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G gkl LI (6 6 50 ae Ay glal) LA Bl sl AS a o aaiad 140 g yall 4 i
AUl 5 Ly ity LYY a3 s Jaxall A a5l (e 3y sladl o HlA Jil ) ada

Gae oY) g A8 3L 5 5 daa e Caaay o (e g A gedll e Y1 i85 ) (505 Lae alaals
Loaal) dilaie 8 acd Caaay il 5 4y el

LSt iy 5 LYY Tl gm I ) il o 3ad a1 521 L (555 - 00 g
Al 38 jal) da sl Al glaa

Ul ) 505 Lae el Taxim g 4y 5 Gy (U] e e f) eV s 58l Gabay 3
.(Reddy, 2008) (Al abaall &l s Ml 5 akaall ) (558
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LSSl b Al ) Al e laiall g elad) s e Gliwl) S a0 ae)

A ally il LSSl ) Jigall unadl J g ol ) Aolaiol ani (e 2008 GLwdU 4 gaal

Claza il 3 Gl G kel 5 Apiall Jsa Aaiul) a5 dpa o8l a1 (g0 i)
.(Bosshardt et al., 2008) L& ‘alall

:Dental Separation ) Jadll-2-1
:Definition of Dental Separation (Sl Juadly iy 25 :1-2-1

e Lo Gl Jalis gy i Capmy S8 5 slaial) (o) pnll 3l Jadll Cang
Adlse Jaus sie O a3 «(Abtahi et al., 2013) &) dudal) a4 slaall cile ) a YY) Jedl
b g A uial e Joadll 331 )l i ke 0.25 58 (PDL) (Simall J o LY
508 YT ) ALYl i) Jom il 8 ala ) (eS8 Cgan g A0l alaall L)
sie Lia sad (Singh, 2013) 4 sedll 2 s )1 aleal) ool (g i yall Gaad o (8a Gl
el L) A Lgie ol e CDy Baacal Galall ol L ()55 ) ddlaldl () (s

.(Davidovitch et al., 2008)

:Dental Separation Goals el Juadll Cilaai :2-2-1

Asiry et al., ) Al 4 5880 5 eVl 3l b (e (I A ) UL Juad yiin)
Al ela WV A el g g ol e 3 anid) (i) sacl wd andi s (2014
Clalleall Gany vie Al Joal 8l alaaiul il LS (Davidovitch et al., 2008)
a5 el ilage il iS55 Lgaladind G Gava Jay O (Sad Gl ddailal)
Seaiall o planal ial je 5 o pall ol Janiod o5 A3 Ciliay sail) JLdinY Gliny)

. (Abraham et al., 1992) &xall Sl

b dal 3 ) Adlald) Ay 5l clalall e Y Jall 5 i siall Jal gall 8 g sl 208
Ay gail) Al ) L ol 3l alast ) ) 355 3aa il ) sl ae S35 (i)
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Osat 8 layy JuaiiV) (e dall Hi 61 ) shaill Jual gl zliaiu Jalill sale) cilel jal
.(Singh, 2013) &l ¢ s 3 ilEa

:Dental Separation Materials (LwY) Juall dasiical) 3 gal) :3-2-1

Ll i sl )l o 90 Tam s Tag s Scad 2000 Anll Jal ) 355 0 o
e Lela 8 ALl 055 (5 eclhaal) ) ol ja Dl 4l A8l a5 G5 e sall
m el 1) (55 R 5 Al by Jual i) 3 3 09 o) AL gl a2
Ll 3b cudall a8 o) ) Ll 3 B of sy LS ((Kaansal et al., 2012) 4w
a3 ) ol il (e g il Jdsi ol (Y1 I oSY5 «(Malagan et al., 2014)

.(Kansal et al., 2012) 4&Lud) Lalsal)

el JDA Leie THLaml Y and g Al Joal sall i d) JICEY) (e daall el s
(Sandhu et al., 2013) Juadll Jalas § (il sill 5 dpadaill SN 3 AN & s

(2J<4)) :Brass Wires dsaladl) Myl =
Ll gl @l 3 e e ulail) (e llall b i) (15 1957 ale Jualil) cllud) el
Abtahi et al., ) Zus sl Al Jga il ke w48 55 ) A8yl balail g
e (o 5B anli g oS5 Lkt Ay gl T 0 Lgtsn 3 885 sl Sl iy o3 ¢(2013
Y AL cdailill 3 8l laiey 5wl 4y 2 a UL (Davidovitch et al., 2008)
.(Abtahi et al., 2013) ae 0.2 ASlowsy SN 5 5 Tyl A8lka) AN Lggass

%

)

e

-

(Sandhu et al., 2013) Laulaill Juadll &3l 2(2) Jsal)
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(3 i) :Spring Juadll g si =

A il 4a (a5 cp il 3 J e Taall o gl 3Y il pe Juadll il 55 piaa
Oo 17 DDA Jeall Al Aliia (a5 5 ¢l Adals Jinul5 Aot aga 33kl Cus Llae
288 o) S A5 gl 5 e aa 853 a5 el g iiad a5 clgulad
Proffit et ) ki ol sac I Leil) 3) sle e oy @il 4, slhaall Al sall (55 O 2 oy
(i LSy Ll 8l 5 Lalasind Judl LY aulail) SIOLY (40 Jumil 25 a5 (al., 2003
&4 oLl xie Ulal 2o W8 ((Malagan et al., 2014) dbalaall Jaal sill (e Jif 45
Cureton and ) Lt Joaill Llas Gl canmy )5 o A6y call At ) G Ll

.(Bice, 1997

(Sandhu et al., 2013) Jwadl) (i 53 2(3) JSa

(4 J8i) :Elastomeric Separators J«aill blaa =

Y oS0 gl L adadill 5 o) yiaYl ) Al a - Ayl yeind JSYI Joadll Llaa i)
JS5 55 a5 ¢(Malagan et al., 2014) %2 Gl Joai b 36 DA 088 du ) sla
ol 3o DA iz (e 2ol i) e sy Gl Ay Jagay LAY 4y
sl & gan die A8 Jgy LaS (L s o e Jgmaad @8l (5l 53 Jaldaa aladiil Joadl
O s Adudai b 38 5 et Y Cangy g (e la Jalls 45 Al s il il 3 30 s
ISy Aalaall diad) p llsal) b 4dulas 4 ga Ulial Jaa3U «(Proffit et al., 2003)
Juadll Jimidll e} s 5 (Malagan et al., 2014) ol xie Wle o6& 5 Tan 508

.(Cureton and Bice, 1997) sl yall 5 Jula¥) aic
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(Sandhu et al., 2013) Juadll Lalas :(4) Jsil)

Dental Separation sl Jsa gl o Al Juadl) 26 :4-2-1

:Effect on Periodontal Structures

LS Al J s graail] (5 gl 38030 3 il s gaa ) ol DA L) AS ja g0
Ll g1y sl (33U 3t iaal) alll 5 diaadl J g grnil) 8 Alel) Jad 2535 ) (5355
e waall (33U) daiis a1 da jd dlat ol aa @l g AL Gl ) Gl ) Adlaas)
ClipaiNe U g jall § Sl 5 G55 )5 Cpraliasg IS AT A sall el Jailas
Alhashimi et al., ) < w5 (SP) Substance Ps (PGEs) Prostaglandins E

.(2001

- Histamine ol -1
S (a3 mast cells duad) LAY (e Blhd (5 sdae i 5 5 oS e Guali gl 22
A5 IL-135 SPIS dulei¥) Lilus o)l (e 220 55 ai hasophils 4! eliagll aall
08 s 3mnall 431 a8 i pall 380 5l alY1 5 A addid S0 55 48Da) die ASal) oy
.(Dray, 1995) 48l Levall J soan

(PGE) il lins s )l -2
Siady LAl da 3 Sal) LKl Saall ) Sigall 5a s die laaIels gl s el
ol LSRN Jay 5 53 5k o (paiadl (alamia¥) (E2 (E1) E sl il
P E2 padleli g yll e dlle iy i we iz all g o Gl ilaie US jelady calaall
gingival crevicular fluid ssill) () suall Jilad) 8 a3l sinia (uSad LS cAginl] A8 jall
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d'Apuzzo et al., ) & s&ill w1 4S a J3A dull J g geuill 4 iall 8l (GCF)
BrUN0 ) a1 s sie Hundlo) AibiasKl I ) o Dol ieh3 (2013
(etal., 2011

:Substance P -3
Clark et) Sl Jaall 8 a1 g i o Joxd Cailhs gl 50axe paac Cilagiy

Al Jon il (8 il dga s e Jay 568 (s sl ol el Qo) 8 LgiVans
.(Giannopoulou et al., 2006)

: (IL-1B) BL-osSsis -4
LAY & 685 25 (e g Aoiaad) AS jall 5 S0e et il B1-pS sl il )L alaall <l j S o o
Dlaie paat 8 BL-0nS ) 5 aal iy AUl Jal ) 4 @l macrophages sl
Gly LS (d'Apuzzo et al., 2013) 6-0S syl 518 1 3aah yied LeS 4wl 4S )
AV G e ok oo Sl Jaal el el aY) sl a Tl w51
Y 55 e sanl 5 488y INA Jaxy 481 an § s Apgalall A S A mall gl
Ol ) Ul g a8 Gl e i) e sl bl Ga skl AU Al dppiaal)

s AY) Gliy 3all Gaens prostaglandin gmaadeli w015 bradykinin

.(Giannopoulou et al., 2006)

‘Pain al¥ -3-1
:Definition of Pain al¥l <y i :1-3-1

Association for the International Al i—u jal 4 sall damaal) (o AIV) (o)
0L A e Aabale 4 ya05 Jw e (el 434 (1994) (Laser) Study of Pain
Adlail A ja5 ek s oY) 225 (Mangnall et al., 2013) Alaine i dadad duay
2aind W V) AY Gad i e GRS 4B Alat ) (e ey 585 slall e Lalaal) degh
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Aladl s deaat all 3 gl ana 5 40l AV diic 5 Guinlls el Jhe Badatie Jul s e
435S (e at N o g calBU ARl el i) 3 8E A 5 dlea) s dllal) allal)
3 o) A I Al 8 L S 3 A3 Epan e Jy 4l V) e e s
Gl AL el i Y S35 el Ll Al 2 Madl (e Canll sl el (e SaisY)
Jdy ddia g ad il aoatny Y (N SV e daal) aa g s tral g JS0 dlanda
oalaill aae AL Blla dallas ) (5350 Gie zmaa JSE 4y e Lee il f al

.(Bergius et al., 2000) A

:Classification of Pain al¥) cisixasi :2-3-1

swanll e il add T 5 A1) Can oty (JASP) Al Al 5ol 43l all dpmeal) cudld

3aal 5 (.. ¢ agd) Jleadl (mand) Sleall) Al aidh s JDlie ) Casd A Slead) 3 liadl)
a3 Woolf ¢S5 «(Merskey and Bogduk, 1994) a3 535l 5 ¢ saall 3 5ai3
A0 ) Al ariy 2l A dallaall 5 ppalal) Canll o ilia e 431 e Cai il 1

:(Woolf et al., 1998) 25 4ty &) 5l

33 mnd Lo ) e il) Z33Y) ae 381 Al Gual) Jisd Nociceptive 431 Al :A

PR Y

430 3) dae Liall LA L)) 5 Adagatll 433V aa (380 55 Inflammatory lei¥! Y1 :B
EENURERE IR ECR I S PUE Py ¥

sl Jleall 531 (e Aaili Ay 3 Adls s Pathological —aall A1 :C
[(dysfunctional) 4iads s Jie) e i (neuropathic)

:Type of Pain al¥ kil :3-3-1
:(Woolf et al., 1998) s all Al¥1 5 a yuall Al¥) Lad 5 Cppaast 5 b oIS

138 (i b cdiall gaai (e 400 0.1 JDA AL ) sal) oy Ladie Canay 1o sl aBY) 3>
AV 13gy ) smll a5y Al 5eSU Al 5 alall a1 5 5a ol Al B oA elaudy A1)
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e oY) e g il 138 JEi 5 ¢ pilae JSy 4B a5l Sy dadd gl 3l alal) 3 die

AV e g sl g Aseall anal) Aaiil alaxa 5 Y5 cdelta A daaill (e B2eke LI

sre IR Lingpad ol o3 (a5 adiall Ghulad (g ST 51 Al aay Caray g dad) a) 3

Gl Al 5 Gl AV Jie ddline elaul a1 (e Jaaill 12gd 5 (GilBasac o o)) 58

325 BUlas e ity 5 Al A3V ae Llle 1Y) 138 381 5005 ¢Cpe 3all AV 5 ¢ ad)

Oa gl 18 Jiin g JAI gme sl i (5l 5 el e JS 8 Gaaay O (S dlyshas
C Lol (e 3aera e Gl e A1)

:‘How pain generate al¥ Lady cis :4-3-1

GMal 5 A2 Dbl siu b ey il Jamdii'y lapul shon il 2 U1 ) (g slal) oLl (3 3ai (525
Al 5ausY) ey 3 Jae IS (e Claide Vi 5 yull L) 3a8a 4 el gl V) (aes
(Brunoetal., 2011) al¥! & saa tie Ll ALl Tl gl clipaiDle B g yall yiiad 5

gl G ldafind Ala 8 () 5S5 dnae Glan 6l danl) LDAD Jaad Y Ladie
K+ Jm sall 5ol ) il gl (685 Lei Blal) 7 4 55K a5 Nt G sall o 00 sl
.(Scanlon and Sanders, 2010) &lall Jalas i3 HiSH Al il 5315

Al 3) Caamd (AaalV) Ol wsall) A3 eald) CE el afiad) Jsam g ie AV ea Loy
2 5) Nat 4 sall 2 503 sl o)) ol ol 538 o8 Al (omandl Jiiaall) 4l Ui
Al Alld) J855 25 e (Al Jabs ) Nat Jssa dagi 7 plall 8 4l 4 i)
Lpaanl) A ) 8 Lgazany Gaad Y Agaanl) LAY G Lo g o AN dpaall LAY L))
Al sae 0 Sl il § O srme (e pae ) saa Gn Al 5l 5 5ad Gk e Ji
Il ey iall (paain omal) anil) Ji3 a5 el fally Gl 138 e
Aaimanll 4dall) S0 Gall 8 A 1al 48 Hall Al o o Cua ALl JSAN ) Sl jeS])
ananll Ll Jpua g aie Sliiiall 8 llad 3 Ll aaall JA ) ey (5l
Claias id el JB ) o o83 dpSadiall 2z il clie e dald Gl pe 2add
() Al AN Jais Iy 5 dSadiall da Apaaall LAY Gillagind 41 3) JAL 5 Na+
8 koo 8l A anll LIAN Cllast WY il b o o ddadie aa gy | AU () soanl)
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asanli sall ol = 9 A At o HA) 8 A gl D) 3y 3) CFF Cliizas s Kt Ciliicas
Gl Ju ) o Y (a () ) CF Al 0 bl Jsia 5 K das sall
8 Ld oS ) Jiill A s e dpnaall bl 5a 5 S50 5 ol sainly 450 5eS))

.(Scanlon and Sanders, 2010) I~

:Neurological Impulse Path dssasdl B! jlua :5-3-1

daae G e 5 e 0688 AN 5 A ad) COEL WAl da HlAd) cla adl) i
ol W (sl i el (Scanlon and Sanders, 2010) (s¥) 4 yall (o (Gl siaaac)
S C Gl 8 e (e el Aag yi 5 Brase Audl 055 N A LB ) (e (S
S Al G siae il (Okeson, 2005) Jaill didays sacha e laa 488 5 0 S5
Osiaae ash @ Ladll g3 g B 5l S oLl pLATH 43 pan 8 Al A jall () e g
@Azl coalgall (S el Ll jue slgall ) AV il slrall Jan 46l 45l
Osiac Al A7 sadll Lga ol AW i) Jau ¢ Ladll ¢ 2 45 s 8 A38lia) ol 028 53
Claly ) el (e AhalY) AL Jiiy o 58y 5 gl 8 28N Ayl () saacmny 43800 A5 5l
i ¥ 5 cdaiall Aale &) ol Ainall dag) I A jall Qb saae 2 5 Cas Feall 3,
Ay ailSe a8 sy la 50 OY 55 pall el 5080 dealise 42l ) 52 3
(i 128 5 (A0 8 s G g A 430 S 4 a1 AT calines 230000 5 Ailia 2aa
ol g ) gl A0l e glaall J a5 (el a1 Cai8Sy (ad T G
J g el BN ac 5 4y Al gl Elie Cume il s ¢(Scanlon and Sanders, 2010) 42«
Woolfall and ) S sall (camandl il ) 4 gadll & jla g Jala Ll (e a1 J85 e

.(Coulthard, 2001

:Dental Procedure Pain 4siwll cig) 2y ali :6-3-1

AS Ll 5 Al Aallaal) o) o) OMA V) Cgad w855 e il i yall (ary 5355 5053
Walton and ) cz—a sall aaall L, Galis) 5 AW ddie (apias ) eV il as
J—id ol Lo (ge o yal) vie dpaal ST LLE A1) 138 401 3] (L8 A (Fouad, 1992
0o bl (S5 anall 55l e aSall &5 Cus (Jariwala and Goel, 2001) dallxall
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(Hargreaves and Cohen, 2011) &l cilallaall ol al¥) oy e 45,08 (34
sl e Gl 5 o gal) e aall 3 Lala Slale A0l Aadlall JJEN AIY) jaa3 e Glla)
el ya¥) e panll Sladl G g a2 ) e 5 (Milgrom et al., 1997) dluiivwe ilallas
A G g sall il jasall alasiuly Lia sad Al Ggan (50 dhany o Sy dgiull
38 ol com ¢ () )i Lm g el a1 (s i Ty M

.(Albashaireh and Alnegrish, 1998) 4allxdll
:Pain and Orthodontic Treatments 4 s&ill ciladlaall al¥) :7-3-1

Bruno ) (sl Jss ol Lo Loy Gl Jsan il (8 (o3l dpay il A3aul) 4 jall (i
A5 (e Adlide Gl jel 3 ga 3 Aaii zle 3L LA (o el (ulea) ) (53558 (et al., 2011
Gadals g JSLae e Al (3815005 oz Dad) ety aal 1 e Lla g Lae s jad 5 daiaay
Singlaand) dalixall ge < gillyate 5 A5 (i el ¢ slad aae 535 L dllan 5
AVl i) s el ja) lef B 32 g sall il eliis WS (Singla, 2014
el 4y ymidn Al Y15 Adaall 3 58l G S Jali ) 2§ gl ol (gad ¢ pall e
Ll dakaia 8 2d g dasa ) (5358 Aa o8l S Al e 0 Cus (Nigan et al., 1989)
& etV Al AV (oS AL Al Laibu gl 33Ul ) (sa Lea andl Jsa
A e :ls (Polat and Karaman, 2005) s siill lel ja¥l (e 8 Sadl dal yall
crilas e Talaie) daay s8ill Cle) YY) ge @l oY) Casiialy (1962) Burstone o
Singla) A seds dglay < s Al g il V) 5 Assdaall 5 gall (o ANl 35V ¢ gt

.(and Singla, 2014

paad ety € e sl Aallaal) (e ) V) b § A el (s 2pal) el
0o Osag () (uim yall A G el 15 (Kluemper et al., 2002) Aadiaall JLs)
(Scheurer et al., 1996) %95 (Y 70 (s agius 7 o i e siill 3 g e U A1)
IS 0639 (5 Aay sl el ) aead 9690 () La saad (psial yall vie 2l s
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24 A ) ol JEN A e ST all i de b 24 IS Gy i) DLW 1Y)
.(Jones and Chan, 1992) el

Singla ) sae 3 (a yall (uin 558l laiay 483e 3 AlY) Cgan Ao Jsa AN 22 )
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L Sl o e A5l (R 17 () 13) cia) el ie o 5l IS AV o i Ay 5l
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.(Tortamano et al., 2009) ¢l xie

:Dental Separation Pain obiaY) Juad al :8-3-1

Al Bl 31 Caa sl 3 i1 Jaad ol (o a5 (Singla and Singla, 2014)
alaaiul ) 5% Laa cimzaal) ol AVL ulua) pe adaia all ey @lld 22y 5 el
s SV el sy A AV e ) 385 caladall cilalall 8 yuss ) ALY LSl

(Asiry et al., 2014) Glaw¥) Juai (e 700 ¢ sl uiladl )
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Al 7 OO adail) U8 Lo (5 51 wa ) 35225 (Bondemark et al., 2003) S a )
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.(Asiry et al., 2014) (Bondemark et al., 2003)

:Pain Measurement al¥) (b :9-3-1

s 353 sy 91 32,5 el g 3 gm (e 335 W5 €13 55 oY) S
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(58N e Lgia s caie il 5 Al bl deaditeadl] (uliall (e a2l 2a 3
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Lgw 488 yal) 40580 sally ol a5 Candly &l al) (1 Galal) e slaall 4555 e

(2 gal)
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el (o Bl yall 038 8 J 580 e ae () s3l) ia yall (e Ly je 82 el 23
iy N1 Cle sanall e (Randomization &) W sie e 33 Lay 0 163
| ol gl aia o 35 Dl il Bale b ) ga gy &l (a0 4) (a3 10 peie oI
el 2221 S8 (apEill Sdaall < gl olgiil 8 Sl Jaldaa | 6l 31 35 i€l

e sanall (g (oaapall 230 (5 sl Ble ) ja ae Liay 30 72 Al

D) Al e gana-4-3

Dl Gt 25 Fmal i A3y (Ll s e sana g f ) el aat

631 dgall Lle Placebo Jie (s Lag e J i ieal) gaa) e

((7J8aN) JA a3 e (split-mouth)

Ol Jallae (gua (8 i 5an) 55 pe Jie/ ) 5l Gl <08 gudail de gama -1
Acluy

Ol Jallaa Guadat ds Jadh 53s) 55 ye Jie/ ) 5 Gk tams Ggaadaill Ao gana -2
RSP

Lllas (ki Jd (oY) €00 pe Jie/ o Gk raany Jod Gukill de gana -3
5 pilse Joal) Jalae gasda ey Al 5 e Lusy Jucadl)

Laldao gasdat aay oY) €00 0 Je /) ol Gk aans aay Gadaill de gana -4
(Eo 24 ) ) ol 3 205 5 s Sl

e ganall ) Caall e i Cua (8 JSN) da ya clilay e U A0 piial i yal

Wnaal (my pall Sl ((Olss =2 ecpa =1) L5l Gl Aea ) 0 5o ey

Golat] 33 gall adle aa sy (2 Lo sall Jla b ¢(9 JSill) Ledle albay o 50

A S e By LR o s lld gl W5 A 4l 8 ) 5l
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Gkl 5l sall

Ly 10 163 k) Adad 5 agilla e 31 &5 il e )

Llas aladiul agadle ddad iy (il s jall dlaiul &
| sbits o1l 5 Aiael) oG Jn g 55 g 55 Y (5 Sl
Al Hall ALl

L (il sall 5 Al yall L g g (il siall pain sl

(Aall) Ly 10 82
Ll paie iyl g
Ofi e bl Jie gene 8 e Gpbaill o senae
B BJA\}
Ly 1 39
Loy ) slal il i jall (i3S Loy 12 43
\d) A sy o) V) e 22 /
Ly 2 18 Ly 2 18 L= 18 L < 18
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Gkl 5l sall

el J5S 5851 Jai) 1(9) ISl A pall eI ialley (8) JS2

:u'*bJ"S‘ szé J#L"‘ -5-3

T2l i e agie 5 ysiasall 4881 5al) 331 2ny Al 53 Al 3 i yal) Ul
Al

Al day 58 dallas 2a 5

ke o b dlayl axe

Aanac oY1 5 dae e YT 6l e Al Y g sl

Al i J g s

Agng al alill (e dpda L)

(Aalled e o dallad 350 il asa g oo / Tl Aallaa e ) Al LY
a2 30 oY ela Y

el Gk S (8 3 il a2 ga g pae

_‘_Ajgy‘ C«IAJ‘\)“ ‘;jﬁj ji ‘;&,”i QL.G‘JQ REE) a.ls:
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i)kl 5 3 sall

séuad) A dasdiiadl ¢ 5a¥)-6-3

GaAlAs Ll g 5 S Ll CMS Dental 4S % ¢« Diobeam Ll Jles
(10) JS& cala 7 o 5kl 5 s MW 150 328 nm 830 (o sall Jshall o3
(11) dsal) ¢ mg pall 5 canadall (e JS1 gl dalaldl el 481 5 ol Ui
Dl saaidll Non-Latex Radiopaque Separators (e sii Juaé ks
[(12) 8l Ay 1Y) Ortho Technology 48 s ¢ (Gl o sl) Aalal)

(13) J& oy sl Svenska Ortho-cut 48 s (e blas Jals

el dgilad ldlal

B Uil ae 32 ldll e ¢ gm 90 Diobeam Jles :(10) JSal
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Gkl 5l sall

Joadl) Lllae Jals 1(13) J<al Juadll Lillas (12) JSa

‘Placebo /) (8xkai-7-3

&35 MW 100 Seadl 58 O an 55 deall oy die 5l Sleal s ae oy ol
IS Jalis Alal L Ak cildlaly J3a)) 2xy contact mode ol ) ks
Ge SR S Cun U sa 28 Lyl 4l iy ale7 hady ol ) aladi il dga

1(16) 3 (15) 3 (14) JSal) s 28 JDa citnda 2an/( a4 Adai S Ll 1)

sl Ll s salas L_;uﬁ ) s Al
) e N g alaa a5 Al Adadl)
Al sl g e Jha s AU Adaal
(S ALl (5 5alan il el 1) ALl
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Gkl 5l sall

Al Al Zgall e la S5 i) il gladll adai ael

O Ol A8 A 50 o s ol Aal ) Bl sl 5 AW Agall e Jaall gl
o sy Lail gy b vie plai ol Jlaaly Jleall a &l iy (17) I3l ol e
< gl Alilas die ) 3yl o) jal) 13g a 585 cdary 585 40 peal 4gliie Digia Hlaualy
ool G

=53 Jand) sl gl L (3Dely |y all) Gk die LDl sl ya) sle) e &
o all 3 candall (e JSEAE Sl il sl

Do) Gkt Jalad) a5 JSE (14) JS)

Uin 5l (g oyl 3alaill (16) S Golas ) 5all (g el Gaudaill (15) JS)
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i)kl 5 3 sall

O 488 53] 2my 5l Sleae B el sl JalSy 3l Slen - A 2(17) IS

sal¥) Al :8-3

sl il S 1Y

Visual Analog Scaleg —adl Bl (il s a1 apiiy oy sl 8
pe (5 mdll gl i cale 100 Alsha B Lo e 5 5le 585 (18JS4l) (VAS)
pain as bad as it ) ol 23l e el dgall it Lt (no pain) Il all 2523
AV e V) a il ey s gl 2306 ) dadll 4y i 15 WS ¢(could be
753 a8l AV e e audl) 3 o siall Al e da s giall ol 3 Cagsl)
08 in A S ki) e dnd ) Aadle i o Al s S g yall
oo S5 L) Ok (il sk e VAS dail a8 5 e s o301 oY) i
(Sandhu et al., 2013) iz <l lgzaia s o8 ) Aalall ) (5 sl dgal)
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O Cua Gaaldl e 2ai5 5 5 5 pall W) liSiall o g 5 sl J sl e L sl i
83— G pal) o Al 2598 5 Al (g Caldad Sl J gy (531 iy all

Ao ) alall G52 sl paY) 13 20Y s Galll e

L J

T, . ST
0L Al gelafl, o ol .

kil Bkl Gubdall (18) sl

:aY) A () ya 1Ll

IS Ll el IS Ja) e Fsed e (i senall M LIY) 28

Jie/ 3l gadat (e el g oY) i 1T

Jie /5l Gkt e el Cans 3y oY) w05 :T2

S (2) Ao sandl) pady Lads ¢ Jie /) 5lll Gadai e Aol 24 day oY) a0 T3
5 pall 5l (aadad (g el a1 i i el 24 2my 3l 3k L oy
Jie /3l Gkl e Aol 48 2a oY) i 1 T4

die /ol Gl (e Aol 96 a0 alY) auii TS

:@3‘2\ e..,\,,\':ﬂ 5 _slaliau) asadl -9-3

e s sind (1238 ) @alall) AV A8 ) (i )5 o AV a5 jlai sl Ja
anfill Jal je A A1) apil (=385 Goalall) ALl A8 ) 501 5 oy pall il
A Gaadall Gl 8 sasa) ¢ 5 ) (oSS s duadl
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Al 4wl ol -10-3
Aa gl slas¥l-1-10-3

aand Al L sise @l il daa gl elias YL LAl Minitab 17 gt egss_u’\
Al e sana

Al (5 gina (Al il apdi -2-10-3

e ik Al @l sl 4 58 s 2l One-way ANOVA Jlial aaai
aic 3 sl all e gana (e de sane S die dusedld) apdill Gle 3l 8 &IV Gl giise
O\Se 2aail Paired T-Test JLid) aadt ol oY) by i el 45 58 5 (3508 253

A8 4 8 gl 35l 2 sa
s il dga g Jad) dga o 468l -3-10-3

dcllai W) Gmidie )5l Gudas s o 45 )il Pajred T-Test Jlial aadil
JS 8 dadl il g sl Jadll Jlas galai g ) V) Cass 8
A (e ) S die 5 A gana

rle gaaal) oy Alalial) -4-10-3

Gle senall g d 8 sall 5 2l Repeated Measure ANOVA il c,sﬁi

AV Cle gendl Lo (3585 Ao sana 51 A8 jra g alVI Cadss 33y Y
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1Alnl) Chua g 11-4

s pal) uiad U g Cuad) Aiie pda ya £ 555 11-1-4

ol uind Wy Gial) Ale o ja £ 565 O (3) s>

Ay gial) Aol el 2 s sall Guda
306 22 S
69.4 50 i
100 72 & sandll

roa pall il TBh g ) Ao e g 368 12-1-4
LAl il B g i) Abe puda s £ 355 G (4) s

g gial) ducdlf sl e Ul pall Sl
70.8 51 sl o
29.2 21 Sl i
100 72 & sandll

a3 e garal) lo iy pal) iV 88y o) A g ja £ 355 :3-1-4

A ) e gaadl) (Ao Gy pal) il By Ciasl) B a4 £ 55 O (5) s
4 gialf dpadl) ) 2 U yal) Sl ic gaaall
20.83 15 ssle ol
- J8 f33a) 53 pe (aukaill
4.17 3 JPACIPE
12.5 9 ssle ol
22y foaal 3 ya Gaukaill
12.5 9 JPACIPE
20.83 15 ssle ol )
— A5 J8 [0 e Gl
4.17 3 JPACIPE
16.67 12 ssle ol
a2y [4 ye aadail
8.33 6 (i 8
100 72 £ saxall

roa el (uiad W5 (@) fadl) Gl dle e JleeY (alal) o gial) 4-1-4

(el puiad g Cad) Lo (B (Auagl) slasy) o (6) ds2>

eall augiall [ Ao aal) PEOION | () 2 O sal) (uda g el ial)
195 25 12 22 B
17.2 26 12 50 il () 3ully) G yall yee
17.9 26 12 72 LS Ganll e i g
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Ll

1 g pdall @ paial) Cina g 12-4

rral o oY) gl 11-2-4

aal) ¢ a1 @l (7) Jgaad

A gial) Lty ) 2 Al 3 ga 5l andl J ol
11.11 8 TR
63.88 46 Tl xe
15.27 11 T2 xc
9.72 7 T3 2

delu 24 20 =T3 wileluf 20 =T2 dels 2 =T1

b&a@khdﬁ/ﬁhbﬁf&*ﬂ\kﬁ#@m 6 S & il A g 1 2-2-4

: Juadl)
O /623198 ja Gnkiil) Ae ganal alY) (s giuna il i Ciua g (8) Jgaad)
;“J' sl ;i}“ 6 Sl Gl ) w::-:’;ﬁ“‘ eal) B gl sl Al 50
60 | 300 | O 14.29 3.37 8.50 SPREIN
78 | 1050 | © 2359 5.56 14.94 Jisll den ™
67 | 200 | o 19.39 457 13.44 SPRE RN
75 | 2100 | © 26.99 6.36 27.17 Jisll den T
80 | 1000 | © 28.16 6.64 22.61 il dga
85 | 1800 | © 31.70 7.47 33.28 Jiall den ™
80 | 1000 | © 19.28 5.80 19.28 il dga
84 | 2600 | © 29.60 6.98 31.22 Jiall den T
9 | 750 | o0 17.06 5.99 17.06 SPREIN
95 | 1450 | © 23.39 7.02 23.39 Jisll den ™
Aelu 96 3o = T5 cAelu 48 sy = T4 el 24 30 = T3 el § 3 = T2 el 30y =T1

Ol sial sy Aef o U Bas) 55 je Gukaill de sene 8 alV) anii Jal e JDA 225
Jii Ly (31.70 =SD/33.28 =mean) Jix)l dgaldel s 24 ey auiill aie LS ALY
.(14.29 =SD/8.5 =mean) 4l dgal delu aay ariill die  Jaus
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Ll

;Sﬂmdﬁaﬂ\h&am/sabﬁﬁéﬁhﬁ\:\sweﬂi 6 SFsa & it (ha g :3-2-4

day /33a) 98 o (gaudail) Ao ganal al¥) (5 giluca il ki Ciiag (9) Jgaad!
‘;";‘ Bl | 8 2 | s bl Gl Al éJE}ﬁ“‘ PR EAPER] igal sl (a3
67 7.50 0 18.26 4.30 14.06 EERENA R VEN
89 25.00 0 24.63 5.80 28.00 Jaall dga ™
52 17.50 0 19.32 4.55 18.44 EERENARVEN
83 50.50 0 28.01 6.60 39.44 Jaall dga 1
53 29.00 0 20.99 4.95 27.22 Al dga
83 50.50 0 24.00 5.66 41.78 Jaall dea ™
65 15.50 0 21.85 5.15 20.11 EERENAEVEN
67 33.50 0 23.89 5.63 30.28 Jaall dga ™
51 2.00 0 15.18 3.58 11.50 EERENAEVEN
53 1.50 0 18.25 4.30 12.78 Jaall dga ™
el 96 2 =T5 dclu 48 3 = T4 el 24 2= T3 «lelu 6 2= T2 ddelu a0y =T1

g oy el G aa 33n) 53 ye Gudaill Ao sana 8 Al i Jal e JDA 22
Jil Laiy (24.00 =SD/41.78 =mean) Jis)l dgal el 24 2y apiil) aie ()< Q1Y)
.(15.18 =SD/ 11.5 =mean) &l 4gal delu 96 2 pnill vie o

(oo B pdilia 25 Al 0 /(0 o (Gl A8 gannal oY) (5 e ) il s g 14-2-4

: Jnadl) Jaldas
Sy 08 /0 30 (Ball) A8 gannal al¥) (g glasa ) il ina g (10) J sl
‘;J;‘ Bash | S aal :Lf::‘“ ‘éJ::‘ﬁ“‘ il o gty FA N
45 0.00 0 15.77 3.72 9.56 Aol dea
50 20.50 0 18.10 4.27 20.17 Jiall dga ™
95 3.00 0 27.21 6.41 19.94 Aol dea
95 33.00 0 28.69 6.76 36.94 Jaall dga T
75 32.00 0 28.22 6.65 30.28 Aol dea
75 51.00 0 26.56 6.26 42.06 Jaall dga ™
84 17.50 0 25.74 6.07 22.61 Aol dea
82 37.50 0 28.66 6.76 37.61 Jaall dga ™
84 2.50 0 23.83 5.62 15.17 Aoaill dea
82 21.00 0 23.44 5.53 21.50 Jiall dga ™
el 96 2 =T5 dclu 48 3 = T4 helu 24 2= T3 «lelu 6 2= T2 ddelu 2y =T1
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Ll

AU (s sl o g e () ans U8 /045 50 bl de sana (A oY) ani Ja) e IS 325
b s i Ly (26,56 =SD/42.06 =mean) Jidl dgal delow 24 a2y aiill 2ie oIS
.(15.77 =SD/ 9.56 =mean) 4 il dgad delu aay anil) 2ic

Aol 24 2239 8 yibsa 2y /(i pa (Gabaill) A8 pannal al¥) (5 glaa ) il Cna g :5-2-4

1 nadl) aldaa (sa
sng 3 05530 o) 2 gl AN 5 siann 55 e (1) s
‘;1;‘ Baugll | i aal :“j::‘: ‘”:‘ﬂm&“' :_fj gl padll) (a3
61 0.00 0 16.77 4.07 8.24 i adl den
59 2.50 0 1757 4.14 12.24 Jisl) g "
65 0.00 0 20.70 4.88 13.89 i adl den
67 | 1550 0 25.49 6.01 23.17 Jial) dga T
64 6.50 0 20.83 4.91 18.00 i adl dga
82 | 3450 0 24.22 5.71 30.06 Jial) dga ™
69 5.50 0 2474 5.83 23.00 i adl dgn
100 | 34.00 0 33.45 7.88 39.11 Jiall dga T
100 | 7.50 0 28.89 6.81 20.89 i adl dea
100 | 2650 0 31.46 7.41 26.06 Jisl) g ™
Aelu 96 s = T5 chelu 48 s = T4 el 24 30 = T3 cclelus § 3 = T2 ddelu 3 =T1

s Slel O am a0 e all) Gl Ao sena 3 A ani s e DA 2a
(33.45 =SD/37.00 =mean) 4el— 48 2=y Jixll dgal sl die S al¥) iy il
.(16.77 =SD/ 8.24 =mean) 4 _aill dgal debu 2oy il vie o g il Loty

A (g ghea (Bl i) aniis 13-4

e dsadd) anil) el A alY) il giia o i b Al Cl i) 4 8 s anii 11-3-4
Pl 2l e gana (4 A gana JS

a8 sana I B by 0 Aewall) ol (o B a1 ol ghen Ao i () ol 258 53 age (12) Jsand

@f)’\ Gle gaaall
GIA LA | Y 5 gioue o | Lypundl F Aad | 43,600 Agn & gl
Z oot T S i it
* O
1 L ST
* FIRWETH
1 T 2 YR
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* 0.026 3.320 il dea
- Ay dx3 /0 ya Gkl e sans
* 0.016 3.752 Jaall da
A EABnY- One Way ANOVA  :axdiuall jLidy)
0.05>P-valug e s 05 38225 %

Osigall e ganal) puen 8V Gl i sl 458 9a 358 2505 (12) Jsall (e JaaDl
d.\g/gh\jgfé.\.\hj\:\.cw Jac e

pday B g 8 e (gabilll de ganal al¥) (s gla b il padl) ani 12-3-4

ilad) B any /5280 9 8 4 Gkl A gana (e al¥) as Ja) ja I Al (s gisa il il Ay ohil) A Bl (13) Jgaad)
(Experimental) 423
95%Cl L dad Taad | Wdl | diad) | bagial | A8 | adica)
el [ S aal | (ggdl & Sia Lgaaa) | gobaal) | gbaall | abeall A
Adlaiay)

4.81 -13.59 - 0.328 -1.01 4.36 18.50 -4.39 T1lvs T2 T1

-2.41 -23.92 * 0.019 -2.58 5.10 21.63 -13.17 | T1lvsT3

7.95 -20.06 - 0.374 -0.91 6.64 28.16 -6.06 TlvsT4

13.70 -8.58 - 0.635 0.48 5.28 22.40 2.56 T1vsTH5

1.48 -19.04 - 0.089 -1.81 4.86 20.63 -8.78 T2vs T3 T2

8.72 -12.05 - 0.739 -0.34 4.92 20.88 -1.67 T2vs T4

16.21 -2.33 - 0.132 1.58 4.39 18.64 6.94 T2vsT5

18.84 -4.62 - 0.218 1.28 5.56 23.59 7.11 T3vsT4 T3

26.14 5.30 * 0.005 3.18 4.94 20.96 15.72 T3vsTH

17.14 0.08 * 0.048 2.13 4.04 17.15 8.61 T4vsT5 T4

el 06 x=T5 delu 48 3 = T4 delu 24 3= T3 «lelu 6 2= T2 ddelu 23 =T]
SR EAnY- Paired T-Test : paaiuall jLasy)

0.05>P-value e s > 385 *

8 a5l 55 e Gkl Ao pendd V) il siwe 30 5lEe aie (13) Jsaall e L3l
2y &l (5 s e Aol ams IV (5 giana A3 5lie die 4 58 53 (358 2505 A adl) Cuilal)
Al 96 al¥) (5 sise ae Al 485 24 2 al¥) (5 sise 4 )l aic 5 dhe b 24

SRl cailal) 8 aay /Ban g 8 e (Gabiil) A gana et aWY) anil Ja) ja A A1) (g gisa il il 4 ghil) Al il Jlaal) (14)J gaad)
(Placebo)
95%ClI Lop s Lo T ied Ll | Goa | bwgidl [ 45 Pl (3a
Sl aall Gsdl & sie Lpwaall | o) | obmall | bl A
O Allaay)
-2.04 -20.85 * 0.020 -2.57 4.46 18.91 -11.44 T1vs T2 T1
-2.31 -25.24 * 0.021 -2.54 5.43 23.06 -13.78 | T1vsT3
13.69 -18.25 - 0.767 -0.30 7.57 32.11 -2.28 TlvsT4
31.06 -0.62 - 0.059 2.03 7.51 31.85 15.22 T1lvs TS5
7.90 -12.57 - 0.637 -0.48 4.85 20.58 -2.33 T2vs T3 T2
26.23 -7.90 - 0.273 1.13 8.09 34.32 9.17 T2vs T4
42.70 10.64 * 0.003 3.51 7.60 32.24 26.67 T2 vs T5
26.40 -3.40 - 0.122 1.63 7.06 29.96 11.50 T3vs T4 T3
45.25 12.75 * 0.002 3.77 7.70 32.67 29.00 T3vs TS
29.41 5.59 * 0.006 3.10 5.64 23.94 17.50 T4 vs TS T4
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Ll

el 96 2 =T5 dclu 48 3 = T4 el 24 2= T3 «lelu 6 2= T2 ddelu 2y =T1
G GhasY- Paired T-Test : padiual sy
0.05 > P-value e s a5 3325 *

8 Ay /5aa) 53 ye abail) Ao ganal Al Ly s 40 lie aie (14) Jsaall e a3l
6 20 alY) (5 sinin po el 2y oY) (5 5iane 4 e die 4y 8 s (38 253§ Jiad) sl
A5 Jlie die 5 el 48 a0 Al (5 sie e 24 2 oY) (5 5iane 4 )lia 2 g el 24 5

Al 96 Al (5 sise e 4l 4852456 2 oY (5 sl

1 0 /(i pa Gkl A ganal al¥) (5 giesa (A ) i) i :3-3-4

el B sy 0 /i e (Gl A ganna Crasa alY) s ) e DA alY) (g gluna il il 4 g1 ALY il Jl8al) (15) Jgaal)

(Expermental) 423
95%ClI Lpse [ Ld | Tded [ WAy | )
< ; K - Gy | e giall Qo o R
sV aal) aal) @Al GSa | Aguaall |5 baal) A jlaal) Al andl a3
u-'lét‘ﬂ @ 5ay ‘éJLg.d! g._al.ua.“
1.07 -21.85 - 0.073 -1.91 5.43 23.04 -10.39 | TlvsT2 T1

-6.13 -35.32 * 0.008 -3.00 6.92 29.35 | -20.72 | T1vsT3
-3.22 -22.89 * 0.012 -2.80 4.66 19.78 | -13.06 | T1vsT4

3.97 -15.19 - 0.233 -1.24 4.54 19.26 -5.61 | TlvsT5
4.45 -25.12 - 0.159 -1.47 7.01 29.73 -10.33 | T2vs T3 T2
11.88 -17.21 - 0.704 -0.39 6.89 29.24 -2.67 | T2vsT4
20.60 -11.05 - 0.533 0.64 7.50 31.82 4.78 T2vsT5
20.29 -4.96 - 0.217 1.28 5.99 25.39 7.67 T3vsT4 T3
26.25 3.97 * 0.011 2.86 5.28 22.40 1511 | T3vsT5
14.76 0.13 * 0.046 2.15 3.47 1471 7.44 T4 vsT5 T4

welu06 2 =T5 delu 48 a0 = T4 delu 24 2= T3 «lelu 6 2= T2 delu 2y =T1
CASBARY- Paired T-Test : pa3iuall HLady)
0.05 > P-value e (585 38 2a5 %

b tam Ji / (i e Gandail) Ao ganal AW Ly e 4l e (15) Jsaadl (e daadls
48524 a0 AV (5 simna 4 jlia die AV (5 sina (A4 2 s (58 25 s Al i)
Al 96 a3 alY) (5 siue g Aol 485 24 2 Al (5 sinse 4 lia die el

JERY Gailal) B am 38 /00 e (Gnbill) Ao ganna e I and Ja e A aIY) (5 gea ) il 4 ghil) AU il Bl (16) Jgaadl

(Placebo)
95%ClI G PO . . . .

i psa e Tdad | Wdl | Giad | Jaugial . oL
aal) aal) ; a 45,184 ) :
=Y O] G ﬁﬁ:\ fseaal) | gl | giaal) | e ’ G

-3.63 -29.93 * 0.015 -2.69 6.23 26.45 -16.78 | T1lvsT2
-7.40 -36.38 * 0.005 -3.19 6.87 29.14 -21.89 | T1vsT3 T1
-5.97 -28.92 * 0.005 -3.21 5.44 23.08 -17.44 | TlvsT4
11.86 | -14.53 - 0.834 -0.21 6.26 26.54 -1.33 | T1vsT5
8.60 -18.83 - 0.443 -0.79 6.50 27.58 -511 | T2vsT3
13.79 -15.13 - 0.924 -0.10 6.85 29.08 -0.67 T2vs T4 T2
34.36 -3.47 - 0.103 1.72 8.96 38.03 15.44 T2vs TS
18.44 -9.55 - 0.512 0.67 6.63 28.15 4.44 T3vs T4 T3
33.90 7.21 * 0.005 3.25 6.33 26.84 2056 | T3vsTh
28.33 3.90 * 0.013 2.78 5.79 24.56 16.11 | T4vsT5 T4
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elu 96 2 =T5 el 48 3 = T4 delu 24 3= T3 «lelu 6 2 = T2 ddelu 2y =T1
A GhanY- Paired T-Test : aadiwall jLasy)
0.05 > P-value e (s 85 38225 %

o 2 (8 /0 e Gankail) Ao ganal AW) Ly i iie 40 jLEe 2ie (16) Jsaadl (e Jaadl
4852456 3 oY) (5 sinia 4380 2ie a1 (5 siuia (Ao 0 5 (B A 250y Jill sl
Acls 9622 oIV (5 slse e el 48 5 24 22y YY) (5 siune 40 )i 20 5 el
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lad) (B da dr /00 s (Gl A ganna (pada Al al Jal ja A a1 (5 gana il a4 olil) AU il JBall (17) Jgaad)
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95%CI e A P fts . . Ao B
N =l A5 | smadad | TAE | W AN Bl | el 08
u.b‘f! ‘,-1'-1‘2! G Al Addlaial) Agguaall | g obmall | bal) oibal) A
-0.23 -12.71 * 0.043 -2.20 2.94 12.13 -6.47 TlvsT2
-0.32 -21.32 * 0.044 -2.18 4.95 20.42 -10.82 T1vsT3 T1
-3.85 -23.91 * 0.010 -2.93 4,73 19.51 -13.88 TlvsT4
-3.64 -28.59 * 0.015 -2.74 5.89 24.27 -16.12 T1lvsT5
5.43 -13.65 - 0.376 -0.91 4.52 19.19 -4.11 T2vs T3 T2
3.32 -17.32 - 0.171 -1.43 4.89 20.76 -7.00 T2vs T4
2.52 -20.74 - 0.117 -1.65 5.51 23.38 -9.11 T2vsT5
5.73 -11.51 - 0.489 -0.71 4.09 17.33 -2.89 T3vsT4 T3
5.63 -15.63 - 0.335 -0.99 5.04 21.38 -5.00 T3vs T5
7.70 -11.92 - 0.656 -0.45 4.65 19.73 -2.11 T4vsT5 T4
ielu 96 3= T5 delu 48 30 = T4 delu 24 30 = T3 «lelu 6 20 = T2 dhelu 2 =T1
A G AR - Paired T-Test : aadiwall jLasy)
0.05 > P-value e (s 0 5 38 aa5*

B dm /0 e Gabaill Ao sandd AV Ly e 45 )l6e 2l (17) Jsaal) (e Jaadls
e Aol amy oIV (5 5 ia 4 e i AIY) (5 5 aue (B A0 8 ox (3508 3sa s A aill uilal)
o A by sse G A 8 s B8 2 s ol lain Aell 9635485245 6 2 Y (6 sl
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5 —
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-1.88 -21.35 * 0.022 -2.52 4.61 19.58 -11.61 T1lvs T2
-5.96 -31.04 * 0.006 -3.11 5.95 25.22 -18.50 T1lvsT3 T
-9.75 -41.14 * 0.003 -3.42 7.44 31.55 -25.44 TlvsT4
-3.93 -29.29 * 0.013 -2.76 6.01 25.49 -16.61 T1vsTH5
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10.73 -20.73 - 0.511 -0.67 7.45 31.62 -5.00 T2vsT5
8.47 -22.36 - 0.355 -0.95 7.31 31.00 -6.94 T3vsT4 T
14.04 -10.26 - 0.747 0.33 5.76 24.43 1.89 T3vsTH
25.34 -7.67 - 0.274 1.13 7.82 33.19 8.83 T4vsT5 T4

4l 06 2 =T5 dclu 48 3 = T4 delu 24 3= T3 «lelu 6 2= T2 delu 23 =T]
A B AR - Paired T-Test : pa3iuall HLady)
0.05>P-value e s > 385 *

61



Ll

B [0 e Ganbail) Ao ganad AV e A5 L die (18) Jsaal) e Jaadl
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22.78 4.67 * 0.005 3.20 4.29 18.21 13.72 T2 Ja feasl 53 5a
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19.07 5.04 * 0.002 3.63 3.32 14.11 12.06 T3
28.50 3.72 * 0.014 2.74 5.87 2491 16.11 T4
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el 06 x=T5 delu 48 3 = T4 deln 24 3= T3 «lelu 6 2= T2 ddelu 23 =T]
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Juail) Illaa co gl by ) Al ) 3all) il s (20) Jgaad)
A s D | gl O @Al baugia | B Aga busie | Ajadll dga bugie | A anll ) 4o garal)

%43 6.44 14.94 8.50 T1 okl de sene

%50.5 13.72 27.17 13.44 T2 BEYINPIE™
%32 10.67 33.28 22.61 T3

9%38.2 11.94 31.22 19.28 T4
%27 6.33 23.39 17.06 75

%49.8 13.94 28.00 14.06 T1 Gkl A sane

%53.2 21.00 39.44 18.44 T2 3y f33a1 58 5

%34.8 14.56 41.78 27.22 T3

%33.6 10.17 30.28 20.11 T4
%10 1.28 12.78 11.50 75

%52.6 10.61 20.17 9.56 T1 Gkl A sene
%46 17.00 36.94 19.94 T2 3y i /5 5
%28 11.78 42.06 30.28 T3

%39.9 15.00 37.61 22.61 T4

%29.4 6.33 21.50 15.17 75

%32.7 4.00 12.24 8.24 T1 Gkl A sane
%40 9.28 23.17 13.89 T2 Sy 3y /46 e

9%40.11 12.06 30.06 18.00 T3

%41.2 16.11 39.11 23.00 T4

%25.8 5.17 20.06 20.89 75

sl Juadl) blhas e gl  Jab Syl a0 5l Cadas dvs o (20) Jsasdl (e JasDl

%53-

10 (e Sl 5

CuilS day ) 5l Gl il Cle gana (0 A8 gaa 5l) e ganall G ALl 17-3-4
s (Anadd) alil) (ila 3l JSA Al (Sl Eua e Juadl

roadll culall (& ll g yail my e i) Jaaill U V) il 8 A )Y e sanall G 45l (21) 52

oAl i a TR s sine Aud Tisana) Fied RS
- 0.690 0.49 T1
- 0.755 0.40 T2
- 0.475 0.84 T3
- 0.980 0.06 T4
- 0.538 0.73 T5

ielu 96 wu = T5 el 48 s = T4 dielu 24 30 = T3 el 6 3z = T2 dhelu 3 =T1
Repeated Measure ANOVA : aaiival jLidy)

S B AwaY-

Om Al el AV i wse B4 58 a (B8 25a g pre (21) Jsaall (e dasdl
Gl e (s S alas (3 5t ol il ey el sl e 31 8 Ras L) e panal
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i 09 Zaw/d s 4 W e Ay delal Y (midis )l Gieal) (sas) (g e &5
IS el b Wil de Jall 3 gon e e el (S8 o I 20 /s 16 i el
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ABSTRACT

Background & Objective: Periodontal ligament pain caused by elastomeric separators
is very common in the commencement of orthodontic treatment. Many previous studies
have shown good results in reducing pain using Low Level Laser Therapy (LLLT). In this
study, the efficacy of LLLT in reducing periodontal ligament pain caused by elastomeric
separators has been evaluated and different protocols of application have been
suggested.

Materials and Methods: This study was conducted on 72 patients (aged from 12 to 26
years). Elastomeric separators were placed at the mesial and distal surfaces of the first
molars in one jaw (upper or lower) for each patient. Laser irradiation applied only on one
side of the mouth and the other side served as the placebo side (split-mouth design).
Patients divided into four groups, the first group received single irradiation of LLLT
(Gallium Aluminum Arsenide (GaAlAs): 830 nm, 4J/cm?, 100mW) at one hour before
separators’ insertion; the second group received single irradiation immediately after
separators’ insertion, the third group received double irradiation at an hour before
separators’ insertion and immediately following separation, and the fourth group received
double irradiation immediately following separation and at 24 hours post-separation. Pain

was rated by visual analog scale (VAS) at 1, 6, 24, 48 and 96 hours. ANOVA and T-
student tests were employed to detect significant differences at P<0.05.

Results: Results showed a significant difference in periodontal pain reduction by laser
using. In otherwise, there were no significant differences between the four protocols of
irradiation in pain reduction.

Conclusion: GaAlAs LLLT application reduced early orthodontic pain caused by
elastomeric separators by any one of the suggested protocols.

Keywords: Low level laser, elastomeric separators, periodontal ligament pain,
orthodontic treatment.
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Evaluation of the Efficacy of Low Level Laser Therapy on the Management of Pain Caused by
Orthodontic Elastomeric Separators: A Split-Mouth Design Randomized Controlled Trial

Prepared by MSc student
Mai Almallah*
Supervised by Senior Lecturer Co-Supervisor by Associate Professor
Wael Almahdi** Mohammad Younis Hajeer***

Abstract

Background& objective: Periodontal ligament pain resultant of orthodontic separators considered as an
important problem facing orthodontist, so it is must be focus on effectiveness methods that reducing this
pain such as Low level laser therapy (LLLT) that effective in reducing pain without any said effect. This
research has been conducted to investigate the effectiveness of LLLT on reducing periodontal pain caused
by elastomeric separators that use in early stage of orthodontic treatment, and to compare between laser
irradiation before an hour of incretion elastomeric separators, and irradiation an hour before and after
immediately.

Martials& methods: 36 patients who were scheduled to orthodontic treatment at Adeeb Allaham office —
ministry of health, aged 12-25 years (mean 17.4 +3.7) divided randomly into two groups, split-mouth
design, first group received irradiation an hour before elastomeric separators insertion, second group
received irradiation an hour before and after the incretion immediately. Pain evaluated by visual analog
scale (VAS) after 1, 6, 24, 48, 96h. The results studied by Repeated Measure ANOVA and t-student tests
at p< 0.05.

Results: LLLT statistically reduced pain, but there was not a statically difference between irradiation
before, and before and after elastomeric separators incretion.

Conclusion: LLLT reduce periodontal ligament pain caused by elastomeric separators whether the
irradiation an hour before or an hour before and immediately after separators incretion.

Keyword: elastomeric separator, low level laser (LLLT), orthodontic treatment, periodontal ligament pain.

* MSc student, Periodontics Department, Dentistry College/Damascus University.
** Senior Lecturer in Periodontology, Periodontics Department, Dentistry College, Damascus University.

*** Associate Professor of Orthodontics, Orthodontics Department, Dentistry College, Damascus
University.
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Evaluation of Low Level Laser
Therapy on Pain Perception Following

Orthodontic Elastomeric Separation: A
Randomized Controlled Trial

MAI M.E. ALMALLAH', WAEL H. ALMAHDI?, MOHAMMAD Y HAJEER®

ABSTRACT

Introduction: Periodontal pain caused by elastomeric separators
is a very common problem in the commencement of orthodontic
treatment. Previous studies have shown good results in reducing
this pain by Low Level Laser Therapy (LLLT) and different protocols
of application have been suggested in the literature.

Aim: This trial aimed to evaluate LLLT on managing orthodontic
pain caused by elastomeric separators and to compare single
versus double irradiation in possible pain reduction.

Materials and Methods: A clinical randomized compound
(parallel-group and split-mouth design) trial was conducted
on 36 patients between 12 and 26 years of age. Elastomeric
separators were placed at the mesial and distal surfaces of the
first molars in one jaw (upper or lower) for each patient and in
only one side of the mouth (the other side served as the placebo
side). The trial had two groups: the first group received single

irradiation of LLLT [Gallium Aluminum Arsenide (GaAlAs): 830 nm,
4J/cm?, 100mW] immediately after separators insertion, where
as the second group received double irradiation immediately
after separators insertion and after 24hours. All patients were
instructed to rate the level of pain at 1, 6, 24, 48, 96 hours on
a Visual Analog Scale (VAS). The student 't' tests, repeated
measures ANOVA and LSD post-hoc tests were employed.

Results: LLLT was successful in reducing post-separation pain
when the experimental side was compared to the placebo side
at all assessment times in each group (p<0.05). There were no
statistically significant differences between single and double
irradiation groups in terms of pain reduction (p>0.05).

Conclusion: GaAlAs LLLT application reduced early orthodontic

pain caused by elastomeric separators by single or double
irradiation.

Keywords: Double irradiation, Single irradiation, Visual analog scale

INTRODUCTION

Orthodontic tooth movement causes injury in the periodontal
structures including periodontal ligament which leads to pain
and discomfort sensation [1]. This sensation appears because
of pressure and tension in periodontal ligament that releases
inflammatory mediators [2] such as histamine, serotonin, dopamine,
glycine, prostaglandins, substance P, and cytokines [3]. Many
surveys have shown that 70-95% of patients complain of pain
caused by orthodontic appliances [4], and described orthodontic
pain as a main reason to interrupt the treatment [5]. The percentage
of adolescents reporting pain during fixed orthodontic treatment
has been shown to be 90% [6]. Adolescents showed worse pain
than adults [7], but some authors have reported that pain is more
intense in adults [8]. Early orthodontic pain which is caused by
elastomeric separators starts during the first 24 hours of insertion
[6,9,10], reaches the worst pain after 24 or 48 hours [9,11]. The
post-separation pain has been described as a continuous pain
during the first two days of placement, and then it becomes
intermittent [12].

An orthodontic tooth movement is associated with pain not related
to infection but to inflammatory processes that are localized and
last for a short period of time [13]. This pain can be controlled
sometimes using Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
[14]. It has been shown that NSAIDs may decrease tooth movement
velocity [15], and they have many contraindications such as allergic
reaction (like aspirin), kidney or liver injury, hypertension, bone
marrow disorder and pregnancy [16]. For these reasons, some
authors have recommended the use of local analgesic therapy in
order to avoid the side effects of these drugs [13]. Recent studies
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have reported the effectiveness of Low Level Laser Therapy (LLLT)
to reduce pain in several dental fields like endodontic pain [17]
and extraction [18]. LLLT has also been shown to reduce early
orthodontic pain [9,10,183,19,20], and pain caused by orthodontic
tooth movement [8,21].

Laser has been introduced in the field of dentistry in the last
three decades [22]. There are two main types of laser: High Level
Laser (HLL) which is used in soft and hard tissues surgeries and
in some specific dental practices [22], and LLLT which increases
healing, decrease pain and inflammatory reactions [23]. LLLT is
called as cold, soft and therapeutic laser which exists in near
infrared spectrum, 630-980nm, and its power 50-500mw [24]. It
doesn’t make any absolute changes such as evaporation of water,
increase heat, deform proteins, or abrasion of tissues [23] so, it
is safe and globally accepted, and doesn’t cause mutations or
cancers [15]. This laser has many hypothesis in reducing pain,
it could modulate the inflammatory response to reduce pain, or
by altering conduction and excitation of the peripheral nerves, or
stimulating endorphins release [13]. LLLT has also a positive role
in orthodontic treatment because it has been shown to enhance
bone remodeling and increase tooth movement [25], as well as
to relieve orthodontic pain [9]. Lim et al., in a clinical investigation
found an efficacy of LLLT in pain relief caused by orthodontic
separators [26], and this study was followed by several studies
that have evaluated this technique [9,14,19,20]. Nobrega et al.,
and Marini et al., evaluated the single irradiation of LLLT, whereas,
Eslamian et al., studied double irradiation and Kim et al., used
multiple irradiation [9,14,27,28]. All these authors have found that
LLLT has a significant effect in reducing pain following the use of
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elastomeric separators. These protocols (single, double or multiple
irradiations) were effective, but there was no reason why previous
studies preferred one protocol over another and no differentiation
was made between the employed protocols.

The objectives of this Randomized Controlled Trial (RCT) were
to evaluate the efficacy of LLLT on controlling pain caused by
elastomeric separators, and to compare single irradiation versus
double irradiation in terms of pain reduction.

MATERIALS AND METHODS

Study Design: This was a randomized compound (parallel-group
and split-mouth design) controlled clinical trial conducted at the
Laser Department at University of Damascus Dental School,
Syria, between November 2014 and June 2015. Ethical Approval
was obtained from the Local Ethic Research Committee at the
University of Damascus Dental School (Reference Number: UDDS-
380-30032014/SRC-2209). This trial was registered at Clinical
Trials.gov (Identifier: NCT02209818).

Patient Selection: A calculation of sample size was performed
using Minitab® 17 (Minitab Inc., Pennsylvania, USA) with an alpha
level of 0.05, a power of 90%, and assuming that the smallest
difference requiring detection in pain level was 10mm on a visual
analog scale with a variation of 8.1 from a previous study [29],
a sample of 30 patients was required, i.e., 15 patients in each
group.

Patients of this study were selected from Department of Ortho-
dontics at University of Damascus Dental School. The treatmemt
plan of 87 patients was reviewed, but the number of patients who
met the inclusion criteria and agreed to participate in this study
was only 50. According to a priori sample size calculation which
indicated the need for 30 patients, a simple random sampling was
applied to select 36 patients from the sampling frame; this number
was chosen for any potential drop-out after the commmencement
of the trial.

All patients read and signed the informed consent forms before the
initiation of the study. The inclusion criteria were: (1) the absence
of any systemic or periodontal disease; (2) the absence of any
chronic or neural pain; (3) the avoidance of using analgesics or
anti-inflammatory drugs; (4) loose contact points on the mesial or
distal surface of the first molars; (5) pigmentation on the gingiva
where the laser will be applied; (6) and the first molars must be
fully erupted and without any treated or non-treated apical lesions.
Elastomeric separators (Ortho Technology Company, Florida, USA)
were inserted mesial and distal to the first molars on both sides of
one jaw for every patient.

Study Groups: Using a software-generated list of random numbers
the recruited patients were divided into two parallel groups with a
1:1 allocation ratio. First group received Single Irradiation (Sl) of
LLLT immediately after elastomeric separators insertion, whereas
the second group received Double Irradiation (D) at the following
times: (1) immediately following elastomeric separators insertion;
and (2) after 24 hours of elastomeric separators insertion. One side
was chosen randomly to be the experimental side, and the other
served as the placebo side employing a computer-generated list
of random sides [Table/Fig-1].

Laser Parameters and Procedure: A low level medical semicon-
ductorlaserwith a Gallium Aluminum Arsenide (GaAlAs)diode [Table/
Fig-2], wavelength 830 nm, energy density 4J/cm?, power 100 mW,
laser spot diameter 7mm (Diobeam®, CMSDental, Copenhagen,
Denmark). The irradiation time was automatically set according to
the chosen dose (the irradiation time was 28 seconds per each
4J/cm?). Eight points were irradiated in every side, mesial and
distal to the first molar, mesial to the second premolar, distal to the
second molar (buccally and palatally/ lingually) [Table/Fig-3]. In the
placebo side, the safety cover was removed to pretend in front of
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| 87 patients undergoing orthodontic treatment

21 patients were excluded (removable appliances)

66 patients undergoing fixed orthodontic treatment

12 patients were excluded:

3 patients with any undermined upper or lower first molars.
3 patients with endodontic treatment for the first molar(s)
One patient with posterior open bite

2 patients with generalized spacing

3 patients requiring separation on only one side of the

tooth due the absence of 2™ premolar(s) or molar(s)

54 patients fulfilled the inclusion criteria.

l—»’ 4 patients declined participation. ‘

;C-; | 50 patients were the sampling frame ‘
£
© l—Pl Simple Random Sampling
a
| 36 patients randomly were selected for the trial |
S —_— Randomization
._g
b v v
< Single Irradiation group Double Irradiation group
(n=18) (n=18)
= ! !
ED Lost to follow-up (n=0) Lost to follow-up (n=0)
B
(N8 f‘ﬁ
B] Placebo Experimental Placebo Experimental
1d
—: analyzed analyzed analyzed analyzed
c
< (n=18) (n=18) (n=18) (n=18)

[Table/Fig-1]: CONSROT 2010 flow diagram of patients' recruitment and follow-
up.

[Table/Fig-2]: GaAlAs laser device.

the patient as if his/her side of the jaw was being irradiated and the
device was allowed to give sounds as if it was working. The same
duration of application was followed (i.e., 28 seconds).

Pain Assessment: All patients instructed to rate their pain level
on a Visual Analog Scale (VAS). A line of 100mm length was used
with the left side representing no pain (i.e., score=0) and right side
representing the worst pain (i.e., score=100). The assessment
of pain was conducted at 1,6,24,48,96 hours after separation.
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[Table/Fig-3]: Laser application, A: from buccal side, B: from lingual side.

Each patient was given a questionnaire and he/she was asked to
put a vertical mark on the line at a point which best represented
the perceived level of pain. The patients instructed to bring the
questionnaires in the next appointment. The assessment of pain
was done by measuring the distance from left side to the vertical
mark and was converted in mm. Patients were instructed not
to take any analgesic during pain assessment period. In case
of severe pain, they were allowed to take one or two tablets of
paracetamol 500mg (acetaminophen) but they were asked to fill in
the questionnaire first before taking any tablet.

STATISTICAL ANALYSIS

For data collection, Microsoft Excel Software was used. Statistical
analysis was performed using Minitab® V17 (Minitab Inc.,

Mai M.E. Almallah et al., Laser Application in Reducing Post-Separation Pain

Pennsylvania, USA) and SPSS®V17 (SPSS Inc., Chicago, IL,
USA). The student t tests were employed to evaluate the efficacy
of LLLT in management pain caused by orthodontic separators,
and to compare between single and double irradiation. Repeated
measures ANOVA was employed to evaluate change in pain
perception over time and the Least Significant Difference (LSD)
method was used for post-hoc tests.

RESULTS

The mean age of patients was 18.4 years (range: 12-26 years;
10 males, 26 females) [Table/Fig-4]. Separation was applied in
the maxillary arch for 21 patients and in the mandibular arch for
15 patients. Pain perception started between one and 24 hours
following separators insertion (pain started after one hour for 23
patients, after six hours for six patients and after 24 hours for three
patients) and there were four patients who never experienced pain
during the whole period of assessment.

Pain perception for the single irradiation group reached its maximum
mean value at 24 hours following separation in both sides. Changes
between assessment times were statistically significant (p=0.003
for the placebo side and p=0.043 for the experimental side) [Table/
Fig-5-7] and there were statistically significant differences between
the experimental and the placebo sides at all times except for the
last assessment time (p=0.526) [Table/Fig-8].

Pain perceptioninthe double irradiation group reached its maximum
mean value at 48 hours following separation in both sides with
significant differences being observed over time (p=0.016 for the
placebo side and p=0.026 for the experimental side) [Table/Fig-
5,9,10]. There were statistically significant differences between
the experimental and the placebo sides at all assessment times
[Table/Fig-8].

When single irradiation was compared with double irradiation,
no significant differences between the experimental sides were
observed at all assessment times [Table/Fig-11].

DISCUSSION

Periodontal pain caused by elastomeric separators is an inflam-
matory pain and the employed laser technique should be effective
and acts as an anti-inflammatory tool without increasing tissue
heat. Lasers in 600-1000nm range works very fine for this purpose
[19]. GaAlAs 830nm has superiority in tissue penetration than other
lasers [27], and has an advanced analgesic effect that has been
documented in clinical and laboratory studies [13].

A i | M y— Viandibal Selection of the right dose is an important element that should
Gender ge | e Hin DTS | e iar be taken into account to reach an ideal result. High dosage
Group n (%) Mean | mum mum | separation: | separation: ) A . )
4 (SD) | age age n(%) n(%) should be avoided in inflammatory pain because it reduces the
Male 1720 |, 1 3 (8.33%) 2 (6.56%) anti-inflammatory and analgesic effects [9]. Dosage makes the
Single | 5(13.89%) | (5.07) ' ] treatment more effective when it is lower than 20J/cm? per area
Iradiation | Female | 17.54 o6 12 | eueeran | 700aa% and 5J/cm? per point [9,19]. In this study the dosage was 4 J/cm?
. 0, B 0,
13(36.11%) | (4.91) per point and 16 J/cm? per tooth, so it was within the acceptable
5( 1!\:/I3a8lz% ) (31647191) 25 20 | 2(5.56%) | 3(8.33%) range.
lrg‘c’j‘iﬁ:zn — Using different wavelengths could also affect the observed
13 (‘;g‘_??%) 25;5503) 23 13 (271708%) 3 (8.33%) changes [23]. In the current study, GaAlAs laser was used with a
1839 - wavelength of 830nm which showed significant difference between
Total 86(100%) | 400 | 26 12 (68.34%) | 1°(41.66%) experimental and placebo groups. Kim et al., used AlGalnP laser
T ———— with a wavelength of 635nm and found that there was a significant
Grou Side m T2 Lk T4 B F value -value
P Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) P
Srole ra Experimental 12.00 (13.39) 18.44 (19.32) 27.22 (20.99) 20.11 (21.85) 11.50 (15.18) 3.871 0.013*
ingle Irradiation
Placebo 25.28 (19.70) 39.44 (28.01) 41.78 (24.00) 30.28 (23.89) 12.78 (18.25) 6.544 0.002**
Souble ra Experimental 6.28 (11.82) 13.89 (20.70) 18.00 (20.83) 20.89 (24.74) 18.67 (21.58) 3.580 0.025*
ouble Irradiation
Placebo 11.56 (17.57) 23.17 (25.49) 30.06 (24.22) 37.00 (33.45) 24.78 (26.09) 4.026 0.015*

[Table/Fig-5]: Descriptive statistics of pain levels in the two groups of patients at the different assessment times.

T1: one hour following separation; T2: six hours following separation; T3: 24 hours following separation; T4: 48 hours following separation; T5: 96 hours following separation. Employing Repeated Measure
ANOVA. * significant difference at p<0.05, ** significant difference at p<0.01
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95%Cl 95%ClI
Time Comparison | Mean(SD) | p-value | Theower | The upper Time Comparison | Mean(SD) | p-value | Thelower | The upper
bound bound bound bound
T1vs T2 -6.44 (3.17) | 0.058 -13.14 0.25 T1vs T2 -7.61(3.12) | 0.026* -14.182 -1.040
T1vs T3 -15.22 (4.55) | 0.004** -24.83 -5.61 T1vs T3 -11.72(4.27) | 0.014* -20.73 -2.72
b T1vs T4 -8.11(5.53) | 0.161 -19.78 3.56 B T1vs T4 -14.61 (4.67) | 0.006" -24.47 -4.75
T1vs TS 0.50 (4.06) 0.904 -8.07 9.07 T1vs TS -12.39 (4.70) | 0.017* -22.30 -2.474
T2vs T3 -8.77 (4.86) | 0.089 -19.03 1.48 T2vs T3 -4.11(4.52) | 0.376 -13.65 5.43
T2 T2vs T4 -1.66 (4.92) | 0.739 -12.04 8.71 T2 T2 vs T4 -7.00(4.89) | 0.171 -17.32 3.32
T2vs T5 6.94 (4.39) 0.132 -2.32 16.21 T2 vs TS -4.78 (5.42) | 0.390 -16.20 6.65
s T3vs T4 7.11(5.56) 0.218 -4.62 18.84 - T3vs T4 -2.89 (4.09) | 0.489 -11.51 5.73
T3vs T5 15.72 (4.94) | 0.005** 5.30 26.14 T3vs T5 -0.67 (3.95) | 0.868 -9.00 7.67
T4 T4 vs T5 8.61(4.04) | 0.048* 0.08 17.14 T4 T4 vs TS 2.22(2.80) 0.438 -3.69 8.13

[Table/Fig-6]: Descriptive statistics of the observed changes between assessment
times (pairwise comparisons) in the single irradiation group in the experimental side.
Post-hoc tests were performed using Least Significant Difference (LSD) method and the p-values

of significance tests are given.

T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation.

* significant difference at p<0.05, ** significant difference at p<0.01

[Table/Fig-9]: Descriptive statistics of the observed changes between assessment
times (pairwise comparisons) in the double irradiation group in the experimental side.
Post-hoc tests were performed using Least Significant Difference (LSD) method and

the p-values of significance tests are given.

T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation.

* significant difference at p<0.05, ** significant difference at p<0.01

95%Cl 95%Cl
Time Comparison ML;’:I:SeD) p-value | Thelower | The upper Time | Comparison | Mean(SD) -Ir p-value | The lower | The upper
bound bound vaue bound bound
T1vs T2 -14.16 (4.65) | 0.007** -23.99 -4.34 T1vsT2 -11.61 (4.61) | -2.52 | 0.022* -21.35 -1.88
- T1vsT3 -16.50 (4.02) | 0.001** -24.99 -8.01 - T1vsT3 -18.50 (5.95) | -3.11 | 0.006** -31.04 -5.96
T1vsT4 -5.00 (6.90) 0.479 -19.56 9.56 T1vsT4 -25.44 (7.44) | -8.42 | 0.003** -41.14 -9.75
T1vsT5 12.50 (6.68) | 0.079 -1.59 26.59 T1vsT5 -13.22 (5.79) | -2.76 | 0.035* -25.43 -1.02
T2vs T3 -2.33 (4.85) 0.637 -12.57 7.90 T2vs T3 -6.89 (6.78) | -1.02 | 0.324 -21.18 7.41
T2 T2vs T4 9.17 (8.09) 0.273 -7.90 26.23 T2 T2vs T4 -13.83(8.99) | -1.54 | 0.142 -32.81 5.14
T2vsT5 26.67 (7.60) | 0.003** 10.64 42.70 T2vsT5 -1.61(7.12) | -0.67 | 0.82 -16.63 13.41
5 T3vs T4 11.50 (7.06) | 0.122 -3.40 26.40 s T3vs T4 -6.94 (7.31) | -0.95 | 0.355 -22.36 8.47
T3vs TS 29.00 (7.70) | 0.002** 12.75 45.25 T3vsTH 5.28(4.43) | 0.33 0.249 -4.06 14.61
T4 T4vsTH 17.50 (5.64) | 0.006™* 5.59 29.41 T4 T4 vsTH 12.22 (6.55) | 1.13 0.079 -1.69 26.03

[Table/Fig-7]: Descriptive statistics of the observed changes between assessment
times (pairwise comparisons) in the single irradiation group in the placebo side. Post-
hoc tests were performed using Least Significant Difference (LSD) method and the

p-values of significance tests are given.
T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation.

[Table/Fig-10]: Descriptive statistics of the observed changes between assessment
times (pairwise comparisons) in the double irradiation group in the placebo side.
Post-hoc tests were performed using Least Significant Difference (LSD) method and
the p-values of significance tests are given.

T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation.

* significant difference at p<0.05, ** significant difference at p<0.01

* significant difference at p<0.05, ** significant difference at p<0.01

Mean difference 95%Cl
Gr Tim between the T -
oup ® | exp. and cont. | value | P"Y#Y€ | The lower | The upper
sides (SD) bound bound
T1 | 1328(17.11) | 3.29 | 0.004* 4.77 21.79
T2 | 21.0023.19) | 3.84 | 0.001* 9.47 32.53
Single T3 | 14.5623.22) | 2.66 | 0.016% 3.01 26.10
Irradiation
T4 | 1017(15.18) | 2.84 | 0.011* 2.62 17.72
T5 1.28(8.37) 0.65 | 0526 2.88 5.44
T 5.28(7.01) 3.19 | 0.005* 1.79 8.76
T2 0.28(16.84) | 2.34 | 0.032" 0.90 17.65
| Double 1o 12.06(14.11) | 3.63 | 0.002* 5.04 19.07
rradiation
T4 16.1124.91) | 2.74 | 0.014* 3.72 28.50
T5 6.11(0.21) | 2.82 | 0012 1.53 10.69

[Table/Fig-8]: Descriptive statistics of the differences between the experimental and
control sides in each group at each assessment time. The p-values of the significance
test are also included.

T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation. Employing Paired
T-Test

* significant difference at p<0.05, ** significant difference at p<0.01

difference in reducing separation pain between the control and
experimental groups [14]. Furquim RD et al., did not found any
significant difference between the experimental and placebo sides
in their trial but they applied a high dose of 80J/cm? [29] violating
the acceptable range which has been shown to be between 0.3

95%Cl
Single Double Mean T ~

Time | Irradiation Irradiation | Diffe- | . V:Iue The The
mean(SD) mean (SD) | rence lower | upper
bound | bound

™ 12.00 (13.39) | 6.28 (11.82) | 5.72 1.36 | 0.183 | -2.84 | 14.29
T2 | 18.44(19.32) | 13.89 (20.70) | 4.56 0.68 | 0.500 | -9.02 | 18.14
T3 | 27.22(20.99) | 18.00 (20.83) | 9.22 1.32 | 0.195 | -4.96 | 23.40
T4 | 20.11 (21.85) | 20.89 (24.74) | -0.78 | -0.10 | 0.921 | -16.61 | 15.05

T5 11.5(15.18) | 18.67 (21.58) | -7.17 | -1.15 | 0.258 | -19.87 | 5.54

[Table/Fig-11]: Descriptive statistics of the differences between the single irradiation
and double irradiation groups at the experimental side at each assessment time. The
p-values of significance test are also given.

*Employing Tow-Sample T-Test
T1: one hour following separation; T2: six hours following separation; T3: 24 hours following
separation; T4: 48 hours following separation; T5: 96 hours following separation.

and 19 J/cm? and less than 20J/cm? according to several previous
reports [9,30].

It is felt that conducting this study on split-mouth design would
be better than the parallel-group design since having two groups
of patients even though randomly allocated would not probably
allow precise estimation of the effect of laser irradiation because
of the expected variability when analyzing two groups of different
subjects [31]. On the other hand, Lim HM et al., conducted a four-
arm split-mouth randomized controlled trial to test laser effect
in reducing separation pain [26]. One quadrant was chosen as
a placebo and the rest quadrants were irradiated with different
doses. They reported that there were no significant differences in
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pain reduction following separation between these quadrants. In
this type of study, pain in one jaw could irradiate to the opposite
jaw and patients may have been confused in assessing the actual
pain they encountered at each quadrant [32]. Abtahi SM et al.,
found a significant difference in pain reduction in the experimental
side compared to the control side on the 2" day only and not
in the following assessments. However, LLLT irradiation was
performed at 3 locations and from the buccal side only [33]. This
may explain the less paramount effect of pain reduction observed
in their study.

The VAS was used as a tool to measure pain perception because
of its superiority on other scales and has been used in previous
studies [9,13,14]. VAS is clear to use for all ages including young
children [34] also it has two clear reasons of its excel. It allows to
choose the exact degree of pain and gives the maximum chance
to express personal response pattern [35].

The present study showed that pain by elastomeric separators
started between one and 24hours following their insertion.
Eslamian L et al., and Marini | et al., reported that pain started after
separators insertion immediately and lasted up to 24hours [9,28],
whereas Fujiyama K et al., surprisingly reported pain appearance
after 30 seconds [36]. Artes-Ribas M et al., and Farias RD et al.,
reported pain appearance after 5 minutes [13,20]. These figures
of early pain emergence could be attributed to patients realization
of pain induced by nuisance and cannot be considered a real
inflammatory pain. Other studies reported that the emergence of
initial pain occurred after 2 to 24 hours [6,13,27]. Therefore, the first
assessment of pain was decided to be at one hour following the
insertion of elastomeric separators to make sure that we included
the first possible signs of inflammatory pain. Pain was found to
reach its maximum mean values at 24 hours for both sides in Sl
group and at 48 hour for both sides in DI group; a finding similar to
previous studies [9,19,36].

In the current study, LLLT reduced pain and promoted analgesic
effect for pain due to separation whether the application was
single or double. Previous studies that discussed reducing pain
by LLLT have used single, double or multiple irradiation [9,13,14].
Single irradiation has been discussed in several trials and many of
them reported a significant effect in reducing separation pain in the
experimental groups compared to the control groups [13,20,27].

Furthermore, Eslamian L et al., studied double irradiation to assess
LLLT effectiveness in controlling separation pain. The study was a
split-mouth design and LLLT applied on the irradiation quadrant
immediately following separators insertion and 24hours post-
separation. The results showed a significant difference in reducing
pain between double-irradiated quadrants and the placebo
quadrants in the first 3 days of the separation but not thereafter [9].
Pain reduction by repeated LLLT application was not different from
that achieved with single application in this trial. It seems that laser
application did not have a cumulative effect on pain reduction and
it seems to be that the mechanism is triggered by laser application
regarding its repetition.

LIMITATION

The clinical application of LLLT in managing post-separation pain
can be expanded to include different orthodontic procedures well-
known to be associated with pain such as alignment of crowded
teeth, canine retraction, upper incisors retraction, and closure
of interdental spaces. LLLT application may become a regular
procedure in the daily orthodontic practice once all the parameters
of its use have been fine tuned. This trial compared single
versus double irradiation, but there are several other protocols
of application that can be suggested. More research is required
with different designs to find out the best protocol of application
and with the expected future advances in laser technology it is
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possible that encountering pain during orthodontic treatment
would become an idea of the past.

CONCLUSION

Low level laser therapy showed a significant reduction in the
perceived pain following orthodontic elastomeric separation.
Double irradiation did not have any additional impact in pain
reduction compared to the single irradiation protocol.
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