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Objectives: Pronation distortion syndrome is one of the common physical deformities, that 
causes distortions in the skeletal structures of the feet. The current study aimed to determine 
the effects of 12 weeks of systematic and functional corrective exercises on the body posture 
of students with pronation distortion syndrome. 

Methods: In this quasi-experimental study, 30 volunteers suffering from pronation distortion 
syndrome were selected. Then, they were randomly divided into two 15-member groups, i.e. 
the experimental and the control groups. The experimental group practiced systematic and 
functional corrective exercises for 12 weeks (three sessions a week, each lasting an hour), while 
the control group did not receive any exercises. Before and after the exercises, the students 
were evaluated using the Functional Movement Screen (FMS) screening test as well as body 
posture tests, including flat feet, pronation angle of ankle joint, knock-knee (bow-leggedness 
or genu valgum), and lumbar lordosis (swayback). The obtained data were analyzed using the 
dependent and independent t-tests (P<0.05). 

Results: After 12 weeks of systematic and functional corrective exercises, the experimental 
group showed significant improvement in FMS and body posture (P=0.001). However, no 
significant difference was observed in the control group (P<0.05). In general, the body posture 
of the experimental group was significantly better than the control group (P=0.001). 

Discussion: Based on the findings of the current study, systematic and functional corrective 
exercises improve the body posture of students suffering from pronation distortion syndrome. 
Therefore, these exercises are recommended for such students.
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Highlights 

● The use of FMS for measuring the likelihood of injury of students with pronation distortion syndrome.

● Systematic and functional corrective exercises improve the body posture of students with pronation deviation 
syndrome.

● Systematic and functional corrective exercises reduce the likelihood of injury of students with pronation deviation 
syndrome.

Plain Language Summary 

Pronation distortion syndrome due to excessive foot pronation includes inward rotation of the tibia, internal rotation 
of the thighs associated with flat feet, genu valgum (knock-knee), and increased lordosis in case of hyperpronation. In 
this study, corrective exercises were used to improve body posture. The results of this study showed that systematic and 
functional corrective exercises can improve body posture. Therefore, this method can be used for people with pronation 
distortion syndrome and for reducing the likelihood of injury.

1. Introduction 

ronation distortion syndrome is a common 
postural distortion of the lower extremity, 
involving the anterior part of the leg. It 
may cause pain in the leg and disturbances 
in the tarsal part, in addition to distal and 

proximal parts [1]. In this deformity, the head of the talus 
and navicular bones are rotated inward and downward, 
and the body's center of gravity shifts inward, resulting 
in flat feet. It is also associated with a bunion and in-
creased pressure on the medial parts of the first and sec-
ond metatarsophalangeal joints. 

The characteristics of pronation distortion syndrome 
due to excessive foot pronation include inward rotation 
of the tibia, internal rotation of the thighs associated with 
flat feet, genu valgum (knock-knee), and increased lordo-
sis in case of hyperpronation. In this deformity, peroneal 
muscle, gastrocnemius muscle, hamstrings, soleus mus-
cle, iliotibial band, adductors, and psoas muscle are func-
tionally tightened, while posterior and anterior tibialis, 
gluteus medius, gluteus maximus, vastus medialis, and 
hip external rotators are inhibited. Also, potential joint 
dysfunctions include the first metatarsophalangeal, sub-
talar, sacroiliac, talocrural, and lumbar facet joints [1, 2]. 

Normally, individuals with pronation distortion syn-
drome show predictable patterns of injury, including 
tendon injury, plantar fasciitis [3], posterior tibialis ten-
donitis [4], ankle sprain or instability [5], patellar tendi-
nopathy and patellofemoral pain syndrome [6], anterior 
cruciate ligament injury, posterior tibial tendon dysfunc-

tion, and low-back pain [1, 2]. Moreover, these people 
are at a greater risk of foot pain, knee pain, stress frac-
tures, poor sports performance, and imbalance [7]. Pos-
sible movement disorders include restricted dorsiflexion 
of the thoracohedral joint, and weakness of supinators, 
ankles, intrinsic muscles of the leg, and external rotators 
of the hip [8]. Therefore, people with pronation distortion 
syndrome experience a physical deformities condition.

The kinematics of proximal joints may influence the 
kinematics of the distal joints [9]. Hyperpronation of 
the foot affects sensory inputs by altering joint mobility, 
contact surface area, changes in ligament status, and de-
velopment of ligamentous laxity, or through secondary 
pathways by inducing changes in muscle structures to 
maintain a solid and reliable level of reliance, ultimately 
leading to distortion in the posture of the body. The hy-
perpronation of the foot is also accompanied by various 
degrees of ligamentous laxity [10], which may cause 
changes in the soft tissues around the joints, including 
ligaments, muscles, and tendons. These soft tissues usu-
ally contain several mechanical receptors and sensory 
neurons (muscular spindles, Golgi tendon organs, and 
joint receptors) [11]. 

Khayam Bashi et al., (2012) believed that strengthening 
hip abductors and hip external rotator muscles can lead to 
kinematic changes in the distal region of lower extremities 
[12]. After administering six weeks of strength training 
using the closed kinetic chain of hip abductors and hip ex-
ternal rotators, Synder et al., (2009) found out that the rear 
foot angle of the participants decreased, but this reduction 
was not significant [13]. Dadashpour et al., (2014) argued 
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that body organs are like the connected rings of a chain 
where each component influences the others. Therefore, 
by performing closed kinetic chain exercises under loads 
and by increasing the strength of the muscles proximal to 
the lower extremities, one can correct the hyperpronation 
of the foot in the distal lower extremities [14]. 

Farokhmanesh et al., (2012) reported that hyperpro-
nation of the foot in the closed kinematic chain would 
result in the internal rotation of the tibia, which might 
affect the performance of the knee joint, followed by 
the internal rotation of the femur and frontal pelvic tilt. 
With the increasing pelvic tilt, lumbar vertebrae shift for-
ward, increasing the lumbar arch. Therefore, the distance 
between the line of gravity and the kinetic axis of the 
joint would increase, resulting in an extraneous torque 
increase relative to the optimal natural state [15]. 

Many attempts have been made to correct pronation of 
the foot via directly targeting the foot using conventional 
interventions, such as orthoses [16], braces [17], ankle 
exercises [18], therapeutic footwear, and exercises for 
hip joint strength [13]. On the other hand, inconsistent 
findings have been reported regarding the efficacy of 
corrective exercises in foot pronation and the effect of 
flat feet on other factors related to physical fitness. Some 
studies have reported that people with flat or claw feet 
have weaker postural control in comparison with those 
with normal feet [19]. However, some studies have not 
confirmed such a relationship [20]. Also, several studies 
show that the corrective exercise program has no signifi-
cant effects on the improvement of flat feet [20].

According to the literature, no study has yet demon-
strated the effectiveness of corrective exercises with a 
systematic approach in the improvement of disorders in 
pronation distortion syndrome, and the proposed treat-
ment techniques are contradictory. These exercises may 
also reduce the cost of treatment in the future and de-
crease the time spent on rehabilitation and treatment. 
Therefore, the purpose of this study was to determine 
the effect of corrective exercises with a systematic and 
functional approach on the body posture of patients with 
pronation distortion syndrome.

2. Methods 

In this quasi-experimental study with a pre-test/post-test 
and control group design, we evaluated the effects of cor-
rective exercises on the body posture and functional move-
ment of students with pronation distortion syndrome.

Study sample

The statistical population included male students aged 10-
16 years, who were selected based on a general assessment 
using the New York test and a coherent assessment according 
to the inclusion and exclusion criteria out of 1836 students 
via a purposive sampling method. The study sample com-
prised 30 male students with pronation distortion syndrome, 
who were evaluated in the Corrective Exercise Training Cen-
ter Clinic (district one). The subjects were purposefully se-
lected and randomly assigned into experimental (Mean±SD 
age=12.66±1.72 years; Mean±SD height=165.3±6.58 cm; 
Mean±SD weight=67.29±5.72 kg; Mean±SD body mass in-
dex=24.55±1.63 kg/m2; Mean±SD leg length=81.6±4.22 cm) 
and control (Mean±SD age=12.66±1.83 years; Mean±SD 
height=166.4±9.5 cm; Mean±SD weight=68.9±9.9 kg; 
Mean±SD body mass index=24.71±5.21 kg/m2; Mean±SD 
length=82.4±6.88 cm) groups.

The experimental and control groups were matched in 
terms of height, weight, age, length of lower extremity, 
body mass index, pronation status, and supporting leg. Af-
ter coordinating with the orthopedist, corrective exercise 
specialists were assessed from April 2018 until June 2018. 
Then, study information was presented to the selected 
samples and their parents about pronation deviation syn-
drome, study objectives, research methods, and require-
ments for corrective exercises. If they were willing to 
participate in the study, they would sign a written consent 
form. After signing the consent form and considering the 
research limitations, they were divided into two groups.

Exclusion and inclusion criteria 

The inclusion criteria were as follows: diagnosis of 
pronation deviation syndrome in both feet, based on the 
corrective exercise specialist’s opinion; detection of flex-
ible flat feet without pain, evaluated by heel-rise test, na-
vicular drop more than 10 mm, and grade 2 flat feet, [7, 
21-25]; age range of 10-16 years; having a normal vision 
or corrected vision using spectacles or contact lenses; ab-
sence of other acute or chronic diseases preventing from 
exercise; physician’s agreement with corrective exer-
cises; no history of injury or surgery on the ankle, knee, 
thighs, hip, or back; and completing the informed con-
sent form and an individual health questionnaire [26].

On the other hand, the exclusion criteria were as fol-
lows: the presence of pain or emergence of pain during 
the study; not completing the pre-test or post-test; and 
inconsistent participation in exercise sessions (absence 
from two consecutive sessions or three sessions during 
the course) [26].
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Systematic and functional corrective exercise 
training program 

The experimental group participated in a systematic 
and functional corrective exercise program for three 
months, while the control group continued their routine 
activity. The corrective training program consisted of 
two sections: I. educational (training of daily physical 
activities, all of which were completely explained in a 
2-h theory session); and II. exercise. The exercise section 
consisted of 21 exercises:

A. Restraint exercise or self-release: involving the gas-
trocnemius muscle, soleus muscle, fibula, knee com-
pressor muscles, adductors of the thighs, the short head 
of the biceps femoris, and iliotibial band for 30 seconds, 
using a foam roller;

B. Static stretching drills: involving the soleus and gas-
trocnemius muscles on an inclined plane, tensor fasciae 
latae muscle, short head of the biceps femoris, and ilio-
psoas muscle;

C. Resistance exercises: strengthening the eccentric 
muscles of the feet including dorsiflexion and knee in-
version, adduction, and extension, external rotation 
of the hip joint with TheraBand exercise band, and 
strengthening the intrinsic muscles of the foot;

D. Integrative exercise: including the star balance test 
on all planes; wobble board and stair climbing exercises 
on all planes, TRX exercises (total resistance exercises), 
and gym ball exercise. 

In all exercises, the principle of overload was observed. 
The corrective exercises were based on multiple scien-
tific resources, as presented in Table 1 [2, 8, 27]. The 
experimental group participated in the training program 
one day after the pre-test (three sessions per week for 
three months). The corrective exercises for the experi-
mental group consisted of 36 sixty-minute sessions (ini-
tial warm-up: 10 minutes, restraint exercise for 10 min-
utes, stretching, strength, and integrative exercises for 35 
minutes, and cool-down for 5 minutes) [2, 8].

Variable evaluation

Before and after the corrective exercise program, the 
selected variables in both groups were evaluated and 
measured. The tests included the A: Functional Move-
ment Screen (FMS) test; and B: body posture status test.

A. Functional Movement Screen (FMS) test

The Functional Movement Screen (FMS) test has been 
used for devising functional evaluation programs before 
participating in athletic activities [28]. This set of tests 
was designed using 7 movement patterns for the simul-
taneous evaluation of mobility and stability. Because of 
the short administration timeframe of 5 to 10 minutes, it 
can be easily used by coaches and evaluators. This set 
of tests include the deep squat, hurdle step, inline lunge, 
shoulder mobility, active straight-leg raise, trunk stabil-
ity push-up, and rotary stability [29].

In previous studies, medium to good intra-rater and 
inter-rater reliabilities have been reported for this set of 
tests [30]. Besides, this test has been reported as a suf-
ficiently reliable test for predicting physical injuries in 
a way that scores lower than 14 indicates that the indi-
vidual is four times more likely to be injured [31]. The 
maximum score for this test is 21. The scoring method is 
as follows: correct performance of the movement with-
out compensations: 3 points; performing the movement 
with compensations: 2 points; failure to perform the 
movement without compensations: 1 point; and having 
pain during any part of the movement: 0 points [29, 32].

B. Body Posture Status tests 

Navicular drop 

The navicular drop was evaluated using the method 
described by Brody [7]. The reliability coefficient of 
this test was reported as r=85% by Muller et al., r=80% 
by Walker et al., r=70% by Hurtle et al., and r=76% by 
Evans et al., [33]. During this test, the subject sits on a 
chair in a way that the feet are in a completely weightless 
state. The examiner will put the subject’s feet in neutral 
rotation, i.e. in its natural state; then, by touching the in-
side of the ankle and applying simultaneous internal and 
external rotations, the prominence of the top of the na-
vicular bone is detected. Then, the distance between the 
prominence of the top of the navicular bone and the floor 
is measured and recorded on a piece of paper. 

Then, the subject is asked to stand up and under his or her 
weight, the distance between the prominence of the top of 
the navicular bone and the floor is measured again. Finally, 
by measuring the difference between the two measure-
ments, the extent of the navicular bone drop is determined. 
The extent of navicular drop is measured three times for 
each subject, and the average is recorded for the analy-
sis. Subjects with a navicular drop of more than 10 mm 
are considered subjects with flat feet and entered into the 
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Table 1. Summary of systematic and functional corrective exercise program
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study [7]. In this study, since the flexible flatfoot grade 2 is 
considered a criterion for entering the study, the footprint 
test, i.e. evaluating the bottom of the feet on a mirror box, 
was used to select the subjects with flexible flatfoot grade 
2 based on the Denise A method in which the support of 
the central section and top of the foot are equal [21].

Pronation of the ankle (the valgus angle of the 
ankle) 

This factor is determined by measuring the hindfoot 
valgus angle (the angle behind the ankle). This proce-
dure is done by drawing the midline of the leg in the bot-
tom third and the midline of the heel of the subject while 
the subject is lying on his or her abdomen. Then, the 
subject is asked to stand up and when the feet are under 
the weight of the individual, the angle between these two 
lines is measured using a goniometer. The natural angle 
is 180 and an angle more than 9 degrees is considered 
as hyperpronation [16]. In an experimental study on 15 
participants, the reliability of measuring the valgus angle 
(ICC=0.69) was found as good [14].

Knock-knee (Bow-leggedness or genu valgum)

To measure the knee valgus while standing, the inside 
distance between the two ankles is measured using a 
caliper. To do so, the subject is asked to take off his or 
her shoes and socks and to stand on a flat surface in a 
comfortable and direct stance while his her knees and 
thighs are visible for the evaluator and his or her feet 
are completely parallel to each other. Under this condi-
tion, the subject does not have any unnatural contraction 
or tension in his or her thigh muscles. This is done in 
a way that the individual’s intercondylar and intermal-
leolar points are the closest to each other in their natural 

state and the hips and thighs are completely extended. 
To measure the distance, the intercondylar and intermal-
leolar points are identified. To find these points, in the 
internal section of the lower end of the thigh and the up-
per end of the knee joint, the largest and smoothest knob 
protruding backward is selected as the internal condyles 
of the knee and the protruding parts in the internal area 
of the lower end of the tibia and the upper section of the 
ankle joint are considered as the internal ankles of the 
feet. Then, these distances are measured using a caliper. 

The measurements are performed three times, and the 
average is calculated [22]. A distance lower than 2.5 cm 
is considered grade one, a distance between 2.5 to 5 cm 
grade two, a distance between 5 and 7.5 cm grade three, 
and a distance of more than 7.5 cm grade 4 and acute 
[34]. To evaluate the dynamic valgus of the knee during 
a lunge, the landing error scoring system (LESS) is used. 
It is a clinical tool for dynamic movement used for iden-
tifying unfavorable patterns during landing after lunge. 
This test evaluates the landing technique based on 9 im-
ages of the landing and using 13 yes/no questions. The 
higher LESS scores indicate higher errors during land-
ing, indicating higher vulnerability to injuries [2]. 

This system has a high application capability and it can 
clinically evaluate the risky landing mechanics. The in-
tra-rater and inter-rater reliability values of this test have 
been reported as good and excellent, respectively [25]. 
Moreover, they have shown its predicting capability for 
identifying individuals with a high risk of injury [35]. Be-
sides, LESS can effectively show the changes in the land-
ing technique caused by an intervention program [36]. 

To perform this test, the corrective exercise expert first 
shows the correct way of performing the motion and then 

Table 2. The scoring method for the adjusted landing error scoring system

Observing Frontal View Observing Lateral View 

Standing width or two feet distance: 
Normal (0), wide (1), narrow (1) 

Initial landing of the feet: 
Toe-heel (0), heel-toe (1), flatfeet (1)

Maximum rotation of the foot: 
Normal (0), medium external rotation (1), mild internal rotation (1) 

Movement of the knee flexion: 
Large (0), medium (1), low (2) 

Concurrent initial contact with the surface: 
Concurrent (0), non-concurrent (1) 

Movement of trunk flexion: 
Large (0), medium (1), low (2)

Maximum knee valgus angle: 
Normal (0), small (1), large (2)

General movement in sagittal screen: 
Large (0), medium (1), low (2) 

Lateral flexion of the trunk: 
Not observed (0), low to medium (1) 

Total test score: 
Excellent (0), medium (1), poor (2) 

A score higher than 6 means the poor result, indicating the individual is vulnerable to large valgus; a score between 5 and 6 
indicates medium valgus; a score between 4 and 5 indicates good result with low valgus; and a score of means excellent result 
with normal valgus.
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video cameras (Canon PC1818 cameras made in Japan) 
are ideally placed with a distance of 3 m in front and 3 m 
on the right side of the landing point. Then, the subjects 
start exercise. In the pre-test session, the subjects jumped 
from a 30-cm platform landing in front of the platform at 
a distance of approximately 50% of their height. Immedi-
ately after that, they performed a maximum vertical jump. 

During the training for the test, the individuals were ad-
vised to jump up immediately after landing from the plat-
form. During the test, the subjects do not receive any feed-
back or training unless they were doing the test wrong. 
After training the subjects, they were allowed to have two 
drill jumps to learn the exercise. Then, the subjects per-
formed three accurate jumps. If a subject failed to reach 
the predetermined horizontal distance or if the subject did 
not perform the maximum vertical jump after landing, 
that round would be eliminated and the jump-landing ma-
neuver would be repeated once more [25]. Ultimately, the 
videos were evaluated from the frontal and lateral views 
and the main compensations were considered as follows. 

1. Placement of the feet: the state of the feet at the mo-
ment of contact, the fingers have less than 30 degrees of 
external rotation, no=0, and yes=1; 

2. State of the knee: a. knee valgus at the moment of 
contact: placement of the kneed above the middle por-

tion of the leg, yes=0 and no=1; b. movement of the knee 
valgus: knee inside the big toe, no=0, and yes=1. 

Using this method, the potential lack of muscular bal-
ance can be diagnosed and considered in the correc-
tive exercise program [2]. Table 2 presents the scoring 
scheme for the adjusted LESS test. 

Lumbar lordosis 

To evaluate this factor, a Kidoz flexible ruler was used. 
A study reported the degree of ICC equal to 0.82 by us-
ing a flexible ruler for measuring the lumbar arch of indi-
viduals with lumbar pain [24]. To measure the degree of 
lumbar lordosis, we have to identify T2, T12, and S2 bone 
points first by touching and mark them using a marker. 
Then, the subjects were asked to let their hands fall beside 
their body with a 15-cm distance between the two feet, 
while standing with bare feet. They were asked to distrib-
ute their weight equally between the two legs and look at 
a constant point on the opposite wall and stand comfort-
ably. Then, a special fixation tool was placed on the ster-
num and pelvis of the subject to prevent the subject from 
swaying in the sagittal screen during the measurements. 
The flexible ruler was placed between T12 and S2 on the 
shock process of the vertebrae; an equal pressure was ap-
plied to the ruler with no space between the skin and the 
ruler so that the ruler curved over the lumbar arch [23]. 

Table 3. Functional Movement Screen (FMS) test and variables of pronation distortion syndrome	

Variables Groups
Mean±SD

t Sig. 
 (P)¥

Sig. 
(P)€

Pre-test Post-test

Functional Movement Screen (FMS) test
Experimental 11.2±1.32 16.4±1.12 -18.6 0.001*

0.001*
Control 11.66±1.11 11.6±1.05 0.36 0.72

Pronation 
distortion 
syndrome

Navicular drop (MM)
Experimental 13.33±.67 10.14±.44 30.11 0.001*

0.001*
Control 13.26±.59 13.14±.71 1.67 0.116

Valgus Angle of the Ankle (Degree)
Experimental 14.2±.44 11.62±.55 26.2 0.001*

0.001*
Control 14.22±.53 14.2±.54 1.8 .094

Genu valgum

Static
 (CM)

Experimental 13.82±2.8 8.94±1.31 14.5 0.001*
0.001*

Control 13.87±1.87 13.85±1.85 1 .334

Dy-
namic
(LESS)

Experimental 8.13±1.18 4.53±.51 15.3 0.001*
0.001*

Control 8.33±1.63 8.26±2.01 0.43 0.67

Lumbar lordosis 
Experimental 52.1±3.75 40.24±2.5 24.3 0.001*

0.001*
Control 53.2±3.1 53.35±2.92 -1.7 0.111

P¥ : Value indicates within‑group differences (the paired-samples t-test). P€: Value indicates between-group differences (inde‑
pendent samples t-test); * Indicates a significant difference (P<0.05).
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It is worth mentioning that about 3 cm from the top of 
the ruler was released and then the selected points were 
marked on the ruler. Then, the evaluator, without chang-
ing the obtained arch, used his or her two hands to grab 
both ends of the flexible ruler and slowly and without 
any change put the ruler on the special checkered paper. 
Then, the examiner marked the points on the paper and 
draws the curve of the ruler using a pencil on the paper 
as well. Next, the ruler was removed and on the paper, a 
direct line was drawn from T12 to S2 points. To measure 
the lumbar lordosis, similar to the Yodas Method, the 
thorn-like T12 process is selected as the starting point 
for the lumbar curve and the S2 process is considered as 
the final point of the curve [37]. 

The distance between these two points is considered 
L and the vertical height from this line to the center of 
the arch (the deepest point of the arch) is considered H. 
Then, to measure the lumbar angle, the following formula 
is used. Using this method, the average lordosis angle in 
healthy individuals is shown to be up to 50.9 degrees and 
for the age group of younger than 14 years, the angle is up 
to 34.45 degrees, while for the age group of 15-25 years, 
the angle up to 32.20 degrees is considered normal [38]. 

θ=4[arc tan 2H
L

]

All these tests are performed in the same session so that 
the students do not feel any discomfort. The moods of 
the students during the tests were monitored and after 
each test, sufficient rest time was considered to avoid fa-
tigue or injury. 

Statistical analysis

In this study, variables are presented using descrip-
tive statistics, and data analysis was performed using 
inferential statistics. Descriptive tests, including mean 
and standard deviation, were used to describe the data. 
Among the inferential tests, the Kolmogorov-Smirnov 
test was initially used to verify the normal distribution of 
data. Next, the independent t-test was used to compare 
the mean of groups and to examine the effect of the in-
dependent variable on dependent variables. SPSS V. 22 
was used to analyze the data. The significance level in 
this study was set at 0.05 with 95% confidence interval.

3. Results

A. Functional Movement Screen (FMS) test

Table 3 presents the data related to the students’ FMS. 
The experimental group showed a significant improve-

ment in physical fitness after 12 weeks of systematic and 
functional corrective exercises (FMS test) (P=0.001). 
However, no significant difference was observed in the 
control group (P>0.05). Overall, there was a significant 
difference between the experimental and control groups 
regarding the results of the FMS test (P=0.001, t=12.07). 
In other words, the physical fitness of the experimental 
group was superior to that of the control group.

B. Body posture status 

Table 3 also presents the data related to the students’ 
body posture status. In the experimental group, after 12 
weeks of systematic and functional corrective exercises, 
body posture (navicular drop test, hindfoot valgus an-
gle, static and dynamic knock-knee, and lumbar lordo-
sis) significantly improved (P=0.001). Nevertheless, no 
significant difference was observed in the control group 
(P>0.05). There was a significant difference between the 
experimental and control groups regarding the result of 
the body posture status tests (P=0.001). In other words, 
the body posture status of the experimental group was 
superior to that of the control group.

4. Discussion 

The main objective of the current study was to deter-
mine the effects of systematic and functional corrective 
exercises on the body posture of students suffering from 
pronation distortion syndrome. Based on the findings of 
the study, the participants in the experimental group who 
went through the FMS test using 7 movement tests to 
evaluate the likelihood of injury and their body posture 
(using navicular drop test, hindfoot pronation angle, stat-
ic and dynamic knock-knee, and lumbar lordosis) dur-
ing the post-test period showed a better performance and 
body posture compared with the control group. More-
over, these participants are less likely to be injured in the 
future, which indicated the effectiveness of the systemat-
ic and functional corrective exercise program compared 
with the conventional method. In other words, the aver-
age difference between the scores of the post-test in the 
FMS was significant since it was 4.8 points. 

The average difference for the scores obtained in the 
post-tests of body posture evaluation was significant and 
this difference for the navicular drop test was 3 mm. The 
difference in the goniometer tests for the hindfoot val-
gus angle was 2.58 degrees. Also, the difference in the 
test for evaluating static knock-knee by measuring the 
internal distance between the two ankles using a caliper 
was 4.91 cm, and the difference for dynamic knock-knee 
using the LESS was 3.73 points. 
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Finally, regarding the flexible ruler test for evaluating 
lumbar lordosis, the difference was 13.11 degrees. Based 
on these results, the average scores obtained by the ex-
perimental group were better than those of the control 
group and the differences were significant (Table 3). It is 
worth mentioning that there is a difference with regard to 
the average scores of the above-mentioned variables be-
tween the post-test and the pre-test in the control group, 
but the difference was not significant. 

The results are in line with the results of studies car-
ried out by Lynn et al. [39], Daneshpour et al. [14], Su-
lowska et al. [40], Young-Mi Goo et al. [41], Mahdavi et 
al. [42], and Najafi et al. [43]. This compatibility can be 
explained as these studies have used corrective exercises 
similar to the exercises used in this study as well as the 
similar participants. 

The results oppose with the results obtained by Syn-
der et al., [13], Kouhi et al., [44], Ahmad Alidokht et 
al., [26], and Lee et al., [45]. The lack of conformity be-
tween these studies and the current study might be due 
to the type of the study since the current study utilizes 
corrective exercises while some of the above-mentioned 
studies were the comparative type. In the current study, 
corrective exercises were performed for improving body 
posture and increasing muscular strength. Moreover, us-
ing different exercise protocols, the characteristics of the 
participants (different age, gender, and populations), and 
different tools and evaluation instruments can be other 
reasons for the discrepancies in the results.

Musculoskeletal abnormalities are poor conditions 
caused by environmental factors, impaired motor func-
tion, and incorrect muscle and joints function [46]. If 
there is no proper coordination in the strength between 
the opposing muscles on either side of the joint, the like-
lihood of injury and physical anomalies increases [47]. 
Synergistic muscle groups have been recognized as a ma-
jor contributor to joint durability, and the relative strength 
of these muscle groups are considered in assessing the 
prevention of injury and correction of physical abnormal-
ity, as well as monitoring the progression of rehabilitation 
and treatment by researchers and therapists [48]. 

By increasing the strength of the abductor muscles and 
the hip external rotator muscles, the internal rotation and 
the proximity of the thigh and lower extremity to the mid-
line of the body may be decreased and controlled. Then 
this decrease is transmitted to the distal region of the 
lower limb (ankle) and affects it, causing the correction 
and reduction of the heel aversion and the distortion of 
the heel inward. Therefore, the abductor muscles and hip 

external rotator muscles play a key role in the alignment 
of the lower limbs, because when the distal region of the 
lower limb is fixed somewhere, movement in one section 
affects other parts of the kinetic chain, which generally 
leads to a decrease in pronation of the foot [49]. 

With regard to the issue of how the systematic and 
functional corrective exercise program can affect the 
strength of the muscles in the lower extremities, body 
deformities, and reduction of the likelihood of injury, we 
have to say that relaxation, stretching, contraction, and 
muscle strengthening of the central region of the body, 
thighs, knees, legs, ankles, and soles of the foot improve 
the musculoskeletal system and the coordination and 
balance, and increase the efficiency and functionality 
of the muscles and joint receptors, which increases their 
muscular strength, in particular, in hyperactive and con-
trolled muscles. This process makes the lumbopelvic-
hip joints perform better during the chain of functional 
movements and performing functional tests (FMS and 
LESS tests), so the subjects can get a better record. 

Thus, the average score measured in the screening tests 
for functional movements increases. Moreover, the sub-
jects will get a better body posture, which can be due 
to the effects of the systematic and functional corrective 
exercises on increasing the internal longitudinal arch of 
the feet and the efficiency of the arches in the bottom of 
the feet, the reduction of hindfoot angle, the knock-knee, 
and the lumbar lordosis, helping the maintenance of the 
correct alignment of the body, controlling the movement, 
and higher physical capability in individuals with pro-
nation distortion syndrome of the foot. In other words, 
various parts of the body act like a chain, where each 
component affects the others in a way that by performing 
suitable corrective exercises and increasing the muscular 
strength of the lower limbs and the body, can correct the 
pronation distortion syndrome of the foot and reduce the 
likelihood of injury in such individuals. 

5. Conclusions 

Based on the findings of the present study, systematic 
and functional corrective exercises improve the body pos-
ture of students suffering from pronation distortion syn-
drome of the foot. Therefore, utilizing these exercises is 
recommended for this population. Also, systematic and 
functional corrective exercises (strength and integrated 
exercises) must become a major part of the corrective 
exercises program to increase muscular strength, im-
prove body posture, and ultimately reduce the likelihood 
of injury in individuals suffering from the pronation dis-
tortion syndrome. 
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In this study, nutrition, mental status, and mental state 
control of subjects were restricted. The study was also 
conducted for male students only. It is suggested that 
similar research be performed on larger samples. Also, 
samples of male and female students of different ages 
be evaluated. It is suggested that similar research be 
conducted on people at different times and longer dura-
tion and assess the outcomes. Similar studies can be per-
formed to correct and treat other upper-body and mid-
body abnormalities such as lower-crossed syndrome, 
upper-crossed syndrome, and other abnormalities local-
ized in different ages and groups.
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