the Q angle was significantly reduced in
the studied subjects after 8 weeks of intervention. Prop-

Table 1. The training protocol
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Exercises

Weeks 1 & 2 (R)

Weeks 3 & 4 (R)

Weeks 5 & 6 (R)

Weeks 7 & 8 (R)

Squat with foot together

3×8

3×10

3×15

3×18

Knee flexion with tibia adduction (stance)

3×8

3×10

3×15

3×18

Hip abduction (bird dog)

3×8

3×10

3×15

3×18

Knee flexion and extension with supination (prone)

3×8

3×10

3×15

3×18

Hip abduction (cross-leg)

3×8

3×10

3×15

3×18

Knee flexion with tibia adduction (prone)

3×8

3×10

3×15

3×18

Jugging

3×8

3×10

3×15

3×18

Hip abduction (lie on side)

3×8

3×10

3×15

3×18
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Table 2. The training program with thera band
Week 1 & 2

Week 3 & 4

Week 5 & 6

Week 7 & 8

Yellow

Red

Red

Blue

Table 3. Demographic characteristics of the study subjects (n=15)
Mean±SD

Variable

P

Experimental Group

Control Group

Age (y)

10.76±1.19

11.1±1.17

0.3

High (cm)

148±2.24

149.19±2.18

0.17

Weight (kg)

56±2.84

57.36±2.24

0.19

erly causes of reduced Q angle can mention increased
strength in the muscles around the knee and the muscles of the femoral abductor. In this regard, Ismaili et
al. (2009) stated that factors, such as genu valgum, the
weakness of the muscles around the knee, and the external rotation of the tibia increase the Q angle [26].

An exercise used in this study was the strengthening of
the femoral abductor muscles. Strengthening this muscle
in the hip joint causes the femur to be rotated to external
and prevents it from excessive internal rotation. A factor that increases the Q angle is femoral adduction; thus,
it could reduce the Q angle by increasing the strength
of the hip abductor muscles. Furthermore, increasing

Table 4. Statistical indexes of the study groups
Variable

Q angle (deg)

Distance of ankle malleolus
(cm)

Group
Experimental
Control
Experimental
Control

Trial

Mean±SD

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

25.1±2.81
18.9±2.66
25.6±3.46
25.8±3.32
6.2±1.32
2.9±0.66
5.1±1.1
5.9±0.66

Depended Samples t-test

P

29.1

0.001

2.2

0.12

8.2

0.04

2.2

0.13

Table 5. Covariance test assumptions
Variable

Group

Experimental
Q Angle
Control

Experimental
The distance of ankle medial
malleolus
Control

Trial

Shapiro-Wilk test
F

P

Pre-test

0.65

0.18

Post-test

0.71

0.12

Pre-test

0.67

0.9

Post-test

0.74

0.27

Pre-test

0.76

0.29

Post-test

0.8

0.1

Pre-test

0.74

0.14

Post-test

0.79

0.12

Levene’s test

Regression

F

P

F

P

0.396

0.476

0.427

0.24

0.429

0.417

0.512

0.43
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Table 6. ANCOVA results concerning the effects of the training intervention
Variable

Q angle

The distance of ankle medial
malleolus

Source

Some of Squares

Ds

Mean Squares

F

P

Corrected model

16746.1

2

8.109

14.603

0.012

Intercept

6.84

1

4.478

7.409

0.002

Pre-test score of Q angle

19.21

1

9.254

16.326

0.004

Group

7.204

2

5.105

17.258

0.003

Corrected model

17256.07

2

7.009

15.712

0.003

Intercept

4.39

1

2.499

6.625

0.01

Pre-test score of the distance of ankle malleolus

15.74

1

10.85

19.208

0.004

Group

6.617

1

4.231

20.039

0.002

the strength of the quadriceps muscle stabilizes the patella;
therefore, another possible reason for the decrease in Q angle was the increase in quadriceps muscle strength. Sadeghi
et al. (2012) examined the effects of corrective exercises on
lower extremity deformities in female students [27]. They
concluded that a period of strengthening exercises using
free weights and stretching exercises to correct the abnormalities of the lower limbs of female students improved the
deformities of their lower limbs, including the genu valgum.
Moreover, Ashouri et al. (2018) explored the effects of corrective exercises on genu valgum deformity. They argued
that 8 weeks of corrective exercises improved the knee and
ankle alignment in female high school students [28].
Lee et al. (2016) also indicated that 12 weeks of corrective
exercises significantly impacted genu valgum deformity
and the proper alignment of the lower limbs [29]. Ghasemi
et al. (2017) also reported that the TheraBand strengthening program provided a significant effect on girls’ genu
varum deformity and has improved the alignment of their
hip, knee, and ankles due to the weakening of weakened
muscles [5]. Park et al. (2017) revealed that TheraBand resistance training improved knee deformity and reduced the
distance between the knees in this group [15]. Haddadnejad
et al. (2011) examined the relationship between genu valgum deformity and lower limb strength in adolescent males
[30]. The relevant results demonstrated that the genu valgum deformity group had a weaker performance, compared
to the genu varum and healthy knee groups. Besides, the
genu varum group had a weaker performance, compared to
the healthy knee group. They stated that joint muscles play
a greater role in performing various jumping tests; thus,
these differences in function could be attributed to these
muscles and the biomechanical changes in the joints, due to
the disruption of the proper alignment of the joints.
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The reasons for the increased distance between the ankle’s malleolus and the Q angle in the control group was
the incorrect habits of these students over time. Besides,
the sensitivity of the age of the amulets was important in
this regard, because the bones are more formable during
the age of growth.
Considering the effects of TheraBand exercises on
lower limb muscle strength and the significance of quadriceps and hamstring muscles in the alignment of femur
and tibia, the possible etiologies for the distance between
the two ankles malleolus could be corrected by strengthening the lower limb muscles. Individuals with a genu
valgum deformity encounter weakness in the muscles
of the femoral abductor and internal hamstrings, including the semitendinosus and semimembranosus muscles;
the exercises used in this protocol were strengthening
training for these muscles. The weakness of the adductor muscles and external rotator leads to hip adduction,
as well as internal hamstring muscle weakness. Subsequently, this condition causes tibial abduction, followed
by the removal of the internal ankles of the ankles. The
benefits of TheraBand exercises include variable resistance; these exercises enhance muscle strength and
endurance in weakened lower limb muscles. As the
strength in the hip abductor muscles increases, the rate
of internal rotation and adduction in the hip decreases.
Furthermore, as the strength in the internal hamstring
muscles increases, the external rotation of the tibia bone
decreases and rotates to the medial side. As a result, it reduces the distance between the medial ankles. Additionally, when the alignment of the femur and tibia is corrected after exercise, the knees close together are somewhat
apart, and the medial ankles also become closer.
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The study limitations included goniometer measurement error; the faulty habits of the study subjects, e.g.
walking or sitting incorrectly, and the effect of psychological factors on the evaluated subjects’ performance.

5. Conclusion
The present study data suggested that performing 8
weeks of TheraBand exercises demonstrated a significant improvement in both research variables. Comparing
the two research groups, it could be concluded that the
experimental group improved due to strengthening exercises with TheraBand. Besides, by increasing strength in
weakened muscles, the alignment of the femur and tibia
improved and reduced the Q angle and approached the
ankle medial malleolus.
Considering the results obtained during 8 weeks of the
training intervention, therapists and trainers in sports
environments could use strength training exercises to
reduce the Q angle and the distance of ankle medial malleolus in individuals with cruciate knee deformity.
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Appendix 1
Scott’s first exercise was called a pair of legs, in which the person stood with the legs straight and, while lowering the
center of gravity by flexing the knees, placed the trampoline on the hips, trying to move the hip away and rotate them
outward. In this exercise, the upper body is straight and the knees move apart as you move. The second exercise was
knee flexion movement with leg adduction. In this movement, the person is standing, sitting on a chair or lying on his
stomach with his thighs in line and the bandage on his leg, flexing his knee and at the same time bringing his leg in.
Exercise 3 In order to strengthen the abductors and external rotators of the thigh, the person is placed on all fours and
while the bandage is on the thigh, he tries to turn the thigh and rotate it externally, alternating with left and right legs.
The fourth movement of knee flexion and extension, while the person was lying on his back and trampling the sole
of the foot, with 90-degree flexion and knee extension, both leg adduction and ankle supination were performed. The
fifth movement of sitting on 4 knees while the bandage was closed on the person’s thigh was performed by external
rotation and abduction of the thigh, strengthening of the abductors, external rotation of the thigh and stretching of the
thigh adapters. The sixth move was a jugging walk, which was performed at the same time with 120° knee flexion, in
order to strengthen the rotators and abductors of the thigh and knee flexors. The seventh movement was hip abduction
movement that was performed lying on one side, unilaterally, and in the middle with the left and right legs. In this
movement, the theraband was closed on the subject’s thigh.
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