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Abstract

Background: Lumbar spinal stenosis (LSS) is a major cause of low back pain and
functional limitations in older adults. Lumbar traction combined with exercise therapy is
widely used in physical therapy practice; however, comparative evidence regarding different
exercise approaches remains limited. This study aims to compare the effects of William's
Flexion Exercise (WFE) combined with lumbar traction, Core Stability Training (CST) combined
with lumbar traction, and lumbar traction alone on pain intensity, functional disability, and
lumbar range of motion in patients with LSS.

Methods: A randomized controlled trial was conducted among 39 patients diagnosed
with LSS. Participants were randomly allocated into three groups (n = 13 per group). The
intervention groups received either WFE or CST under the supervision of a physical therapist
in addition to lumbar traction and a home exercise program. The control group received
lumbar traction alone. Outcomes were assessed after four weeks of intervention.

Results: After four weeks, all groups demonstrated significant within-group improvements
in pain intensity and disability scores. The CST group showed the lowest mean Thai Roland-
Morris Disability Questionnaire (Thai RMDQ) score (5.92 + 0.84), compared with the WFE group
(7.43 + 0.84) and the control group (8.88 + 0.84), although the difference did not reach
statistical significance (p = 0.056). Multivariable logistic regression analysis demonstrated
that participants in the CST group (adjusted odds ratio [aOR] = 9.27, 95% confidence
interval [Cl]: 1.20-71.55, p = 0.033) and the WFE group (aOR = 7.97, 95% Cl: 1.09-58.23, p =
0.041) had significantly higher odds of achieving an overall treatment response than those

in the control group.

Keywords: lumbar spinal stenosis, lumbar traction, William's Flexion Exercise, core stability

training, randomized controlled trial.
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. v X NaNAIUAY nau WFE nau CST
ANYULVDUANUFIU ) \ ) ) p-value
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01g, Y 70.23 + 9.66 64.23 + 7.50 63.15 + 7.85 0.082
Ny, n (%) 9 (69.23) 9 (69.23) 8 (61.54) 0.89P
BMI, nn./u2 27.31 + 5.33 26.95 + 4.85 25.61 +4.14 0.642
fudsuan (mean + SD)
ROM Flexion, Luu@Ling 3.23 + 1.70 3.08 + 2.14 3.27 + 2.28 0.97a
ROM Extension, LGUsLLUAS 2.62 +1.94 2.08 + 1.50 2.46 + 1.39 0.692
AZUL RMD (Aaw) 14.46 + 5.77 13.46 + 5.68 15.23 + 6.39 0.752
NRS (naw) 6.00 + 1.68 6.69 + 1.44 6.62 + 2.40 0.602

a b ! o aa
ek vg: One-way ANOVA;  Chi-square test; A1AINE1AYNINEAA p < 0.05
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1. msvsadiuszAvemsthadiemie ot THnnsin Numeric Rating Scale (NRS)
ARMUNBUNTSIN® 4 930787 wasvaan1sine 4 e (To - T4)

2. mavszdiurnuananlunaihiinssuesfthumudisaiuas wuuasuaunwamm Roland-
Morris Disability Questionnaire; RMDQ atunwlng
ARMUABULALYAINIGSNYT 2 1741281 NauLazUaINSIINSSw (TO uas T1)

3. amvszdiutinaedeubmussnsegndundsdueluviiusisludrm (umbar flexion) uazusy
fludmumds (lumbar extension) IivUianumdnnisues Modified Schober method
ARmunouwaLudINIsine 2 419081 neukazudn1slinmsinm (To wag T1)

.

Fpsreidayanisaia

JUN 1 AansAndendidnsin waemsdnlusunsunsshulugUislsalnsensegndunasiuuay

WFE group CST group Control group
(Traction + William's Flexion exercise) (Traction + Core Stability Training) (Traction)
@ 10 @ 10 @ 10
% -o- Pre g -o Pre % - Pre
98 -# Post < 8- = Post o & = Post
® 2 s
H 6 o 6 @ 6
o o
£ o £
54 2 4 =
= B -
%) o 2 =
§ 2 o 5 2
: £, :
Z Tt T T T T E L I Y . Z 07T T T T T T T 1
12 3 4 5 6 1 8 Zol M 23 4 38 T8 o 1 2 3 4 5 6 7 8
Treatment session Treatment session Treatment session

N5MLERIARA Az LLUANNUIAEIdIET (NRS, 0-10) o (@, Pre) uazndanissnwiiiuil (M, Post) Y0usazads
mssnwlunguauay ngulusunsu WFE uazngu CST wiseuamaiadowdudiade + drufsavuinnsgiu (D) wan1siiese
#e linear mixed-effects model WU time main effect (p < 0.001) ua time x group interaction (p = 0.042) fifiedFyn19aaA
@ group main effect lifivudAymneada (p = 0.771)

JUN 2 JUnvuMsAguLUaesszAUe1N1sUIM (NRS) Noularaanssnwviuiilulsiazass
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AzLuUANAInsalunsinAInssuAvsEiufeuuuasunia Thai RMDQ anasluynnng
Meviaanssng egndltdudfynnsadiiynngy (paired t-test, p < 0.01) (157971 2)

P29nsiadeulnlusindu (lumbar flexion) Wiutulunnnds TneA1isegiu (IQR) vaq
mjumuqmﬂ?ﬁmmﬂ 4.00 (1.50-4.75) 1u 5.00 (4.50-6.50) ufuns nauluswnsy WFE Wasuan
4.00 (0.50-5.00) 1T 5.00 (5.00-6.00) \wufums uaznay CST WABUIIN 5.00 (0.50-5.00) iU 6.00
(5.00-7.00) LuRaIng (Wilcoxon signed-rank test, p < 0.01 nngu) drutranisiadeulmluie
(lumbar extension) Linun1siUasuutasiidfedrdymisaialungula (nguatunu p = 087,

naulUsunTL WFE p = 0.86, ngul CST p = 0.82) dislunnsail 2

A5NN 2 UARIKAaNEYIN13INYIN 8 UNgUYEI U Lumbar Spinal Stenosis (n = 39)

s - ADUN1IINE NAINITINY ovalue
! (Pre) (Post)
5AUBIN5UIA: NRS 0-10 AzLUU Control 6.00 (4.50-7.00) 2.00 (0.50-3.50) <0.01T
(median (IQR)) WFE 7.00 (5.00-8.00)  2.00 (0.50-250)  <0.01'
CsT 7.00 (4.50-8.50) 2.00 (0.00-4) <0.01'
ANNENIALUNITYINAINTTL: RMDQ Control 14.46 + 5.77 8.92 + 4.21 <0.01"
0-24 pzuuu (mean + SD) WFE 13.46 + 5.68 6.92 + 5.01 <0.01"
CsT 15.23 + 6.39 6.38 + 3.93 <0.01"
fensindevlmnszgndunddauen: Control ~ 4.00(1.50-4.75) 500 (4.50-650)  <0.01'
MNU (Lumbar flexion ROM, L@URLLIAS) WFE 4.00 (0.5-5.00) 5.00 (5.00-6.00) <0.01'
(median (IQR) csT 500(0.50-500)  6.00(5.00-7.00)  <0.01"
faensindevlmnszgndundadauen: Control  2.00 (1.50-4.75) 3 (1.50-3.00) 087"
ViWLiEJ (Lumbar extension ROM, WFE 2.00 (1.00-2.50)  1.00 (1.00-3.50) 0.86'
guALm3) (median (IQR) ST 200(1.00-3.00)  2.00 (1.004.00) 082"

e Yoyauanadudiads + dmuidsavuinasgiu wiefsegiu @emelnd) munsnszanevesteya sedu
91711502 UszIdUAIY Numeric Rating Scale (NRS 0-10) A1 p fiffusae + 1§91 Wilcoxon signed-rank test
wazen p fiAudae + 160 paired ttest fvueiitddyneadaii p < 0.05

meviansinw 4 §Uasi Msliesiz ANCOVA Tasususeeituguvesiutsieaiudu
covariate Tnuaruuanasegadived fyvnsadfvesriadefiuiunds (adjusted mean) 52ing
anungalunnduds laun szaueinsuan NRS (p = 0.283) Awanunsalun1sinanssy Thai RMDQ
(p = 0.056) Fr9n15iadeulualuvindu (p = 0.241) uagiuey (p = 0.512) (A15199 3) agalsfn
AY CST uamaAn adjusted mean ¥8s Thai RMDQ #fign (5.92 + 0.84) Wisurungulusinsa WFE
(7.43 + 0.84) uazNauAIUAL (8.88 + 0.84) lagAn partial n2 d1115U RMDQ Wi 0.152 Ineglu
5¥AU medium-large effect size MU VDY Cohen (small = 0.01, medium = 0.06, large = 0.14)
A VOUIAAULANAIVDINATNS wijﬂajmﬁﬁmmmNaiuszﬁuﬁawﬁmmﬁﬁmmmaﬁﬂ uglA p

YY) [

azlifssesutidfnisadnnnu

<
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M350 3 MTUSeulTigunITIUAELLYaIYeIHAaNE T I19NgUEUIE Lumbar Spinal Stenosis (n = 39)

N y , Aadendssnuiiviundn 95% Cl A F
FUTHAGNS nau _ p-value
) (adjusted mean = SE)  (Lower-Upper)  (2,35)
sgauANUUInEANIZAaNsTy  Control 2.66 + 0.51 1.62-3.71 1.31 0.28
(PS8, 0-10 AzLLUL) WFE 2.08 £ 0.51 1.04 - 3.12
CST 1.49 + 0.51 0.45 -2.52
AnuEansatunsyiinanssy  Control 8.88 + 0.84 7.19 - 10.58 3.13 0.06
(RMDQ, AgLuu) WFE 7.43 +0.84 572 -9.13
CST 592 +0.84 4.22 - 7.62
4791150187 (Lumbar Control 5.18 + 0.31 4.56 - 5.81 1.48 0.24
flexion ROM, 84A") WFE 5.26 + 0.31 4.63 - 5.88
CST 5.87 + 0.31 5.24 - 6.49
F19M5dunLea (Lumbar Control 2.59 + 0.45 1.68 - 3.51 0.68 0.51
extension ROM,24¢1) WFE 1.85 +0.45 0.93 - 2.78
CST 233 +0.45 1.41-3.24

wag6mg: Arlunsruduanadefiusuuda (estimated marginal mean + SE) 91nn1531A512% ANCOVA Tagld
ATLUUNUSNWIVBaF I UsIR eI Y covariate (baseline NRS, baseline RMDQ wag baseline lumbar ROM)
oS EuLTgUNanNaIs NI TEnINenE

defiansandadiuguiefiussqunasinisiuasuutas Aflaudrdgmisnadn (cinically
important change) #asaulusunsy 4 da1% nuAuLana1segNiltsd Ay Isaifvesdndiu
NRS responder (anasag1atios 3 Azku) Seningaunay (Fisher's exact test, p = 0.037) lagngy
TUsunsu WFE fidadaugsiian esas 100 musnengy CST $euaz 84.6 uazngualuny fovay 615
dm¥udindan RMDQ responder (anasagnation 3 axiuu uavesnatesdosas 30 21nAMLgIL)

o w |

Linueuwansnseensfitodfn19adi (o = 0.390) ddnuanuwanasegsiifedfaynieada
Y094nd7U overall responder Femaneis ;ﬁﬁuaiqmm%ﬁu’q NRS wag RMDQ w¥ouru (Chi-square
test, p = 0.020) lagngulusunsy WFE wagngu CST ddaduviniy Seeay 76.9 uazainin
nauAIuAY Soay 30.8 pEeLaL drudndlu ROM responder lainuauuana1ansad Ay
VA (p = 0.533) wazyiwe (p = 0.659) (131971 @)

NM53A51¢9 binary logistic regression fisAnd 1§y overall responder lngldnguaiuny
Wungueneds wuan nqulusunsy WFE wazngu CST laniailu overall responder g4nan
nauAIUAL (crude OR = 7.50, 95% Cl 1.31-43.03, p = 0.024 ﬁgqaaaﬂ’cjm) Slousudesuysiiugiu
(baseline NRS wag baseline RMDQ) Tun1331A51¢% multivariable logistic regression Wafia4
IludrAgyneada wazfimniadednu lnengulusunsy WFE I adjusted OR = 7.97 (95% Cl 1.09-
58.23, p = 0.041) wazngy CST & adjusted OR = 9.27 (95% CI 1.20-71.55, p = 0.033) (likelihood
ratio test p = 0.006; Pseudo R = 0.275) watidugiuin n1siiulusunsueensidsneangulusunsy
WFE wagngu CST idhAunnsiemds iiislemaiigiisaznevaussmisnadnedisiininuvane oy

LiUuAUANTULTIVRIINTIUEIY (M15797 5)
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A5 4 dndYeuiTTmWTUTINAIN TS ULUAITA NG AN 19AETN (MCIC/MDC) Ye952duaInIsuan
AV Uazvnmsndeulyivesnszandunasaauelluusazngunssnymaseaulusunsy 4 8Uai (n = 39)

LR ERIGIIIRIGE

o o naNdRgyNIRain
A9 (Outcome)

NANAIUAN  Nau WFE  ngu CST
(n=13) (n=13) (h=13) p-value

(Threshold for clinically y 9 Y
(Seway) (Sowaz)  (Jowax)

important change; MCIC/MDC)

s2aUeIN15UIM (Pain NRS responder 8 13 11 0.04
intensity; NRS 0-10) (23) (61.54) (100) (84.62)
AIUNNNANINIINBINTG RMDQ responder 8 10 11 0.39
Uanas (Disability; Thai (23, 230%) (61.54) (76.92) (84.62)

RMDQ 0-24)

HnauauadlayTIy Overall (NRS+RMDQ) 4 10 10 0.02*
(Overall responder; (30.77) (76.92) (76.92)

pain Way disability)

PRNTAUAIVDIUDD ROM Flexion (=1 cm) 11 9 11 0.53
(Lumbar flexion ROM; (84.62) (69.23) (84.62)

Modified Schober)

FRNITHOUAIVDUD) ROM Extension (=1 cm) 7 5 5 0.66
(Lumbar extension (53.85) (38.46) (38.46)

ROM; Modified Schober)

VU IE): 9”1"1‘17{LLﬁ(ﬂ\‘lLﬂu‘ﬁ’m’mLLﬁ%%@‘r’Ja%sUENEEL‘fJ”I‘i"JSJ fifinsiUasunlasdanas MCIC/MDC Tnedenulinswun
NRS anas9g13tiay 3 AzluY AzWUL RMDQ anadngetoy 3 Azlul kag >30% mﬂm‘ﬁugwu Fn1siadeuln
%maz@ﬂé’uué’admwaﬁi’mﬁaEJ Modified Schober method tfindusenetos 1 wudiuns ieldiAugi
AYNARIALAGUTEINTTA (MDC) TugUrguiandediuans Arfiuanadusiuau Gevay), *p < 0.05; 14 Fisher's
exact test iaduaumanTs <5

A13991 5 Wan153tATIZ9 binary logistic regression &1%35uUn 540 overall responder TugfUaelsalnsinsegn
aunasauuAvilasunsshwIaelUsunsuuang 19 (n = 39)

Model / Variable OR aOR 95% Cl p-value Ref

Univariable

WFE vs Control 7.50 - 1.31-43.03 0.02* Control

CST vs Control 7.50 - 1.31-43.03 0.02* Control
Multivariable

WFE vs Control - 7.97 1.09-58.23 0.04* Control

CST vs Control - 9.27 1.20-71.55 0.03* Control

Baseline NRS - 1.54 0.83-2.85 0.17 -

Baseline RMDQ - 1.06 0.88-1.28 0.55 -

ya784919): Overall responder PRGN Q’ﬁUiiqmiLU?ﬂ'EJuLLUaﬂﬁﬁmmﬁ’]ﬁ'iymmﬁﬁﬂ (clinically important
change) HaFuemsvan (NRS anad >3 AzUL) LazAuaIu1salun151iiAanssy (Thai RMDQ anad >3 Azlu
war 230% a1nAriugiw) Mnguatugudundusneds (reference) lun1531As12% multivariable logistic
regression USUA1Y baseline NRS Way baseline RMDQ OR = crude odds ratio; aOR = adjusted odds ratio;
95% Cl = 95% confidence interval Univariable model: likelihood ratio test p = 0.020, Pseudo R? = 0.151
Multivariable model: likelihood ratio test p = 0.006, Pseudo R? = 0.275 * p < 0.05
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aAuT8Na

INHANITANYY WU nau CST Tuwilidulvinadnssuanuaiuisatun1svifianssy (Thai
RMDQ) warfinsildsuuvasiifianudifgmisadiin (MCIC/MDC) Andndn 2 ndu udliuandneiu
pgslitpd Ay eana

dmsuaimstianas wud anaslunnnguegelidedAgneada wiliuandaiuseninangy
91998U"lFNHaTe I SAmEs Felldrutivanussnasielassadneszan uazanenisiniaves
ndnnile dwalvigtaefionisuinanadussesdu’” " vuziininfiulusunsy WRE vio CST 19t
Wudsyansnmuesmsdnwiiunalniiuandeiu mndeduivsudmoud Inelusunsu WFE dasan
msnavuvedlassaisUsEamanviAud i dau CST Dreiiuanusiuag uagmsmuaunsiadeuln

o o 1,5912-13
maﬂﬂsz@ﬂawm

(]

AuAEInsaluNsYAINg Y fensaunguiiaziuy Thai RMDQ anadegailtedfay
neadirnelungy ngu CST Auuildulvinadnsinan deaennaedfuaued Mu kagamy Nnuii
QJ‘L'JQEJ LSS 71lasu core stability exercise finguuu Japan Orthopedic Association (JOA) score

a a1 | av vo o W ) 9 = =2 . 10
LagANansalunsAuAnIngunlasuntseenidneill” TaudinsAnwives Saragiotto

= 11 & ] = & o w1
LAEN1TANYIVBY Sharma UagAny  N1518941U91 MSHNAMUNUALYRIEIRITIane1N1TUIN LAy
UuugeasuuuanuinslugUistinndusess wag lumbar canal stenosis Tnen1sAnwfisulaun
a P A v v Y & & = ' ..

agu1EnalnueInIsin CST MUuNINTEAUNAINLBUNAUNAYUEN 1WU transversus abdominis ke
multifidus ©19NAIUIUAIVBLUILAUNANEIFT WaznITAILANNISIARBULIVRINTERNAUNES

o w

Jegliguaelddadmladuasduvugyinianssy dwalvinziuy RMDQ wadnsin1snauauesniuy
ax 811
ALY NANINATY
lusugranisiadeulmivesnseandundsdiuied nan1sinwil wudl lneaduninisny

o w

(lumnbar flexion) wagMawBeanseandumas (umbar extension) lluans1aiueg 19l TadFgynEda
FENINNGY (p = 0.241 wag p = 0.512 MIUGIRY) UagNU AzLUUAISANAIRNTLLANINNIY
nswmdeamiluynngunisfine) Jeauwansneil e1afnnanvauzdidisaunsanylugaeeiy
= a v 9 9 = o § v a A
wazdinisdsuwladasaiunssgndundsananizivuau vludneainlumsiiugasniseadeuln
] A Ay o w 1 1,5,18
lunwvdeaditedinuinnd
3nN15Anwll wldwadnsuanlunndiudsaglaiunnsrsduegalidod1Agyni sadia
win1siasetuseaugUiesieyana wudl nqulsunsy WFE wagngu CST ddndiugiussg
n15aguLUaInTANNaNeNI9AdEn NR1UBINITUIARALAIUNNANINUINNTINGUAIUAY
9g19%nLau Tungulusunsy WFE uazngu CST fAldguudaainiu N¥eeay 76.92 ainin
nauAILAN N¥ear 30.77 agreiltded Ay neatis (p = 0.020) Tadennd oI ULUIAA integrated
exercise protocol 1518971491 NMswaNNa ULk THeNAdIN1esIMAUNIEA NI TANIATEIU

a11150USUUAUAINTIN 58AUDINISUIA wazaNIIaUEAIUNITNAINTTulafniIn1ssnw
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a 10*12,21*22 Y v qy 1% Y & 1 Y1 a v 6 1 1 1 1 [ (%
WUULAE? Toaunutl agviouliliud udAnadevewadnsseninnguayliunndrsiulusedu
WodrAgnieada wiluseaudUigseyana N1siialusunsueenmainglinfiun1sama gy

[

naruvesthenldsuUstlovinsaadnenadinumuneidurinh

nsfinuil dgaudanatedsznis liud nseenuuuidunisifouvvduinguaiva
(randomized controlled trial) Fs¥auandaduniuilonaiindu an selection bias way detection
bias Bnvedsannsaifudeyaldasuiu enssnuuasUsaduna ilrldddoyaayms wandy
anutnidefievemantsing Tudmveamstssidiunaanusarildasunnada shlvanunsoiinsey
Fanadwslnesan waznsnevauesluszerduldedisnsouagy uonaInid MIneeuRmanisada

[

YUABNENAVDINTINY (effect size) avnadnsnndinluseaugileseyana Yrglinisiaiiy
Nan1sANwIANaNYIalNINgaTu agelsiniy nsfinwildafidedidanaiedsenis Ysenisusn
YUIANGUAIDE1IABUT TR Fapnavinliiidinisnadeunadaliiieanslunisnsiaduainy
] i ] YA v - a v o vy v a
ULANAN9TENINeNEY InglanenaansTosueiauls Usensiiaes nsuntadeyarinlalamegussiiiu
Haans LesnluaunsaunUaditnsau wasdlin1s¥nwle 399191An performance bias %50
. Y a a = o ¢ o L ° 1) a
response bias ¢l Usgnsiiany sveziadanunaiiios 4 §Uanii deliieaedmsunisyseiduna
lussuznanuazszesen HIUTIANALREVNANITINY kazn1snduilugivedsinis uenaind
nsAanuANsINelunsvilusunsueanfdinienti enfen1s8auAueIYelinsIN F1e1a
= P v =2 f o o a =~ oA | !
fanupaaedeuannsenuld n1sinuil deitiunslulsmeuiaiiessiaiey wazdiulng
@ v = Ny o W ° &9 Vo = b7 ° sg v
Jugaseny Jenaiidediialunisimaluussgnaldivdszvinsnaudu gaviednuiumgniseinly
Tun1531As18% multivariable logistic regression ABUYININNA FIAITAAIIUNAAIYANTELATLTY
wazilesarnnisAnwldladuszidiudanysnie biomechanical #3 neurophysiological Tagnss

Joasuineaiunalnnsvasunlasdaluiissdoduivgudmeud

174
UDLAUDLLUS
JorausLuziIuleung

HANTSANYIH atuayun1sHaIsanysINIsiusLnsy WFE wse CST shufunsAanaandu
madenlunisguagiielsalnsansegndundsduuay Tuwwimenisiivinismenindidn egnals
< 1 o < a < < o a
Anu noun1sAmualduluInIauInsgIu Asiarsadssiauaadul Ulalunisdiuay
(operational feasibility) A31UNTBUYDIUAAINT AIUWMHZANVBIHUIETIHUAAR waTALTUNIT

Anviaanlunguiegvun g Tuietuduna
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Potauauurlunisimansideluldusslovd
namAdeildamsaliidudeyatseneumsdaduladmsuinnmenmindauazyanadiaula

TunsWamILImsnsguaglae Lumbar Spinal Stenosis LilelEUasaansasiAanssumenie

lalnaipesund wavuSulseussaninmveanseuiunissnulunquiUisuinvasdiuans lneaas

HTUUTUNLAEANUIIN AN VBRI BUAaE 1Y

nnAnssUNUTAA
YOYDUAMDI1TY HAL.NA.TAMT tnsTnugnssas 019158UsednAnenenIwUIUn umIngide
Wudenadunszsiiesd Aliaueynsziiluiivine Tauusil wazveveunuyAaInsiioy

FunarngudUlslsalnsanseandundeivuay Nlalvaiiudiuile lenta wasalvayuy

a v o & = fu a =2 a v o & ) P I~ = [
I‘Llﬂ’]ui]*’\]ﬁlﬂﬁu FanauUszlesusuinaNNSANEITEATIH 8T ULLIILNBLUSBUTIEUNAN1SS NI

q

wagiaunszuumsshvlunguitheuinnaslidussansninanniu
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