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Atrticle info: . ABSTRACT
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Accepted: 08 Jan 2014 Purpose: The patellofemoral pain syndrome (PFPS) is one of the most common musculoskeletal

disorders of the knee joint. Hip muscles’ weakness is one of the reasons for PFPS occurrence.
The aim of this study was to recognize the effective muscle group in prevention and treatment
of patients with PFPS.

Methods: This is a prospective and quasi-experimental study in which 30 participants (15
healthy/15 patients) who were aged between 18 and 38 years were recruited through non-
probability simple sampling. Exhaustion process of hip abductors and hip external rotator
muscles was performed using Delorme method in separate sessions with a rest interval of at
least 48 hours. Then, the parameters of pressure center were measured on the anterior, internal-
external plates using Force Plate System.

Results: Before the exhaustion process, parameters of the displacement length of the pressure
center on the internal-external plate (P = 0.002) and the sum of the pressure center displacement
length on the internal-external plate (P=0.052) were higher in the patients group. After the
occurrence of fatigue in the abductor muscles of the control group, the sum of the pressure center
displacement length on the internal-external plate (P = 00.1) and the velocity of the pressure
center displacement length on the anterior plate (P = 0.001) and the internal-external plate (P
= 0.016) were significantly increased. But in the patients group, all of the above mentioned
parameters were decreased after fatigue in both the rotator muscles (P = 0.005, P = 0.054, P =
0.038) and the abductor muscles (P = 0.045, P=0.005, P=0.004).

Key Words: . Conclusion: Before the induction of fatigue, patients had more postural swing than the
Patellofemoral Pain : control group. As the fatigue increased in the abductor and the external rotator muscles, the
Syndrome, :  postural swing increased in the control group but decreased in the patients group. In healthy
Hip Abductors and . subjects, the fatigue of abductor muscles has a greater role in postural disturbance but there
External Rotator Muscles was no significant difference between the fatigue in abductor and rotator muscles in patients
Fatigue. :  with PEPS.
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1. Introduction

atellofemoral pain syndrome (PFPS) de-

scribes a variety of pathologic or anatomical

abnormalities leading to a type of anterior

knee pain [1]. Patellofemoral pain syndrome

is one of the most common musculoskel-
etal disorders, especially affecting female athletes [2]. The
prevalence of PFPS is 5.4% of all the injuries and 25% of
all knee conditions that refer to sport clinics [1].

This syndrome is a multi-factorial condition. A grow-
ing body of evidences suggest that dysfunction at the
hip junction is a contributing factor in PFPS [2]. Ireland
et al. reported that individuals with PFPS demonstrate
a 26% decrease in hip abduction and a 36% decrease
in hip external rotation strength compared with similar
healthy controls [3]. It is suggested that weak hip abduc-
tors and external rotators could lead to internal rotation
and adduction of the hip during dynamic activities [4].
The increased knee valgus angle may cause increased
lateral quadriceps muscle force on the patella, resulting
in lateral tracking [5]. Fukuda et al. demonstrated greater
improvement of pain and function in PFPS patients fol-
lowing simultaneous strengthening of hip and knee mus-
cles compared to traditional treatments [6]. Other stud-
ies have also shown that physical therapy including hip
muscular strengthening significantly decreases anterior
knee pain in PFPS subjects [7-11].

One of the most important factors of daily activities in
PFPS patients is postural control or maintaining the bal-
ance. Balance is a complex function that involves main-
tenance of the vertical projection of the center of gravity
(COG) within the base of support [12]. In patients with
PFPS, static balance on the symptomatic side is signifi-
cantly less than the asymptomatic side [13]. Rezazadeh
et al. reported different balance factors in athletes with
PFPS compared with healthy athletes [14].

Muscle fatigue, which is defined as decrease in force
generation after repeated muscle contractions [15, 16],
impairs proprioception and disturbs postural control [17-
19]. Increased fatigability followed by muscle weakness
is one of the primary symptoms of patients with different
musculoskeletal disorders [20]. Since there has been no
study to compare the role of hip abductor and hip ex-
ternal rotator muscles in the balance of PFPS patients,
in this study by comparing the effect of fatigue in these

groups of muscles on the static balance of patients with
PFPS, it would define that the fatigue of which group
causes more balance disorder in both of the case and
the control groups; hence with more focus on the more
effective muscle group, this syndrome could likely be
prevented in the healthy group and be treated more suf-
ficiently in the patients.

2. Methods

30 participants [15 healthy and 15 patients) who were
aged from 18 to 38 years [3, 21, 22] entered the study
after filling a written informed consent; each group
contained 10 female and 5 male subjects. Patients with
PFPS from Physical Therapy and orthopedic clinics of
Isfahan were included if they had the following criteria:

Having frontal or interior knee pains that were not
caused by any impact and lasted for more than 6 months
[23], experiencing pain by touching or pressuring the
patellar articular surface [24], and having pain while do-
ing at least two of these activities: long sittings with bent
knees, doing squats, kneeling, running, jumping, and go-
ing up and down the stairs [24, 25].

Any of the following criteria would lead to exclusion
from the study: having arthritis, patellar tendinitis, or pa-
tellar dislocation [26], clinical records of tendon, menis-
cal, or ligament injury [24, 26], history of defects in ner-
vous system [26], having arthroscopic or any surgery on
the knee [26], limp length discrepancy [26], flat foot or
any other primary anatomical disorder [27], other joints
involvements that would lead to lower limb or loin dam-
age in the past year [28], and consumption of drugs that
would disrupt balance.

All the participants were asked not to involve in any
heavy exercises from two days before the test and keep a
similar diet before all the test sessions as much as possi-
ble. In patients who had PFPS in both side, the side with
more pain and impairment were assumed as the injured
side. To evaluate pain and disability, all patients com-
pleted visual analogue scale (VAS) and Kujala Patello-
femoral Scale (KPS) [29], respectively. Additionally, in
order to match the activity level of patients and healthy
subjects, the Tegner activity rating scale [30] was com-
pleted by both of the study groups. Both groups were
matched regarding demographic data such as age, gen-
der, height, weight, and activity level.
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After gathering the demographic data, resistance de-
termination process (the amount of weight) was con-
ducted using Delorme method [31-35]. In this method,
that 10 RMs (the amount of weight that could be lifted
and lowered exactly 10 times) are uses for progressive
strengthening of patients, specific resistance of each
patient would be defined as the amount of weight they
could move back and forth for 10 times through the full
range in a given time [36]. In this study, 10 RMs were
assigned for each of the abductor and external rotator
muscle groups; then to induce fatigue, each participant
were asked to get into the appropriate position (side-
lying for abductors and sitting with knees bent at 90 de-
grees for external rotators) and move the weight that was
hooked to their extremities through the defined range
until it was not possible for them to complete the full
range any more (figure 1). Each muscle group was tested
in a separate session so that one’s exhaustion would not
affect the other. Therefore, each participant was tested
in 3 different sessions with 48 hours intervals: the first

|

one was for introduction to the process and defining the
specific resistance of each muscle group, and the other
two were for testing the muscles. Before testing at each
session, static balance of each participant was measured
by standing on both feet using the Kistler force plate.
Then, the exhaustion process was conducted on the side
that was randomly selected; and right after that the static
balance was measured again. After a 30 minute rest,
the same process was conducted on the other side. To
improve the reliability and validity of observations, at
each stage the static balance was measured 6 times, each
lasting for 60 seconds. There was a 60 seconds interval
between measurements. The participant’s position dur-
ing the balance measurement was as participants were
standing holding their head straight and eyes open, arms
beside the body with barefoot during the measurement
of the balance [28]. Also, 3 pressure center points with
100 hertz frequency were used. The force plate’s signal
was filtered using a butterworth low pass filter which fil-
tered frequencies lower than 10 hertz [37, 38].
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Figure 1. A) exercise position for exhausting the external rotator muscles, B) exercise position
for exhausting abductor muscles, C) position of quiet standing on the force plate

The following parameters were used for the final analy-
sis [39]:

1.Path Length x (PLx) and Path Length y (PLy)(mm)

The displacement of the pressure center on x and y co-
ordinate axes:

Pl x (mm)= (le—:rf}

PLy mm) = \[(y, - )

2. Sum Path Length x (SPLx) and Sum Path Length y
(SPLy)(mm)

The sum of the displacement length of the pressure
center on X and y coordinate axes, which is a resultant of
the participant’s general balance:

SPIx (mm)= } (xf+l_xf}

n-1

SPLY(mm)= } (}le-yf}z
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3. Velocity x (Vx) and Velocity y (Vy)(mm/min)

The rate of displacement of the pressure center on x
and y coordinate axes:

YV (mm/min) =

Z {ij- +1 . J’r-]

V.V (mm/min) =

At the end. the mean of all the mentioned parameters
were measured for each participant through 6 tests.
SPSS 16 was used for statistical analysis to compare
both groups. To evaluate the conformity of numeric vari-

ables with the theoretical normal distribution, the Kolo-
mogrov-Smirnov statistical test was used. Independent
t-test was used to determine the similarity of both groups
at the beginning of the study and also to compare the
balance parameters of both groups before the induction
of fatigue. Then, a mixed model of variance analysis as
2%2*2%*2 (2 groups of participants, 2 fatigue conditions,
2 muscle groups, and 2 lower limbs) (ANOVA) was used
to assess the balance parameters after exhaustion. Alpha
level was set at 0.05.

3. Results

The results of Kolomogrov-Smirnov statistical test
showed that all of the studied variables had normal dis-
tribution. Independent t-test showed that at the begin-
ning of the study variables of age, height, weight, and the
level of activity had no significant difference between
both groups (table 1).

Table 1. Mean + SD of the demographic and functional characteristics of all the participants

Demographic Characteristic Control Group Case Group P-value
Age (year) 25+4.62 24.5+5.71 0.81
Weight (kg) 65.7 +11.21 63.5 +10.13 0.54
Height (cm) 172.3+10.11 170.47 £9.65 0.62
Level of Activity 4.1+1.15 3.87+1.50 0.73
Kujala Score - 73.07 £8.73 -
Pain Score - 5.14+1.20 -

The results of independent t-test showed that before the
induction of exhaustion, the parameters of imbalance in
patients with PFPS was more than healthy subjects (P
=0.002 and P = 0.052 for PL,, and SPL,, respectively).

The results of variance analysis showed that in the pa-
tients group, the parameters of imbalance decreased as
the exhaustion increased (P = 0.003, P = 0.006, and P =
0.013 for PL,, PL,, and SPL, respectively). But in the
control group, these parameters were increased with ex-
haustion (P =0.049, P=0.030, and P=0.012). (Table 2)

Also in the control group, the exhaustion of abductor
muscles has increased the imbalance parameters (P =
0.001, P=0.001, P=0.016 for SPL,, V., and V., respec-
tively). While in the case group, both the exhaustion of
external rotator muscles (P = 0.038, P = 0.054, and P =
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0.052) and the abductor muscles (P = 0,004, P = 0.005,
and P = 0.045) decreased the imbalance parameters.
(Figure 2)

4. Discussion

Humans and many other species are still not able to
stand with disturbance. While standing their bodies go
through unwanted motions, even if they focus on pre-
venting these motions. This phenomenon is usually
called the disability of central nervous system in main-
taining the balance through the feedback which is sent
by the sensor signals to control the ground reaction force
[40]. Nowadays, authors mention the variability of vital
functions of the body in their writings and believe that it
depends on other cognitive behaviors [41].
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Table 2. Mean + SD of balance parameters in different measurement conditions

v, v, sPL SPL, PL, PLx

Before Exhaustion 1398.6+438.38 1124.3+310.29 699.29+219.19 562.14+155.14 0.34+0.21 0.22+0.14

o s A with PFPS 1118.7+238.36 937.04+163.78 559.34+119.18 468.52+81.89 0.21+0.14 0.16+0.09

§° .g A without PFPS 1112.7+#211.51 953.17+168.31 556.34+105.75 476.58+84.16 0.22+0.13 0.16+0.08
2| 2

S g B with PFPS 1193.9+280.19 959.74+169.76 596.97+140.09 479.87+84.88 0.23+0.13 0.16+0.06

E B without PFPS 1235.4+319.20 1020.8+212.20 617.68+159.60 510.39+106.10 0.18+0.10 0.15+0.05

Before Exhaustion 1202.44367.50 1004.5+227.25 567.26+124.67 502.24+113.63 0.14+0.05 0.15+0.09

g < A with PFPS 1410.6+278.51 1207.4+285.04 705.31+139.25 603.72+142.52 0.20+0.09 0.22+0.10

% g A without PFPS 1467.9+£333.19 1244.6+249.12 755.23+182.94 622.32+124.56 0.20+0.10 0.18+0.05
£ E

§ g B with PFPS 1168.2+255.58 1007.7+194.72 584.12+127.79 606.43+414.87 0.27+0.17 0.16+0.09

E B without PFPS 1171+267.22 988.35+170.25 585.50+133.61 494.17+85.13 0.20+0.08 0.18+0.08

In the present study before the exhaustion process, the
imbalance parameters of patients with PFPS were more
than control subjects which is similar to the findings of
Citaker et al. and Rezazadeh et al. regarding static bal-
ance of PFPS patients and they all have related this bal-
ance deficit to the decreased proprioception of these sub-
jects [13, 14].

Also in the present study, the effect of the muscle fa-
tigue on the both case and control group were different
(figure 2). In the control group, the imbalance param-
eters have increased as the exhaustion increased, as it has
been demonstrated in the previous studies [20, 42-44].
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But in the case group, the parameters of imbalance have
decreased as exhaustion increased which is contrary to
previous studies [45, 46].

Unlike previous approaches, Carpenter et al. in their
study showed that postural fluctuations could be an ex-
ploratory mechanism of the central nervous system for
facing continuous signals of multiple sensory systems
[40]. In other words, increased disturbance or disruption
in balance does not always mean a decline in physical
functioning and pathology. An increase in variability
could have a functional role in postural control; aging and
neurologic diseases could decrease this variability [47].
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Figure 2. The graph of the changes in the mean of SPLy of the external rotator muscles (1) and the abductor muscles
(2) before and after exhaustion in both the case and the control group
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In a study by Meshkati et al., it was revealed that ka-
rate athletes in comparison to healthy subjects, both with
open eyes and closed eyes, experience more postural
fluctuations; therefore it would question this old belief
that increased motion performance would decrease pos-
tural fluctuations [48]. Also, Salavati et al, reported that
patients with lower back pain experience less postural
fluctuations compared to healthy subjects and these fluc-
tuations would be decreased with increased cognitive
and perceptual activities; and both groups of healthy and
patient subjects in sensory difficult conditions like hard
surfaces or closed eyes, experience increased postural
fluctuations [49]. Hence, increment of fluctuations or
postural defects in patients with lower back pain depends
on the condition they are tested in [50]. Also, Mok et al.
in a study conducted on patients with lower back pain
and healthy subjects reached similar results. After ana-
lyzing the pressure center, they realized that patients in
lower back pain in comparison to healthy subjects, show
less hip strategy in more visual-dependent activities and
can not start and control an hip strategy very well [51].

Some of the studies reported that exhaustion of thigh
muscles (proximal) would cause disruption in balance
while standing on one foot more than exhaustion of an-
kle muscles (distal) [43, 45]. While Reimer et al. men-
tioned no difference between the effects of exhaustion
of distal and proximal muscles on the dynamic balance
[42]. In another study, Negahban et al. compared the ef-
fect of exhaustion of thigh abductor muscles and knee
extensor muscles and concluded that the exhaustion of
thigh abductor muscles has a greater effect on disrup-
tion of balance than the exhaustion of knee extensor
muscles [52].

5. Conclusions

In the present study, the imbalance factors in healthy
subjects and subjects with PFPS were compared before
and after the exhaustion of abductor and external rotator
muscles. Before exhaustion, patients had more postural
fluctuations than healthy subjects. In healthy subjects af-
ter exhaustion of abductor muscles, postural fluctuations
were increased, which probably indicates their greater
role in maintaining the static balance of healthy subjects.
But in the patients group, the exhaustion of both the ab-
ductor and the external rotator muscles decreased pos-
tural fluctuations, which could indicate that in PFPS pa-
tients both of these muscle groups lose their appropriate

functionality; therefore in the rehabilitation program of
these patients, both balance and strengthening exercises
should be considered.

Acknowledgements

The authors would like to sincerely thank Dr. Masood
Mazaheri for his generous guidance throughout this
study.

References

1.Sandhu JS, Thakur K, Shweta S, Ravi S. Concentric Hip Mus-
cle Function and Quadricps: Hamstring in Athlets with and
without Oatellofemoral Pain Syndrome. Ibnosina Journal of
Medicine and Biomedical Sciences. 2012;4(1):20-7.

2.Meira EP, Brumitt J. Influence of the hip on patients with
patellofemoral pain syndrome: A Systematic Review. Sports
Health: A Multidisciplinary Approach. 2011;3(5):455-65.

3.Ireland ML, Willson JD, Ballantyne BT, Davis IM. Hip
strength in females with and without patellofemoral pain.
The Journal of orthopaedic and sports physical therapy.
2003;33(11):671.

4. Powers CM. The influence of altered lower-extremity kin-
ematics on patellofemoral joint dysfunction: a theoretical
perspective. The Journal of orthopaedic and sports physical
therapy. 2003;33(11):639.

5.Mizuno Y, Kumagai M, Mattessich SM, Elias JJ, Ramrattan
N, Cosgarea A]J, et al. Qangle influences tibiofemoral and
patellofemoral kinematics. Journal of Orthopaedic Research.
2001;19(5):834-40.

6. Fukuda TY, Rossetto FM, Magalhaes E, Bryk FF, Lucareli P,
de Almeida Aparecida Carvalho N. Short-term effects of hip
abductors and lateral rotators strengthening in females with
patellofemoral pain syndrome: a randomized controlled
clinical trial. ] Orthop Sports Phys Ther. 2010;40(11):736-42.

7.Razeghi M, Etemadi Y, Sh T, Ghaem H. Could hip and knee
muscle strengthening alter the oain intensity in patellofemo-
ral pain syndrome? Iranian Red Crescent Medical Journal.
2010;12(2):104-10.

8. Crossley K, Bennell K, Green S, Cowan S, McConnell J. Phys-
ical Therapy for Patellofemoral Pain A Randomized, Double-
Blinded, Placebo-Controlled Trial. The American Journal of
Sports Medicine. 2002;30(6):857-65.

9. Tyler TF, Nicholas SJ, Mullaney M]J, McHugh MP. The role
of hip muscle function in the treatment of patellofemoral
pain syndrome. The American Journal of Sports Medicine.
2006;34(4):630-6.




PHYSICAL TREA T MENTS

April 2014 . Volume 4 . Number 1

10. Mascal CL, Landel R, Powers C. Management of patel-
lofemoral pain targeting hip, pelvis, and trunk muscle func-
tion: 2 case reports. Journal of Orthopaedic and Sports Physi-
cal Therapy. 2003;33(11):647-60.

11. Dolak KL, Silkman C, McKeon JM, Hosey RG, Lattermann
C, Uhl TL. Hip strengthening prior to functional exercises re-
duces pain sooner than quadriceps strengthening in females
with patellofemoral pain syndrome: a randomized clinical
trial. ] Orthop Sports Phys Ther. 2011;41(8):560-70.

12. Paillard T. Effects of general and local fatigue on postural
control: a review. Neuroscience & Biobehavioral Reviews.
2012,36(1):162-76.

13. Citaker S, Kaya D, Yuksel I, Yosmaoglu B, Nyland ], Atay
OA, et al. Static Balance in Patients With Patellofemoral Pain
Syndrome. Sports Health: A Multidisciplinary Approach.
2011;3(6):524-7.

14. Rezazadeh F, Ezzati K, Karimi N, Mahmoodpoor A, Vali-
zadeh A. Comparison of the balance indices of professional
athletes with and without Patellofemoral pain Syndrome.
Journal of Rehabilitation. 2012;13(3):49-55.

15. Bellew JW, Fenter PC. Control of balance differs after knee
or ankle fatigue in older women. Archives of Physical Medi-
cine and Rehabilitation. 2006;87(11):1486-9.

16. Letafatkar K, Mohammad H, Mohammad R. The effect of
exhausting exercise induced muscular fatigue on functional
stability. Journal of Social Sciences. 2009;5(4):416-22.

17. Hiemstra L, Lo I, Fowler PJ. Effect of fatigue on knee propri-
oception: implications for dynamic stabilization. The Journal
of Orthopaedic and Sports Physical Therapy. 2001;31(10):598.

18. Taylor JL, Butler JE, Gandevia S. Changes in muscle affer-
ents, motoneurons and motor drive during muscle fatigue.
European Journal of Applied Physiology. 2000;83(2):106-15.

19. Gribble PA, Hertel J. Effect of hip and ankle muscle fatigue
on unipedal postural control. Journal of Electromyography
and Kinesiology. 2004;14(6):641-6.

20. Kwon OY, Choi HS, Yi CH, Kwon HC. The effects of knee
and ankle muscles surrounding the knee and ankle joints on
One-leg static standing balance. Journal of Physical Therapy
Science. 1998;10(1):7-12.

21. Robinson RL, Nee R]. Analysis of hip strength in females
seeking physical therapy treatment for unilateral patellofem-
oral pain syndrome. Journal of Orthopaedic & Sports Physi-
cal Therapy. 2007;37(5).

22. Dierks TA, Manal KT, Hamill J, Davis IS. Proximal and dis-
tal influences on hip and knee kinematics in runners with
patellofemoral pain during a prolonged run. The Journal of
Orthopaedic and Sports Physical Therapy. 2008;38(8):448-56.

23. Callaghan M, McCarthy C, Oldham J. Electromyographic
fatigue characteristics of the quadriceps in patellofemoral
pain syndrome. Manual Therapy. 2001;6(1):27-33.

24. Boling MC, Padua DA, Creighton RA. Concentric and ec-
centric torque of the hip musculature in individuals with
and without patellofemoral pain. Journal of athletic training.
2009;44(1):7.

25. Ng GYF, Wong PYK. Patellar taping affects vastus medialis
obliquus activation in subjects with patellofemoral pain be-
fore and after quadriceps muscle fatigue. Clinical Rehabilita-
tion. 2009;23(8):705-13.

26. Aminaka N, Gribble PA. Patellar taping, patellofemoral
pain syndrome, lower extremity kinematics, and dynamic
postural control. Journal of Athletic Training. 2008;43(1):21.

27. MacKinnon CD, Winter DA. Control of whole body balance
in the frontal plane during human walking. Journal of Bio-
mechanics. 1993;26(6):633-44.

28. Lin D, Nussbaum MA, Seol H, Singh NB, Madigan ML,
Wojcik LA. Acute effects of localized muscle fatigue on pos-
tural control and patterns of recovery during upright stance:
influence of fatigue location and age. European Journal of
Applied Physiology. 2009;,106(3):425-34.

29. Negahban H, Pouretezad M, Yazdi MJS, Sohani SM, Maza-
heri M, Salavati M, et al. Persian translation and validation of
the Kujala Patellofemoral Scale in patients with patellofemo-
ral pain syndrome. Disability and Rehabilitation. 2012(00):1-
5.

30. Negahban H, Mostafaee N, Sohani SM, Mazaheri M, Go-
harpey S, Salavati M, et al. Reliability and validity of the Teg-
ner and Marx activity rating scales in Iranian patients with
anterior cruciate ligament injury. Disability & Rehabilitation.
2011;33(22-23):2305-10.

31. Knight KL. Knee rehabilitation by the daily adjustable pro-
gressive resistive exercise technique. The American Journal
of Sports Medicine. 1979;7(6):336-7.

32. Lombardi Jr I, Magri AG, Fleury AM, Da Silva AC, Natour
J. Progressive resistance training in patients with shoulder
impingement syndrome: a randomized controlled trial. Ar-
thritis Care & Research. 2008;59(5):615-22.

33. Taylor NF, Dodd K], Damiano DL. Progressive resistance
exercise in physical therapy: a summary of systematic re-
views. Physical Therapy. 2005;85(11):1208-23.

34. Petrick M, Paulsen T, George ]J. Comparison between
quadriceps muscle strengthening on land and in water.
Physiotherapy. 2001,87(6):310-7.

35. Mann ]JB, Thyfault JP, Ivey PA, Sayers SP. The effect of
autoregulatory progressive resistance exercise vs. lin-
ear periodization on strength improvement in college ath-
letes. The Journal of Strength & Conditioning Research.
2010;24(7):1718-23.

36. Kisner C, Colby LA. Therapeutic Exercise Fundation and
Techniques. book. 2007;6:161.

37. Santos BR, Delisle A, Lariviere C, Plamondon A, Imbeau
D. Reliability of centre of pressure summary measures of
postural steadiness in healthy young adults. Gait & posture.
2008;27(3):408-15.

38. Lafond D, Corriveau H, Hébert R, Prince F. Intrasession re-
liability of center of pressure measures of postural steadiness
in healthy elderly people. Archives of Physical Medicine and
Rehabilitation. 2004;85(6):896-901.

39. Prieto TE, Myklebust ], Hoffmann R, Lovett E, Myklebust B.
Measures of postural steadiness: differences between healthy
young and elderly adults. Biomedical Engineering, IEEE
Transactions on. 1996;43(9):956-66.




w Mehri Shakerinasab et al.| The Comparison of Hip Abductors with Hip External Rotator Muscles Fatigue on Static Standing Balance

40. Carpenter M, Murnaghan C, Inglis J. Shifting the balance:
evidence of an exploratory role for postural sway. Neurosci-
ence. 2010;171(1):196-204.

41. Riley MA, Turvey MT. Variability and determinism in mo-
tor behavior. Journal of Motor Behavior. 2002;34(2):99-125.

42. Reimer III RC, Wikstrom EA. Functional fatigue of the hip
and ankle musculature cause similar alterations in single leg
stance postural control. Journal of Science and Medicine in
Sport. 2010;13(1):161-6.

43. Salavati M, Moghadam M, Ebrahimi I, Arab AM. Changes
in postural stability with fatigue of lower extremity frontal
and sagittal plane movers. Gait & posture. 2007;26(2):214-8.

44. Gribble PA, Hertel ]. Effect of lower-extremity muscle fa-
tigue on postural control. Archives of Physical Medicine and
Rehabilitation. 2004;85(4):589-92.

45. Gribble PA, Hertel ], Denegar CR, Buckley WE. The effects
of fatigue and chronic ankle instability on dynamic postural
control. Journal of Athletic Training. 2004;39(4):321.

46. Hosseinimehr SH, Daneshmandi H, Norasteh AA. The ef-
fects of fatigue and chronic ankle instability on dynamic pos-
tural control. Physics International. 2010;1(1):22.

47. van Emmerik RE, van Wegen EE. On the functional aspects
of variability in postural control. Exercise and Sport Sciences
Reviews. 2002;30(4):177-83.

48. Meshkati Z MM, Namazizadeh M, Salavati M, Negahban
H. Effects of fatigue on postural sway in Karate athletes. (un-
published paper).

49. Salavati M, Mazaheri M, Negahban H, Ebrahimi I, Jafari
AH, Kazemnejad A, et al. Effect of dual-tasking on postural
control in subjects with nonspecific low back pain. Spine.
2009;34(13):1415-21.

50. Mazaheri M, Coenen P, Parnianpour M, Kiers H, van Dieén
JH. Low back pain and postural sway during quiet stand-
ing with and without sensory manipulation: A systematic
review. Gait & posture. 2012.

51. Mok NW, Brauer SG, Hodges PW. Hip strategy for balance
control in quiet standing is reduced in people with low back
pain. Spine. 2004;29(6):E107-E12.

52. Negahban H, Etemadi M, Naghibi S, Emrani A, Shaterza-
deh Yazdi MJ, Salehi R, et al. The effects of muscle fatigue on
dynamic standing balance in people with and without patel-
lofemoral pain syndrome. Gait & posture. 2012.




