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AB S T RAC T
Purpose: The proper neuromuscular recruitment patterns of hip and knee muscles are essential
for dynamic stabilization of the knee. According to the kinematic chain, weakness in the
performance of one motor segment can affect other segments of motion. Thus, the aim of this
study was to compare the isometric strength of selected muscles of lower extremities in the
hyperpronated foot with the same muscles in healthy male athletes.
Materials and methods: The present study is descriptive and correlational. Forty male athletes
in two groups of hyperpronated foot and healthy male athletes (20 in each group) participated
in this study. Pronated foot was examined by navicular drop and isometric strength of selected
muscles in lower extremities was examined by Manual Muscle Test system (MMT). Then, the
ratio of isometric strength of each muscle to body weight was compared between two groups.
Data were analyzed by SPSS software, version 20 and the independent t test was used to compare
the variables between the two groups.
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Results: The results showed that isometric strength of muscles, hip abductors (P = .002), external
rotators of hip (P = .007), and quadriceps muscles (P = .031) have decreased significantly in the
the group of hyperpronated foot.
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Conclusion: The hyperpronated foot changes the muscle strength of lower extremity. These
changes may be due to neuromuscular compensation because of the changes in the medial
longitudinal arch. More research is needed to determine whether these changes in muscle
strength are related to lower extremity injury.

H

1. Introduction

yperpronated foot is defined as the structural change of foot with lower longitudinal arch. In this situation, talus moves
to pronation and forefoot to abduction [1].
The change in foot biomechanics alters
the activity of lower extremity and trunk
muscles [2] and affects pelvic alignment [3]. These
lower extremity abnormalities may lead to the devel-

opment of scoliosis or pathological lumbar conditions
[3, 4]. Structure and function of the ankle and foot to
absorb force and pressure have a large impact on upper
parts of the lower extremities [5]. They are the first components that decrease the ground reaction force during
heel contact phase and prevents the transfer of a large
part of the pressure to other components of motor chain
[6]. Because the body’s musculoskeletal system is an
interconnected series, any change in every sector can
affect other parts and cause pain and other disorders.
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In the hyperpronated foot, the abnormality due to rotational force transfers from the subtalar joint to tibia
joint and leads to internal rotation of the tibia and knee
flexion [7]. These changes in the mechanics of lower extremity result in repeated and improper force, which can
lead to disorders such as iliotibial band syndrome, patellofemoral joint dysfunction and tensile stresses to the
ligaments of the knee joint [8]. The pronation is coupled
with internal rotation of the tibia and femur that leads to
changes in the Q angle of knee. This change affects the
mechanical condition of joint and predisposes it to the
musculoskeletal disorders [7]. Following this process,
the balance is broken between the forces of the muscles
to the patella, which sliding in the femoral groove during extension movements and knee flexion is accompanied with a high pressure that eventually appears as pain
and musculoskeletal disorders [9].
Hip musculature plays a significant role in the kinetic
chain, particularly in motor activity. The activity of these
muscles is essential to maintain the performance of lower extremities as well as trunk and pelvic stability during
closed chain activities [10-12]. The muscles of this part
act as a link in the kinetic chain and transfer forces from
the lower extremities to the pelvic and spine and vice
versa [10-12]. Weakness of the hip muscles is related to
lower extremity injury, lower back pain, and patella femoral pain in athletes [12-14]. The hip muscle weakness
as a risk factor is taken into consideration for anterior
knee pain iliotibial band syndrome, leg injury like shin
splint, particularly in intense, and repetitive movements
[13-15]. Assessment of hip muscle strength may play an
important role in injury prevention and rehabilitation in
athletes [12]. Proper neuromuscular recruitment patterns
of hip and knee muscles are essential for the dynamic
stability in knee. The muscles surrounding the knee prevent knee injuries by feed forward activities [16].
Any factor that impairs the neuromuscular system can
give a new knee injury. However, biomechanical and
neuromuscular aspects play an important role in performance and prevention of knee injuries. As it was mentioned, the extra pronation of foot is one of the factors
that can cause changes in the neuromuscular function
around the knee and makes it vulnerable to injury [2].
Finally, according to what was mentioned and the point
that changes in strength and neuromuscular patterns of
lower extremity muscles can cause injury in the lower
extremities, we decided to compare the strength of selected muscles of lower extremity in people with hyperpronated foot with the same muscles in healthy athletes
to answer that whether increased pronation of foot can
cause a change in lower extremity muscle strength.
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2. Materials & Methods
This study is descriptive and has been implemented by
comparative descriptive method .The population of this
research consisted of all 18-25 year old athlete students
of Tehran University. Forty people were purposefully selected as the sample and then based on the criteria, they
were divided into two groups of 20 healthy participants
and 20 ones with hyperpronated foot. The number of
samples based on a preliminary study was calculated
with society variance by the following formula [36].
N=

Q2+Z2
D2

Where, Q is the society variance that achieved on 50
persons on the preliminary study (3.74), Z is the confidence interval to sampling and (1.96) and D is the
amount of error that is tolerable (0.05). The following
factors were the criteria to enter into the study: an increased pronation of ankle in both feet for a pronation
group, no history of ankle sprain in the last year, no history of surgery in the lower limbs, having no deformity
and abnormalities (structural) that can be observed in the
knees alignment (genu varum, genu valgum and genu recurvatum) in a static condition, no history of neurological and musculoskeletal disease that causes restriction of
motion, having no pain in the lower limbs before and
during testing time, no history of ligamentous or meniscal injury in the knee.
Information about age, height, weight, and navicular
drop were recorded and isometric strength of lower extremity muscles was measured by Manual Muscle Test
system (Model 01163, Manufacturing Lafayette Instrument Company of America). Each test was repeated 3
times and the participants were asked to perform movement with maximum strength. Each contraction was held
for 5 seconds and the observable maximum strength was
recorded [14]. Then, the muscle strength was divided by
the body weight in order to normalize strength and to
compare two groups correctly [17]. The repeatability of
muscles isometric strength measurement was performed
by handheld dynamometer on 10 volunteers who had
good reproducibility (ICC between 0.85 - 0.96).
Flat-arched foot was determined by the navicular drop
test, which is used to evaluate the function of the medial
longitudinal arch, based on measurements of the height
differences of the navicular tuberosity between sitting
and standing positions. The measurement of navicular
drop involves placing the fully weight-bearing subject
in the talar head congruent position and measuring the
distance between the navicular tuberosity and the sup-
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porting surface. The subject is then asked to relax, and
the sagittal plane excursion of the navicular is measured
with a ruler. Three measurements for each foot were recorded, and the mean value was calculated. An average
navicular drop of 5–9 mm was classiﬁed as normal feet
and an average exceeding 10 mm indicated ﬂat feet [18].
The conditions of muscle handheld tests were as follows:
Isometric strength testing of the hip flexors and extensors; hip flexion was tested in a seated position with the
hip and knee at 90°. Resistance was applied at the knee
approximately 2 cm proximal to the femoral condyles.
Hip extension was tested in a prone position with the
knee extended. Resistance was applied approximately 2
cm proximal to the popliteal crease [13].
Isometric strength testing of the hip abductors and adductors was performed with each subject lying on her
side, with the hip in a neutral position and the knee
extended. Resistance was applied approximately 2 cm
proximal to the lateral femoral condyle. Adduction was
tested with each subject lying on her side, with the hip
in a neutral position and the knee extended. Resistance
was applied approximately 3 cm proximal to the medial
femoral condyle [19].
Isometric strength of the hip external and internal rotators was tested in a seated position with both hip and the
knee flexed at 90°. Resistance was applied approximately 2 cm proximal to the medial malleolus of the ankle for
external rotation and 2 cm proximal to the lateral malleolus of the ankle for internal rotation [13, 14].
Quadriceps and hamstring muscles are tested while the
person sitting on the chair and his knee and hip were in
90° flexion. The dynamometer was placed at 2 cm proximal of ankle on the leg front in order to test Quadriceps
muscle. The person was asked to make extension his
knee at front of resistance. The dynamometer was placed
at 2 cm proximal of ankle to leg back to test hamstring
muscle. The person was asked to bend his knee at front
of resistance [20].
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Figure 1. Manual Muscle Test system

Statistical analysis was performed by using SPSS, version 19. A significance level of 0.05 was used for all
comparisons. According to normality of data that was
determined by Kolmogorov-Smirnov test, so the independent t test was used to compare two groups.

3. Results
Demographic and Physical characteristics such as
age, height, weight, navicular drop, and tested isometric
strength of participants are shown in Tables 1 and 2.
In comparing isometric strength between two groups,
the results of independent t test showed that the means
of muscle isometric strength of hip abductors, hip adductors, internal rotators, and quadriceps, in the group
with increased ankle pronation were less than that of the
healthy people. There was a significant difference between two groups regarding only the hip abductors, hip
external rotators, and quadriceps muscles (P < .05).

4. Discussion
The hip muscles activity is essential in the performance
and maintenance of lower extremity as well as trunk
and pelvic stability during closed chain activities [1012]. According to Janda theory, the disorders in a joint
can also affect the other closer joints and change their
biomechanical and neuromuscular functions [6]. In the
present study, the isometric strength of the hip abductors,
external rotators of hip, and quadriceps was low in the
hyperpronated foot compared to that of healthy athletes

Table 1. Comparison of demographic variables [mean± SD).

Variable

Subjects healthy

Subject whit hyper pronated foot

P value

Age ,(y)

2.41 ± 23.4

2.27 ± 23.9

0.635

Height, (cm)

8.24 ± 165

6.76 ± 169

0.291

Body weight, (kg )

5.9 ± 63

6.47 ± 66.4

0.494

Navicular drop

1.4 ± 7

2.1 ± 13

0.007*
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Table 2. Mean Isometric muscle strength comparisons normalized to body weight [kg) between hyperpronated foot subjects
and subjects’ healthy [mean ± SD).

Isometric muscle strength

Mean ± SD

P value

Subjects healthy

Subject whit hyper pronated foot

Hip abductor

0.036 ± 0.401

0.034 ± 0.365

0.002*

Hip adductors

0.039 ± 0.259

0.030 ±0 .252

0.96

Hip external rotators

0.029 ± 0.234

0.038 ± 0.208

0.007*

Hip internals rotators

0.026 ± 0.264

0.020 ± 0.253

0.148

Hip flexors

0.024 ± 0.357

0.046 ± 0.365

0.74

Hip extensors

0.026 ± 0.310

0.039 ± 0.310

0.64

Hip quadriceps

0.043 ± 0.326

0.040 ± 0.335

0.031*

Hip hamstring

0.033 ±0.727

0.031 ± 0.270

0.87

*Significant difference (P ≤ 0.05)

and difference was significant (P < .05). The isometric
strength of internal muscles of hip rotators, hip adductors, hip extensors, and hamstring did not show any significant difference between the two groups.
Some studies on the relationship between muscle
strength and lower extremity injury showed that people
with these injuries have unstable support surface to counter the generated forces in the lower extremities, which
makes them more prone to injury [14, 17, 22]. Some researchers have pointed out that the increased pronation
of foot changes “screw home” mechanism during the
functional activities. Accordingly, the assumption is that
the people with hyperpronation, as soon as the knee began to extend in the closed chain motor, the tibia remains
more in the internal rotation.
The femur should have more internal rotation to compensate the internal rotation of the tibia, so this compatibility makes further the Q angle [22,23]. Change in Q
angle of knee and internal rotation of the hip may lead
to mechanical inefficiency of extensor mechanism of the
knee joint and the weakness of quadriceps muscle. On
the other hand, the weakness of the hip muscle as a risk
factor is regarded as a risk factor for anterior knee pain,
friction syndrome of iliotibial band, leg injuries like internal tibia stress syndrome, especially in severe and repetitive movements [13-15].
The stabilization muscles of the hip and pelvis are responsible for the proper stability of lower extremity during dynamic movements. The most important muscles
in this regard are abductor and lateral rotator muscles of
the hip [14, 24]. Abductors of the hip should counteract
more than twice of the weight of the body in order to
maintain the stability of pelvic in the frontal plane be-
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cause the effort arm of the hip abductors is the half of
effort arm of gravity [25]. Gluteus medius is the main
muscle of the hip abductor and is responsible for control of the femur movement on the pelvic and the pelvic
on the hip as well as prevention of the internal rotation
and hip adductors [26]. The decrease in the feed forward
activity or in the muscle strength of the hip abductor decreases the stiffness of the hip in the frontal plane.
Weakness of the hip abductor muscle causes an increase load on the hip adductor, then the adductor muscles, and finally on the valgus when landing on one foot,
which can lead to knee injuries like strain anterior cruciate ligament, anterior knee pain, and hamstring strain
[27, 28]. The weakness of the muscles makes the movements in a closed chain such as ascent or descent stairs
with low eccentric control [29]. Changes in the neuromuscular activity of gluteus medius muscle is associated
with injuries such as hypermobility of ankle [11], ankle
joint injury [30], iliotibial band syndrome, patellofemoral pain syndrome [31], and lower back pain [14, 32]. On
the other hand, the weakness of external rotator muscles
of the hip causes the femur to have more rotation during
movement tasks in the closed chain in which the distal
part was the fixed member and just femur moves [33].
This overly internal rotation increases Q angle and
joint pressure and consequently causes pain [19]. Quadriceps muscles are important in the opening of knee and
maintenance of patellar alignment. The sum of all forces
from the different sections of quadriceps muscle leads
to compression of the patella to the femur and holds
fixed the patella in its position during femur cavity [34].
The quadriceps muscle tendon situation and decrease in
their efficiency change the normal pattern of the exerted
forces on the patella, so it leads to abnormal movement
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of the patella, increase of the contact area between the
articular surfaces, and also increase of the compressive
stress on the surface of patellofemoral joint [35]. It can
be inferred from what was mentioned that the pronation
of foot by changing the strength of the hip abductors, external rotators of hip, and quadriceps muscles can make
a person susceptible to injuries such as patellofemoral
pain, iliotibial band syndrome, ankle sprains, and anterior cruciate ligament injury.
In conclusion, this study showed that the hyperpronated foot changes the strength of lower extremity muscles.
These changes may reflect the neuromuscular compensation for the loss of overload on the medial longitudinal
arch and these neuromuscular and strength changes can
put the person at risk of injuries. Considering these results, it can be possible to prevent the injuries of lower
extremity through appropriate steps and address this
deficiency by designing corrective programs. Researchers are recommended to do further study to determine
whether changes in muscle strength are directly related
to lower extremity injury. They are also recommended to
determine strength changes in muscles of other parts of
the body in people who have hyperpronated foot.
Our study design and methods had several limitations.
In this study, the "Manual Muscle Test" system was used
to assess muscle strength but in future studies we recommend using isokinetic devices. Also, in this study, Brady
method was used to measure the posture of the foot but
in future studies, we recommend using valid methods
such as X-ray and photographic imaging. Moreover, a
larger sample size would be suggested in future studies
in this area of research.

Reference
1. Arangio GA, Reinert KL, Salathe EP. A biomechanical model
of the effect of subtalar arthroereisis on the adult flexible flat
foot. Clinical Biomechanics. 2004; 19(8):847-52.
2. Murley GS, Landorf KB, Menz HB, Bird AR. Effect of foot
posture, foot orthoses and footwear on lower limb muscle activity during walking and running: a systematic review. Gait
& posture. 2009;29(2):172-87.
3. Pinto RZ, Souza TR, Trede RG, Kirkwood RN, Figueiredo
EM, Fonseca ST. Bilateral and unilateral increases in calcaneal
eversion affect pelvic alignment in standing position. Manual
therapy. 2008; 13(6):513-9.
4. Khamis S, Yizhar Z. Effect of feet hyperpronation on pelvic alignment in a standing position. Gait & posture. 2007;
25(1):127-34.

94

5. Davis IS. How do we accurately measure foot motion? Journal of Orthopaedic & Sports Physical Therapy. 2004; 34(9):
502-3.
6. Nordin M, Frankel VH. Basic biomechanics of the musculoskeletal system: Lippincott Williams & Wilkins; 2001.
7. Levangie PK, Norkin CC. Joint structure and function: a comprehensive analysis: FA Davis; 2011.
8. Gross MT, Foxworth JL. The role of foot orthoses as an intervention for patellofemoral pain. Journal of Orthopaedic &
Sports Physical Therapy. 2003;33(11): 661-70.
9. Powers CM, Ward SR, Fredericson M, Guillet M, Shellock
FG. Patellofemoral kinematics during weight-bearing and
non-weight-bearing knee extension in persons with lateral
subluxation of the patella: a preliminary study. Journal of
Orthopaedic & Sports Physical Therapy. 2003; 33(11):677-85.
10. Akuthota V, Ferreiro A, Moore T, Fredericson M. Core stability exercise principles. Current sports medicine reports.
2008; 7(1):39-44.
11. Beckman SM, Buchanan TS. Ankle inversion injury and hypermobility: effect on hip and ankle muscle electromyography onset latency. Archives of physical medicine and rehabilitation. 1995; 76(12):1138-43.
12. Nadler SF, Malanga GA, DePrince M, Stitik TP, Feinberg JH.
The relationship between lower extremity injury, low back
pain, and hip muscle strength in male and female collegiate
athletes. Clinical Journal of Sport Medicine. 2000; 10(2):89-97.
13. Cichanowski HR, Schmitt JS, Johnson RJ, Niemuth PE.
Hip strength in collegiate female athletes with patellofemoral pain. Medicine and science in sports and exercise. 2007;
39(8):1227-32.
14. Ireland ML, Willson JD, Ballantyne BT, Davis IM. Hip
strength in females with and without patellofemoral pain.
Journal of orthopaedic & sports physical therapy. 2003;
33(11):671-6.
15. Niemuth PE, Johnson RJ, Myers MJ, Thieman TJ. Hip muscle weakness and overuse injuries in recreational runners.
Clinical Journal of Sport Medicine. 2005; 15(1):14-21.
16. Baratta R, Solomonow M, Zhou B, Letson D, Chuinard R,
D’ambrosia R. Muscular coactivation The role of the antagonist musculature in maintaining knee stability. The American
journal of sports medicine. 1988; 16(2):113-22.
17. Robinson RL, Nee RJ. Analysis of hip strength in females
seeking physical therapy treatment for unilateral patellofemoral pain syndrome. journal of orthopaedic & sports physical
therapy. 2007; 37(5):232-8.
18. Chang JS, Kwon YH, Kim CS, Ahn S-H, Park SH. Differences of ground reaction forces and kinematics of lower extremity according to landing height between flat and normal
feet. Journal of back and musculoskeletal rehabilitation. 2012;
25(1):21-6.
19. Souza RB, Powers CM. Differences in hip kinematics, muscle strength, and muscle activation between subjects with and
without patellofemoral pain. journal of orthopaedic & sports
physical therapy. 2009;39(1):12-9.

PHYSICAL TREA

MENTS

20. Bohannon RW. Test-retest reliability of hand-held dynamometry during a single session of strength assessment.
Physical therapy. 1986; 66(2):206-9.

July 2014 . Volume 4 . Number 2

36. Donald Ary, Lucy Cheser” introduction to research in education “. New York: Holt, Rinehart and winstone inc. 1972

21. Bouisset S. [Relationship between postural support and intentional movement: biomechanical approach]. Archives internationales de physiologie, de biochimie et de biophysique.
1991; 99(5):A77-92.
22. Neumann DA. Kinesiology of the musculoskeletal system:
foundations for rehabilitation. St Louis, MO: Mosby. Elsevier;
2010.
23. Powers CM, Chen P-Y, Reischl SF, Perry J. Comparison of
foot pronation and lower extremity rotation in persons with
and without patellofemoral pain. Foot & ankle international.
2002; 23(7): 634-40.
24. Shultz SJ, Schmitz RJ, Nguyen A-D. Research Retreat IV:
ACL injuries—the gender bias: April 3–5, 2008 Greensboro,
NC. Journal of athletic training. 2008; 43(5): 530.
25. Neumann DA. Kinesiology of the hip: a focus on muscular actions. journal of orthopaedic & sports physical therapy.
2010; 40(2):82-94.
26. Hart JM, Craig Garrison J, Casey Kerrigan D, PalmieriSmith R, Ingersoll CD. Gender differences in gluteus medius
muscle activity exist in soccer players performing a forward
jump. Research in Sports Medicine. 2007; 15(2):147-55.
27. Graci V, Van Dillen LR, Salsich GB. Gender differences in
trunk, pelvis and lower limb kinematics during a single leg
squat. Gait & posture. 2012; 36(3): 461-6.
28. Levinger P, Gilleard W, Coleman C. Femoral medial deviation angle during a one-leg squat test in individuals with patellofemoral pain syndrome. Physical Therapy in sport. 2007;
8(4):163-8.
29. Brindle TJ, Mattacola C, McCrory J. Electromyographic
changes in the gluteus medius during stair ascent and descent in subjects with anterior knee pain. Knee Surgery,
Sports Traumatology, Arthroscopy. 2003; 11(4):244-51.
30. Bullock-Saxton JE. Local sensation changes and altered hip
muscle function following severe ankle sprain. Physical therapy. 1994; 74(1):17-28.
31. Fredericson M, Cookingham CL, Chaudhari AM, Dowdell
BC, Oestreicher N, Sahrmann SA. Hip abductor weakness in
distance runners with iliotibial band syndrome. Clinical Journal of Sport Medicine. 2000; 10(3): 169-75.
32. Yates B, White S. The incidence and risk factors in the development of medial tibial stress syndrome among naval recruits. The American journal of sports medicine. 2004; 32(3):
772-80.
33. Nelson-Wong E, Gregory DE, Winter DA, Callaghan JP.
Gluteus medius muscle activation patterns as a predictor of
low back pain during standing. Clinical Biomechanics. 2008;
23(5):545-53.
34. Waryasz GR, McDermott AY. Patellofemoral pain syndrome [PFPS]: a systematic review of anatomy and potential
risk factors. Dynamic medicine. 2008; 7(1):9.
35. Watkins J. Structure and function of the musculoskeletal
system: Human Kinetics Champaign; 1999.

95

