Scientific Journal of

Rehabilitation Medicine

Research Paper ‘ )

Exploring the Relationship Between Gluteus Medius Activation and Pain ook
Intensity in Patients With Patellofemoral Pain Syndrome: A Cross-Sectional
Study

Hossein Rabieifar! (5, *Hoda Niknam? (5, Khosro Khademi Kalantari?

1. Department of Physiotherapy, Students’ Research and Technology Committee, Faculty of Rehabilitation, Shahid Beheshti University Medical of Science, Tehran, Iran.
2. Department of Physiotherapy, Faculty of Rehabilitation, Shahid Beheshti University Medical of Science, Tehran, Iran.

Use your device to scan
and read the article online

Rabieifar H, Niknam H, Khademi Kalantari Kh. [Exploring the Relationship Between Gluteus Medius Activation and Pain
Intensity in Patient With Patellofemoral Pain Syndrome: A Cross-sectional Study (Persian)]. Scientific Journal of Rehabilitation
Medicine. 2025; 14(5):736-747. https://dx.doi.org/10.32598/SIRM.14.5.3357

d -/} https://dx.doi.org/10.32598/SJRM.14.5.3357

ABSTRACT

Patellofemoral pain syndrome (PFPS) is one of the most common causes of anterior
knee pain, especially among physically active individuals and athletes. Dysfunction of the gluteus medius
muscle, which plays a key role in hip stabilization and dynamic control of the lower extremity, has been
identified as a biomechanical factor in patients with PFPS. This study aimed to investigate the relationship
between the intensity of gluteus medius muscle activity and pain severity in patients with PFPS.
[VETTYE This cross-sectional descriptive-analytical study included 32 patients diagnosed with PFPS. Pain
severity was measured using the visual analog scale (VAS), and gluteus medius activity was assessed
by surface electromyography (EMG) during stair ascent and descent. EMG data were normalized to
the maximum voluntary isometric contraction (MVIC). Both average and peak muscle activity were
recorded. Data were analyzed using SPSS software, version 27 and the Pearson correlation test.

[(EEMTE The mean pain score was 4.83+1.18 cm. The mean activity of the gluteus medius during stair
ascent and descent was 24.27+12.83% and 20.14+11.65% of MVIC, respectively. The peak activity was
54.59+31.31% and 50.77+28.67% during stair ascent and descent, respectively. The results showed a
non-significant negative correlation between gluteus medius activity and pain severity.

Although the study found an inverse trend between gluteus medius activity and pain
intensity, the relationship was not statistically significant. Strengthening the gluteus medius muscle may
still be considered as part of a rehabilitation approach for PFPS, and further studies with larger sample
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Introduction

atellofemoral pain syndrome (PFPS) is a
multifactorial musculoskeletal condition
that predominantly affects physically ac-
tive individuals, particularly young adults
and women. It is characterized by diffuse anterior knee
pain that typically worsens during activities such as stair
climbing, running, squatting, and sitting for extended
periods. The prevalence of PFPS among physically ac-
tive populations is significantly high, and it often leads to
functional limitations and decreased quality of life.

The gluteus medius muscle, a primary hip abductor and
stabilizers of the pelvis, plays a crucial role in maintaining
proper lower limb biomechanics during dynamic move-
ments. Weakness or neuromuscular dysfunction of this
muscle can result in increased femoral internal rotation
and knee valgus, both of which are associated with el-
evated stress on the patellofemoral joint. Despite this pro-
posed link, the exact relationship between gluteus medius
activity and pain intensity in patients with PFPS remains
unclear. The main objective of this study aimed to inves-
tigate the relationship between gluteus medius muscle ac-
tivation and the severity of knee pain in individuals with
PFPS. The secondary objective was to determine whether
muscle activity levels measured during stair ascent and
descent using surface electromyography (EMG) could be
used as a clinical marker of pain perception.

Methods

This cross-sectional analytical study included 32 in-
dividuals (20 women and 12 men) clinically diagnosed
with PFPS, aged 18-40 years, who were referred to phys-
iotherapy clinics. Inclusion criteria included anterior knee
pain lasting more than four weeks, pain exacerbated by
at least two functional activities, such as stair ascent/de-
scent or prolonged sitting, and a minimum pain score of
3 out of 10 on the visual analog scale (VAS). Exclusion
criteria included history of traumatic injury or surgery to
the knee, pregnancy, neurology, rheumatology, or meta-
bolic disease, the individual’s unwillingness to continue
the research, or not receiving medical or physical treat-
ment in the last three months. Surface EMG was used to
record the activity of the gluteus medius muscle during
the functional tasks of stair ascent and descent. Electrode
placement followed the SENIAM protocol to ensure con-
sistency and accuracy. Each participant completed three
successful trials for both movements, and EMG signals
were collected at a sampling rate of 1000 Hz, band-pass
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filtered between 20450 Hz, and processed using root
mean square analysis. All EMG data were normalized
to each individual’s maximum voluntary isometric con-
traction. The main outcome measures included the mean
and peak EMG activity of the gluteus medius during stair
ascent and descent. Descriptive statistics, including mean
and standard deviation, were calculated for all variables.
Pearson’s correlation coefficient was used to determine
the strength and direction of the relationship between
EMG parameters and pain intensity scores.

Results

The participants had a mean age of 22.12+2.45 years
and a mean body mass index of 22.27+1.82 kg/m?. The
average VAS pain score was 4.83+1.18 cm. During stair
ascent, the mean EMG activity was 24.27+12.83% maxi-
mum voluntary isometric contraction (MVIC), while the
peak was 54.59+31.31%. For stair descent, the corre-
sponding values were 20.14 + 11.65% and 50.77+28.67%
of MVIC.

Statistical analysis revealed weak negative correlations
between pain intensity and both average and peak EMG
activity during stair ascent and descent. For stair ascent,
the correlation between mean activation and pain was
r=-0.253 (P=0.163), and for peak activation r=-0.251
(P=0.166). During stair descent, similar non-significant
inverse relationships were found: mean activation r=-
0.221 (P=0.224) and peak activation r=-0.218 (P=0.231).
All correlations were non-significant (P>0.05), indicating
that although a trend existed, it did not meet the threshold
for statistical significance.

Conclusion

This study demonstrated weak and non-significant in-
verse correlations between gluteus medius activation and
pain intensity in patients with PFPS. While these results
do not support a direct predictive role for gluteus medius
activity, they do suggest that impaired muscle function
may still play a role in the broader biomechanical and
clinical context of PFPS. Clinicians should consider glu-
teus medius strengthening as part of a holistic rehabilita-
tion program. Several hypotheses may explain the lack of
statistically significant relationships. PFPS is influenced
by a range of variables including joint kinematics, motor
control, psychological status (such as fear-avoidance be-
liefs), and even central sensitization. It is unclear whether
pain is the cause or the result of altered muscle activity.
The relatively small sample size may have limited the sta-
tistical power to detect significant correlations.
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Further studies with larger sample sizes, standardized
EMG protocols, and longitudinal follow-up are recom-
mended to better understand the contribution of hip muscu-
lature to patellofemoral joint loading and pain modulation.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Research Ethics
Committee of Shahid Beheshti University of Medi-
cal Sciences, Tehran, Iran (Code: IR.SBMU.RETECH.
REC.1401.840). All ethical principles, such as the in-
formed consent of the participants, their confidentiality,
and their right to leave the study, were considered.

Funding

This research was extracted from the thesis of Hossein
Rabiei Far, at Shahid Beheshti University of Medical
Sciences, Tehran, Iran. This research did not receive any
specific grant from funding agencies in the public, com-
mercial, or not-for profit sectors.

Authors' contributions

All authors contributed equally to the conception and
design of the study, data collection and analysis, interpre-
tation of the results, and drafting of the manuscript. All

authors approved the final version of the manuscript for
submission.

Contflict of interest
The authors declared no conflicts of interest.
Acknowledgments

The authors would like to thank all participants in this
research

November & December 2025. Volume 14. Num 5



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/

B 0 5lous AF 0590 NF+F (0 g 3T & a4 £|

CrossMark

Olilos 13353 (l3a0 9 (e gk gls dlas Cllad Cus ot BLI Y| (o) 2

"M 3 gy 40 VLSS 1a® 0 3 mnty oas

Ol e 38 ¢ g S Sy pole oKy ¢ sdSuslys pale 0uSTails ()l gzl (5 0lid g Ciliidions AkoS ¢ ol )51 5ud 09,5 )
Ol o0yl 1 e it S (S5 f,ls ol o sty fs,l: 05L& ¢ 53l 791 540 09,5 .Y

Use your device to scan
and read the article online

[®ELTT Rabieifar H, Niknam H, Khademi Kalantari Kh. [Exploring the Relationship Between Gluteus Medius Activation and Pain
Intensity in Patient With Patellofemoral Pain Syndrome: A Cross-sectional Study (Persian)]. Scientific Journal of Rehabilitation
Medicine. 2025; 14(5):736-747. https://dx.doi.org/10.32598/SJRM.14.5.3357

d - ) https:/dx.doi.org/10.32598/SJRM.14.5.3357

0 S

o oee

Jolse 3l (S el 855 9 Jlad S8l (e 53 05a9s gl (ol 3y Je 032 Sl 51 (S Jygodaliy 3,0 pg s
2 (st G5 45 Canl ugre pugiiglS aliae o Slae )0 Plisl o ) (ST 0,0 s 41 Dkne ilens 3 5o (SeilSages
e (aiTglS alae Sl S grng Sl Culled Sy LS f gy p dalllan ol B o fo Sl pladl slagy J S 9 s
B9y iy (SSES 88y 43 Dl o8l o gl 550 W o

b gil5 98 s plonl () (SKT 9,3 p jdis Do Lo ¥V (59, 2 (oladie £50 3l SheloS shogs anlllas ol [ETIFEE
Y Cllad (e 50 (el (58, 5009 280 G2 o pogiite (pogaislS alae b s 5,503l ST (5 faus (ol 3fealicd
w2338 Sl (ygun g ( Siasad (39031 5 03litunl b Lmools i g3lun Jlo i alidae ol ST d o g sk aly 31 533 e 9
i G I5S (eSile g ST S8 90 4 Sollad S

aly 5l o8, YU 50 (ugate (gl e Coflad il (2S0le 5 el FATEVAA (Lo 0,0 G (ruS0le
19 ospe os55alS aliie Colled gl cpmizmad i GhliS MVIC 5oy Yo VFEVVED aly 3 ool oty 55 5 YHITVEVVIAY
i oomr 318 s el Sl s i3S MVIC sy B IVYAYASY aly 5 el by 15 5 OFIBAEENTY al 51 o33, Yl
)0 39279 (50 iy 5 pgSirn (Shumrad 5115 0,0 (l5e g dle (ol Collad

5l sohaB 540 oo jiias s Mra liloss 10358 5ae b Lwgsde ootislS alae Collad o ols oLt dalllas oyl ool IEPIEEEST

it sl e 3 oty sloal 31 5 o s on s sl pgs ol 0 osgSine Posimarsd bl 1 VR s il
g g0 gy o015 Shgsee (sl yeite S5 g b digai o b it lalllae oS E VWoF 5o o s G5

3315 a8 5,0 (Tl (5 Jos ol o gonbns 31,5 gon 2S¢ sugscte yustiolS Al ¢ Jly08bily 50 o i [ISPING VP 5T el s

B e .
1J 9o oy 93

pLSG I 125

w5l 592548 09,5 ( siSeiilel pole 0aSitils o iy duged Kby pole olSitils (ol 05 1 SLkS
+AA QYY) PAYPOTY (oals
hodaniknam@gmail.com :aelils,
Copyright © 2025 The Author(s);

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://medrehab.sbmu.ac.ir/
https://orcid.org/0000-0001-7599-751X
https://orcid.org/0000-0003-0422-3618
https://orcid.org/0009-0005-1294-8581
mailto:hodaniknam%40gmail.com?subject=
https://medrehab.sbmu.ac.ir/?lang=en
https://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.14.5.3357
http://medrehab.sbmu.ac.ir/?lang=en
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.14.5.3357
http://medrehab.sbmu.ac.ir/?lang=en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

osgls alas sluled @l oy Cuyed 5o S e
comiameds [0] ol sl a5l 2S PFPS o 50 sk
PFPS 4 e o)l 4 ol )] 51 (Sl aapllis sl s
(rgde el ohigh oy Jake IMlas 0 el
o bls ) o jebay 4 glasdllas (il L8] wies
P93 lee g (ke (gl alae (SG Sl eodlad ot

el o alonil il 03,8 ooy |, PFPS 4 dis () Lo

3 wgde watisls alac o Slac 0sdll Cusal dsaxgils
033 Hllass 0,0 b e (ol LS oy 13 pae g PFPS & 06
O bl gy Baa by Lol axlllas (ladllas jo 4l olod
PFPS 4y Mo (ylows 10 9,0 e g alae (pl cudled oo
el 0y )b

adlllae g8

39 (rhaie £93 5| (el oy aalllae 5o gy )l

alae S oSl cdled ol o blo )l cwyp Boa b oS

Py & s Gliles 53 93l5 3,0 S g e (ueielS
b ploxl (PEPS) 55ty o0

diged g dxol>

PFPS & dwe 06y 9 oo 1) iogh bl andl>
Py ey eSS s (LSS 4 caiiSasx e
TY olass 09y s ;o oolus  Bolas pé dalllas (6, T diges
Ol o axlls 1) 0959 slajlre a5 (00 VY 5 0 V0 8
Fl i Sldllas bl 5903w 33,5 &S 5 aslllas
Grbaio V¥ a5 oy 2 Jl53l0 5 5l ool b (rizme 5 [V
bl slas)" Jlo i 0ymiie 95 Jio (Smods (5ol s,
ookl ol asloes (/FA Slojlasl g om0 Ae g o/« 0
43008 B TY ol gl 245 391 5l (09051 VY &
A 38,5 5lai ) Jygedglily )0 pg i

anlllas 41 399 (51 yluro

Ml Slbl g gl sol> 0,0 f8 Al Jlo Fo LI u

o 4y L8 a5 00 55 glacedled 5l coled g 3o oo
aoibooz caly 51 058, Gy 9 Vb Jio iS00 05 Sy 905k
olee 30 050 JBlam Ve s s 4000 5 005
59, ¥ Jslas aile [N 81,30 0 Ve 51 Y 500 6 lus ST
cde) jilole ¥ Jlas 50 ML GBlbl ¢ 6il5 sol> polie 0,0

8. G*Power
9. Correlation: Bivariate normal model
10. Visual Analog Scale (VAS)

350 Je el 5l (o (PFPS)! Jl)50dgbily 5,5 s
Sl u‘j} ul)) o).:sc\.: ‘JLxS Coro> OL.A )o 9.)‘) GQ‘J.B
aoyo FO U D o o508 Courex (0 pydiw (pl ol
Glas e TAKP)S; alad o0 oo [V codl oas 5 )l35
S b Bl 0 00uST 5 50 ol o 4y a5 el SCileg iy
e el a8 glacoled alaulgas o e oo aislis B
555 omtls 5 Y ale win oo (PRI Jlygadgbly Jake s,
(e g oo it U30) dmlioz § o p o9 by
Ml i el sla b o L] wgd e 5,8 (il
9991y SeilSog ) (ugaihe usiislS alas o0 ), Jaie
aliae ).l 4385 )5 o Kingi a5 3,90 PFPS o 130
3 Jlia p Slonio 3 SIS o 555 5 S5l 3 guien
L] s ls Sbss alasl oo ,e

e SorSB sl g ol OMas o YeSulegys S
NsSlegygi Pl g hnd 59,00 Jlod 4y (lilew (] 5o
oS ool ols > ollas llews ol o JlselS g o)y cdlac
035 deiber Joo glacollad o o, (A3 2252
sl JyS pae johien g 4l 5l (38 b 9 b g
S ol 45 09 o0 e (agd Vgl 31 )0 poSUlgsis
Jsoisbly ke ;5 oyl al3il o o 4 31 i
Sl cnl Sy d9doe PRPS 4y Sl Sta; Sl
S () ©Mae) JlayjFop Dlac 05,5 Codled 5 &j0d
D8 S dinnds S o | s S]

Oles (pl 53 (gpe ustisls alae :Q‘) e G )
abae ol codled lojone 09b oo Slie g5 LB j5bas
€9y iz g Sl oS @l ol 8l 4y Cond ke el 5o
955 30 b 0l @ly 0 05 ool o LS L L 5 T clad
cgo Wiy oo o Codled lojae rals 5 alac codled
el I¥] Sgdu oly B iz g piSesl il
s5olS e Eollb a8 50 55 o 55
Odsd e Ohlem cnl 5o Oy paS sl Gl g egiae
Lf] )l 0929 Sitcon

M o wlosls Lz (EMG) (315 gng Sl Slalllas
codled Calises slacadled (o lo ol 3L awslis o PFPS 4
g e Jle lgieds A5 5 ugaie el alae 15 teS

1. Patellofemoral Pain Syndrome (PFPS)
2. Anterior Knee Pain (AKP)

3. Patella

4. Patella Femoral Joint (PFJ)

5. Squat

6. Special tests

7. Stance

oy (SIS 33 @9 ki ) lomd 53 wghe (WPl Galias Cullad 9353 Lol cyut BLI Kb g 5 oty s


http://medrehab.sbmu.ac.ir/

P Ve S Wsei i, YO U Y Wil oy 109 )
Lol aladl 93,0 a5 gol 81 550 10 ¥ 15 Lol Cnlis
58995 (0I5 oS el g Me J15085L5 59 g s
8,5 )8 b)) g 5 STy

oSl edlad s Ol s dulie (jals 0y Sl (1
sL’Z.w‘) L).:‘)Q ‘.\JMGA O).JLA)J \.\JL> L;‘)‘)fsﬂoj).ﬂl C‘?A“M
O35 b solztul (TMVIC) S5 ieg ! 508 j3STas g0 5]
o3l (1,5 grag 2SIl glaosls (g3l leyi s Cn Sl
Oy8 mShas cws byl Curdy 5l cal MVIC g, 5
oh9y ol plel cge als oolawl SENIAM yuluol 3 dlac
&) gz aado ¥V BBl gley alold b oLl Voalae
KWL I SIWESP LU VY

e LestislS alae S oSl coled 55l ool ol

S 2 5 SLhl can S G Sloe alold s Loy 2SI
Soxdy ;0 Seyegnl D08 Sl eejl 5 wad sailews
s 3 48,8 0,8 5l a0V e aSTal 5l eosles aley 4
alae Gl (SoySIl Edlad g 2SIl (655518 0928 (e L
b S a8y Vb g el ol 60 ,Sees odlad o
lacadlad o 51V -] 59y Qo sles 1Y) o sl aly glis )|
s il aly 5 28, YU s el ol cadled oo Shos
Selad lojise (gre wgislS alae Cudled £9,5 5
S F3gteie pobods ullad (nf o abae Sollad mhan g alae
ol oles lowe [V @l 55 so yrss >0 PFPS ol o
L a0 Jsl sl 9,95 sl aly 51 el by 5 028, VL
L0 oo Sles collid o s alae 0wl ool Vange D5
GrSeiz s aS aloodls G 85 8 U555
Sleosls 5l g o0 Bi> " glaie; b (g par O ygods Ddgs
Yoo ogl o dlae collad God i 43S (uSls ouilandl
Vg Sy g D98 0,95 5l o 4V U LS Al Lee
Soles 50 wgdoe Jlop MVIC jf oolistal b w5 998 o0
5 ezl RMST) o asgie (i alsbas Lawgs JUiSews

LAY
YV ases SPSS 5810 5 5l oolatul b sslcawsay slaosls
3 eolaswl b lools o Jloy by sl o aiad Julow
ez gl 285 )8 )0 y90 " Sy ld 6Ll 505!
Ot L)l g2 sl dodls Jlo b @5 byl (09 )8

O905] 3l 0,0 Sl g wgrde LwgiialS alac codled ool

16. Maximum Voluntary Isometric Contraction (MVIC)
17. Foot switch

18. Visual or Contextual

19. Rectify

20. Root Mean Square (RMS)

21.Shapiro-Wilk Test

Sod 5 b leys il o pae LNO-VY] (wils 4yl
03951 o e ¥+ B Y+ oy jasls V8] stele ¥ o
G ol DL s )5 g JSI j0 05 L 0 5
A-FY) Tog solaiSl 5 (aoys FA-Y) Tewulus L

IV el el o3 B YL (s o

anllias 1 £33 (50 uno

ANl gl Jaie J0s8 ol AL SBL (g0l (555550
VG R E ST L RPN WY SRONE J P
S3dleg YsSalag,gi (slacs lom 2925 Al Sl ol
Tf] oo b Vel 58 50 Slgye o cobis Jio Salia b
2SS pll g3 (2 b Cegian 5l (U sleg 5 952
PR LPIE CETSRY VA P CE TR LF] 5,3 0 asds olo VY
w0 bles pae DIV LK b Siie ool slaaslias
b oleys by Al rmghy 0 o881 6 lSen saals]
DV s g 3l ole ¥ j0 Sujb s

osls (5 jglzen (g 9 5!
(VAS) Solll (s las wliio 5l ool b gl 8,0 o
o sl Vo a8l s S ol 5l el ol (g el
CRARAE 54050 (90 Sy o iy o] (b 4 o
Dg5 8,0 4y bgy e dae FalS S 1h el € gl B o0
DAL 555 5 6 JaSeidle b ol g5, |, 42808 azian ) b

D e ool alie S5 s 3 sl
L@o5]&.” 6).‘5)‘)5 J?LA A oolazwl L_';?da"“" g‘;}ugjﬁ‘
(S350 55 SENIAM 55, 8 il gl _Loallgiass Lo
o) 5 e o alise (glsyesd olutel o Laog Sl a5
IRCVCI g

55 ga09 S o JSS g 3

g ugigls alae ()5 greg S0 Shoe (o 2 6

la sog0)! 5l (6 3509580 5 Censgy (53lwonlel Edgoun jslarons
Joee sidiges |y (gogasze 5 (pgasl ST 0 o anlys
Soge 505 2l g oo b Sy (g9 Loy Sl (ol )13
elog 2SI (Kb s 5 e oS30 edlions b 5,05
QS0 585 i 3145 AU A _oxbans 81,5 g0g xS ol
9y oo D8] diogs e o ¥ (529280 ¢y bl s g o
plail s alae gl b Ol jlge ds arndS Slidss gub 5 Caliow
T d glaal Cliasrinn aiaus ools |8 dalllas 5590 ol 18 (Do

11, Patellar grind test

12, Sensitivity

13. Specificity

14, Biometrics Ltd data log
15. SENIAM

oy (SIS 33 @9 ki (Lo 53 (g0 ekl GalAS Cullad 933 S cyu B3 10 g B oty s


http://medrehab.sbmu.ac.ir/

osilS aline Sll s el ¥ e Jair o
eSlis (0l L ol sl 00 sy 12833 (50 9 wgace
a2 0 (50 g aly 51028, Yo plSin po alae pl cdlad
Sl alaly ol Lol wojls 0929 —+/VOY Jlade 4 axs aio
abac cld zgl e (P=+/VEY) G |l e (5 )Ll
= IVON Gliee s henid g o glalaly 00 b s aly 5l 28,90
(P=\88) Zol 0395 o sine d)LAT)]éj}lw.{b)'Lf aS ol

0y g ke o llad (:Shoe (s o aly 51 el s 9,90 50
Sade b as ol oauo -+ /YY) e dy ard hie  Siod
zo Omzeed Cal ol 13T s g ¢IVYE (g lo cine
—oIVVA iie Ko bals 5l ol ol joalac collas
(P=2/YYY) Cel 009 Jlo sine aS aziils

B 0 los ¥ 0595 NF+F (60 9 53T

Ol 30 6o sime i ol ool jga s (Kot oy
A aid)S el P00 ragh

sl

bzt Bl s Glanaciyl 5 oSie) o Lo
S S i oolaiwl adlas ol gleodls  Jdsigay oo
60055 ua}L...) 9 L))5 D8 o J.ALM: LQ‘SD}A)—‘ ‘SADLMAJW - >
SleMbl yioran g Caloads ool (Lad Y o)leuds Jgaz o Say
T P 45‘)‘ Y o)Lo..:o Jséq-)\) U’“‘mjf' GLQIM EY Joy'fo
alae Codled Lol 9 0,0 asgly e o bl (g olateds
b (Gl (553, pgyains ay S S8 53 (ugae (ug=iols
Oyt ool ools (ganil 2365 (08 i il
(Y o)l.o..:: Jsdo-) O ool

(o gioge;] il naz Sledbl.Y Josa

Semecdl oot SSke e
YVIVAES/ ¥ (o) o
VA YENES (o5l 33
V+/8a2/A) (pS55) s
YS/PALY/ISD o 0 asls
SRe% Sl eite 4y bgsye Laaddlonl § (uSile Y Jgda
el ot (e i
YE/XVEV/AY (o 3) dly 3 578y Y > b (ko
DF/BRETV/Y) (o) Al 3 o5y Y o ol ]
YoINFEVV/ED (2op) a5l ptel sl 3 cullad 5Kkeo
BeIVVEYNSY (83) s 3 sl s > b 2]
FIAVEVNA 5
858 520 9 igate pgtislS Alie Collad Sl Gar g ey (St (9051 D) Y Jgoa
S e Q9 i 50
Y vy (sem53) ) 50y Y > €l 5 Sn
\PF —I¥8) (o) al 51 o358y Y 3 clled )
AIYve —I¥Ty (1e039) 4l 3 el ol > Clld Sl 7
<I¥¥Y —I¥\A (3a0) dly 3 el il > b 2]

oy (SIS 33 @9 ki ) lomd 53 wghe (WPl Galias Cullad 9353 Lol cyut BLI Kb g 5 oty s

—
V¥Y



http://medrehab.sbmu.ac.ir/

ol ozl cams 8 Bas 35 |, PFPS 5,0 b a5 o Jalge
azgi g SLow plal IS Dlac Jolas 35 105 oS > (565l
Sl 528 3l o i) 09 iy o 4

4 | RGUNVRYR

adlosls lid o Kes g gilaiwl 60 (a2  Sllllas ax S
PEPS llow yo Lo Lusiislf aliae gl les a5
Jds el zals ol o asein Wl 8] sl o ialS
) E5o90 ol b ipgs (.0l 4z b il PFPS sl
3 sl el Sas aliae codled 2l a5 wlos S ¢ las
b Sl (5555 Dlpesd 0,0 & aly e ceae oo
Ivv-val sl 8 > S ol sle Sal, o s
3slS alie Cllab S 5 5, o sine bl 05
& et b pl g 4 il pl> dalllae )3 g
S0 agll (Bl gl S i alae plcodlad rals
30,0 A dsgill jlao pasilSo b a3l adol e 5 g ]
S8 Jlos g Mg oo (lade 3,0 gly )0 ol JEjle
IYA] 59y Lase G81bl odliac

Olgi s g el b dalllas S ol axlllas ;50 g gu)]
s a5 age ol gl g 5,8 il 1y cole ala, o1 o
— ke O g0t Ailgn a8 el 5Ls canlis diged pax b SSoas
31y abaly Gl (g 2 42 (Jolee

ogalS alae 18 aes oo (i axidS Slalllas (o) 2
S ol 0o olyen Jla8Ls L PFPS o ugios
b o 5l 0,0 s bhabas (plcoled 2ol kel iaghy
LL3 | el ooty L lallas ol 45T Jlo 4 conds asls
o 3 loos S5 59 45 b 2l o sine o (Sas
Sla s, o sl [¥e YAl sgi s (essgs (b3 aiile)
Lol b Sealis glacandg (&5 > SloJSSs  EMG s
ol Y 5 (S0l oo anlllans j90 Comen Sliogas
il adloe gl

Jelse b cov caiay se3 08 lasl cwyyp
N Slyladl mhaw bolalojls 3 58 (g5lis 5 (2l
(6 i 950 A Sl Koo g Al (6 ik 9,0 Sl
9% Ao (pl iS4 25 (ABly (60 Shae i g
s b 0 g o) Coeal PFPS Lo foie slooys jo
lodalio b 0,0 duli i aiile canlie sla 50l b sl oo |
DS B S 0550 SBLEC,
Codlad i b o ,Slacg 0,0 o bl )l aninds clalllas o
3,50 (ol asdlae ) Sglaie 5l 5l eolaiwl L) oy edlae
Sar 3, Vo VF Jlo o glasllas 003 § )18 )y
ool o o bLS I PFPS as Mo 0,3 Ve (g9, anlllas b
Seslaiwlb) oy =) ouiils 12 g jeiSail Sdlae S eg !

alae ool olidl dayl ol seled (o ax )31 IS jeboay

Loy, ol 3l Sz Lol odgy ol o 3 10 1lS'ly pugsde ugiiplS

ol O Gﬂ.’dﬁ 4.[4)‘) U‘?"LS’M 9 ..\.v‘oég.u )‘OW (_g)l.n]).la) )‘
(Y oylois Jgaz) 0,5 )58 050 e g dlae codled

alae Codled Calds o bLS )l gy polo axdllas jl Bua
Py 4 e il ) 515 0,0 Cal 5 Guge ugtislS
azx Sl ol lis dslllas ol sloadly g Jlygedally o0
alae S8 T glog mSl codlad s o (gwsSre (Sivsad
Loyl ol Lol ol ovalie gil5 0,0 Sad 9 ugsde (weiigls
D o sae 5 lal Las

alae cudlas uL».A oo liv M pAS jedd S
ST oyt ;0 050 eledis Coale a4 Wl 00
s Jole S5 g B i ] 13 3,5 .20ils dzgi
9 e oras ( Seillegn Jalge oz Jolas Jol> asly
9595 2 Ao Jelse 3l Slasgame g Claisd ool S,
5.6 Lo sl s b o5l sslos )5 = Jlas |, PFPS aglas
(Loodled e o) Jate Jls 1o 2 g iSTolas 5l s
s K oaS s OMlae gile b o 1B L s
bl asle g2lbgly) Jalse (22 g ugate GugsialS
WS aisle) oaisS dstiws Jalge plo (glilo Vb o0 ol
Ol g Gl e 030 T laS anil (g, b (SeilSoga
S8 leadlea 10,0 Shol o qugide wgiisls alac codled
ol adled o s M pas S0 lody DR o
gl 8 Shes (092 75l o (Sro rlogil )3 Dk g alae
59 55 0,0 a0 co LS ASL s Jlas Curdg )S gsde
O ygeody (goaxin Julge a5 el loleaiz onyny S PFPS
Ivy vy o] w8 o 51 0T 2 s5lse

oosiielS el S Odlas o s ailosls lis b gty
@ Wlg oo (Ol oaiilsyz g jeShal Silae plo g pugiss
&8ls ;0 09l e PFPS il o Slas 050 5 00 ialS
Jobd Ghlew cnl o 9o (L3ulles G dSSen 3 sk
N Mlae S dgun 5 Lol glp aiedon Dl el
oo poe oo ol aslllan 4 (ol s ooy
A5 WS o oy, |y aSS pl w00 g alae codled o e
Szt Yaiol 3,3 1 Gugake aiolS Cugd sude 3
AelS g (G plail (gilien 2500 Gy | g e el
Lo 5998 o0 Jlosl (Sl) S5 Jade 5 il sl s
Wb Sloyo 0,50, o dl o 3l alae codled a8l
Rl g (gl alae Cosls pogdle 5 il adlracs

oy (SIS 33 @9 ki (Lo 53 (g0 ekl GalAS Cullad 933 S cyu B3 10 g B oty s


http://medrehab.sbmu.ac.ir/

s LSS @ az g lhlew Gl (Sloys (2 yed sl
Olgi calac saiiley o SHac ouac JuS8) dlac (pl ilises
xlg‘f alac Cugdi (65, B o ASU glody (0,ué g Cusliul

E@MWW@Q@G@MUMQ%IGL@Q%WMJ
o (BT gueg iS5l ookl yuioren 5,5 0 )Lil 3gaxe
TSI ORI O FL ORI e
Cd g yglme DLae b LK Sl o) cil Cules
G503l 5o Cl S aS 5l 1,8 59,58l (605 5l o
(S bl gles bl sl I w854 (Gl pogdle
1ol b g 538, Yb) sasobl oo e slaclas
01235 S5y sl 55518 il s o (s (e
Stos plasl gl gl g 4 wls (oS o e s aiile
sl a5 )8

Sl oSS il sleslarul s g co g dgass S0 5
Gloasay lilews 1o 050 a4y aSTy> 0,5 o Lil 00 ‘S.L;,)')l
FElr wilsy sl 5l Sy 5 Col pzsniz
s yol> dalllas o 000 &l)l (6 5380 Sledlbl culys oo
SA) (29,5 peite G g g (Lugde (wyiigld) alae SO
5Q§J 4.._‘>Lu LS'SP 69§J‘ 455”7)‘5 Wl 00 r (O)O
T iy (6 Ked 4 dtusly «odled > o Sl pla]
Sl ,iM w‘ LS)SOQ)........S" g QS’M_ s ;&/' Lo 9
150y, ae (wgernSle ugtigh aile Koo wilac
AJa).]) Q..{‘)Q oA...Su..._u u....a.; a5 SHas L: Gms ‘5?)[:5
Aloais oy andlas ol jo oS asil ails

e Ly i 5l aile aslllae ) oadaite Cople o priomon

Ol il 0925 o] S Sl a5 ol gaddllas pgo
5 0auSES i o8l oy ley e g (o859 Al (ol
Cudlad a5 00 u‘r"u"’ Ll asdllas cpl o L

Oy ol s Vb clad o B yo ) ugiae gtislS (galae
50 el o bl cpl a8 I )0 (e )5 sy |y aly
Sele gl (538, oly g (9o Jie ;500 (50 Shas sl Jlas
o bl ol kéJ—I Sladllas )0 098 oo lgaiin s lus |,
Slpidan uizmed 05 )18 (o) 08550 35 K00 slacJles
J}S&‘ﬁ‘é}m@a)&%dj}ojwboaglbw&ﬁoyb@
Aoz slo,ie Hlojen (6,S0ilal g (0,08 g 0,8 Collad
has o Sy ;500 bl cw)p jsbired 09 ploxl

22. Synergy

Q30,5 sy lyol s Slae e 90,0 Dol Ly (egelisls
Sicod 50,0 b Codlad Gt wgSine  Staod gl a5
[¥3] sols oles 1) o Shoe b guiiins

oSy 5 esliiul b L Sen o g 55 Y01 Jlo 4o
5 Sefegnl D)8 G owsSas (Ko legelild
B oaiils > g eiSal cdlae caalitul § lgs e Salivls
1] 55,5 saalias PFPS e Sis o loss ,3 5,0 L

o 5 fscsine Bl e shaalliae 3 oS 5 ool

9 osate (ogiielS alae wigal ol b oo (6550l e lad
ol edled az 2 aS &g ol ds aazdl PFPS ol ey 0050
Ie¥] el e ol 4 Ol o050 Sl all pasy 8 e alac

5 o) oM o Shee e bl 45 ety Slallas

sl 5 Bone wilos,S s |y PFPS ol lass 5 3,0 s
Fagelios loslanal b sl Ll 5> G tag il sla omin
10 Al sl gyl ol by oSS gl b s
Al a5 Lo g, eyl lodgs digusl gl b Ll il
)l @lSle ) b alae (S5 codib ol sk
G o ke 5 Shas ogomi 5l (s Sl Lugid Lol ains s
oolaiwl by pole dslllas o Jildo o aizind (60 Slas glacoJled
3y 60 Shos adslsg SG (b (rhaw (S g0 pSUl 25
ae ilald ol oy p @ (W 5 285 ol 5 VL)
e l0he) 5 SgldS (pl el wBloy ugide egtiolS
0 &Sz il gl ol Lol LYo 5 (5 el Sae
orple; wbeg s adgi (g5 pogdle alde (g9 Shoe Ll
Cov Wlg go a5 Al Al 0 A8 cmas Siales
(Sl slogSll alozjl 0,5 I8 goasie (slaygSh L3
odslive pas gy cplil o S0y Codlad mhaw b (o3De s
50,0 Oad g abac cld Cal s Y s (Ko
colled gals a5 wsly T eaimo i Wil pols axlllas
4SSl 5] Gt Sl (S0 (60 8o aailg S atea; o alae
IS 5 b3k sl & a8 05008 L (g il cars ) 23U
loduay il oo 4 iullal raly b Dlae— eae J 5 5o
ol BB (60, as yd 5 bl gl jtonins ;o ()4 45

Ve

SAD e (6l g bl | cudlsis yols aslllas ax S

Ol PEPS e 10 0,0 Gl 5 g wesislS culed
Ol Sro o Wiz ) (wgSan (Siwad Xy oddlien Lol cans
Al oy bass o alae plogall il slaslas wilgs o
alac codled ol b ofilews ol 10 050 ald aSsl avaxgils
59 2l gl s BLI ) eyl jo egaae wgiiglS

oy (SIS 33 @9 ki ) lomd 53 wghe (WPl Galias Cullad 9353 Lol cyut BLI Kb g 5 oty s


http://medrehab.sbmu.ac.ir/

B ojlos NF 090 NF+F 50 9 57

T3S o ilead 5 Jre 9,0 b (ugmae (sislS alae
Skl 5 &955 Oley) Sloy sla Ty «ruslinal (s (CAR)
&1 Slalllae gl PFPS ey o oy 5 (ahise odled

Dy goolgtiny
Sl

ARg3 GBI Jgo! 3l (59

OB S ES 15 plod 5l oS asbiculs, cdl o b asllac oyl
(IR.SBMU.RETECH.REC.1401.840) =S 4 o ploxil
e St Sy pale oSty Limgly DI ateS |
el 00l 3 axdlas ‘_g|).?| J:;u.
S o>

@il P9 509, Aoy s asbibl a5 allie o
S5 LS g WAl ge (i S (b pole olSadls
00,55 28l yo elaidl e g pogas( g0 o Slojlu 5l Jb

ow
R AR W
adlllas ()b 5 pogie ;5 LSy jsbas (S ains 4on

O P At 9 gl e ol LdoS9y 3255 5 5 510z
Al oS e allie

&8lo o5

S wilin ool alliie ooy Lol iy

usb,..\és,w
Gl Wloo )8 S i aslllas ol o a8 S lews plas
P9 g0

23, Central Activation Ratio (CAR)

oy (SIS 33 @9 ki (Lo 53 (g0 ekl GalAS Cullad 933 S cyu B3 10 g B oty s



http://medrehab.sbmu.ac.ir/
https://sbmu.ac.ir/
https://sbmu.ac.ir/

Scientific Journal of

References

[1] Boling M, Padua D, Marshall S, Guskiewicz K, Pyne S, Beutler
A. Gender differences in the incidence and prevalence of pa-
tellofemoral pain syndrome. Scandinavian Journal of Medicine
& Science in Sports. 2010; 20(5):725-30. [DOI:10.1111/j.1600-
0838.2009.00996.x] [PMID]

[2] Crossley KM, van Middelkoop M, Callaghan MJ, Collins NJ,
Rathleff MS, Barton CJ. 2016 Patellofemoral pain consensus
statement from the 4th International Patellofemoral Pain Re-
search Retreat, Manchester. Part 2: Recommended physical in-
terventions (exercise, taping, bracing, foot orthoses and com-
bined interventions). British Journal of Sports Medicine. 2016;
50(14):844-52. [DOI:10.1136/bjsports-2016-096268] [PMID]

[3] Barton CJ, Levinger P, Menz HB, Webster KE. Kinematic gait
characteristics associated with patellofemoral pain syn-
drome: A systematic review. Gait Posture. 2009; 30(4):405-16.
[DOI:10.1016/j.gaitpost.2009.07.109] [PMID]

[4] Willson JD, Kernozek TW, Arndt RL, Reznichek DA, Scott Straker
J. Gluteal muscle activation during running in females with and
without patellofemoral pain syndrome. Clinical Biomechanics
(Bristol, Avon). 2011; 26(7):735-40. [DOI:10.1016/j.clinbio-
mech.2011.02.012] [PMID]

[5] Distefano LJ, Blackburn JT, Marshall SW, Padua DA. Gluteal
muscle activation during common therapeutic exercises. The
Journal of Orthopaedic and Sports Physical Therapy. 2009;
39(7):532-40. [DOI:10.2519/jospt.2009.2796] [PMID]

[6] Green A, Liles C, Rushton A, Kyte DG. Measurement proper-
ties of patient-reported outcome measures (PROMS) in Patel-
lofemoral Pain Syndrome: A systematic review. Manual Ther-
apy. 2014; 19(6):517-26. [DOI:10.1016/j.math.2014.05.013]
[PMID]

[7] Dierks TA, Manal KT, Hamill J, Davis IS. Proximal and distal
influences on hip and knee kinematics in runners with patel-
lofemoral pain during a prolonged run. Journal of Orthopaedic
& Sports Physical Therapy. 2008; 38(8):448-56. [DOI:10.2519/
jospt.2008.2490]

[8] Mahmoud WS, Kamel EM. The effect of additional balance
training program to gluteus medius strengthening exercises
on patellofemoral pain syndrome. International Journal of
Therapies and Rehabilitation Research. 2015; 4(2):7-14. [Link]

[9] Dorosti R, Ghasemi M, Kalantari KK, Baghban AA. [The elec-
tromyography of knee muscles in people with patellofemoral
pain syndrome: Systematic review (Persian)]. Journal Rehabili-
tation Medicine. 2015; 4(4):166-72. [Link]

[10] Motealleh A, Mohamadi M, Moghadam MB, Nejati N, Ar-
jang N, Ebrahimi N. Effects of core neuromuscular training
on pain, balance, and functional performance in women
with patellofemoral pain syndrome: A clinical trial. Journal
of Chiropractic Medicine. 2019; 18(1):9-18. [D0I:10.1016/j.
jcm.2018.07.006] [PMID]

[11] Felicio LR, de Carvalho CAM, Dias CLCA, Vigario PDS. Elec-
tromyographic activity of the quadriceps and gluteus me-
dius muscles during/different straight leg raise and squat
exercises in women with patellofemoral pain syndrome.
Journal of Electromyography and Kinesiology. 2019; 48:17-23.
[DOI:10.1016/j.jelekin.2019.05.017] [PMID]

[12] Rojhani Shirazi Z, Biabani Moghaddam M, Motealleh A.
Comparative evaluation of core muscle recruitment pattern
in response to sudden external perturbations in patients with
patellofemoral pain syndrome and healthy subjects. Archives
of Physical Medicine and Rehabilitation. 2014; 95(7):1383-9.
[DOI:10.1016/j.apmr.2014.01.025] [PMID]

[13] Motealleh A, Maroufi N, Sarrafzadeh J, Sanjari MA, Salehi N.
Comparative evaluation of core and knee extensor mechanism
muscle activation patterns in a stair stepping task in healthy
controls and patellofemoral pain patients. Journal of Rehabili-
tation Sciences & Research.2014; 1(4);84-91. [DOI:10.30476/
jrsr.2014.41061]

[14] Nakagawa TH, Maciel CD, Serrdo FV. Trunk biomechanics
and its association with hip and knee kinematics in patients
with and without patellofemoral pain. Manual Therapy. 2015;
20(1):189-93. [DOI:10.1016/j.math.2014.08.013] [PMID]

[15] Hollman JH, Galardi CM, Lin IH, Voth BC, Whitmarsh CL. Fron-
tal and transverse plane hip kinematics and gluteus maximus
recruitment correlate with frontal plane knee kinematics dur-
ing single-leg squat tests in women. Clinical Biomechanics
(Bristol, Avon). 2014; 29(4):468-74. [DOI:10.1016/j.clinbio-
mech.2013.12.017] [PMID]

[16] Aminaka N, Pietrosimone BG, Armstrong CW, Meszaros A,
Gribble PA. Patellofemoral pain syndrome alters neuromus-
cular control and kinetics during stair ambulation. Journal
of Electromyography and Kinesiology. 2011; 21(4):645-51.
[DOI:10.1016/j.jelekin.2011.03.007] [PMID]

[17] Songur A, Demirdel E. Evaluation of patients with PFPS us-
ing a standardized Q angle measurement protocol. Turkish
Journal of Kinesiology. 2020; 6(4):149-56. [DOI:10.31459/
turkjkin.814557]

[18] Yue W, Shuang R, Hongshi H, Yingfang A, Bo G. A study on the
effects of gluteal muscle activation on the electromyography
of lower limb muscles in young male patients with patellofem-
oral pain syndrome. Orthopaedic Surgery. 2025; 17(3):744-52.
[DOI:10.1111/0s.14320] [PMID]

[19] Patil S, Dixon J, White LC, Jones AP, Hui AC. An electromyo-
graphic exploratory study comparing the difference in the on-
set of hamstring and quadriceps contraction in patients with
anterior knee pain. Knee. 2011; 18(5):329-32. [D0I:10.1016/].
knee.2010.07.007] [PMID]

[20] Spanjaard M, Reeves ND, van Dieén JH, Baltzopoulos V,
Maganaris CN. Lower-limb biomechanics during stair descent:
Influence of step-height and body mass. The Journal of Ex-
perimental Biology. 2008; 211(Pt 9):1368-75. [DOI:10.1242/
jeb.014589] [PMID]

[21] Barton CJ, Lack S, Malliaras P, Morrissey D. Gluteal muscle
activity and patellofemoral pain syndrome: A systematic re-
view. British Journal of Sports Medicine. 2013; 47(4):207-14.
[DOI:10.1136/bjsports-2012-090953] [PMID]

[22] Lankhorst NE, Bierma-Zeinstra SM, van Middelkoop M. Risk
factors for patellofemoral pain syndrome: A systematic review.
The Journal of Orthopaedic and Sports Physical Therapy. 2012;
42(2):81-94. [DOI:10.2519/jospt.2012.3803] [PMID]

Rabieifar H, et al. Relationship Between Pain Intensity and Gluteus Medius Activation in Patellofemoral Pain Syndrome Patients. Sci J Rehab Med. 2025; 14(4):736-747.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1111/j.1600-0838.2009.00996.x
https://doi.org/10.1111/j.1600-0838.2009.00996.x
https://www.ncbi.nlm.nih.gov/pubmed/19765240
https://doi.org/10.1136/bjsports-2016-096268
https://www.ncbi.nlm.nih.gov/pubmed/27247098
https://doi.org/10.1016/j.gaitpost.2009.07.109
https://www.ncbi.nlm.nih.gov/pubmed/19651515
https://doi.org/10.1016/j.clinbiomech.2011.02.012
https://doi.org/10.1016/j.clinbiomech.2011.02.012
https://www.ncbi.nlm.nih.gov/pubmed/21388728
https://doi.org/10.2519/jospt.2009.2796
https://www.ncbi.nlm.nih.gov/pubmed/19574661
https://doi.org/10.1016/j.math.2014.05.013
https://www.ncbi.nlm.nih.gov/pubmed/24997774
https://doi.org/10.2519/jospt.2008.2490
https://doi.org/10.2519/jospt.2008.2490
https://www.researchgate.net/profile/Waleed-Mahmoud-2/publication/335601465_The_Effect_of_Additional_Balance_Training_Program_to_Gluteus_Medius_Strengthening_Exercises_on_Patellofemoral_Pain_Syndrome/links/5ee7cbc6299bf1faac56a4e4/The-Effect-of-Additional-Balance-Training-Program-to-Gluteus-Medius-Strengthening-Exercises-on-Patellofemoral-Pain-Syndrome.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dorosti%2C+R.%2C+et+al.%2C+The+electromyography+of+knee+muscles+in+people+with+patellofemoral+pain+syndrome%3A+systematic+review.+The+Scientific+Journal+of+Rehabilitation+Medicine%2C+2015.+4%284%29%3A+p.+166-172.&btnG=
https://doi.org/10.1016/j.jcm.2018.07.006
https://doi.org/10.1016/j.jcm.2018.07.006
https://www.ncbi.nlm.nih.gov/pubmed/31193229
https://doi.org/10.1016/j.jelekin.2019.05.017
https://www.ncbi.nlm.nih.gov/pubmed/31185341
https://doi.org/10.1016/j.apmr.2014.01.025
https://www.ncbi.nlm.nih.gov/pubmed/24534299
https://doi.org/10.30476/jrsr.2014.41061
https://doi.org/10.1016/j.math.2014.08.013
https://www.ncbi.nlm.nih.gov/pubmed/25261089
https://doi.org/10.1016/j.clinbiomech.2013.12.017
https://doi.org/10.1016/j.clinbiomech.2013.12.017
https://www.ncbi.nlm.nih.gov/pubmed/24467971
https://doi.org/10.1016/j.jelekin.2011.03.007
https://www.ncbi.nlm.nih.gov/pubmed/21524921
https://doi.org/10.31459/turkjkin.814557
https://doi.org/10.31459/turkjkin.814557
https://doi.org/10.1111/os.14320
https://www.ncbi.nlm.nih.gov/pubmed/39870515
https://doi.org/10.1016/j.knee.2010.07.007
https://doi.org/10.1016/j.knee.2010.07.007
https://www.ncbi.nlm.nih.gov/pubmed/20724165
https://doi.org/10.1242/jeb.014589
https://doi.org/10.1242/jeb.014589
https://www.ncbi.nlm.nih.gov/pubmed/18424670
https://doi.org/10.1136/bjsports-2012-090953
https://www.ncbi.nlm.nih.gov/pubmed/22945929
https://doi.org/10.2519/jospt.2012.3803
https://www.ncbi.nlm.nih.gov/pubmed/22031622

Scientific Journal of

Rehabilitation Medicine

[23] Neal BS, Lack SD, Lankhorst NE, Raye A, Morrissey D, van Mid-
delkoop M. Risk factors for patellofemoral pain: A systematic
review and meta-analysis. British Journal of Sports Medicine.
2019; 53(5):270-81. [DOI:10.1136/bjsports-2017-098890]
[PMID]

[24] Neal BS, Barton CJ, Gallie R, O'Halloran P, Morrissey D.
Runners with patellofemoral pain have altered biomechan-
ics which targeted interventions can modify: A systematic
review and meta-analysis. Gait & Posture. 2016; 45:69-82.
[DOI:10.1016/j.gaitpost.2015.11.018] [PMID]

[25] Carli G, Fontani G, Meucci M. Static characteristics of mus-
cle afferents from gluteus medius muscle: Comparison with
joint afferents of hip in cats. Journal of Neurophysiology. 1981;
45(6):1085-95. [DOI:10.1152/jn.1981.45.6.1085] [PMID]

[26] Roach SM, San Juan JG, Suprak DN, Lyda M, Boydston C. Pa-
tellofemoral pain subjects exhibit decreased passive hip range
of motion compared to controls. International Journal of
Sports Physical Therapy. 2014; 9(4):468-75. [PMID]

[27] Glaviano NR, Bazett-Jones DM, Norte G. Gluteal muscle in-
hibition: Consequences of patellofemoral pain? Medical Hy-
potheses. 2019; 126:9-14. [DOI:10.1016/j.mehy.2019.02.046]
[PMID]

[28] Lepley AS, Lepley LK. Mechanisms of arthrogenic muscle in-
hibition. Journal of Sport Rehabilitation. 2021; 31(6):707-16.
[DOI:10.1123/jsr.2020-0479] [PMID]

[29] Prins MR, van der Wurff P. Females with patellofemoral
pain syndrome have weak hip muscles: A systematic review.
The Australian Journal of Physiotherapy. 2009; 55(1):9-15.
[DOI:10.1016/S0004-9514(09)70055-8] [PMID]

[30] Lack S, Barton C, Vicenzino B, Morrissey D. Outcome pre-
dictors for conservative patellofemoral pain management: A
systematic review and meta-analysis. Sports Medicine. 2014;
44(12):1703-16. [DOI:10.1007/540279-014-0231-5] [PMID]

[31] Burns JR, Kennedy JL, Parker AD. Patellofemoral Pain: Cor-
relations between hip strength, pain severity, and func-
tion. Philippine Journal of Physical Therapy. 2024; 3(2):4-14.
[DOI:10.46409/002.KPNU3996]

[32] Nunes GS, de Oliveira Silva D, Crossley KM, Serrdo FV, Pizzari
T, Barton CJ. People with patellofemoral pain have impaired
functional performance, that is correlated to hip muscle capac-
ity. Physical Therapy in Sport . 2019; 40:85-90. [DOI:10.1016/].
ptsp.2019.08.010] [PMID]

[33] Payne K, Payne J, Larkin TA. Patellofemoral pain syndrome
and pain severity is associated with asymmetry of gluteus
medius muscle activation measured via ultrasound. American
Journal of Physical Medicine & Rehabilitation. 2020; 99(7):595-
601. [DOI:10.1097/PHM.0000000000001367] [PMID]

Rabieifar H, et al. Relationship Between Pain Intensity and Gluteus Medius Activation in Patellofemoral Pain Syndrome Patients. Sci J Rehab Med. 2025; 14(4):736-747.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1136/bjsports-2017-098890
https://www.ncbi.nlm.nih.gov/pubmed/30242107
https://doi.org/10.1016/j.gaitpost.2015.11.018
https://www.ncbi.nlm.nih.gov/pubmed/26979886
https://doi.org/10.1152/jn.1981.45.6.1085
https://www.ncbi.nlm.nih.gov/pubmed/7252532
https://pubmed.ncbi.nlm.nih.gov/25133075/
https://doi.org/10.1016/j.mehy.2019.02.046
https://www.ncbi.nlm.nih.gov/pubmed/31010506
https://doi.org/10.1123/jsr.2020-0479
https://www.ncbi.nlm.nih.gov/pubmed/34470911
https://doi.org/10.1016/S0004-9514(09)70055-8
https://www.ncbi.nlm.nih.gov/pubmed/19226237
https://doi.org/10.1007/s40279-014-0231-5
https://www.ncbi.nlm.nih.gov/pubmed/25100644
https://doi.org/10.46409/002.KPNU3996
https://doi.org/10.1016/j.ptsp.2019.08.010
https://doi.org/10.1016/j.ptsp.2019.08.010
https://www.ncbi.nlm.nih.gov/pubmed/31499400
https://doi.org/10.1097/PHM.0000000000001367
https://www.ncbi.nlm.nih.gov/pubmed/31860586

