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External vs internal connection implant system

Department of Dentistry, Ajou University School of Medicine
Dong-Jae Seong, DDS, Seoung-Jin Hong, DDS, MSD, Seung-Ryong Ha*, DDS, MSD, Ph.D

The osseointegration of titanium implants has been examined over the past 50 years. Many implant systems have been
introduced and have become popular to the implant dentistry. The designs of the connection between implant fixture and abutment
are divided into external vs internal connection. From beginning, the Branemark system was characterized by an external hexagon.
Internal connection has been developed to reduce stress transferred to the bone. These differences may have impact on the clinical
procedures and protocols, laboratory and components costs, and incidence of complications. Therefore, the clinician has to know
the different biomechanical features and understand their implications to produce successful implant-supported prosthesis with an
external or an internal connection system.

Key words : Dental implant-abutment design, External connection, Internal connection, Dental implants, Dental
prosthesis
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ImplantE 912 Ho“ﬂoﬂ wtebA] A external
o)l oA 2 t)H|E}EE 2| THJARE2 connection¥} internal connection S+ 7F|Z L
w2 7 @ Eet AlGE o] $1H, Branemark©] = g e, s Ay Seol] webA st
E|ERsT} 2 Aole] AsLS ubAsle] Z93) o|gh= Al "t} External connection type< abut
815 AostHA pEX| o= = A7]7F vt ment2} implant Ate]e] JEFES S¢to= A
AR, 2y 2020 a84dS o ol olert AT 4 Q= AeE o, vk REH FA0]
2] Feh, 2ol BAES 7IA1A, An)A aa ZAste] implant A/ Zt&=7F thfRE multiple
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implant $5A] F2|5tct, AT abutment®}
implant 7t 9] A2 % F A (micro—gap)7t
internal connection type®l H|3] 2™, anti-
rotation 7]%5°] internal type®] B]3] EojZth=
o] A A= a1 Qi) Internal connection type
2 cement type EEES ARl A9, &4 ¢
7| g0l 7HHst Blgo] AA| o] ARgo] F7lskaL
U= FAlolt}, skAFF A tf5=9] sinking down
(axial displacement), cold welding %
implant neck 99| fatigue fracture 59 &
A-o] o &=L it

OIS A S0k W E fixture level oA 2|5
A, E+= abutment levelo|A 5] we} o}
oFsHA| A5k, fixture level 2 A =3t o
o= transfer type, pick—up typeF £7F< %
ol EAgtct,

YA implantE A &Jgt thFE2] 7 implant
9} abutmentAtol= screws ©]-835to] AAE
abutment®} HEEE Ao]l= screw T+ cementS
o] g3to] §-AHtt Cement abutment® 7|4
abutment, customized casting abutment,
customized milled abutment %©°] ¢lomH,
screw—retained typed cement-retained
type= &% SCRPHA] 9] HEERE ZA3it},

1= Agd A Y] 7= 0%

A GA, BEEY FA WAle oudt AS TEA],

multiple casel|A] Z}ZFe] HAES splint T4 5

o] 712 dAelA AEsfjof sz Fato] EAst=

o, FATH S glokal & 4= Qlck Z42He] w9
A

webd 212ke] 4, dgo] QU]

©
)
ot
re
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>

I. External vs internal
connection

Branemark system©| 271% 1960 o] &
< 49 implant A|Z8o] ZiUE AL Aol A7) 5
Ut ol2fgh W2 AL FolA ol ke =AA 7}
T FHo] A HAET implantE A145K=
Alof| AREE]= tjRpelolt}, 227]of Branemark A

AHL external hexagon o2 EAA]oJX|+&= tjz}

g2 doz]= Holo | External hexagona £
F52t AREE]O] $HoU hexagon®] 0|7} HolA]
implant g5& Yol 9 o Ay o= &
sl7]ol= ™ AE A FAbA oFF ER3E TR}
olojt}, webA] external hexagon< =gt Wt
ol 7} A= Aol A At nlAleA e 518

= <%k, joint9] QHgAdol XAl B UAKY] &

ojuf wdS s Hrt, wEbA ol=gh 7|A1A
2l FHFE o)L A x2Tol| A2 AEYHAS HY
o Q== internal connection®] &7 AT},
Internal connection< implant—abutment 3
SHAS S7HAA AFES & H WA A7
ZF gApel ooy, BE internal Al ofA]
implant—abutment &0 1IWsHA HA|= g=
o} E3E external®] ¥]3l internal connection
Fo] 2y fARglo] AlAk At A= gEbA
Z719] A4S GAAY 4= Aol digh ool 571
A&+l ith, Internal connection implant?)
implant—abutment FZAF9= S|Apict B2 2}
olF Helty, 53] A5 FHI} implant®] WA
Ho H= WA Zo](Morse taper vs. no
friction), A|d}57} implant fixture Yo o

7= Z10], anti-rotational interlocking £4-9]

oy o

[*]

o

ot

EA oAF guiding groovel] X% W <=(spline,
hexagon, trilobe ), ZHZANAY A5 27
zlol(matched vs. platform switch), A5
ARl Am H A7), AR Heks, Al 7o At
o] Fo| Ao}, ofzfgt o] a5 QlafA] l/dat
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&, 4 T, FHF 1Y Soll B Aol He wel

97| 22X E dolof gt Screw joint stability
o= internal conical connection type®| 7}
Fel5kc} ¥, Conical connectione #& 4 34
Hof| tigh Aol AA screwol 7FelAl= AEH
AE external®|y internal hexagon®l H|3] =
A FobA screw o 3 AFHIE =tk SHARE o]
St =2 joint SHEAL abutment?] AEHAE =
oJA A implant wallol AE#A7} AFEHA
fatigue fracture® oF/|sh= A7 TF Hily
b=z Ao Agof F=2Jsfof g,

External hexagon® ¥ ©°] & 0.7mm
(universal), Imm(Restore type)o|H, Z&
2.9mm(4mm  diameter), 3.4mm(5mm
diameter o]%)oltt, 3FA|qt internal®] 7%
fixture WH-2 Soi7h= A4 FEo] external?]
H|3l| © Zc} Multiple—unit Alo]2~oA g3t
o] gt uf A8 AR cement types &
I L 2] screw types & Ml $l= Aol A
external?} internal geH¥oz & oE F ¢l
ot} o|fix A UCLA non—hex abutmentZ 7
A¥slol HHEES splinting 84 =4,
external® 7§ hexagon?] =0]7} Yol o]
AE9| fixture Zt%= AFO|&= abutment®] non-—
hex &3} fixture hexagon Apo]ojA] L7}
point contact EWHA] ZE5 4= Qlt}, External
o] AL tIEE9] joint stabilitys screw?
preloado] AHOo = ggFS H7] o] o]qt A
G BAEY o $of 2 JFe vA A= d=tt 5t
A9 internal®] 9= fixture WH2 So7k=
FHo] Z31 joint stability”} screw #5F ofuz}
Aot fixture WAFHAS] A2 W] Fgol|A]
T 9GRS W) o) fixtureo] AlHAET AR

Ol
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golgt A%, AdA 2ol HaPshA] o HAE
fixtureo] ¢12A] externalol vla} ¢ & S8
e 4= qlon A Foe RS o1& 7Hs
go] externalel H3] Al = 4 St} o=
divergent rootE& A tFA|of| cast post &
core= A|ZA] one—pieceE AATIA] Qkar 4191
Aol weh o] FEo = thpolA Al2bsk A
vtk ojjolot, wheba] ofthgTto] F-EA] oA
screw typel 2 ARE 7hsAdo] = SH A%
o= external® AlHsk= Zo] 27 o 2T ¢
ek, ofkE7to] St Eke fixtures 13|
33 21=™35h7] o]e$2 & internal fixture T
£ screw typel 2 Hdsl= A= 5710 screw
abutmentE 43t 71 9o A splinting< 5HH
=7} implant AW FEolA= B9 Hgwo
gt A4 &Y 4= dnk. SA] A" LA A7
g I AR A (screw abutment®}t gold
cylinder Ato]) A717] ool Y52 AF2H8-3 7]
g = ek AA= screw type REES 4155}
£ 7P 2 o]+ retrievability W&o|th £3)
LAz 13t implant EHES ARESIt
implant®] 4] $99l food impaction®] AJ# A
solderg 2ZFslo] thfst A& Q=2 & i}
porcelain chipping2=& QI3 HHEES AAT &
87} S wf 7hsHA AAEE Ae Adosks B¢
o screw type°l f2lslth E& cement type &
AEE AAZ 7k 4= QLo A AR A9
< cement® A7} 2Esk= AL A4 ko A
A I Sl 7F421 porcelain chipping®©] €]

& % 9lrt,

1= rlo

‘{F

I, QIS

Implant 2 AREShe g8 232 SR/l

[e)
w2l transfer E+ pick—up QAR FLEET)




Transfer A2 1AH7E A3t & 74 WollA
WA AAAS AASEL, fixture E= abutment
of AAE0] = transfer QA& LS A A% F
laboratory analog®l QAT Aejol A QUIAl Hel
THA] AR A7z o2 Bege AR
D). o] oAM= 714 EdolE ol&ste] A
55 3[R closed tray technique ©]2kal &€
o}, 9HH, pick—up g2 A7 HEE &
pick—up A& T3S A} A A ATH=T,
Q& O] 7ho|= o] Zoja Eglo]of Fgo]
%9 Slojof stz A JRIEH olE Al&sto] 2l
52 31 open tray technique ©]2kal E@ic},
Pick—up 98 FHL transfer QA IR i+=
g QAL oA A A E|ojoF st AT|A FEE
7=t 14 2).

Transfer S YAIGEE A2 E+= pick—up

Aol AR ANRJAEZ 0l E AlAsh=tl A2 = 3

o} E3F single implant, cement FA1% T8,
fixture®] A9 IA7} o= Ar HYPgt Ao
LRV FOo R ARG o= Qlrh UAR|oFY] ARG of B
= AR, AR 25 2E HAE0 FHE S
A HolFil Fo5 & o, 54, A%4 molding
o] BAgt 7%, AA, ISQ FA7F WobA viE X%
HAS Alshr] Faaele 45, A, Ao
HaAlol] ARGE 4 QI 1™ 3).

Pick—up <42 multiple unit implant,
screw type EAEY] Aol AW, fixture?
A5 A7t HeYslA] gt H-(transfer type ¢l
A AA Al QUEAIZE Ao 987} A ) oll A
|2 4 Sk

Transfer 1] ¢ +4H9 transfer 914§
TS AAS 77 QoA fixture oFdE10] A4
ok 5 oA QUAoll A IA] Al7 1= 2ol A 3R A
ol e2p7L A 7hsAdo] EARE Pick—up Q139
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Fil

8= olelet LA A & Qs BATE sk £
CEH&E gerew type BEES ASsk= A=A
Za H o3t A0E e 5 & Aotk (1™ 4),
Pick—up V& A557] Slsirl= SAHe|ER
ol QlVd= A5sto] ZHRIE 0lE Al2tsoF sk,
AA}e] 49 WA= transfer coping= fixture
of AAste] AR E LSS T A2t g /dol
A pick—up coping= QA H 7HJEH o1& A2t
stRoy, A= ofgfst B4 §lo] healing

U
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ovf, AJgko] Aol whel A2 do] Eojxitt,

abutment 1A% Arefjof A °FZ]Lﬂ°]E = A=
¥ pick—up coping®] o] ¥ 5 J1¥sto] 7|l
Edjo|E ARITH 1Y 5).

Fixture level pick—up A5 A] implant?]
AR AP RS mP oA Adsk=Al 85t
b2 QA AAtEdE Sl regular B
heavy—body PVSE ARESITH @A Ao vk}
L o3t AT 2AHF A AG RS

[e3)]
HA

E
=




5] Zejduto| oyt SRR A ol Wt
7F 2B 1A BA M AR ek Al ETh
u}2bA polyether E= PVSE ARl Zlo] £t
FEEX| ok - Xopr2 Hekel % A71E ¢
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Considerations and clinical appliances of various abutments in implant prostheses

Department of Prosthodontics, Gangnam Severance Dental Hospital
Sungwoo Park, Sunjai Kim, Jae-Seung Chang

In the past, restoration of implant crown, ready-made abutment produced by implant manufacturer could only be used. Using
straight, angled abutment, there was a limit in adaptation multiple implants. Recently, with the development of implant and
CAD/CAM technology, CAD/CAM customized abutment use has become possible which is different from the past when
restoration was possible with only prefabricated abutment. Not only it makes emergence profile possible which is similar to
natural teeth, but also it makes insertion path possible on CAD in multiple implant restorations. However, on anterior teeth which
dental esthetics is very important, another restorations which are formed with natural colored gingiva area could be required.
Titanium-based zirconia prostheses which have titanium connection and zirconia structure from 1mm above fixture platform are
alternative. Therefore, the purpose of this review is to analyze the characteristics, advantages and disadvantages of the abutment
which is used in multiple implant restorations, and to choose right abutment when clinical trials.

Key words : Ready-made abutment, CAD/CAM customized abutment, Titanium-based zirconia prostheses
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Fig. 1. Ready-made abutment; A: One-piece abutment, B: Two-piece straight abutment,
C: Two-piece angled abutment (Astra tech, Sweden)
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Fig. 2. Implant zirconia crown with ready-made one-piece abutment
(arrow: overcontoured crown)
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Fig. 3. A Prefabricated abutment & final prostheses(arrow: overcontoured crown)

B: CAD/CAM customized abutment & final prostheses(arrow :

right emergence profile)
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Fig. 5. A: CAD-CAM customized abutment B:
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Fig. 6. Titanium-based zirconia prostheses Fig. 7. A Removed fixted partial denturel, B:
C: Titanium-based zrconia crown on #11, D: Definitive restoration(arrows:
similar gingival color on Titanium-based zirconia crown and natural teeth)
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Fig. 9. Full mouth rehabilitation with Titanium based zirconia prostheses
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ABSTRACT OSSOSO SE OO SO OO PO PO PO OO T TSP TP T TR PEOTPEOROO

Splinted and non-splinted implant-supported restorations
: prosthetic considerations for restoring multiple adjacent teeth

Department of Dentistry, School of Medicine, Ewha Womans University
Hyung-In Yoon, DDS, MSD, PhD

The purpose of this paper was to investigate the significance of splinted and non-splinted implant-supported restorations with an
internal connection for multiple consecutively missing teeth. Upon examination of the effects of fixture-abutment connection, the
distribution of occlusal load was favorable in splinted implant-prosthesis with an external connection, but effect of strain
distribution was not significant in splinted implant-prosthesis with an internal connection. In splinted implant-prostheses for short
implants, strain distribution was not affected by the method of retention. For cement-retained prostheses, the effect of strain
distribution due to splinting was not significant. In clinical studies, non-splinted prostheses with an internal connection for
multiple consecutively missing teeth showed high survival rate, mild marginal bone loss, and stable periodontal condition.
However, failure to achieve optimal proximal contact between single-unit prostheses may lead to food impaction, and veneer
fracture may be inevitable when the framework provides inadequate support in the proximal region. In conclusion, splinted
implant-prosthesis is not an indication in all cases, and clinical consideration of its use should be based on the patient’s oral
condition, such as location and number of implants, formation of proximal contact, canine guidance, existence of parafunctional
habit, and oral hygiene, when multiple consecutively missing teeth are replaced by internal connection type implant.

Key words : Splinted, Non-splinted, Implant restorations, Strain distribution, Internal connection
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1% (splinted)sh= W7 HEH 02 Enon-  HW A, AHEYe] 24, 2g 9 g 43S
splinted)sh= A& A2l & 4= Qick, RE qeste] AAs|of gkl siolny, et Y&
Az AE IS AR 2 22T FES 7 E ] B34d HAEY 54 A 77
A AHAEL] S Folal el Ade & aEsle] A uAske AEUEL] 4t AL Ao
ojm, AxF AR F7H WA vlES B RESIEE AR BAE 7|R0R 274 474714
skt 21 o7k Qe 20059 HiEt A AR AEts] SRR 2 4= lokal sk
oAl WX A7 AT golfofAls, A 1A 2 =aoflAE ohgee] QIR Aoprt AAlE A
(splinting)& A4 =& 7H4 AMEAE B olE $53P/] 93 YSUE BAA RN AZ 14
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2) Aote] FawR Qls| T} Agto] BRI A4S
A5 A& ool PPAI7) LA} h= B, 3) WA
O & olF3t AokEo] AE HAstaAt 3 ¢, 4) I. &=
AdE Aok thAIstaLA} Sl A7} el
olEete o] A7)2 HES YsNE wal 1o & 1. YSEE TFAet Koo HE WA(QIF
HA<] Bato] 25t QJZTE Wl = LA O HAY 22 WS HZd) o o 1Mo 21t
29| 3 o= 1) sl FH, 2) YETHE Holot
A7, 3) YEHES W B4, 4) UEHE A 20029 Guichet 5 2% =g A| 1 &72] o]
g, 5) XA 22 B4 So] JFe nHp, B3] 2 A A 1 AFAIA] 3719 oS QY YSUEE 4
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T EeE A e AR Y Z|AA opd, AR e B4 AlREkAT. =R 9|
B Qs W ubd So] Aol 42 o, JE AEE PSS uf AR 2Aof WAsk: &
2hA] AZHENA AZ T A(splinting)S A = g SAsHTE 1 An, AW HFo] A
20| WAL W1 JEHE 7t mee aeHoe AAA R B FHd sk SHo] Fiske A
B Hakslo] QZE-Z Ao 2 SEo| la  o& UEhtl, A4 1T A A 5ol Blst
e AL 238 g I B2o] Qp, R x o] ASHE L SHo| o 12 FAbEl, A7) 24
of Lx|Ho] QIZTE WA LH Ao AL A of He S Aot o] Aiks 4 WA
Aotz WHo| M Wit S avtyoz il W AR W) FatelM o A vty Q1w A
AF 24} YEUE B T4 220 WR2E Fo] = PEh Ashd A B 52 Agle] o
7] 91l A2 17& AAIEE HE QI Sug JE $EY) e AW AES 436l
20004 Becker 52 AZHE o7 1o st A-o] A= 8um®] shim stocko] HoJA|A]
Thol=afelS Ml A, YEUE 1A Q] o] ool Fohs o] Tasrhal Haltl,
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1 The antibacterial effect of xanthorrhizol
as an endodontic irrigant on Enterococcus faecalis

"Microscope Center, Department of Conservative Dentistry and Oral Science Research
Center, College of Dentistry, Yonsei University, ?Division of Constitutive & Regenerative
Sciences Section of Restorative Dentistry, UCLA School of Dentistry, “Department of
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The antibacterial effect of xanthorrhizol
as an endodontic irrigant on Enterococcus faecalis

"Microscope Center, Department of Conservative Dentistry and Oral Science Research Center, College of Dentistry,
Yonsei University, ?Division of Constitutive & Regenerative Sciences Section of Restorative Dentistry, UCLA School of
Dentistry, *Department of Preventive Dentistry and Public Oral Health, BK 21 Plus Project, College of Dentistry, Yonsei
University, “Deptartment of Conservative Dentistry and Endodontics, National Health Insurance Service lisan Hospital

Wonyoung Yue”, Minju Song?, Si-Mook Kang?, Baek-il Kim?, Tai-Cheol Yoon”, Euiseong Kim"*

Objectives The aim of this study was to evaluate the antibacterial effect of xanthorrhizol (XTZ) on E. faecalis, compared with
2% chlorhexidine (CHX).

Materials and Methods Normal physiological state (NS), starvation state (SS), and alkalization state (AS) of E. faecalis were
used. A solution containing 1% XTZ in 30% ethanol, 1% dimethyl sulfoxide (DMSO), and 100 mg/ml sodium methyl cocoyl
taurate was used and is referred to as Xan in this study. To determine the minimal bactericidal concentration (MBC) of Xan and
CHX, 500 4l of E. faecalis (NS and two stress states) was added to a microtube containing 500 . of serial 2-fold dilutions of 1%
Xan and 2% CHX (1:2-1:128). The MBC of each antimicrobial was determined by the plate count method.

Results The antibacterial effect of Xan was more effective on E. faecalis in AS than in the other states (NS, SS) at 0.125% Xan
and 0.03325% Xan (P<0.05). In contrast, the antibacterial effect of CHX was more effective against E. faecalis in SS than the
other states (NS, AS) at 0.0625% CHX (P<0.05). In SS, the antibacterial effect of CHX was more effective than that of Xan at
0.125% and 0.0625% (P<0.05). However, in AS, the antibacterial effect of Xan was more effective than that of CHX at 0.0625%
and 0.03325% (P<0.05).

Conclusions In endodontic retreatment cases in which it is important to effectively remove E. faecalis from the infected root
canal, Xan may be more suitable when combined with NaOCI than CHX.

Key words : Xanthorrhizol - chlorhexidine - root canal irrigation - E. faecalis
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I. Infroduction

Bacteria have been recognized as the primary
etiology in the development of periapical bone
lesions”, and endodontic treatment is a procedure
to prevent or cure apical periodontitis caused by
an infection of the root canal systems of affected
teeth?. When endodontic treatment is performed
under aseptic conditions and clinical principles,
it is a predictable and reliable treatment with high
success rates ranging from 86 to 98%?. Despite
optimal endodontic therapy, endodontic failures
still occur because there are root canal areas that
cannot adequately be debrided with instrument
and disinfected with chemical agents, and further
retreatment is needed®.

The need for retreatment is due either to
reinfection by oral bacteria or, more often, to
microorganisms persisting in the apical part of
the root canals of filled teeth”. Enterococcus
faecalis(E. faecalis) is known as the dominant
microorganism in persistent apical periodon
titis®. E. faecalis, a pathogenic microorganism,
has various resistances to different environment;
such as an alkaline and acidic environment, bile
salt, starvation, and many antibacterial agents™.

Sodium hypochlorite(NaOCl) is the most
commonly used root canal irrigant'®. It is an
antiseptic and inexpensive lubricant that has
various advantages such as ease of use, strong
and fast oxidizing ability, broad spectrum
antimicrobial effects and the ability to dissolve
organic substances by breaking proteins down
into amino acids. In spite of these advantages, it

has also several drawbacks such as unpleasant

odor and taste, cytotoxicity when injected into
periradicular tissues, and, most of all, it does not
kill all bacteria including E. faecalis''".

Various chemical antibiotic agents have been
suggested as new endodontic irrigants, including
chlorhexidine(CHX), a potent antimicrobial
agent that is particularly effective against E.
faecalis™. CHX also has various advantages, in
addition to its biocompatibility and efficacy, this
irrigant has a long-term antibacterial effect due to
its adherence to hydroxyapatite'”. However,
CHX is not used as a routine irrigant, but rather
for the final rinsing of the canal due to its
inability to dissolve necrotic pulp tissue
Additionally,
reported that 2% CHX produced an orange-

remnants'®. several studies
brown precipitate when associated with NaOCI
solutions''”.

The Curcuma xanthorrhiza extract was isolated
from the ethyl-acetate fraction of the methanol
extract of Javanese turmeric(Curcuma xanthor
rhiza Roxb.), a medicinal agent in Indonesia.
Xanthorrhizol(Fig. 1, XTZ), which is the main
active component of the xanthorrhiza extract'®,
has various pharmacological characteristic, such
as anti-metastasis, inhibitory effects on
nephrotoxicity, anti-cancer and anti-inflam
matory effects'”*. Previous studies reported that
XTZ has an antibacterial effect on mutans
streptococci and reducing gingivitis* .
However, to the best of our knowledge, there is
no study about antibacterial effect of XTZ
against E. faecalis. Therefore, the aim of this
study was to evaluate the antibacterial effect of

XTZ as a new endodontic irrigant against E.
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Fig. 1. Structure of xanthorrhizol.

faecalis, in comparison with 2% CHX.

I. Materials & Methods

Bacteria strains and culture conditions

E. faecalis(ATCC 29212; BOSUNG SCIEN
TIFIC Co., KOREA) was used in the present
study. The bacteria were streaked from the frozen
stock culture onto 25 ml brain heart infusion
(BHI; Difco Co., Becton Dickinson, Sparks, MD,
USA) in a conical tube at 37 °C for 24 hours under
anaerobic conditions (80% N,, 10% CO,, and
10% H,) in an incubator(FORMA1029; Thermo
Fisher Scientific Inc., Waltham, MA, USA).

Test Compounds

The Curcuma xanthorrhiza extract was
obtained from the Bioproducts Research Center
of Yonsei University and isolated from the ethyl
acetate fraction of the methanol extract of
Curcuma xanthorrhiza Roxb. using the method of

Hwang et al.'®*9, silica gel column chromato

graphy(Merck; 70-230 mesh; 5 x 43 cm; n-
hexane/ethyl acetate, 10:1). However, XTZ is so
fat-soluble that it has to be solubilized in order to
be used as an endodontic irrigant. Based on our
pilot study for the solubilization of XTZ, 1%
XTZ in 30% ethanol, 1% dimethyl sulfoxide
(DMSO), and 100 mg/ml sodium methyl cocoyl
taurate was used and is referred to as Xan in this
study. Two percent CHX(Sigma-Aldrich Co., St.
Louis, MO, USA) and mixed solvent without
XTZ; 30% ethanol, 1% DMSO, and 100mg/ml
sodium methyl cocoyl taurate were used as the

control.

Bacterial Preparation

In this study, the E. faecalis starvation(SS) and
pretreatment alkalization(AS) states based on the
methods of Tong et al*”. were considered stress
states and were used in addition to normal
physiological state(NS). Briefly, to prepare E.
faecalis in the SS, E. faecalis was centrifuged by
6000 rpm at 4°C for 5 minutes, and the superna
tant was discarded. The cell deposit was washed

with sterile PBS(phosphate buffered saline;
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Lonza Inc., Allendale, NJ, USA) twice, resuspen
ded in PBS and stored at 37°C for 2 days. The
starved cells were 10-fold diluted for a plate
count to quantify the viable bacterial cell
concentration. To prepare E. faecalis in the AS,
the above cell deposit was pretreated in a
solution of calcium hydroxide power and
distilled water(Ca(OH),, pH 10.3) for 2 hours,
and the supernatant was then discarded after
centrifugation. The cell deposit was resuspended
in PBS. The viable bacterial cell concentration
was evaluated by the plate count method. The
quantitative determination was confirmed on
every experimental days.

To determine the antibacterial effect of Xan and
CHX on E. faecalis, E. faecalis in the NS was
adjusted to approximately 3 x 10° CFU/ml and 4 x
10®* CFU/ml in the 2 stress states (SS, AS) with
BHI broth according to the above quantitative

determination of cells in each conditions.

Antibacterial Assay

The minimal bactericidal concentration(MBC)
of Xan and CHX was determined by the plate
count method. The MBC is defined as the lowest
concentration of an antimicrobial required to kill
a particular bacteria. For the MBC assay, 500 y]
of E. faecalis(normal physiological state and 2
stress states) was added to a microtube
containing 500 y1 of serial 2-fold dilutions of 1%
Xan and 2% CHX (1:2-1:128) and mixed solvent
of 30% ethanol, 1% DMSO, and 100mg/ml
sodium methyl cocoyl taurate. After mixing with

a vortex mixer (Analog Vortex Mixer, Fisher

Scientific™, Canada), 100 ul was streaked on
BHI agar plates and incubated at 37°C for 24
hours under anaerobic conditions (80% N,, 10%
CO, and 10% H,). Afterward, the MBC of each
antimicrobial was determined by the plate count

method

Statistical Analysis

SPSS 21.0(SPSS Inc, Chicago, IL, USA) was
used for statistical analysis. To determine the
antibacterial effect of CHX and Xan on each of
three states of E. faecalis, the Kruskal-Wallis
test was used. To Compare the antibacterial
of Xan and CHX at the

concentration, in each of the three different state

effect same
of E. faecalis, the Mann-Whitney U test was
used. In all analyses, CFU/ml of E. faecalis was
transformed using log, and the level of

significance was set at 0.05.

II. Results

The MBC of Xan and CHX was the same,
0.25%, except for AS treated with Xan(Fig. 2, 3).
The MBC of Xan in the AS was 0.125% (Fig. 2).
Mixed solvent without XTZ; 30% ethanol, 1%
DMSO, and 100mg/ml sodium methyl cocoyl
taurate had no antibacterial effect on E. faecalis
(Fig. 4).

The antibacterial effect of Xan was greater
against E. faecalis in AS than the other states
(NS, SS) at 0.125% Xan and 0.03325% Xan,
respectively (P<0.05) (Fig. 2). In contrast, the
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Fig. 2. The MBC of Xan in the experimental groups and the results of the Kruskal-Wallis test. MBC,
Minimum bactericidal concentration; Xan, 1% Xanthorrhizol in 30% ethanol, 1% dimethyl sulfoxide
(DMS0), and 100 mg/ml sodium methyl cocoyl taurate; NS, Normal state of E. faecalis; SS,
Strarvation state of E. faecalis; AS, Alkalization state of E. faecalis. * Statistically significant

difference (p<0.05).
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Fig. 3. The MBC of CHX in the experimental groups and the results of the Kruskal-Wallis test. MBC,
Minimum bactericidal concentrationl; CHX, Chlorhexidine; NS, Normal state of E. faecalis; SS,
Starvation state of E. faecalis; AS, Alkalization state of E. faecalis. * Statistically significant

difference (p<0.05).

antibacterial effect of CHX was greater against
E. faecalis in SS than the other states (NS, AS) at
0.0625% CHX (P<0.05) (Fig. 3).

In SS CHX was a more effective antibacterial
agent than Xan at 0.125% and 0.0625% (P<0.05)
(Fig. 5). However, in AS, the antibacterial effect
of Xan was greater than that of CHX at 0.0625%
and 0.03325% (P<0.05) (Fig. 6).

IV. Discussion

The goal of root canal treatment is to prevent or
cure apical periodontitis by removing or at least
reducing bacteria in the infected root canal®.
Biomechanical cleaning and shaping of the root
canal greatly reduces the number of bacteria, but
because of the complexity of the canal anatomy,

mechanical instrumentation cannot eliminate all
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Fig. 4. Antibacterial effect of mixed solvent without XTZ; 30% ethanol, 1% DMSO, and 100mg/ml sodium
methyl cocoyl taurate. NS, Normal state of E. faecalis; SS, Starvation state of E. faecalis; AS,
Alkalization state of E. faecalis.
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Fig. 5. Antibacterial effect in SS and Mann-Whitney U test results. CHX, Chlorhexidine; Xan, 1%
Xanthorrhizol in 30% ethanol, 1% dimethyl sulfoxide (DMSO), and 100 mg/ml sodium methyl cocoyl
taurate; SS, Starvation state of E. faecalis. * Statistically significant difference (p<0.05).
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Fig. 6. Antibacterial effect in AS and Mann-Whitney U test results. CHX, Chlorhexidine; Xan, 1%
Xanthorrhizol in 30% ethanol, 1% dimethyl sulfoxide (DMSOQ), and 100 mg/ml sodium methyl cocoyl
taurate; AS, Alkalization state of E. faecalis. * Statistically significant difference (p<0.05).
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infected tissue and bacteria present in isthmuses
and ramifications®. Therefore, root canal
irrigation with strong antibacterial agents in
association with mechanical instrumentation is
imperative to complete the cleaning and shaping
process®.

E. faecalis is associated with different forms of
periradicular  disease including primary
endodontic infections and persistent infections.
The frequency of E. faecalis found in persistent
periradicular lesions has been shown to be quite
high. In fact, failed root canal treatment cases are
nine times more likely to contain E. faecalis than
primary endodontic infections®”. Therefore,
E.faecalis is believed to play a major role in the
etiology of failed root canals with persisting
periradicular lesions'?. Portenier et al.*” states
that it is probable that the physiological state of
E. faecalis

retreatment cases, is closest to the starvation

in the canal, particularly in

phase because bacterial cells in the root canal
encounter a harsh ecological milieu. Meanwhile,
Ca(OH), has long been recommended clinically
as an intracanal medicament between appoint
ment due to its antibacterial effects, alkaline pH,
and biocompatibility'?. In the present study, three
states of E. faecalis ; NS, SS, AS, were designed
to evaluate the antibacterial effect of Xan and
CHX in these clinical conditions.

The E. faecalis in NS in this study was used at
approximately 3 x 10° CFU/ml and the amount
used in the starvation and alkalization conditions
was approximately one-tenth or 4 x 10° CFU/ml.
It is well known that E. faecalis has acid-

resistance as a result of the activity of the cell

membrane-bound proton-translocating ATPase
(H+-ATPase)™. Additionally, Kakinuma and
Igarashi® proposed that in E. faecalis, an ATP-
linked potassium/proton antiport system
functions to bring protons into cells to combat
intracellular alkalization. E. faecalis has high
acid- and alkali-resistance because of the ATP-
linked proton-transport systems that provides an
additional means of maintaining pH homeostasis,
so it was able to grow at pH 4.0-11.0®. Some
studies reported that starvation has been shown
to increase E. faecalis resistance to chemical,
osmotic, and oxidative stress and 5.25% NaOCI*
*_ because cells in starvation may slow their
growth as the result of some nutrient limitation.
Slow growth can account for biofilm resistance
to antimicrobial agents®. Other studies stated that
starvation triggers the synthesis of stress
proteins, and these starvation-induced proteins
can protect E. faecalis against attack™ 9.
However, the results of the present study
showed that the antibacterial effect of Xan and
CHX in SS and AS was similar to or even greater
that in NS. Tong et al.?” also reported that E.
faecalis in the starvation or alkalization states
was more sensitive to MTAD, MTAN(substitu
tion of doxycycline with nisin), and MTADN
(nisin in combination with doxycycline) than in
normal state. The authors stated that this result
might be a result of the acidity of the 4.25% citric
acid in MTAD. CHX is also acidic, and, the SS
state of E. faecalis could not resist the acid attack
because of nutritional deficiency. E. faecalis in
the AS and SS states needs to generate energy,

such as ATP, continuously because the cell
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membrane-bound proton-transport systems
requires ATP to function. Therefore, E. faecalis
in stressed states might have difficulty
responding immediately to the sudden presence
of Xan and CHX.

CHX (C,,H;Cl1,N,y) is a synthetic material
comprising two biguanide groups and two
symmetric 4-choloropheynyl rings connected by
CHX acts by

absorbing to the cell wall of the microorganism

a hexa-methylene chain’®.

and causing leakage of cytoplasmic substances.
Although CHX is a broad-spectrum antibacterial
agent that is effective against Gram(+) and
Gram(-) bacteria, it is less effective against
Gram(-) microorganisms than against Gram(+)
ones*®. Additionally, because of its lack of tissue
solubility, it is used with 2.5% NaOCI during
instrumentation, and a final flush of canals is
performed with 2% CHX'Y. However, the
presence of NaOCl in the canals during irrigation
with CHX can produce an orange-brown
precipitate known as paracholoroaniline(PCA)'>
9. The formation of the precipitate could be
explained by the acid-base reaction that occurs
when NaOClI and CHX are mixed and PCA is the
main by-product”. PCA, whose molecular
formula is CH(CIN, has been shown to be
cytotoxic in rats*” and the International Agency
for Research on Cancer has listed it as group 2B
“possibly carcinogen to humans”*”. However,
Prado et al."” reported that 2% CHX produced an
orange-brown precipitate when associated with
NaOCl solutions due to chlorination of the
guanidino-nitrogens of CHX, but suggested that
is not PCA. He suggested that the different

results may be due to different detection
techniques.

XTZ(Fig. 1), which is also known as 2-methyl-
5-[(2r)-6-methylhept-5-en-2-yl]phenol; EINECS
250-090-2; (R)-5-(1,5-dimethyl-4-hexenyl)-o-
cresol, consists of phenol and a hydrocarbon
chain. Some studies have shown that XTZ has
strong bactericidal activity against S. mutans
biofilm* *". Although the precise antibacterial
mechanism of XTZ is unclear, it might disturb or
destroy the peptidoglycan layer of S. mutans®®.
The antibacterial activity of XTZ is significantly
higher than that of carvacrol(5-Isopropyl-2-
methylphenol), which is a commercial germicide
with a similar chemical structure to XTZ,
differing only in the length of the hydrocarbon
chain®?. It is therefore thought that the hydroxyl
group is responsible for the main active
antibacterial effect*. Additionally, XTZ is active
against C. albicans biofilm so that XTZ has
potential therapeutic implications against
biofilm-associated candida infections*.

In the present study, CHX displayed a greater
antibiotic effect than Xan on E. faecalis in SS,
while the opposite was true for E. faecalis in AS.
The MBC for Xan against AS is 0.125%, lower
than the 0.25% of CHX(Fig. 2). It is thought that
there is a synergic effect between alkalization
state of bacteria and the effect of Xan. Kakinuma
and Igarashi’® reported that an additional
mechanism of membrane durability against acid
and alkaline substances is involved in the acid-
and alkali-resistance of E. faecalis, in addition to

ATP-linked proton-transport systems function.

Xan might disturb the peptidoglycan layer of E.
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faecalis in the SS state, which could reduce its
membrane durability. Therefore, according to
these results, Xan appeared to be the more
valuable endodontic irrigant in chronic
periradicular lesions that require use of Ca(OH),
as an interappointment medicament.

There are some limitations of this experiment.
Our study of the antibacterial effect of Xan was
performed only in E. faecalis. Although previous
studies reported that XTZ has an antibacterial
effect on mutans streptococci and reducing
gingivitis, its antibacterial effect on other
bacteria found in the infected root canal, such as
Enterococci and Streptococci, Lactobacilli,
Peptostreptococci, Eubacterium alactolyticus,
and Propionibacterium*, needs to be determined
in order for it to be used as an endodontic
irrigant. Additionally, unlike intracanal dressing,
which might remain in the root canal for 7 days

or more, the contact time for antimicrobial agent
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ABSTRACT

Soft tissue evaluation using 3-dimensional face image
after maxillary protraction therapy

Department of Orthodontics, College of Dentistry, Gangneung-Wonju National University
Dong-Soon Choi, Kyoung-Hoon Lee, Insan Jang, Bong-Kuen Cha

Purpose: The aim of this study was to evaluate the soft-tissue change after the maxillary protraction therapy using three-
dimensional (3D) facial images.

Materials and Methods: This study used pretreatment (T1) and posttreatment (T2) 3D facial images from thirteen Class I1I
malocclusion patients (6 boys and 7 girls; mean age, 8.9 +2.2 years) who received maxillary protraction therapy. The facial
images were taken using the optical scanner (Rexcan III 3D scanner), and T1 and T2 images were superimposed using forehead
area as a reference. The soft-tissue changes after the treatment (T2-T1) were three-dimensionally calculated using 15 soft-tissue
landmarks and 3 reference planes.

Results: Anterior movements of the soft-tissue were observed on the pronasale, subnasale, nasal ala, soft-tissue zygoma, and
upper lip area. Posterior movements were observed on the lower lip, soft-tissue B-point, and soft-tissue gnathion area. Vertically,
most soft-tissue landmarks moved downward at T2. In transverse direction, bilateral landmarks, i.e. exocanthion, zygomatic point,
nasal ala, and cheilion moved more laterally at T2.

Conclusion: Facial soft-tissue of Class III malocclusion patients was changed three-dimensionally after maxillary protraction
therapy. Especially, the facial profile was improved by forward movement of midface and downward and backward movement of
lower face.

Key words : Maxillary protraction, Class Il malocclusion, Three-dimensional, Soft-tissue
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oh2 4= 9let, SAEY A, ol B Fel, A=A, AR AE &

2 7o) B2 39 A 20 S olgalel 27 P NS A FRl we sl 2

ot AR A7 o] dF AxA 0 WSS 32k Table 1o QoFsqict. 2w Mo ZAAQ FHl= (r)%'

Ao g Brlshs AoIglal, FWHAE RMEE AM8- RME 3} miniplate w7kl Zko]7h glAAINE 12

St v miniplate & AMESE TS ]I 715}t miniplate 79| B+t Uo|7} o Wk, Aw7|7He %

%3 o8 Adct 5

Aot AL Amo| g ek At e

| 3} 2T, RME 2014 RME A= 223 voje | 18

EZ(bite block), A2 E= S| Kool 17 s

AR Q12 9% Lelhook) 2 THE FAGY, BAS

Srkx] o) 2 sl th(Fig. 1). Miniplate+s oA ~
B o7l 4EYssh Nagy ABagnel o mun 2w g BA0E Askny . 7
A Aok RMPIQ) AR WS BAES A AT)  ebs] AWl miniplate® % PEoHs 9]
I 27 H(T2) 32k d=2 A7 A=E o]-&sl3lt (infrazygomatic area)oll A9stil, FH=E=
MES 5137067, o T, Ul 8.9£2.24)0 A EE 97K B9 wBAA FoAAL 93t
L, 139 FolA Ul YO R RMES AMHE-GH za(hook) HOFO R TFEQIT) Ao A91S 44 B
A= 8 (H 39, of 5, Yol 7.8+2.0M), 45 FHE 2F300cN2| TS 28311, 312 14
miniplate® IR AR b= 5H( 38, Aol AFHRES AAS ek ot A
of 2%, 4] 10.6 £1.0A) oI qlet. =2 A& Z* B AR7|17He 8. 570Y, 3D A= AzHAre| 2

e B T XA, A2 Hh gt o] )it 7He H3 10,571 Ol“E} % ﬂ%@r Hisk

o B
37
gore] Eof ug et S des Bk 24 #ix
59 Hat ANB 2+ -2.1°, FMA 72+ 255"tk AR

Table 1. Summary for the age, duration of treatment, duration of 3D record, and skeletal patterns of the patients

Total (n=13) RME (n=8) Miniplate (n=5)

Mean SD Mean SD Mean SD [ sig
Age (yr) 8.9 2.2 18 2.0 10.6 1.0 0.040 *
Duration of treatment (mo) 8.5 1.9 75 1.4 10.2 1.3 0.010 *
Duration of 3D record (mo) 10.5 2.2 9.4 1.7 12.4 1.7 0.010 *
SNA (°) 78.9 31 18.7 1.8 79.3 4.8 0.558 ns
SNB (%) 81.0 38 80.2 25 82.2 55 0.661 ns
ANB (°) -2.1 1.9 -1.6 1.5 -3.0 2.3 0.242 ns
FMA (%) 255 46 25.5 5.4 25.6 3.3 0.883 ns

*Mann-Whitney U-test; *P{0.05; ns, not significant.
SNA, sella-nasion-A point angle; SNB, sella-nasion-B point angle; ANB, A point-nasion-B point angle; FMA, Frankfurt horizontal plane-
mandibular plane angle.
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Fig. 1. Two types of intraoral appliances for the maxillary protraction. (A) Bonded type rapid maxilary expander
(RME), and (B) miniplates which were placed infrazygomatic crest area.

FRAZSYARIAL 24

FEA S WA AR 2 CX-90SP(Asahi
Roentgen Ind., Kyoto, Japan)Z o|-&3}o] BH
2 534 W (habitual occlusion)@d AFAA
& T A4 ZFsiqlet, Adsiete] dgA
22 H3kE 7hers] A E R} 8709 AlSA, 370
o] =Y o]83te] SNA, SNB, ANB, FMA
Go—Me to FH plane) =8}, FH HHof| =~2]¢]
71240l gt A point7hA]9] A2 (A-N_LFH
plane)E AlS3sHt SA50] 27| EdAE7] g
Az Gt AA7F W= FUAY HE S S
50| o= 23E|e] Slo Ao gtk AlS2 AAlst
A gkoket,

—~~

5} 272l Rexcan 111 3D
scanner(Solutionix Corp., Seoul, Korea)&
olgalol AETh, A7 QU E sje] Fuja
(B, 80 mega pixel)$}, FHOZ 250W T2
A Bz FAElo] Qlk ek 47h mER %
Aol Bl JAAZA] AelE 1340mm, A7 %
92 549 mm=E AR, A0 A7 0.7% 9]
itk B AYE AR BB ool gk

7

Q0] A% B HEE B0, w8 08 4

B = kol FFstoint. = Aol =G0l A7= F
= Faxst 7] flaf A = =olollA HH, =
5, 95, Ml splelA g, 25, £5 5 63
AABFATE, 689 A2 ezScan software

(Solutionix Corp., Seoul, Korea)E& ©]&3}¢]
5] 3D da G2 R st
3D ¥ A2 stereolithography(STL) o}
xolo g WMEg ¢ RapidForm XOR/RED
ESIGN 3(INUS Technology Inc., Seoul,
Korea)< ol-8dto] A& AL G9 41 ASS
AT ASS S1et 71eE @
71 1l A7 A 5 Y= 5 :
AR o]Fo|Fitt, A WA dAl= S o83 T4
08 & w9 3k, Wk, A% nasion F&
2 F oA R A& ARgsielt = |
2 azEo7t ek og £ G T fARE

A S-S Zrol A= WA HAFHH
(best—fit method)o|H, ARESH 7]F H9= AxZ]

nasion=r FE o #1247 tﬂﬁt}(Fig 9.
sAUEel ASe 8 A=

nasion(N')& 94(0, 0, 0)2& OP— 3712 7]%%
HES =351t % HW(horizontal plane)
2 9F= 9JoHHexocantion) ¥} = 0]—.— tragus)
E Aue BHS 7 sPheR Y'Yl & N 2 Aue
= 33 o] 533k A H(sagittal plane)
7 gl Aztoln, N 1} o5 9okt S48+ Al
U2 AAseict, #AEH(coronal plane) F
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Frol Azto]HA N & Auhe o= AAsqict
(Fig. 3).

ot Aol A ARG XA AL o]d £HE
ol A 27HEH ASHEE=A" | Fig. 40 %7

-

R4

Hie} Zro] AFAMoflx 77, IS4 ASH 47, F 15 0z
7Hel ASHE ARSI ol dAtolA A= ST 2
3t AZHL AZRZ] zygomal(Zy)olH, o] A&7 9 2t
A= TAFEHANA LIQFzHexocanthion)} 12

Fig. 2. Superimposition method for the 3D images.

(A) Initial point registration using both exocanthion, both eodocanthion, and soft tissue nasion.
(B) Final surface registration using the forehead area including soft tissue nasion.

Fig. 3. Reference planes used in this study. Horizontal plane was constructed by rotating downward the exocanthion-

tragus plane. Soft-tissue nasion was used as the orgin (0, 0, 0).

Fig. 4. Soft tissue landmarks used in this study. N' (soft-tissue nasion); Ex (exocanthion); Zy (zygomatic point); Al
(nasal ala); Pn (pronasale); Sn (subnasale); Ls (labrale superior); Li (labrale inferior); Ch (cheilion); B'
(soft-tissue B-point); Gn' (soft-tissue gnathion).
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Z+ i (cheilion) & 923 Ao FH o= Aot (PASW Statistics 18.0: IBM Co., Armonk,
e B ZARP RE S, 7IEEHHAS, A NY, USA)E ol-&3l91L, o4 0.05% A%
= ARk, ASHET Al 719 7B 4] s3It

A Agg Fofl A& & HIE A5 4, gFe

2 Fristeleh, A& A HIHT2-TDlA &

(positive) 2] gt A, A, &5 o 2o Ho} <

£ oujght}, mE =AL 13 7HH 0= 23] AAEH

I, 23] 22X FAge g EAXYE HAE Bt 8.570€ e Aot ARl A=) 2sf, 1278
t}, Bk A=9 method error (Dahlberg's 9] g2 HAR vifjusto] AL, g
formula, method error =J/x 4% / 9n , de= 4t A7tz 7)ol EQlth, Table 2+ A& A%
B 2] o] 7 ne AE Pl YU Al F  ARAS) M FRASIAPA 240 fof

87700 AZA o] theld Hat 0.55mmE RHojxgl T Aolth A& F Fet SNA 742 F IF BF

0, FAgEe Aol A 0.06mm(Ls, Z—axis), # 2.2° F7FI3AL, A pointe 4] 7|EAC 2R
gk =22 gnathionolAl 1.32mm(Gn’, X— RME o4 2.9mm, miniplate w4 2.1mm
axis) ©|c. F7ksto] Aete] Aol gl WAH L), st
SNB Z/olH 5 ZollA] 27t -2.9°, -1.8° 24519
EAxz| A, FMA 242 5= 3 B 1.2° 37181, afere] &
P 31 ko] Wi x| WstolA It
AE 47h A gronm v A4S Adslgl Aol WA el
ot AR AE wsE §r1elr] 28] Wilcoxon Table 32 A= & Ax22] HMg}E 3D d= &7
signed-rank test& Al3Ysict, 12|al, W3 oz B3t Flolt}, 1 £ ASHE(Pn, Sn,
o 9lojA] RME 3 miniplate w74l 207k 9l ADOIA = o+ HSFofjA] Ao 2 o] {-oJ5t W3y}
LR2 v|wsly] Yste] Mann-Whitney U—test =~ ¥tk RME oA Pn, Sn, Al 217} B+t
£ Attt A4 HA2 SPSS software 1.lmm, 1.5mm, 1.6mm HAWolF AT},
Table 2. Hard-tissue changes (T2-T1) after maxillary protraction in RME and miniplate group
RME Miniplate
Variables Mean SD P sig Mean SD P sig P sig
A SNA (%) 2.2 1.1 0.012 * 2.2 1.1 0.043 * 1.000 ns
A SNB (°) -2.9 1.3 0.012 * -1.8 1.4 0.078 ns 0.305 ns
A ANB (%) 5.2 1.8 0.012 * 39 1.0 0.043 * 0.306 ns
A FMA (%) 1.2 1.6 0.063 ns 1.2 1.5 0.225 ns 0.941 ns
A A-NLFH (mm) 29 2.3 0.012 * 2.1 1.1 0.043 * 0.558 ns

*Wilcoxon signed-rank test; "Mann-Whitney U-test

*P¢0.05; ns, not significant

SNA, sella-nasion-A point angle; SNB, sella-nasion-B point angle; ANB, A point-nasion-B point angle; FMA, Frankfurt horizontal plane-
mandibular plane angle; A-N_LFH, distance from A point to the line passing through nasion and perpendicular to Frankfurt horizontal plane.
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Table 3. Soft-tissue changes (T2-T1) after maxillary protraction in RME and miniplate group [%%
RME Miniplate 0—‘;
Variables Mean SD P sig Mean SD P sig P sig g%
Antero-posterior 12
AN -0.1 0.3 0.484 ns -0.2 0.1 0.043 * 0.380 ns 5%'
A Right Ex -0.5 1.0 0.208 ns -1.6 1.6 0.080 ns 0.188 ns N
A Left Ex -0.6 1.5 0.161 ns -1.5 1.5 0.043 * 0.380 ns re
A Right Zy 0.9 1.2 0.036 * 0.1 0.9 0.686 ns 0.242 ns Rall
A Left Zy 0.6 0.9 0.069 ns -0.3 1.3 0.500 ns 0.188 ns i
A Pn 1.1 1.0 0.012 * 1.0 0.5 0.043 * 0.770 ns 'II?DI'
A Sn 1.5 1.4 0.012 * 0.7 0.6 0.043 * 0.107 ns &
A Right Al 1.6 0.9 0.012 * 0.5 0.8 0.225 ns 0.057 ns IN]
A Left Al 1.6 1.6 0.017 * 0.3 1.1 0.686 ns 0.188 ns ikl
A Right Ch 0.6 1.8 0.674 ns -0.8 1.4 0.345 ns 0.306 ns O\EIL'
A Left Ch 0.6 2.1 0.575 ns -1.1 1.2 0.043 * 0.188 ns -
ALs 2.2 2.6 0.050 * 1.0 0.9 0.043 * 0.464 ns
A L -1.0 2.1 0.208 ns -1.4 1.1 0.080 ns 0.884 ns
AB -2.2 2.0 0.036 * -2.2 1.5 0.080 ns 0.661 ns
A Gn -4.0 2.3 0.012 * -2.6 2.7 0.080 ns 0.380 ns
Vertical
AN -0.3 0.8 0.327 ns -0.6 1.7 0.345 ns 0.884 ns
A Right Ex -0.5 1.3 0.263 ns -0.6 0.9 0.225 ns 0.884 ns
A Left Ex -0.3 1.1 0.327 ns -0.1 1.3 0.893 ns 0.558 ns
A Right Zy -0.7 1.3 0.161 ns -1.4 1.4 0.043 * 0.464 ns
A Left Zy -0.9 1.4 0.123 ns -1.3 1.2 0.080 ns 0.306 ns
A Pn -0.8 1.0 0.093 ns -1.6 0.9 0.043 * 0.107 ns
A Sn -1.0 1.7 0.161 ns -1.5 0.9 0.043 * 0.661 ns
A Right Al -1.1 1.4 0.069 ns -1.2 1.4 0.043 * 0.884 ns
A Left Al -1.0 1.6 0.263 ns -1.4 08 0.043 ¥ 0.380 ns
A Right Ch -1.8 2.2 0.093 ns -2.6 1.8 0.080 ns 0.558 ns
A Left Ch -1.9 2.1 0.069 ns -2.6 2.0 0.043 * 0.661 ns
ALs -2.1 2.2 0.036 * -1.7 1.5 0.043 * 0.558 ns
A L -2.5 2.9 0.050 * -2.3 2.0 0.080 ns 0.884 ns
AB -2.0 3.0 0.093 ns -2.0 2.0 0.043 * 0.558 ns
A Gn -4.1 34 0.017 * -2.0 1.7 0.080 ns 0.242 ns
Transverse
AN 0.1 0.6 0.674 ns -0.1 0.3 0.500 ns 0.464 ns
A Right Ex -0.8 1.9 0.575 ns -1.8 1.6 0.080 ns 0.380 ns
A Left Ex 0.7 1.8 0.263 ns 1.8 1.2 0.080 ns 0.242 ns
A Right Zy -0.6 1.8 0.484 ns -1.4 1.5 0.080 ns 0.306 ns
A Left Zy 0.9 1.7 0.161 ns 1.7 0.8 0.043 * 0.306 ns
A Pn -0.2 0.8 0.484 ns 0.0 0.5 0.686 ns 0.558 ns
A Sn 0.0 0.7 0.889 ns 0.2 0.5 0.686 ns 0.464 ns
A Right Al -0.5 0.7 0.050 * -0.7 0.5 0.043 * 0.558 ns
A Left Al 0.5 0.8 0.093 ns 0.5 0.5 0.080 ns 0.464 ns
A Right Ch -0.4 1.4 0.779 ns -1.7 1.5 0.043 * 0.057 ns
A Left Ch 0.7 31 0.575 ns 2.2 1.2 0.043 * 0.242 ns
A Ls 0.3 0.5 0.123 ns 0.0 0.5 0.893 ns 0.306 ns
A L 0.3 0.7 0.263 ns 0.2 0.5 0.686 ns 0.661 ns
AB 0.1 0.9 0.779 ns 0.1 0.8 0.893 ns 1.000 ns
A Gn’ 0.1 1.3 0.889 ns 0.3 1.3 0.686 ns 0.884 ns
Wilcoxon signed-rank test; *Mann-Whitney U-test; *P{0.05; ns, not significant
Positive value indicates anterior, superior, and left movement. Negative value indicates posterior, inferior, and right movement.
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Miniplate #ollAl+= Pnd} Sno] Z+ZF 1.0mm,
0.7mm AWols =HJrt, FHHF(Zy)= RME +
o= 2zt Aol 5(Right Zy, 0.9mm)2] 30|
HYou, miniplate ToMe Fodt W7} glg
o de9 wgte J&(Ls)2 RME 2o A
2.2mm, miniplate w4 1.0mm ZA%ols FHL
3, skl Fo8S gleloy SEE = Aok
HAtE slek(B', Gn' oM & BF Betdos
SHfolgo]l #AE L, E3] RME FollA= A%
o2 {98tA THolF (B, 2.2mm; Gn’
4.0mm)o] T
A HQ Mgt A= BE AESHEC] PR o]
s A 2a, 53] st ASHELL, B
S LA i K o e e a s e
sl A, Ae ASHES o7 "It glie
2 ASHEEx, Zy, Al, Ch)oA, = A
2o $507 HS AZFSS T 4508 0]
A A Bk d= AxA 9] Hale| s
T2t Afol= frofekA

El

A
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It oS re

offl
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(2]
A Ul B 9] TRl wE

| A] ook

Fig. 5= 1314 $A=9] g G/l tiste] A=
A5 53 IA4E color cording O Hoj5=al Q)
O, WS A (ETE) S A& S o] A7 A
gt of o] $1KI5H $EE oJujsta, A7t
& AR o o] Rlshe REE o)
gt ARbA o ® SPHR, 3 e 55 S
oliL, e, oot Qret FHL TE[H HES Wl
3L ek

V.

a2 3ALARl 2501, A= FRE SHE
of AT 45" R 2o dEg WHsh] i
of, Theo] S| A2 2212l W3t o= 3R+
el gk Brlel= Ao| dasitt I AxZ 9]
324 A0l Bl CBCT, BE Fo| AU 7H3AS
3t 3AH A7 Bl vHEolRl tAE PArS o]
. CBCT+ A2} dxZ

e
[e) AN =
2ol 54 K 4 Gl A Qlout, W 3

Fig. 5. Color cording images after superimposition of the pretreatemnt and posttreatment images of RME group (A to H)
and miniplate group (I to M). Red color indicates more protracted area, and blue color indicates more
retracted area on the posttreatment image compare to the pretreatment image.
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>
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o

[ut stetoll misf Aol wish Qg o1z1 shARk, A
=71 A A7190A Class 111 oFs9] Z1771A19] o]
e A7 0.5mm %= STk 2SR Hilko
, olnt -9l ehsA| g E Fofetar & = ¢l
Ck, whebA] B]% ofup F-919] FHo] & AollA= ]
AoletaL stefeti, 7] oksolA olnkE 7%
S 23 A STHS HaA Bt As ave 2
© 42 =3 d Bt lan, A7IRe] Mstel it
T A olukE 7% R Ak Aol digt B A
F7t A7t dasieh

Aot Al A7 F AxA o] HIls B of
A FRASHAPIAR] AFEE o, i

o
*®

2] @A ¢t Heymann 5(2010)3 Nguyen
5(2011)2 27} 69, 25789 11T 40 obsol

iniplate€} W 1115 1L
TS o8sto] Aot Al A=E kL, CBCT
£ 5ol AxA} AxZAo HIE Briskoikt
Heymann 5(2010) “g<=3} H]5ollA thefst 4
o] Arpolzo] Ak FEo 7Rt AyE B
A" Nguyen 5(2011)2 AwoA Hat

x
ox
1 o
=
ofr
Qo
2
=
a1
jiAL)
(i,
8

ol
2

’

3.98mm, TZEA 3.82mm Aolso] U
Husiooh? 2 A+t oo FHRASHAMIAL
o]-83t 22l H7F AyE oiFE Al
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m Title : MD-Classroom - Oral Radiography
Techniques

« Event Dates : 3/1/2016 thru 3/30/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

u Title : MD-Classroom - Expanded Functions
General and Ortho

« Event Dates : 3/1/2016 thru 3/4/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

m Title : MD-Classroom - Expanded Functions
General

« Event Dates : 3/1/2016 thru 3/4/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

mTitle ! In Session On the Road 2016
« Event Dates : 3/1/2016 thru 3/31/2016
« City : Chicago
« Country : USA

« Contact : 800.621.8099

m Title : MD-Classroom - Oral Radiography
Techniques
« Event Dates : 3/1/2016 thru 3/31/2016

« City : Chicago

«Country : USA

« Contact : 800.621.8099

mTitle : The Christensen Bottom Line 2016
« Event Dates : 3/4/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

mTitle : Review of Infectious Diseases
«Event Dates : 3/8/2016

« City : Chicago

«Country : USA

« Contact : 800.621.8099

m Title : MD-Classroom - Expanded Functions
General and Ortho

«Event Dates : 3/10/2016 thru 3/31/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

m Title : MD-Classroom - Expanded Functions
General

« Event Dates : 3/10/2016 thru 3/31/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

u Title : MD-Classroom - Expanded Functions
General and Ortho

« Event Dates : 3/10/2016 thru 3/31/2016

« City : Chicago
« Country : USA

« Contact : 800.621.8099

m Title : IL-FRVDS 2016 March: Search Engine
Optimization

« Event Dates : 3/15/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

mTitle : AADR ANNUAL MEETING

« Event Dates : 3/16/2016 thru 3/19/2016
« City : Chicago

« Country : USA

« Contact : 800.621.8099

mTitle : The 10th Siberian Dental Forum 2016
and the 10th specialized exhibition
Dental Salon Krasnoyarsk

« Event Dates : 3/16/2016 thru 3/18/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

m Title : MD-Classroom - Oral Radiography
Techniques

« Event Dates : 3/29/2016 thru 3/30/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099
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mTitle : WA-SKCDS - 2016-03-30ND
« Event Dates : 3/30/2016

« City : Chicago

« Country : USA

« Contact : 800.621.8099

mTitle : InSession On the Road 2016

- Event Dates : 4/1/2016 thru 4/30/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : MD-Classroom - Oral Radiography
Techniques

- Event Dates : 4/1/2016 thru 4/18/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : MD-Classroom - Expanded Functions
General and Ortho

- Event Dates : 4/1/2016 thru 4/29/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : MD-Classroom - Expanded Functions
General
- Event Dates : 4/1/2016 thru 4/29/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : MD-Classroom - Expanded Functions
General and Ortho

- Event Dates : 4/1/2016 thru 4/29/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : MD-Classroom - Oral Radiography
Techniques

- Event Dates : 4/1/2016 thru 4/30/2016

- City : Chicago

. Country : USA

- Contact : 800.621.8099

uTitle : DC - DCDS 2016 April Monthly Meeting
- Event Dates : 4/12/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : IDEX 13th Istanbul Dental Equipment
And Materials Exhibition

- Event Dates : 4/14/2016 thru 4/17/2016

- City : Istanbul

- Country : Turkey

- Contact : 800.621.8099

mTitle : 2nd International Meeting on Clinical
Case Reports

- Event Dates : 4/18/2016 thru 4/20/2016

- City : Chicago
- Country : USA

- Contact : 800.621.8099

mTitle : IL-FRVDS 2016 March: Search Engine
Optimization

- Event Dates : 3/15/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : IL-FRVDS 2016 April: Designing a Green
Dental Office

- Event Dates : 4/19/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : WA - SKCDS - 2016-04-19Installation
- Event Dates : 4/19/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : MO-GSLDS-Apr16-Seminar
- Event Dates : 4/22/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

uTitle : IL-WCDS 2016 April / The

Walletectomy: Embezzlement in the
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Dental Office
- Event Dates : 4/26/2016
- City : Chicago
- Country : USA

- Contact : 800.621.8099

m Title : WA-SKCDS-2016-04-09Low
- Event Dates : 4/29/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : MD-Classroom - Oral Radiography
Techniques

- Event Dates : 4/30/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

May

mTitle : InSession On the Road 2016
- Event Dates : 5/1/2016 thru 5/31/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : MSDA 2016 Dental Assisting Course
Registration

- Event Dates : 5/1/2016 thru 5/31/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : MSDA 2016 CE Course Registration
- Event Dates : 5/1/2016 thru 5/31/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : Taiwan Dental Association Annual
Meeting
- Event Dates : 5/1/2016
- City : Chicago
- Country : USA
- Contact : 800.621.8099 / 02-2500-

0133(Taiwan)

mTitle : 2016 Washington Leadership Conference
- Event Dates : 5/2/2016 thru 5/4/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : MO-GSLDS-Apr16-Seminar
- Event Dates : 5/6/2016
- City : Chicago
- Country : USA

- Contact : 800.621.8099

mTitle : WA-SKCDS - 2016-05-070Botox
- Event Dates : 5/7/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

uTitle : DC - DCDS 2016 May Monthly Meeting
- Event Dates : 5/10/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

u Title : Peri-implantitis

- Event Dates : 5/10/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : IL-WCDS 2016 May / Anxiolytics and
Oral Sedation

- Event Dates : 5/17/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : The 56th EXCIDA Exhibition and
Congress of Iranian Dental Association

- Event Dates : 5/17/2016 thru 5/20/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : WA-SKCDS - 2016-05-18ND
- Event Dates : 5/18/2016
- City : Chicago

- Country : USA
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. Contact : 800.621.8099

mTitle : In Session On the Road 2016
- Event Dates : 6/1/2016 thru 6/30/2016
- City : Chicago
- Country : USA

- Contact : 800.621.8099

mTitle : MSDA 2016 Dental Assisting Course
Registration

- Event Dates : 6/1/2016 thru 6/30/2016

- City : Chicago

. Country : USA

- Contact : 800.621.8099

mTitle : MSDA 2016 CE Course Registration
- Event Dates : 6/1/2016 thru 6/30/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : MO-GSLDS-March16-Seminar

- Event Dates : 6/1/2016 thru 6/30/2016
- City : Chicago

- Country : USA

. Contact : 800.621.8099

mTitle : 2016 Mississippi’s Dental Meeting
- Event Dates : 6/1/2016 thru 6/5/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : WA-SKCDS - 2016-06-02ND
- Event Dates : 6/2/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : DC - DCDS 2016 June Awards Dinner
- Event Dates : 6/7/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : Sino-Dental 2016

- Event Dates : 6/9/2016 thru 6/12/2016
- City : Beijing

- Country : China

- Tel : +86-10-88393922/88393915

- Email : info@sinodent.com.cn

- web : www.sinodent.com.cn

mTitle : WSDA Academy: Posterior Preperation
Design Workshop

- Event Dates : 6/16/2016

- City : Chicago

- Country : USA

- Contact : 800.621.8099

mTitle : IL-WCDS 2016 May / Anxiolytics and

Oral Sedation

- Event Dates : 5/17/2016
- City : Chicago
- Country : USA

- Contact : 800.621.8099

mTitle : APDC - Asia Pacific Dental Meeting
2016

- Event Dates : 6/17/2016 thru 6/19/2016

- City : Hong Kong

- Contact : 800.621.8099

- E-mail : apdc2016@kenes.com

- Fax : 490 212 299 99 77

mTitle : 2016 Strategic Planning

- Event Dates : 6/17/2016 thru 6/18/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

uTitle : APDC 2016

- Event Dates : 6/17/2016 thru 6/19/2016
- City : Hong Kong

- Contact : 800.621.8099

- E-mail : apdc2016@kenes.com

- Fax : 490 212 299 99 77

mTitle : IADR General Session

- Event Dates : 6/22/2016 thru 6/25/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099
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mTitle : 100th Annual Session

- Event Dates : 6/23/2016 thru 6/26/2016
- City : Chicago

- Country : USA

- Contact : 800.621.8099

m Title : MedHealth Kenya 2016

- Event Dates : 6/24/2016 thru 6/26/2016
- City : Nairobi

- Country : Kenya

- Contact : +971 4 3964906

- Fax : +9714 3964904
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