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 الخالصة

: تدف الدراسة اىل تقييم تأثري نوع النظام التقوميي على معدل إغالق املسافة، درجة امليالن و الدوران عند تسليط قوة متساوية على احلاصرات التقوميية األهداف
:استخدم يف هذا البحث مثيل األسنان املصنوع من الشمع مع جمموعة من األسنان املعدنية املرتبة حسب نوع اإلطباق المواد وطرائق العملالشفاهية واللسانية. 

األول لألسنان. بعد إزالة الضاحك الثاين من كال اجلانبني، مت لصق كل سن من األسنان األمامية واألنياب بنوعني من احلاصرات التقوميية غري القابلة للصدأ نوع روث 
 انج وهي احلاصرات التقوميية الشفاهية واللسانية ما عدا الضاحك األول األمين حيث لصق حباصرات تقوميية لسانية والضاحك األول األيسر 0.030× 0.022

حيث لصق حباصرات تقوميية شفاهية. مت تثبيت امتداد عارضة مستوى العضة و امتداد عارضة الناب من كال اجلانبني لقياس درجيت امليالن والدوران،مت تسليط قوة 
 درجة سليليزية ملدة 55-50 غم بواسطة ملف النابض االغالقي لسحب الضاحك األول من الطرفني. بعد غمس مثيل األسنان يف محام ماء بدرجة 200مقدارها 

) أظهرت النتائج بان هناك فرقا" معنويا" t:استخدم يف هذه الدراسة اختبار (النتائجمخس دقائق مث قياس معدل إغالق املسافة ودرجة ميالن ودوران الضاحك األول.
بني الموعتني حيث أن جمموعة احلاصرات التقوميية اللسانية أظهرت اكرب قدر من حركة األسنان وأعلى درجة دوران للضاحك األول. أما بالنسبة لدرجة امليالن، 

: هذه االستنتاجاتأظهرت جمموعة احلاصرات التقوميية الشفاهية  أعلى درجة ميالن للضاحك األول ولكن بدون فرق معنوي مع جمموعة احلاصرات التقوميية اللسانية. 
الدراسة أظهرت أن أعلى معدل إلغالق املسافة  وأكثر درجة دوران  مصاحبة لموعة احلاصرات التقوميية اللسانية بينما يوجد اختالف غري معنوي بالنسبة لدرجة 

 امليالن بني الموعتني. هلذا يعد اجلهاز اللساين طريقة فعالة عند سحب السن بواسطة جهاز التقومي الثابت.
ABSTRACT 

AIMS:To assess the effect of system type on the amount of space closure when equal force use on 
each system and to compare the amount of rotation and tipping generated by lingual and conventional 
brackets. Materials and Methods: A mandibular  typodont system with Class I wax form and set of 
metal teeth were used in this study. After removing the second premolar bilaterally, each tooth of the 
anterior teeth and canines were bonded with two bracket systems ,  preadjusted  Roth stainless steel 
0.022x0.030 inch conventional (labial) brackets  (CoBS group) and lingual brackets (LiBS group) 
except right first premolar were  bonded with lingual bracket (LIBS group) and left first premolar were  
bonded with labial bracket (CoBS group). Bite plane extension bar (BPB) and canine extension bar 
(CB) were constructed bilaterally for the measurement of first premolars tipping and rotation. A 
200gm. of  force applied by close coil spring to retract  the  first premolars  bilaterally . After 
immersion of the typodont in water bath with 50-550 C for 5 minutes, the rate of space closure , tipping 
and rotation of first premolars were measured. Results: A statistical analysis (independent-samples  
t-test) used in this study, there was a significant difference between the two system groups (CoBS 
group and LiBS group). The LiBS group had a significant  higher amount of tooth movement, and 
higher degree of rotation. For the tipping, the CoBS group had the higher level of tipping with a  
non-significant difference with LiBS group. Conclusions: The outcomes of this study showed that the 
higher rate of space closure and rotation were associated with LiBS group, while there is a non-
significant difference in the amount of tipping  between the two groups. So, Lingual appliance  was 
appeared to be very effective method for tooth sliding during fixed orthodontic treatment.  
Keywords: Lingual bracket, conventional bracket, sliding and typodont. 
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INTRODUCTION 
Recent years have seen a marked  

increase in number of adult patients  
desiring orthodontic treatment, it is well 
known that the adult have  negative  
reaction toward the esthetic of convention-
al fixed orthodontic appliance. Even 
through brackets made of plastic and por-
celain and coated arch wire.(1) So, the only 
solution that provides ultimate method  of 
esthetics during treatment is attach the ap-
pliance to the lingual surface of teeth.(1) 
However, the "lingual" appliance is supe-
rior to traditional "labial" appliance and 
lingual appliance is covering the same 
range of treatment indication as do labial 
devices but the patient that  is reported 
greater speech disturbance, pain, cost and 
irritation of tongue. (2-4) Typodont can be 
used in orthodontic practice to show poss-
ible effect of using variable factors of ca-
nine position and rate of movement during  
sliding mechanics. (5) 

The orthodontic diagnosis and treat-
ment plan often required retraction of ca-
nines, where the retraction of canine con-
sider the basic technique in orthodontic 
treatment.(6,7) The common method of 
translating tooth orthodontically was done 
by the use of sliding mechanics and  
mesiodistal tooth movement is accom-
plished by guiding the tooth along conti-
nuous arch wire with help of an orthodon-
tic bracket in sliding mechanics (8-10), posi-
tion of bracket give control tooth move-
ment. (11) Pure bodily distal movement of 
canine is difficult to achieve with so-called 
sliding  
mechanics.(12) Any force to achieve  
desired tooth movement must exceed the 
friction force inherent the appliance.(13) 
Frictional forces act in opposite direction 
to the desired tooth movement  and  
generated when a force applied to bodies 
in contact.Canine tipping during initial 
unsteady stat then moved  bodily during 
steady stat and tipping of canine decreased 
when wire sized increased or when force 
applied decreased.(7,8) Clearance between 
the arch wire and bracket slots there will 
be considerably more tipping also increase 
friction resistance as binding occur be-
tween bracket slot and arch wire and de-
gree of tipping with sliding mechanics 
would probably smaller if rectangular arch 

wire had used and tipping tooth movement 
is smaller if the surface force applied close 
to the neck of tooth or more gingivally. (14) 
Canine will rotate if the force applied not 
through the center of resistance of tooth 
labiolingually direction. (9) 

The aims of this study compare the 
amount of rotation , tipping and space  
closure between the lingual and conven-
tional brackets. 
 

MATERIALS AND METHODS 
The study was conducted using  

typodont model, with wax form mandibu-
lar  class I, a set of mandibular metal teeth 
(all teeth except third molars), the typo-
dont was prepared  according to manufac-
turer's  instructions (Ormco, Japan) , the 
preadjusted Roth stainless steel conven-
tional (labial) brackets 0.022x0.030 inch 
(Denturum-Germany)  and lingual brack-
ets 0.022x0.030 inch (SMART-china) 
were fixed on the labial and lingual sur-
faces of metallic typodont teeth (Figure 1) 
by using epoxy steel adhesive (USA). (15) 

The lingual bracket fixed on the  
lingual surface of all metal teeth except the 
left first premolar, while the conventional 
brackets fixed on the labial and buccal 
surface of all metal teeth except the right 
first premolar, the preadjusted stainless 
steel buccal bondable tube (hallimex-
germany) were fixed to the buccal surface 
of molars teeth bilaterally, also pread-
justed stainless steel lingual bondable tube 
(SMART-china) were fixed to the lingual-
surface of molars teeth bilaterally.   

Alignment of the teeth was done by 
using arch wires started from 0.014 inch 
round NiTi (Denturum, Germany) and 
gradually upgraded till reached 
0.016x0.022. Rectangular stainless steel 
conventional and lingual arch wires(16,17) , 
arch wires were ligated to the brackets by 
ligature wire 0.010 inch (ISO-USA)  in  
both lingual and conventional brackets . 
The second right and left premolars where 
removed from typodont to allow a space 
for first premolar sliding. 
After that, a well aligned L shape round 
wire 0.1 inch adapted to the occlusal 
surfaces of first and second molars and 
extended to the distal surface of second 
molar on both side of lower arch, then 
fixed in position by using epoxy steel  
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adhesive. This L shape wire hold the two 
molars firmly together and to the metal 

base of the typodont to make them  
immobile (Figure 1). 

 

 
Figure (1): Occlussal view shows Closed coil spring between the lower first 

premolars  (CoBS left side and LiBS right side) and the hook at  
the first molars band after immersing in water bath 

 
A special four bars were constructed, 

2 bilateral bite plane extension bars (BPB) 
and 2 bilateral  first premolars extension 
bars (CB) (Figure 2), the 2 BPB  were  
L-shape bars made from 0.016x0.016 inch 
stainless steel rectangular wire, the long 
arms were inserted and fixed to the  
typodont by using epoxy steel adhesive in  
the simulated  tongue position area in the 
midline and in the same level of the  
premolars, those bars emerges upward for 
(50mm) then it bends and extended  
facially (30mm) to make right angle with 
CB(9), the 2 CB were also constructed 
from 0.016x0.016 inch stainless steel  
rectangular wire in a form of L-shape, the 
long arms were fixed to the distal aspects 
of the first premolars ( the teeth to be 
slides) by using epoxy steel adhesive, 

those arms extended upward incisally 
60mm then they bend at right angle and 
extended anteriorly 40mm and above the 
BPB by about 20mm. Such two bars in 
each side are used as a guide to determine 
the position of first premolar  after sliding 
regarding the degree of tipping and rota-
tion, this method is a modification of 
Huffman and Way procedure.(10) A special 
wooden table was constructed with two 
metallic bases, one to fix the digit camera 
(vertically for rotation measurement and 
horizontally for tipping measurement), and 
the other to fix the typodont in a way to 
allow a standard method for taking a pho-
tograph before and after each sliding in 
both right side sliding (lingual bracket sys-
tem ) and left side sliding (conventional 
bracket system). 
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BPB

CBCB

 
Figure(2): Frontal view shows the CB and BPB bars after immersing in water bath. 

 
In this study, two systems were used 

for sliding the first premolar distally, the 
first system is the Conventional Bracket 
system (CoBS) group in the left side and 
the second system is the lingual bracket 
system (LiBS) group in the right side, the 
retraction of first premolars in the two side 
were done by using close coil spring  
(Denturum-Germany) , with force 200 gm 
using tension gauge (France) to measure 
the delivered force  in both side (CoBS 
group and LiBS group).(18) The typodont 
was immersed in a water bath  
(HAAKE-England) with 50-55 0C for 5 
minutes then removed and immersed  
directly in a tap water (5 -10 C0 )(19), this 
procedure repeated with each  
measurement . 
 
Before sliding: 

In this study, the first premolar slide 
bilaterally 10 times by immersing the  
typodont in the water bath, before each 
method of sliding, the distance between 
the distal wing of left  first premolar's 
bracket(CoBS) and the mesial end of the 
first molar's tube was measured, also the 
distance between the distal surface of right 
first premolars  bracket (LiBS) and the 
mesial end of the first molar's lingual tube 
was measured. This distance is considered 
as the available space, This distance was 
measured in millimeter by digital vernia 
(Sony-china), also the angle between BPB 
bars and CB bars should be 90 from both 
horizontal and vertical direction in both 
left and right sides; these angle is  
considered as CB original angle. 
 

After sliding: 
After each method of first premolar 

sliding bilaterally  by immersing the  
typodont in the water bath, the distance 
between the distal surfaces of  first  
premolars brackets (CoBS and LiBS) and 
the mesial end of the first molar's tube 
were again measured(20) by digital vernia, 
this distance is considered as the  
remaining space, therefore: 

 
Rate of space closure=Available space-
Remaining space 
 

The first premolars tipping degree in 
the two groups after sliding were  
measured by taking a photograph to the 
typodont using digital camera(canon ,  
Japan), with horizontal project from right 
and left side (directed towered first  
premolar) where the angle between BPB 
and CB are exposed and then can be 
measured directly on the photograph using 
protractor, this angle is considered as CB 
inclination angle from the CB original  
angle, then the first premolar's tipping 
were measured by subtraction of the CB 
tipping angle from the CB original angle. 
The first premolars rotation degree in the 
two groups after sliding were measured by 
taking a photograph to the typodont using 
digital camera, with vertical project from 
occlusal side (directed towered the center 
midline of the typodont) where the angle 
between BPB and CB are exposed and 
then can be measured directly on the  
photograph using protractor, then the first 
premolar's rotation were measured by  
subtraction of the CB rotational angle 
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from the CB original angle. 
 

RESULTS 
The descriptive statistics analysis, 

(minimum, maximum, mean value 
,standard error and standard deviations) 
for the rate of space closure, tipping and 

rotation for both conventional bracket  
system (CoBS)  group and lingual bracket 
system(LiBS) group , are given in (Table 
1). The independent-samples t-test (Table 
2) was carried out  for rate of space  
closure, rotation and tipping to compare 
between (CoBS)  group and (LiBS) group. 

 
Table (1): Descriptive Statistics Demonstrating the Effect of Groups on 

Shear Bond Strength of Brackets. 
 Groups* No. Minimum Maximum mean SD Std. Error 

Rate of 
space 

closure 

CoBS 10 1.00 3.00 1.915 .6774 .2142 

LiBS 10 3.20 6.20 4.380 .8390 .2653 

Rotation CoBS 10 1.00 3 2.240 .6653 .2104 
LiBS 10 2.00 6.50 4.390 1.571 .4969 

Tipping CoBS 10 .50 1.70 1.000 .4320 .1366 
LiBS 10 .50 1.80 .9900 .4863 .1538 

* COB: conventional bracket system, LiB: lingual bracket system. 
 

Table (2): Comparison between conventional bracket system group and lingual bracket 
system group by using  t-test for Rate of Space Closure,  Rotation and Tipping. 

 Groups Mean ± SD t – Value Df p – Value 
Rate of space 

closure 
CoBS 1.915 .6774 -7.228 18 .000* LiBS 4.380 .8390 

Rotation CoBS 2.240 .6653 -3.984 18 .001* LiBS 4.390 1.571 

Tipping CoBS 1.000 .4320 0.49 18 .962 LiBS .9900 .4863 
* Significant differences existed at p≤ 0.05 
 
Rate of space closure 

The t-test for the rate of space closure  
showed that there was a significant  
difference between CoBS group and LiBS 
group at  p≤ 0.05  as shown in (Table 2). 
LiBS group was higher  mean value of 
4.380 if compared to  CoBS group which 
was 1.9150. 
Rotation 

After subtraction of the CB rotational 
angle from the CB original angle, in CoBS 
group the degree of angle was positive 
while in the LiBS group was  negative. 
Because in the CoBS group first premolar 
was rotated mesiolingually or Distolabial-
ly, while in the LiBS group first premolar 
rotated mesiolabially or distolingually. 

The t-test for the rotation  showed 
that there was a significant difference be-
tween CoBS group and LiBS group at  p≤ 
0.05  as shown in (Table 2). LiBS group 
was higher  mean value of 4.390 if com-

pared to  CoBS  group  which was  2.240 
Tipping 
The t-test for the tipping  showed that 
there was no- significant difference  
between CoBS group and LiBS group at  
p≤ 0.05  as shown in (Table 2). CoBS 
group was higher  mean value of 1.000 if 
compared to  LiBS group which was .9900    
 

DISSCUSION 
The mechanical properties of the 

bracket-wire-interface influences the  
efficiency of any fixed appliance,  
especially the lingual appliance. Up now 
few studies have looked into mechanical 
properties of  the bracket-wire interface.P

(21)
P 

In this study, a comparative assessment of 
space closure, amount of rotation and tip-
ping generated by lingual and convention-
al brackets. 

According to the result of Goren  
etal.P

(22)
P In both systems, during retraction 
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of the first premolar, the direction of the 
force applied passes relatively far from the 
centre of resistance, and therefore, 
moment is created. The moment tends to 
move the crown in the force direction and 
the apex in the opposite direction. In this 
sense, there is no difference between 
CoBS and LiBS in regard to the tipping of 
the tooth. This result come in agreement 
with our result .Since  tipping will occur 
until contact is established  between the 
diagonal corners of the bracket slot and 
arch wire , so that the low mean value of 
the tipping  result between the  CoBS and 
LiBS may be due to the used of the large 
arch wire (0.016x0.022" stainless steel) 
and the non significant tipping that result 
between the  CoBS and LiBS may be due 
to the same arch wire 0.016x0.022"  
stainless steel used in this study.  

The sagittal force also creates a  
moment in the bucco-lingual direction, 
which tends to rotate the tooth  in a  
disto-lingual direction when CoBS is used, 
and meso- buccal rotation of the tooth 
when LiBS is used.  which comes in 
agreement with the result obtained  by Go-
ren etal (22) as they stated that, in buccal 
orthodontics, the vector of force passes 
buccal to the centre of resistance and in 
lingual orthodontics, it passes lingual to it. 
therefore, the direction of these rotations 
are opposite.   

The wider the mesio-distal width of 
the CoBS result in good control of the arch 
in the bracket slot, this explain  the  
significant less rotation that occure in 
CoBS when compare with  LiBS. This 
result come in agreement with other  
studies.(23,24) Therefore, Fuck etal (25) 
recommended the use of double over tie in 
lingual techniques to better control of the 
arch wire within the narrow bracket's slot . 

When the brackets are placed on the 
lingual surface instead of  the labial  
surface, the inter-bracket distance is  
decrease lingually, and this makes  the 
wire stiffer in lingual orthodontic than in 
labial orthodontic. (26) Stiffer wires reduce 
the binding and thus reduce the resistance 
to friction.(11,27) Also, the smaller  
mesio-distal width of the  LiBS in  
comparison with the CoBS reduce the  
contact area with the arch wire, and  
subsequently reduce the friction.  This  

explains why in our study the rate of space 
closure was significantly greater in LiBS 
than in CoBS. This result comes in  
agreement with other studies.(22,25) 

Friction is created between the arch 
wire and the bracket for two main rea-
sons,(28) the first is the possible pull of the  
ligature, the second is more complicated to 
understand but inevitable. It is induced by 
the task of the bracket to prevent  
undesirable tipping and rotation or –
depending on the task-the intentional ap-
plication of a derotation moment. 
 

CONCLUSIONS 
Lingual orthodontic appliances  

represent anssz excellent alternative to 
labial appliances for patients. The  
mechano therapy involved is altered in 
some respects. 

In our study, LiBS group  showed 
significantly more rotation and greater 
amount of space closure during retraction 
of the first premolar when compare with 
COBS, so this study  recommended the 
use of lingual system when bodily move-
ment of tooth with less force and less 
amount of anchorage lost are wanted. 
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