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Abstract

This study aimed to compare the effectiveness of cognitive behavioral therapy (CBT)
alone and combined with transcranial direct current stimulation (tDCS) in reducing
psychological distress among patients with musculoskeletal pain. This applied quasi-
experimental research used a pretest—posttest and follow-up design with a non-
equivalent control group. Forty-five patients with chronic musculoskeletal pain for at
least three months were purposively recruited and assigned to three groups of 15:
CBT plus tDCS, CBT alone, and control. Both intervention groups received 12
sessions of CBT based on the McFarlane protocol, while the combined group
additionally underwent 20 sessions of tDCS at 2 mA over the dorsolateral prefrontal
cortex. Psychological distress was measured using the DASS-21 scale. Data were
analyzed using repeated-measures ANCOVA and Bonferroni post hoc tests in SPSS
version 26. ANCOVA revealed a significant main effect of group on psychological
distress (F=123.79, p<0.001, 1>=0.864). Both CBT and CBT plus tDCS groups
showed significantly greater reductions in distress compared to the control group
(p<0.001). The difference between the two intervention groups was not statistically
significant (p=1.000), although the CBT plus tDCS group showed slightly greater
clinical improvement. CBT alone is effective in reducing psychological distress in
patients with musculoskeletal pain, and adding tDCS may provide additional clinical
benefit, although further large-scale research is needed to confirm its statistical

superiority.

Keywords: Cognitive behavioral therapy; Transcranial direct current stimulation;

Psychological distress; Musculoskeletal pain; tDCS

HEALTH PSYCHOLOGY wo

BEHAVIORAL DISORDERS

Zohreh. Mahmoudabadi?, Sara. Saedi?*,
Azita. Amirfakhraeit

1. Department of Psychology, BA.C., Islamic Azad
University, Bandar Abbas, Iran

2. Department of Psychology, Bo.C., Islamic Azad
University, Borujerd, Iran

*Corresponding Author’s Email:
sarasaedi@iau.ac.ir

How to cite: Mahmoudabadi, Z., Saedi, S.,
Amirfakhraei, A. (2025). Comparative

Effectiveness of Cognitive Behavioral Therapy
With and Without Transcranial Stimulation on
Psychological ~ Distress in  Patients ~ With
Musculoskeletal Pain. Health Psychology and
Behavioral Disorders, 3(3), 1-13.

s

© 2025 the authors. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.


mailto:sarasaedi@iau.ac.ir
mailto:sarasaedi@iau.ac.ir
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

S8y OV 9 Cwdlw (bl

PP YPY

aSLy g oo 69,5kos sl 5 5, slaugame a4y e Liiad YN sl 038 oo i B il ol elaza! sla s Ulss
Siluse Jlgio Iy Hlem )55k 5 Gloyd Wig,y aF wiis ol pa (ol 5 Oliladl (ol Jols pSli sy (Saibeys Y zola b
ogre 435> s 4 wilaxlge (peze 0,0 b aS ol 8l a5 sas oo ylis wales (Dennison et al., 2009; Ghielen et al., 2019)
Robati,) 65,5 oo )18 (S5 a0 ouel il g Saile,s wla! (0,20 50 yidos g5 gael )5 zals g ael, 56 S8l aie sl e
S pduBlhnl (Olgs cuaS aSh ol 0,0 4,58 God eaiiSwais b 4 Wlg e Cundg ol (20215 Shareh & Robati, 2021
(Pourjaberi et al., 2023; Siengsukon et al., 2020) &S Jisew 55 1, o131 5 5lol g 5l

Gl 50 (g 50 ol ol aiidlys wmleds e g 4l sl Sloyogly, sled S0, 5l (o ol 4 (CBT) g,k o5bis oo
s 5 slablie slad paly (b9el cal 5T IS8 3ol g Lol LCBT aiS lay o1 L oo g5 lisly, slodely g (eye slao o
Afshari et al., 2024; Baniasadi) aus J S 1) Sls, (Saileys 59,0 4,55 b aiS oo S o) jlos 4 a5 5Ll (6,18, slagSl
o, S g S )b wlpl aiile (reye slacs e 4 Mie oyl ;0 CBT jl solaswl a5 wlesls lis la yimgys (et al., 2025
oid b a3 loe ol 605,15 4 K00 5o 5l (Ghielen et al., 2019; Narimani et al., 2017; Nordin & Rorsman, 2011)
(Robati, 2021; Shareh & Robati, 2021) ceul ol jer ) )lows o0l 5095 ial38l 5 0,0 o)L, sl ST sla gl o

S8 wile geVgie 9)58 Sy, 098 b (Sleyd @l cosi Jlis 4 I Sangh w3l sl o CBT oo il sgzs L
Ji.l:.}' 6‘;: mu‘))| L..M.u 9 L}'“)‘ sw}LQJJ..C U"’B) s_§.| tDCS A:‘o.)y @}LMU‘B) 6LQQLQ)J Le (tDCS) J.M LS‘W‘JB é))ﬁg‘
Fregni et al., 2018; ) 0.5 o0 0,0 (S99 S paSe,58 ;0 pss gl cmd (o 58Ul ks b, 5l 4 Conl jro (5,83 collad
oz 5l ible 5 3lis sloanTb o wli oo JLSs 50, s 50 aml oo a5 wlesls olas wldlae (Nitsche et al., 2012
(Garcia et al., 2020; Wu et al., 2022) asl |J35 31 o pudl g Olylasl 550 5 0,0 j2als lrn oudais

2Eilesl slo zagh 5l Jol> dalss cusl 18 5 )18 a>55 0,90 Olyladl 50,0 b las o a3 liily, YN 059> 40 0594 IDCS
) 1y ollomt G5 5 lrd Jas 5 000 il 1y 5,0 & Sl wlgicgo iy sy 525 K25 45 2 o 05 2l 5
Sy, OMEae cuS 5 Cusal 3l slaiegh oonl o938 (FTegni et al., 2018; Zoghipaydar et al., 2022) wise
;0 CBT L5 o tDCS jl solatwl (Jlie oylore 4y .aiyls oS Ohlewm olows oudas 5 SSls sloo SIS e 10 e Sy b
Gibson) el oas e slailie slocs e (550l Cugdd g Slis p SalS gl Sgue 4y dad e RANDIVES PR NV TS VLSO S Pow
(et al., 2021; Smits et al., 2021

&S ol hie cablse g 0,0 425 50 (g blae ralS sl atuly  SeS alslae lee 4 IDCS 5 )18 oy slos s 0j5> 4o
Iy 0,0 Shhol wlgs o IDCS U slis w5 adgl 25, (le SO o a5 Wlools lis cwae OIS 4 e ) jlows jo Slallas
sl iagy 5l Jol> mls umes (Aghaziarati et al., 2023; Garcia et al., 2020) &S s |, yloyo &g, 5 200 ials
JLA..}‘ 9 oola LJ‘""‘)S‘ ‘) LS'DL“*’UB) ‘_gLQULA)O (5“'7”)"‘ u‘)—«.ﬁ "\'“"5"(50 GQ.AJLIJ u)l?‘..\.o 4\5 MQGA ul.m.t LSHS)" 6[.QJS.:5)J » ‘su...c
(Ngan et al., 2022; Wu et al., 2022) was zals 5,50 0|, Sl 5 Sy, OISCe s4¢

ol S (8 g dllanl b el o 31 ol L 315 e oo 5108,8 L loms (sl cs5m S5 b CBT a5 %00 (s
smas sleasis cugis (Baniasadi et al., 2025; Pourjaberi et al., 2023) aiiva axlge pglae ite )8l 5 o5 Sliv p oo



\F.¥ )ﬁlg P o slous (P 0990

palie Ghlows 30 ohigt 0I5 FGaes 5 ikl | 5,18, (23l labsel S wlg L tDCS 5,k 5l Gl 50,0 (33lo, b o e
(Nitsche et al., 2012; Smits et al., 2021) il ails ol jor & (5 Foglhe s o Jaslinl S5l s, slagle,s 4

e g8l gl b ol lewy (23ligls, (Faile;s 2 IDCS s CBT (o055 9,5 anee 50 590 daiagiy (938l59, i) 352 L
Ailodgs 35 peie Slge B passguw b wlpl diile sols DY 4 Mo l)lows p i Slallas 51 g ls 0410 0g2g sl IS
WM Glhlew ;0 1, 8,503, 90 opl Bl I Sail slaiesy ¢ (Narimani et al., 2017; Zoghipaydar et al., 2022)
ool el (Sloys Sladzr slaad 5 (g5ae S50 oo g ol (Dlalllas ()b jo Doldd (izren Wlos S gy e (Sl (slas o
(Ngan et al., 2022; Wu et al., 2022) 0ils puoss JB JolS jsbas zlis a5 el

SFLSGlsy (Saleys y jre Glaezmazl)d S, LS ol (6 l8) 2Ll (Lo ys (iS4 550 g pomenie (L2295 plwl e (nl 5o
SoSgy dgp 4 Wi oo hby% Haiz slaaiil ans Sibsy | d9zge cale DB Wlgi o IS gms) (Sl (sl b ol lac o
3 gamiz loyd slp (288l plareds g ST S8 hlo (Slewzr 5 Sy 5L Al g (Sl Gy, OMUSae (o BT Gl Sle o
Afshari et al., 2024; Baniasadi et al., 2025; Herrington et al., 2017; Mansouri ) s 7 ae (o slos, oj9>
(Kiryani, 2019; Shahangian & Arshak, 2021

Sleyd p e Glezmezl B S 28 o 5 b )8, Sl pleys (idu il e g (o) Sl gl Sas bl (nl 2
SO waled (g geg98 5 (SSLE0Ng; 9,S0g; 59 S 5 b aBsS oo aslllas (pl el (SSl (b5 50 4 e (Lo (SFLBCs)
ol LGNy 65l S99 Slgy (Swleys (RalS o Sl 5 S5 sla)Saly g sas WLl Gllen leys CodsS S, Sln ode
55l w8l e Sl 05,

by y

ansle el Basls J S 9,5 b oy (55550 5 (39m5 mim o953l st o b coelajland 5551 5 (505 anllan S, il ingy
SBl Wisg 00, dxzlie g, paads GlSdS 4 Dlac ISl glas s 4 Sl s 4 a5 sg goldl el (g 5ke]
Sleyd) Jol Lialesl 09,5 1abais 00, le8 (6,85 VO 09,5 4w ,o ,a5 FO Egoe ;0 5 o plol wiadan 5 Bolai il O jsoa (oSS 5
05,5 5 (e Slaazazld o g )8, LS 0leyd) psd Slalel 09,5 (e slasmazld S L elyen ()18 2 ls
2 Sl @0 slaas pleys Jsb yo o8l 5y Jleial Gl 5 aiged paa colaS 5l Glisebol sl o ploxil o j0 Ve 5 ) (saien
2308 28l 50 050 gy a3 sogas Sgel i g 0,55 2Bl 0 (Sloys Alilae AigSas S 09, s 48,5 L 0 09,8
S bled g oUlss cole aw Blas lejse b susi )l jaasis lawg Sdlac SISl glas o shad aseis Jold 09,9 sl lxs
Sy Jlo wim G 9,0 399 il g (b g led Sl (Jlo T B FO o cpw (S ST ol gleys Sluds jo plate
bl ails Jlar regh wig, b as MSlae b alie slagyle,o flejee il ,0 (o) Ko dnlol 4 ilas Jiled Jols 79,5 slo,lse
9 6‘0)5LM u)‘l?‘..\.o )b )5,4? l) s(_g)L.}‘ L}‘"‘ﬁ"‘“"s J)L»}‘ 4 )Lu‘ ‘éﬂ))—'u‘j) ULH.AJ)LM )O ‘_g).u...; 4.Q.>L~.v s:\.m.l.‘> dw )‘ u.u.».i M
Rg lesee Hob 4 K (Bl

A eolasl (Y440) AJ%BY 9 459.35Y ol.;95 ‘a).ﬁ (DASS) U")J'“'“J‘ ) u‘).]a..o‘ ‘§QM| MLA-M-M)J )| kSOL""‘Ju‘s) k;\.\.:[.o)\é S (5‘)‘
ool bl o bageuly aomiw oo Jouwe S5 YV LTy o yinl g Glplasl o 50 pdl o3l aw 51 G o a8 sl Jlo YV ol 5l o

Sad Sl el Olyed ol 5usie YL 0 o S 003 g Wgd oo o203kl (oL &)MU(SL@I)W}I Slaz o)l o S



S8y OV 9 Cwdlw (bl

> aeliiesy al QLL g 2l s (3L, (Swileys J1 VL mhaw Sl YL Slied 5 el g sl ( (S0l S
00 i35 AT B AV e Lo aladiass 5 5 uladio JS sl glin,S slill calps 5 ol o0 aml o )5 5 5o suxie lalllas
ool 31 VU olael Cobl snzmo sl 45 Cau

& oty Slalz 0 0alial (Y419 K g ¥ )i 5950 ool 5 6,18, Ui o yo gl VY ISSg 0 o5 51 anlllan eyl o
5 5y Olos adsl (ldl ioenss andz 55 00,5 155 (alloys Lo 50 dids Fr Doe 4 dude e g aie )0 1k 90 (S
Cod sl oy ceblosly az 8 flilen 5 ol heSS Bl lgy (Sileys 50,0 bl glhasliius 5 L85 O g0 GEAS S L
R 5 slojlyys JyuS Al g rege lme ) oyl il pemlis (3igel ey Al o i) 2Bl 0 095 Slulusl g 050 Sl ailyy,
3 ol &) pges s LSS giSa |, 055 (slaais gol w atlss o3l 51 5 00,5 ) 0,0 L2l b st o laybns 5 3l
and> 50 .000,5 S 1) 853 w51 IS8 51 Sladiges Bl ol o8 5l soliiwl b oS es b g cdl olaisl o0 b lad,e bte
el 1 L IS31 4y SaT ST S8 s 05 SIS 2 5 0 ool el ite (531 o35 il 5 5L siloik e
55855 i |y i e s 55| SUBSESE o 5 83t 5 e 8,0 ) 50 i 5 S iy e it
llas (glaal ol aiulgs GEALSES 18 5l g 8 S 3 con 9550 )8, 5 s o )-“l’ 9 LBl (Swleys pogie (il anl>
5 <8l olais gilupll Sass § Clgs cudlage Sojgel 4 e e i siy plaslolast 5 (Saile)s sloas,zi 0)l)0 955 &
sl S 5 0ynjs, Slacalled (il b it ade 5 08,5 (0 a5 5 5 o5 1, ol iy oS ol o
9953 0)l)d Suwy3l slajgl plalid @ g andr 335 (b ) alljy) SosS Slaal g (o 05 lacdled asly lhlew (55 >
oo el coms dlz o AiiSy il 4 |, g5 LIE IS __adly saled b aiilsty ol 3l b sl _plais g ) slajtlej] >,k
docd iy byl 4 eadjl anda b s 0,0 catSil b ablie (638 by 5 5950 St p lacurdse Copae 5 90 5l (6 iy
2 bl gl (oe sl (ngas 5 L )leo gl 950 ( Shl a0 28l olaiBl (29,5 995 5b 5 (Jad 5 Ayl Cundg anlis
W8S Do St Olpss L g ol slo )3, 5,181 )

S8 sl 4 leog xSUI .o solaiwl NeuroConn Sl slfecws 51 (DCS) slassan!d (S xS S o0 00Sedl 10 09,5 sy
Mg 6)5%le EEG /Y + o Jilicl piams obul 5 PF3 a4 g jdo 5 g 90 15 59, 2 (a5T) e sd o st 5
3 CBT Sl b glases oy ¥ gpmme 55 Ko Sl 25 a5 blhe Sl b 53, 1 (519) i o 5
oS JSSoy 5 plagidy ;o g aide Yo andr o e g el e ¥ bz Sl S 12l el bz 0 0095 ©50n
N3 als g, 55 gP4 s TO T4 >l j0 il slasg xSy oS0 4 able 2STy g lord oot olods! bl 9gugs «Ban
B 5 a0l o 00ls 1,3 (CA L C3 ML) aJyl o5, s 59, & 09 iUl das po S Slsil 50,0 yials 4 by e Lisw j0 .08 )5 o
Sl Janll s 5 (ior) sloo Jostis] ool dde 1o 1 Sy o g i 5 T e 8 Al b il iyl ge 4l 5o
S el ool e i il b et 35,5 Jlacl s el Sy, s 3 3 oo ol oS oSl
T3 15 05,5 1ol CBT Sl b Sinbon o5 55 b sl & S5 5 s iy b S0 s 10 i 55 b o
98 (o z Olilew 88dee S9up 9 (FLEGly) (Faileys alS p alslae g0

o5 o5l Sl Sl T sloatls Sl s i 5 5 ol il s s 50 55 Lol o
=5l Oga3l 3l ool aajgi (g Jlogi (o) sl b ool (ol (slaiis 5 (S ldiarez Gla Shy cirosi lp (FandS
Sy anlie gl ) Ko 6 S o3l b GuillsS Jelos ga3l 09 1,85 Waools oy Sl (6,85t o5 (90 ) o 25 000 Sy

Sl iy 5l laml s pod Culey Gog Jloy adgjie a5 50,0 b eslitul (6,5 5 seslim cosesliin J2 e 50 058 A



\F.¥ ﬁlg P o slous (P 0990

955 095° Jelo sl oy aloz 51 2l LU (slagygasl 5l JSiie aile (Bl & jg0 0 g 0 eolitiul (5 S ey aile ool Joaus
6)‘QLAJ.A C.la...u 9 uﬁ)f r:l.?u‘ Y7 aseus SPSS )‘)B‘f:)" la LDJ...L?U 4...15 o ealazwl LSQB;U"' MLM L.S‘)" U"""Hﬁ_Jli‘*'?; Q?’o)—‘ 9
RCPTOR SRR

badl

P57 9 (we)d V) 05 A e Slaeamexl B S p20 Lol yen (L8, B Ll (leys 09,5 50 0SS 18 FO ggeme sl gl (ol 5o
yga (o0 V0,0) 050 585 Y 5 (o, 0 YVLE) (5 a5 A Slasoras] )8 S o a0y (6,08, 2Ll (Lo yo 09,8 0309 (Ao, VYY) 040
Oleyd 09,5 10 WIMass mhaw i 51 a00,S E8 8 (a0 V),F) 00 15 B g (Ao YYLY) () 585 Ve J0S 0,5 (0 5 auils
el )8 58 ) g (do )0 £.8) ol )5 @ Y (a0 Vo A) odos Shae lils V) e laases )8 S o0 b ol jo (6,13, S5l
VE) ool )5 505 0 (o) YYLY) odoo a5 Ve Glaasenld SO0 o (o l8 ) a3 lils loys 09,5 10 .aings (duo,o V,Y) 0l )l
b8 ) g (e, V),F) el )5 e 0 (a0 Vo) plus 8 % J30S 09,5 50 w06 o)l w5 sl S g (a0
O) S 5 ol SMeazs slls ol 8l 4y bgy o Slglyd oy yidion 05,5 aw 1o 10 a5 s so LS bl cpl isgs (B TLY) ul )|

sl 0098

G5 9 0903T o 903l Sl 50 50 J S g Glalojl (slreg )5 50 (s Lidgylyy (Swile s jlro Bl il g (il N Jgao

Sl iSle) oS Bl eSile)  peilm Sl Sile)  (geil i 09,5 e
Glere Glene Glene
YAS. £Y..V YV V.0 YEELEYAY  Sopw Lol oslas ol Sl
o Slaezaz]p bl
YEXV£Y.0) YEYA£YX) YO0 £ YOF &byl ey
YV.oo 2 ¥YF AT ARE S ALY YY.A. YF Js

Serd bl stln plop) Gulesl eg)5 0 e e bl (Swileys i (iSile oS wms e LS Jgox sleaily
Li ol 9> U 5 (658 Al yo U (2alS ol g ol als (g lolins (20lST (5031 s 42 o303 i 51 (S8 (g 5 Slazmaz] B
PYE S aSilis 5145 0b anlice (glarmaz b oo b ol yad (6,18 I3 oy 00iiS il o 09,5 45 LaalS ey e ansl 0
GalS 35 Sy e 6,8, Bl leys 09,5 wile (BL YA (655 6K 50 5 Sy geilim 5o YV 4 seslti
Sdleys (1 Kils g ceils (Sl Ol s J S 09,5 ¢ Jolie 500l lis 6,50 ;0 YEYY 5 aejl e ;0 YEYA 4 Y00 5l 5, Keix
S 3l ko @l ol il (Bl s e Loy (65 50 5 Sy a3lim 5o Y8 - 4 gejlig 5o YY1 5l s lengs,
Ll (Sl glos o 4 Mos Gl jlosy (SFLS g, (Swile)s falS p cslaazmaz] 8 SG o b S 550 s o)L, S LD S

SSLblgy (Swileyd p (ohig0l og,S Sl (wyyr 6lp (il lgeS Sl Y Jgu

[{IPPRCN & ol mlaws F Slagye (ks ol ax o Slrs o Hgdone e Sl
APA ceee BYMF SA-APA 5 YEARY  slsol, Swlys oigmmal Jo
< XVF R YAY-Y YFAFEQ \ YFAFFa Sllnly, (Saileye <l il
< AP R \YY.vag VPEFAYR Y YYAAYYY Slsnly, (Saileye 09,5
VYA ¥4 BIVABA  slisly, Swleys s
0 Yfass SLinly, (Saile s Js
ff YaVAA Sllnly, (Saileys &S eadmmal Jas
13



S8y OV 9 Cwdlw (bl

F=123.796) el 054y Jlobime 5-Liinylg, (Saile,s p jgal sloog, 5 314 ams o lis Jgaz ;0 eadsasl)l Luiljlge8 Sl zulis
Sy, (Saileys Guilyly aals o alsloe YU Hlaws g ko a5 el AFF L ol 09,5 Jule (gl Bl 9de laie (p<0.001
ooy ,T nles SUls 5 Jaw caslio (o3l 5l (Sl oe o0 (gloline mhaw 5 (OV,VVF) ssdimeas IS Jaw F jlode fien ailb o
Slaszmanl 3 G5 Lol pad o9t (5,8, a3 lis oy Sluds jo 8 15 a5 aas o ylis el cpl .ol S 0,5 5 ctale;]
5 ediodalive Olyesd 5l lodas (i g ails (ISl glosys 4 M lilery (SSLSls, (Swileys a8 (g Reiar 5B e

RO PRV WP S PURNPTESRVAF N 51 A LRPSOL SURPEN US| SERH JO%:

9 0303 g Jo 0 30 Wog 5 oo (Ll (Swiloyd oSl (o2 9) dun o g1y (9 iy (ol (y30)] @l Y Joao

e T 0ress oS aoye
Voo \BAS S Sls ey e Slaazazlp S0 b g, 3l ploje (geslom
Rar Uy
Voooo VXY e e h S b o ks, a5 lid ey Sl ey
Ra J S
VyY o Slezmezl 2 So 20 b )l S (e J5s
Rar i, s oy
Voo IRAS G, LS ey she ezl B Su S b 6,8, sl ey 625
1YY U
Voo WYY e lteman b Sy b ity 5l ey i, s ey
VLYY Uy
IRl e Glaazazl ) S0 b o) ld, S5l ey Jrs
VY i, s ey

Seps b 6ol Bl leys 098 90 Gl ylline Sld (gelim Al pe )0 a5 wad e (LIS (Sgyih (oS (gesl S
el 7S 09,8 b anglia o (aleT 09,5 90 50 Ll «(p=1.000) o108 0525 4,28 (3 )5 23l loy 5 5he Glaazaz] B
03,5 95y Dglds ol odolive ¢51 red 3 (6K Al e 40 (P<O0.001) wilesls las s3lisyly, (Saileys Slpes 1o (5 lolixe
Aok a0l (Faileys Slyed g loline jsbo 4y S 05,5 4 i 05,5 99 18 (5 (P=1.000) cos jJoline (lizmen o2oloj]
Sl 5o job @ Slasmazld Sopmd g 5 b 6,88, 5L Gloys gl 93 2 oS Ceol ()] ik beaily ) (p<0.001) szl
HE o Lol Dolas (slanzmaz] B S 2 3538 Lol g oo Lab (6 alo o U il (leys 5 g o (23 LSply; (Swileys talS
4,75 1) i Rl 09,5 (nl wesoe (LAS Dl Wg) diz e el 03 50 slml (ol 4 )8, LS leys 4 Cond 25

w‘ ca;
S A g S

Slozmezl 3 S pSUl SO Lol yod ax g slosa ax (CBT) (6,lis, o5lis lo,o ogus 50 0 aS ols oylid Lidgh opl slaadl
oxilo b 5 (6K a0 b 55T ol g Wloses 3o Sl slas e @ Mis ol Lo (S5 Liily, (Swileys mals js (IDCS) jae
WJJM )& CBT M)J‘)J (_g\.\.ui) J)..,S 09; L: l&u] ))b s.)ﬁlﬁ.n 9 alslowe 6[&05;)0 U")"""J‘ 9 u‘).la.»o‘ Lk;\))—ws‘ )‘OL..:A w.a:lf w‘

Wl )56 81 lubis o350l LCBT wo)ls Slsep s slatagh ol b a5 slamsl ciasl oo 0,0 b Las o 5-Liiylg, olul



\F.¥ ﬁlg P o slous (P 0990

e, 5095 5 JS e g Sty 1y Sl Slladl o 0,0 Cgene a3 2 Wl oo e slablio glas al) Cosi 5 (LS 5lesly
Slools oyl a5 cawl Sllllae b g gmen ;o aidl ol (Afshari et al., 2024; Baniasadi et al., 2025) oS cogii 1) o)l
oz 5l age slacs lom 0 die o3l o 1) 3 lidly, (Saileys «syslol 5 (3lid g pdyllanil g b 5,k 25 ls ey
(Ghielen et al., 2019; Nordin & Rorsman, 2011) sas oo (2alS s lolas jebas ygminS )b g (59,4500 Jidge
SFilyy (Saileyd Ol i (el cuw CBT @ jie lazmenlp (S0 Sl G o0 (509381 45 ol o] il (uizmed gl
59 00S Caghs idi wilg o IDCS a5 sas o lias ol sl o 5 (5 oline o ;o ciolosl 05,5 50 w5 ko] gles iz ,o o
Nitsche et al., 2012; SMits et ) WS Juped |, Slred welass 5 glablie slaclpe 650l 5 wil asls by, oMl
Wlgi oo s Gz b Jigdon J1tgms 50 4l S yo 0aiiS o Sy |y ameis (l 55 (S ldicaas wnled (al, 2021
Garcia et al., ) walSs Lite sloglrs g (w il slagul God 5l g e, Jud 1) Sbea - o3ls Sl b b e slelas
o9y onl Ailesls lis j5 ales,S solanul ijgel - Sy, oMFlae LS 0 tDCS jl a5 lajiegs (2020; Wu et al., 2022
Aghaziarati et al., 2023;) aeo sgp clablie slogul 5ol 5 Splle Bls Bl Glp |, e bl Wl o
(Zoghipaydar et al., 2022

aS |z o Coeal 3Ly, slaple )o 059> 10 o9 Eadge (il ol (6,0 Al o j0 loye Sl s Ik G e 4SS
Sl as obyiegh i b yols al 0 p o Jlhw )|y s los o28ly Lisu 3l amanaidy )8 polad ey SawelisS o @5l rals
Robati, 2021; ) ¢l bialypa wilazsls 0ST ope laslow b oo ;8 (Sopudl g il iolhsl als , CBT jlab
09,5 ABS o (i Ol s Wiy, et sddlice cialejl 09,5 90 b (6 lobiae gles ax 51 Koo g9 ;I (Shareh & Robati, 2021
5 2liinls, S oS 5 a8 wil o] 51 (Sl wilsi e Cnl el 03,5 2 | (g i (2alS IDCS L ol jan CBT ouiscily o
Ngan et al., 2022; Wu et ) 545 5 ,lobiae slacglss 4 yoie ol Sen yiin Slad> L L ol slacares 10 oY gdng s
(al., 2022

s &5 (roye 9,8 5 L) 3Ll o s 5l il ool JB (grae 5 (B LAGN, o, Bgile Sl Sl rizren pol> aslllas slaaiily
3 58 5 S 5o Ul 31358 slaoliiyl s Wiy sl il o 4 ol Sl 5 (2 losyay oSl Slonr 402
a5 ee shalS 1) 5,08 pebesl 5 (Saileys mhas o 5> Gliml galS o glallis slac e iyl daysl ol oMol L CBT
5 Slim i a8 cdlad ial338 b wlgs 0 IDCS (05504 judwas Hlais 5l (Afshari et al., 2024; Baniasadi et al., 2025)
Herrington et al., 2017; Nitsche et al., ) sas zals |) Glhol 50,0 4 Sbua coulus (JIoSwl asle Saed (g 5loe
sl 5l a9 5geke 9,0 Zupae Glp 1) )8, - (SFLS Gl e lojep e d9b g0 Sl 3509, 59 S 5 (aBly j0 (2012
(Garcia et al., 2020; Smits et al., 2021) 544 siwo g0 3,0 5505 5 o JyuS ;0 150 wac sloass

NEaN) Cewl goods 55 Wlos 5wl Ol lasl 5 Sopmdl o S5 loys loreas |, IDCS i il a5 Sldllas b imgy ol sloasdly
B3 oo o Dol b (SO SIS o0 a8 Sl 0ol )18 wlalllas ool jo (et al., 2022; Vigod et al., 2014; Wu et al., 2022
tDCS a5 wlools )Lis Slous salgd piomen duled Cogii 1) Sloyopls, Ol il g aiS SaS s5lidoly, slaailis Lials g 5l sgup &
L 0o oy Wil oo el ol (Fregni et al., 2018) wiS Laws 1) ege oyl 51 (o 0,0 4y (ol s (23S ly Wlgs o
i jlolins (g lel S5l pals” al aiz p assils lsy (Saileys y0 e RS (oS 05,5 50 lileny

Sy syleys 4y cpoje s 0 b ol 5l (6 s oo o lid | orawais OB lae b Coal Lol bl o b oSy



S8y OV 9 Cwdlw (bl

%58 59w 5l (Gibson et al., 2021; Smits et al., 2021) wiS cogi |, o3bs Sl 335 5ol slp jre jlwosle]
Srm eSS ol 5l epe gt Swl (e Slgy (Fwileys YL ol 5 ml srdpless b phle o wlesls plas aalyl
(Aghaziarati et al., 2023; Narimani et al., 2017)

tDCS 55381 sl S50 s3liigly, Saileyo jials sly ol & CBT ax 5145 sas o olis yol> aalllas sloasl wolys jo
nl 05 ymie 35 o tae glel slacslis 4 i Slud> b L 555 slaaised jo wuld g ams )l (b L 5l s Wl e
SleFpd s Sl polie oo ,d 5 (SELAGly, Fodemmn OASae sl (Al SlaJSSg Wlos S sleiiy o5 Slalllas b azes
(Pourjaberi et al., 2023; Wu et al., 2022) s,ls

b Wged p> ASS] Cansts L0gd a8 5 A )3 bl jedl 50 Wb a5 Cenl placusgaze lls sele slas jgliws 3525 b iagh ol
oSS o gl r"-“‘ 09,5 3l oolaiul pas (pgo s ralS |y leaidly (5 0 pwes Wilgl oo BaS S 1o Solad e Ol g sgases
Ol 5 009 S99mme (K 0393 Jsb ieimen oS Sy cBoa [, IDCS Jlasal gudly 1 ol 055 o0 sl laormaz! 8
ol e 45 sl s )155055 sla sS4 anllan olS51 50 ole )5 5525 Sowatly 5o loys Sl oy Fuile b))
A8l 4 18 A S b DS L el 6 S gm il Cow

35310, tDCS (xdly 51 5580 (a4 o 9 Jled J 55 (sloog 5 b o sl ol slagyb 5l eolicisl L aiilyi oo ST slo g
Solite (slaJore 5 ol 3l oy rizmen 83 Sgat |) S (6 pdypeas Wy oo (535 yeoiz Slalllas pll 5 diges > 23
Sk 5l el Sy Wl o (s S 03l 005 FSYsb LS o gsiie sl LIDCS (sl S anslio 5 (siie S0
Jo3 (sras Glapasill (b Sinds; 4 Wlsioe 1 SR Sl pngal g Sjgdsdmas slaasli (0933l aas &Ll leye L]
S S Saileys als

L palio ol50 50 g 3gb oo drogs Sl (slad,s s e o)l low ;0 4l alsloe olgze 4 CBT 5l solatul codnlccwsds guls 4 asg5 b
CELl Mol oo a5 gomaiz 5 aals Sleyo slaaslp >k ks )18 laae Sleye Ol Cosis gl [, IDCS o938l g5 oo ol
5 ool 1zl )0 ORleys (el imizmen e Gl ) SIae (i T Wig e 05 Ban |y (S jeas hoasd o2 5 Olmen
Ol Argi 4 amiYaiag s plaasie 5 00 GGG (luliipls; o o) i) 5 (LSl glagleys LS 5 DCS Jsol

2,5 dalys SaS 8 S,

s S e

30,5 ol LSl i B ot g (seled allie cpl (55 50
S (9390

Lol oo F cule, US| Jaol 5 (pjlge (caled (g cpl plsil jo
2lo o i

)5 092y orblin ol igf s «pblo anlllas sl o

SN0 508 g S



\F.¥ ﬁlg P o slous (P 0990

5l Ty ol 5 19,08 ol Wioged SaS ol imgh gzl 5 45 GBALS S b ales 5l o Kings
Lodls cudlad
W J.Q‘P JL...J)‘ u.u‘) QSAS Jﬁ..a‘ VQLC) u,o..a 9 Jj.f...wo oM?—' )‘ w‘ﬁ})o u)ﬁ..a o ]@L‘> L)’“'QBJ" A:>La 9 osls

b >
ool 4l Jbo ol gl ol

00 S OS>

EXTENDED ABSTRACT

Introduction

Musculoskeletal pain disorders represent one of the most common and disabling health problems worldwide
and have a profound impact not only on physical functioning but also on mental well-being. Chronic
musculoskeletal pain is frequently accompanied by elevated levels of psychological distress, including
depression, anxiety, and stress, which often intensify the experience of pain and hinder adaptation (Dennison
et al., 2009; Ghielen et al., 2019). Individuals suffering from long-term pain may enter a vicious cycle of
negative cognition, heightened emotional reactivity, and perceived helplessness that further deteriorates their
quality of life (Robati, 2021; Shareh & Robati, 2021). Psychological distress can also lead to functional
disability, sleep disruption, and impaired cognitive flexibility (Pourjaberi et al., 2023; Siengsukon et al.,
2020).

Cognitive Behavioral Therapy (CBT) is one of the most evidence-based and structured psychological
approaches to managing chronic pain and associated emotional difficulties. Through cognitive restructuring,
behavioral activation, and skills training, CBT helps patients identify maladaptive pain beliefs, reduce fear
avoidance, and strengthen coping abilities (Afshari et al., 2024; Baniasadi et al., 2025). Extensive evidence
shows that CBT effectively reduces anxiety, depression, and distress in individuals with chronic conditions
such as multiple sclerosis, Parkinson’s disease, and substance use-related pain (Ghielen et al., 2019; Narimani
et al., 2017; Nordin & Rorsman, 2011). In addition, CBT promotes resilience, cognitive flexibility, and a
sense of control, all of which are critical to breaking the cycle of pain and psychological suffering (Robati,
2021; Shareh & Robati, 2021).

However, despite its proven efficacy, CBT outcomes vary, and some patients with chronic pain remain
resistant to treatment. Therefore, researchers have explored the potential of combining CBT with
neuromodulation techniques, such as transcranial direct current stimulation (tDCS), to enhance therapeutic
results. tDCS is a non-invasive, safe, and cost-effective brain stimulation method that uses a low-intensity
electrical current to modulate cortical excitability and cognitive-emotional processing (Fregni et al., 2018;
Nitsche et al., 2012). The dorsolateral prefrontal cortex (DLPFC), a key target in tDCS protocols, is closely
associated with executive function, pain perception, and emotional regulation (Garcia et al., 2020; Wu et al.,
2022).

Accumulating evidence shows that tDCS can reduce anxiety and depression by enhancing prefrontal control
over limbic hyperactivity and modulating pain networks (Gibson et al., 2021; Smits et al., 2021). Preclinical
studies indicate that tDCS mitigates chronic stress-induced hyperalgesia (Fregni et al., 2018), while clinical
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research reports improved emotional resilience and learning when tDCS is combined with cognitive training
(Aghaziarati et al., 2023; Zoghipaydar et al., 2022). Importantly, tDCS has also been used to augment
psychotherapy outcomes in anxiety disorders, post-traumatic stress disorder, and major depression (Ngan et
al., 2022; Vigod et al., 2014; Wu et al., 2022). These findings suggest that integrating tDCS into CBT may
strengthen the neurocognitive mechanisms underlying emotion regulation and pain coping, potentially
producing more robust and lasting therapeutic benefits (Baniasadi et al., 2025; Pourjaberi et al., 2023).
Nevertheless, there remains a gap in understanding the combined effects of CBT and tDCS specifically in
patients with musculoskeletal pain, as most prior studies have focused on neurological disorders or addiction-
related pain (Narimani et al., 2017; Zoghipaydar et al., 2022). The heterogeneity in tDCS protocols,
stimulation sites, and treatment duration also limits the generalizability of previous findings (Ngan et al.,
2022; Wu et al., 2022). Therefore, the present study aimed to compare the effectiveness of CBT alone and
CBT combined with tDCS in reducing psychological distress among patients suffering from chronic
musculoskeletal pain. By integrating a structured psychotherapeutic approach with targeted brain stimulation,
this study sought to provide new insights into optimizing multimodal interventions for a population highly
burdened by both physical and psychological suffering (Afshari et al., 2024; Herrington et al., 2017;
Mansouri Kiryani, 2019; Shahangian & Arshak, 2021).

Methods and Materials

This applied research employed a quasi-experimental design with pretest—posttest and follow-up measures,
including a non-equivalent control group. A total of 45 patients with physician-confirmed musculoskeletal
pain persisting for at least three months were recruited purposively from orthopedic clinics and allocated into
three groups: CBT combined with tDCS (n=15), CBT alone (n=15), and control (n=15). Inclusion criteria
encompassed middle age (45-60 years), literacy, willingness and ability to attend sessions regularly, and no
simultaneous psychological interventions or psychiatric hospitalization history. Exclusion criteria included
absence from more than three sessions or initiation of other treatments during the study.

The CBT groups followed a standardized 12-session pain-focused protocol based on McFarlane et al. (2016),
delivered twice weekly in one-hour sessions, addressing pain beliefs, cognitive restructuring, anger and
emotional regulation, sleep hygiene, behavioral activation, and relapse prevention. The combined group
additionally received 20 sessions of tDCS using a NeuroConn device, with anodal stimulation over the left
dorsolateral prefrontal cortex and cathodal placement over the contralateral supraorbital or shoulder area, at 2
mA for 20 minutes per session.

Psychological distress was assessed using the short form of the Depression, Anxiety, and Stress Scale (DASS-
21), a validated measure with high internal consistency. Data were analyzed using descriptive statistics and
inferential tests, including repeated-measures ANCOVA and non-parametric alternatives when assumptions
were violated, performed in SPSS version 26, with a significance level of 0.05.

Findings

Descriptive analysis showed a notable decline in psychological distress scores across both intervention groups
compared to the control group. In the CBT plus tDCS group, mean distress decreased from 36.60 at pretest to
27.30 at posttest and remained at 28.40 at follow-up. Similarly, in the CBT-only group, distress scores dropped
from 35.50 to 24.29 at posttest and remained stable at 24.31 during follow-up, while the control group showed
minimal change from 27.90 to 26.10 and returned to 27.00 at follow-up.

ANCOVA indicated a significant main effect of group on psychological distress (F=123.79, p<0.001), with a
very large effect size (n?>=0.864). Pairwise Bonferroni comparisons revealed that both CBT conditions
significantly outperformed the control group in reducing distress at posttest and follow-up (p<0.001), whereas
the difference between CBT with tDCS and CBT alone was not statistically significant (p=1.000). However,
the reduction trend was slightly stronger in the tDCS-augmented group, suggesting potential additive benefits.
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Discussion and Conclusion

The results confirm that CBT is highly effective in alleviating psychological distress among individuals with
chronic musculoskeletal pain. By challenging maladaptive cognitions, promoting adaptive coping, and
encouraging behavioral engagement, CBT disrupts the reinforcing loop between pain and negative emotional
states, improving perceived control and resilience (Afshari et al., 2024; Baniasadi et al., 2025). These
findings align with previous research demonstrating CBT’s robust benefits across chronic conditions, including
multiple sclerosis and Parkinson’s disease (Ghielen et al., 2019; Nordin & Rorsman, 2011), and extend its
applicability to musculoskeletal pain.

While adding tDCS to CBT did not produce statistically superior outcomes, the slightly greater improvement
in the combined group supports the hypothesis that neuromodulation may enhance psychological interventions
by strengthening neural circuits involved in emotion regulation and pain processing (Garcia et al., 2020;
Nitsche et al., 2012; Smits et al., 2021). Prefrontal stimulation has been shown to modulate limbic overactivity
and reduce sensitivity to pain and anxiety (Fregni et al., 2018; Wu et al., 2022). Moreover, previous studies
integrating tDCS with cognitive training have reported improved attentional control and learning capacity
(Aghaziarati et al., 2023; Gibson et al., 2021), which could explain the clinical but non-significant advantage
observed in this study.

These findings highlight the promise of multimodal interventions for complex pain conditions. For patients
with high psychological distress or resistance to conventional therapy, adding tDCS may help facilitate
cognitive restructuring and emotional regulation. However, larger randomized controlled trials with sham
tDCS control, longer follow-up periods, and neuroimaging assessments are needed to clarify the additive
neural mechanisms and optimize stimulation protocols (Ngan et al., 2022; Wu et al., 2022).

In conclusion, CBT alone effectively reduces psychological distress in patients with musculoskeletal pain, and
combining CBT with tDCS appears clinically beneficial, though further research is warranted to establish clear
superiority. This integrated approach offers a promising avenue for personalized, neuroscience-informed pain
management strategies aimed at improving both mental and physical outcomes for individuals struggling with
chronic musculoskeletal conditions.
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