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 الخلاصة

: العدد المواد وطرائق العمل: تهدف الدراسة الى تقييم تأثنً أنواع مختلفة من الروابط وتقنيات الربط على معدل إغلاق الدسافة، درجة الديلان والدوران. الأهداف
(. المجموعة الثانية: SLالقابل للصدا والدعد مسبقا ) عينة مصنفة تحت خمس مجموعات وفقا لاسلوب ونوع الربط. المجموعة الاولى: الرابط غنً ٠٥الكلي للعينات هو 

 ۸(. المجموعة الرابعة: الرابط الدطاطي ذو الشكل EO) O(. المجموعة الثالثة: الرابط الدطاطي ذو الشكل KLالرابط كوباياشي غنً القابل للصدأ والدعد مسبقا )
(E8 المجموعة الخامسة: الرابط الدطاطي غنً التقليدي نوع ليو .)( نNE).  مثيل الاسنان الدستخدم في هذه الدراسة مع الحاصرات التقويمية غنً القابلة للصدأ نوع روث

ثبتت  (CB)( وامتداد عارضة الناب BPBانج. امتداد عارضة مستوى العضة ) ٥٫٥٠٠×٥٫٥١٠انج، مع القوس التقويمي الغنً قابل للصدا  ٥٫٥٣٥×٥٫٥٠٠
غرام استخدمت بواسطة السلسلة الدطاطية القصنًة لسحب الناب العلوي الايمن. بعد غمس مثيل الاسنان في  ١۸٥ب. قوة بمقدار لقياس درجتي الديلان والدوران للنا

على درجة سيليزية لددة خمس دقائق،  يتم قياس معدل إغلاق الدسافة باستخدام الدسطرة الرقمية )بنٌ الاجنحة الوحشية للحاصرة الدثبتة  ٠٠-٠٥حمام الداء بدرجة 
بعد اخذ صورة للمثيل السني  الناب الدنزلق الى الاجنحة الانسية للحاصرة الدثبتة على الضاحك الثاني العلوي الايمن(. يتم قياس درجة الديلان ودرجة الدوران للناب

جة الدوران( للجهة اليمنى مباشرة باتجاه الناب، بعد ذلك باستخدام الكامنًا الرقمية وباسقاط جانبي )لقياس درجة الديلان(، واسقاط عامودي باتجاه الاطباق )لقياس در 
التحليل الاحصائي )الإحصاء الوصفي، أنوفا ودنكن( استخدم في هذه الدراسة، بالنسبة لدعدل  النتائج:باستخدام الدنقلة.   (CB)و  (BPB)يتم قياس الزاوية بنٌ 

في حنٌ  ( اظهرت أكبر قدر من حركة الأسنانNEحيث ان مجموعة )  p ≤ 0.001لمجموعات الخمس اغلاق الدسافة، اظهرت النتائج  بان هناك فرقا معنويا بنٌ ا
( و SL( ،)KL( اظهرت اعلى درجة ميلان، بينما المجاميع )NE( اظهرت أدنى مستوى. بالنسبة لدرجة الديلان اظهرت النتائج بان المجموعة )KLان المجموعة )

(E8اظهرت ادنى مستوى وبدون فرق م ) عنوي بينهم. بالنسبة لدرجة الدوران اظهرت النتائج بان المجموعة (NE) اظهرت اعلى مستوى في درجة الدوران، في حنٌ ان
اعلى مستوى في معدل اغلاق الدسافة و اعلى درجة ميلان واعلى درجة دوران كانت مصاحبة مع المجموعة  الاستنتاجات:( اظهرت ادنى مستوى. KLالمجموعة )

(NEبينم )( ا المجموعةKL اظهرت ادنى مستوى في معدل غلق الدسافة ودرجة الدوران. بينما اقل مستوى لدرجة الديلان كان مصاحبا للمجاميع )(SL), (KL) 
 . (E8)و

ABSTRACT 
Aims: To evaluate the effect of different ligature types and ligation techniques on the rate of space clo-

sure, tipping and rotation of canine after sliding. Materials and Methods: The total number of the sam-

ples were 50 sample classified under five groups according to the method and type of ligation; the first 

group: preformed stainless steel ligature wire (SL), the second group: preformed stainless steel koba-

yashi ligature wire (KL), the third group: elastomeric ligature in figure – O (EO), the fourth group: elas-

tomeric ligature in figure – 8 (E8) and the fifth group: non-conventional Slide Leone elastomeric liga-

ture (NE). A typodont used in this study with preadjusted Roth stainless steel brackets 0.022×0.030 inch 

and a stainless steel orthodontic arch wire 0.017×0.025 inch. A bite plane extension bar (BPB) and ca-

nine extension bar (CB) are constructed for the measurement of canine tipping and rotation. A 180 gm. 

of force applied by short continuous elastomeric power chain to retract the right canine. After immer-

sion of the typodont in water bathe with 50-55 
0
C for 5 minutes, the rate of space closure were measured 

in millimeter using vernier (from the distal wings of canine bracket and the mesial wings of the second 

premolar), the tipping and rotation were measured by taking a photograph to the typodont using digital 

camera, with transvers projection (for tipping) and occlusal projection (for rotation) from right side (di-

rectly toward the right canine), then the angle between (BPB) and (CB) measured directly on the photo-

graph using Protractor. Results: A statistical analysis (descriptive statistics, ANOVA and Duncan Mul-

tiple Analysis Range Test) used in this study, for the rate of space closure the results showed that there 

is a significant difference between the five groups at p ≤ 0.001, the NE group had the highest amount of 

tooth movement while KL group had the lowest level, for the tipping; the NE group had the highest 

level of tipping while SL, KL and E8 groups had the lowest level with a non-significant difference be-

tween them, for the rotation; the  results showed that NE group had the highest level of rotation, while 
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KL group had the lowest level. Conclusions: The higher rate of space closure, the higher rotational de-

gree and the higher tipping degree were associated with NE group, while KL group had shown the low-

est rate of space closure and the lowest rotational degree. The lowest degree of tipping was associated 

with the SL, KL and E8 groups. 

Key words: Sliding, nonconventional and conventional elastomeric, typodont, ligation techniques. 
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INTRODUCTION 
Orthodontic tooth movement during 

space closure is achieved through two 

types of mechanics: segmental or sectional 

mechanics (non frictional system) and slid-

ing mechanics (frictional system) that in-

volve either moving the brackets along an 

arch wire or sliding arch wire through 

brackets and tubes.
(1)

 One of main differ-

ences between two mechanics is the fric-

tion, since sectional mechanics do not in-

volve friction; while friction plays a signif-

icant role in sliding space closure.
(2)

 Fric-

tion is the resistance to motion when an 

object moves tangentially against anoth-

er.
(3,4)

 During orthodontic space closure 

with sliding mechanics, frictional force is 

generated at the bracket arch wire interface 

and has a tendency to inhibit the desired 

tooth movement.
(5)

 During orthodontic 

treatment with fixed appliances, frictional 

forces should be kept to a minimum so that 

lower levels of force can be applied to ob-

tain an optimal biological response for ef-

fective tooth movement.
(6,7)

 Many studies 

have evaluated the factors that influence 

frictional resistance: bracket and wire ma-

terials, surface conditions of arch wires and 

bracket slot, wire section, torque at the 

wire-bracket interface, type and force of 

ligation, use of self-ligating brackets, inter-

bracket distance, saliva, and influence of 

oral functions.
(8-11)

 The method of arch wire 

ligation would appear to be an important 

determinant in the generation of friction,
(12)

 

Ligature elastic either placed around the 

bracket in a figure-O pattern or in a figure-

8 pattern, this ligation method will increase 

the frictional force about 80%.
(13)

 New 

low-friction ligatures have been introduced, 

similar to elastic ligatures, but with an an-

terior part that is more rigid and similar to 

the mechanical device of self-ligating 

brackets.
(14)

 

The ‘‘nonconventional’’ elastomeric 

ligature (low-friction ligatures) is used on 

conventional brackets to produce low lev-

els of frictional resistance in treatment me-

chanics with the preadjusted appliance. 

Once the unconventional ligature is applied 

on the bracket, the interaction between the 

ligature and the slot forms a ‘‘tube-like’’ 

structure, which allows the arch wire to 

slide freely and to produce its effects more 

readily on the dentoalveolar component.
(15)

 

The aims of the study were to evaluate 

the effect of different ligature types and 

ligation techniques on the rate of space clo-

sure, tipping and rotation of canine after 

sliding. 
MATERIALS AND METHODS 
The typodont used in this study pre-

pared according to manufacturer’s instruc-

tions (Ormco), the preadjusted Roth stain-

less steel brackets 0.022×0.030 inch (Den-

taurum, Germany) were fixed on the metal-

lic typodont teeth by using epoxy steel ad-

hesive,
(16)

 the vertical accuracy of brackets 

were checked by using the bracket posi-

tioning gauge,
(17)

 the preadjusted Roth 

stainless steel molar bands were also fixed 

to the metallic typodont first molar tooth 

by using Zinc phosphate orthodontic ce-

ment. A class II typodont wax form was 

used, so alignment of the teeth was done by 

using arch wires started from 0.014 inch 

NiTi and gradually upgraded till we reach 

0.017×0.025 inch Stainless steel arch 

wire,
(18, 19)

 The first right premolar was re-

moved from the typodont to allow a space 

for canine sliding. Acrylic bite plane was 

constructed by taking a primary alginate 

impression for the aligned teeth then pour-

ing by plaster materials after that a special 

tray was made and a final impression taken 

with alginate to construct a master cast, 

then wax materials was applied in a way 

that cover the occlusal, incisal, palatal, la-

bial and lingual surface of the teeth (except 

the canine and the first premolar extraction 
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space), then the wax replaced by hot cure 

acrylic resin.
(20)

  

A special two bars were constructed, a 

bite plane extension bar (BPB) and canine 

extension bar (CB) (Figure 1), the BPB is 

a L-shape bar made from 0.016×0.016 

inch stainless steel rectangular wire, the 

short arm is inserted in the simulated rugae 

area in the palatal midline of the acrylic 

bite plane, this bar emerges upward for 10 

mm then it bends and extends facially 20 

mm to make right angle with CB,
(20)

 the 

CB were also constructed from 

0.016×0.016 inch stainless steel rectangu-

lar wire in a form of L-shape, the short 

arm is welded to the distal aspect of the 

right canine (the tooth to be slides), this 

arm extended upward incisally 10 mm 

then it bends at right angle and extended 

anteriorly 20 mm and 5 mm over the tip of 

canine cusp and under the BPB by about 5 

mm. such two bars are used as a guide to 

determine the position of canine after slid-

ing regarding the degree of tipping and 

rotation, this method is a modification of 

Huffman and Way procedure.
(21)

 A special 

wooden table was constructed with two 

metallic bases, one to fix the digital cam-

era (vertically for rotational measurements 

and horizontally for tipping measure-

ments), and the other to fix the typodont in 

a way to allow a standard method for tak-

ing a photograph before and after each 

sliding. 

 

 
 

 

 

 

The samples of this study divided into 

five groups (10 samples for each group), 

with a different ligation types, methods 

and techniques. The first group: Preformed 

stainless steel ligature wire (SL) (gauge 

0.010 inch), Dntaurum, Germany. The 

second group: Preformed stainless steel 

kobayashi ligature wire (KL) (gauge 0.012 

inch), Dntaurum, Germany. The third 

group: Elastomeric ligature in figure – O 

(EO), Dntaurum, Germany. The fourth 

group: Elastomeric ligature in figure – 8 

(E8) (Figure 2), Dntaurum, Germany. The 

fifth group: Non-conventional Slide Leone 

elastomeric ligature (NE) (Figure 3), 

Lancer, USA. for the (SL) and (KL), the 

wire twisted 8 turns by using Mathieu 

needle holder (Dentaurum, Germany) and 

then cut the access leaving small part of it 

tucked behind the arch wire,
(22)

 this proce-

dure was repeated after each reading. 

The retraction of canine was done by 

using a short continuous elastomeric pow-

er chain attached distally to the hook of 

the first molar band and mesially to the 

canine hook, the force that applied is about 

180 gm according to manufactures instruc-

tion (Ormco), measured by using a tension 

Figure (1): Canine extension bar (CB) and bite 

plane extension bar (BPB). 
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gauge. The typodont was immersed in a 

water bath (HAAKE – England) with 50-

55 
0
C for 5 minutes then removed and 

immersed directly in a tap water (5
0
-

10
0
C).

(23) 

 
 

 

 

 

 

 

Canine position measurements before slid-

ing: 

Before starting sliding of right canine 

into first premolar site (for the all read-

ings), the following was checked; first: all 

the teeth situated in well aligned position. 

Second: the distance between the distal 

wings of canine bracket and the mesial 

wings of the second premolar were meas-

ured in millimeter by using digital vernier 

before each sliding (available space). 

Third: the angle between BPB and CB 

should be 90
0
 from both horizontal and 

vertical direction; this angle is considered 

as CB original angle. 

 

Canine position measurements after slid-

ing: 

The distance between the distal wings 

of canine bracket and the mesial wings of 

the second premolar were again measured 

by using digital vernier after each sliding 

(remaining space), then the rate of space 

closure was measured in millimeter (by 

subtraction of the remaining space from the 

available space). 

The canine’s tipping degree after 

movement was measured by taking a pho-

tograph to the typodont using digital cam-

era, with transvers projection from right 

side (directly toward the right canine) 

where the angle between BPB and CB is 

exposed and then can be measured directly 

on the photograph using Protractor, this 

angle is considered as CB inclination an-

gle, then the canine’s tipping was measured 

by subtraction of the CB inclination angle 

from the CB original angle. 

The canine’s rotation degree after 

movement was measured by taking a pho-

tograph to the typodont using digital cam-

era, with vertical projection from occlusal 

side (directly toward the right canine) 

where the angle between BPB and CB is 

exposed and then can be measured directly 

on the photograph using Protractor, this 

angle is considered as CB rotational angle, 

then the canine’s rotation was measured by 

subtraction of the CB rotational angle from 

the CB original angle. 

RESULTS 
The descriptive statistics (mean, stand-

ard deviations, standard error, minimum 

and maximum values) for the rate of space 

closure, tipping and rotation of the five 

groups of ligation are listed in the Table 

(1). 
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Figure (3): Non-conventional slide leon elas-

tomeric ligature. 

Figure (2): Elastomeric ligature in 

figure 8. 
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Table (1 ): Descriptive analysis (mean, standard deviations, standard error, minimum and max-

imum values) for the rate of space closure, tipping and rotation of the five groups of ligation. 

 No. Mean SD SE Min. Max. 

Rate of 

space 

closure 

SL 10 3.5000 .52705 .16667 3.00 4.00 

KL 10 1.4000 .51640 .16330 1.00 2.00 

EO 10 5.3000 .82327 .26034 4.00 6.00 

E8 10 2.1000 .73786 .23333 1.00 3.00 

NE 10 7.4000 .69921 .22111 6.00 8.00 

Total 50 3.9400 2.2982 .32502 1.00 8.00 

Tipping 

SL 10 4.8000 .63246 .20000 4.00 6.00 

KL 10 4.9000 .73786 .23333 4.00 6.00 

EO 10 6.4000 .51640 .16330 6.00 7.00 

E8 10 5.5000 .70711 .22361 5.00 7.00 

NE 10 13.000 1.0540 .33333 12.00 15.00 

Total 50 6.9200 3.2061 .45341 4.00 15.00 

Rotation 

SL 10 6.2000 .63246 .20000 5.00 7.00 

KL 10 3.0000 .66667 .21082 2.00 4.00 

EO 10 21.6000 .69921 .22111 21.00 23.00 

E8 10 9.7000 .67495 .21344 9.00 11.00 

NE 10 35.1000 1.28668 .40689 33.00 37.00 

Total 50 15.1200 11.9533 1.6904 2.00 37.00 
No: number; SD: standard deviation; SE: standard error; Min: minimum value; Max: maximum. SL: Preformed 

stainless steel ligature wire; KL: Preformed stainless steel kobayashi ligature wire; EO: Elastomeric ligature in 

figure – o; E8: Elastomeric ligature in figure – 8; NE: Non-conventional slide leone elastomeric ligature. 

 

Rate of space closure: 

The ANOVA test for the rate of space 

closure showed that there is a significant 

difference between the five groups at p ≤ 

0.001 as shown in the Table (2).The Dun-

can Multiple Analysis Range Test showed 

that NE group had the highest amount of 

tooth movement while KL group had the 

lowest level, while the remaining groups 

distributed on statistical levels between the 

highest and lowest groups with a signifi-

cant differences at p ≤ 0.001 as shown in 

the Table (3). 

 

Table (2): ANOVA test for the rate of space closure. 
 Sum of Squares df Mean Square F Sig.* 

Between Groups 238.520 4 59.630 132.185 .000 

Within Groups 20.300 45 .451   

Total 258.820 49    

df: degree of freedom. *Significant difference at p≤0.0001. 

 

 

Table (3): Duncan’s multiple range test for the rate of space closure. 

Groups No. Mean*± SE Duncan Groups** 

KL 10 1.4000 ± .16330 A 

E8 10 2.1000 ± .23333 B 

SL 10 3.5000 ± .16667 C 

EO 10 5.3000 ± .26034 D 

NE 10 7.4000 ± .22111 E 

SL: Preformed Stainless Steel ligature wire; KL: Preformed Stainless Steel Kobayashi ligature 

wire; EO: Elastomeric ligature in figure – o; E8: Elastomeric ligature in figure – 8; NE: Non-

conventional Slide Leone elastomeric ligature. No: number ;*Mean measurement unit in millimeter 

**Different litters mean significant difference at p≤0.0001. 
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Tipping: 

The ANOVA test for the tipping 

showed that there is a significant differ-

ence between the five groups at p ≤ 0.001 

as shown in the Table (4). The Duncan 

Multiple Analysis Range Test showed that 

NE group had the highest level of tipping 

while SL, KL and E8 groups had the low-

est level with a non-significant difference 

between them at p ≤ 0.001 as shown in the 

Table (5). 

 

Table (4): ANOVA test for the Tipping. 

 Sum of Squares df Mean Square F Sig.* 

Between Groups 478.280 4 119.570 211.837 .000 

Within Groups 25.400 45 .564   

Total 503.680 49    

df: degree of freedom. *Significant difference at p≤0.0001. 

 

Table (5): Duncan’s multiple range test for the Tipping. 

SL: Preformed Stainless Steel ligature wire; KL: Preformed Stainless Steel Kobayashi ligature wire; 

EO: Elastomeric ligature in figure – o; E8: Elastomeric ligature in figure – 8; NE: Non-conventional 

Slide Leone elastomeric ligature. No: number ;*Mean measurement unit in degree. **Different litters 

mean significant difference at p≤0.0001. 

 

Rotation: 

The ANOVA test for the rotation showed 

that there is a significant difference be-

tween the five groups at p ≤ 0.001 as 

shown in the Table (6). The Duncan Mul-

tiple Analysis Range Test showed that NE 

group had the highest level of rotation, 

while KL group had the lowest level, 

while the remaining groups are distributed 

between the highest and lowest groups 

with a significant differences at p ≤ 0.001 

as shown in the Table (7). 

 

Table (6): ANOVA test for the Rotation. 

df: degree of freedom. *Significant difference at p≤0.0001. 

 

Table (7): Duncan’s multiple range test for the Rotation. 

Groups No. Mean*± SE Duncan Groups** 

KL 10 3.0000 ± .21082 A 

SL 10 6.2000 ± .20000 B 

E8 10 9.7000 ± .21344 C 

EO 10 21.6000 ± .22111 D 

NE 10 35.1000 ± .40689 E 
SL: Preformed Stainless Steel ligature wire; KL: Preformed Stainless Steel Kobayashi ligature 

wire; EO: Elastomeric ligature in figure – o; E8: Elastomeric ligature in figure – 8; NE: Non-

conventional Slide Leone elastomeric ligature. No: number ;*Mean measurement unit in de-

gree. **Different litters mean significant difference at p≤0.0001. 

Groups No. Mean*± SE Duncan Groups** 

SL 10 4.8000 ± .20000 A 

KL 10 4.9000 ± .23333 A 

E8 10 5.5000 ± .22361 A 

EO 10 6.4000 ± .16330 B 

NE 10 13.0000 ± .33333 C 

 Sum of Squares df Mean Square F Sig.* 

Between Groups 6970.280 4 1742.570 2529.537 .000 

Within Groups 31.000 45 .689   

Total 7001.280 49    
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DISCUSSION 
Regarding the amount of tooth move-

ment after canine sliding, the result of this 

study showed that the NE group had the 

highest amount of tooth movement and this 

is due to low frictional resistance associat-

ed with the using of  non-conventional 

elastomeric ligature, this is agree with Bac-

cetti and Franchi
(23)

 who stated that when 

the non-conventional elastomeric ligature 

is applied on the bracket, the interaction 

between the ligature and the slot form a 

tube-like structure which allows the arch 

wire to slide freely and achieve a large 

amount of tooth movement. While the low-

est amount of tooth movement that occurs 

with KL group may be attributed to the 

highly frictional force that is generated be-

tween the bracket and arch wire due to a 

large diameter and stiff kobayashi ligature 

wire (gauge 0.012 inch). Regarding the 

degree rotation after canine sliding the re-

sults showed that NE group had the highest 

degree of rotation and this is may be due to 

the design of non-conventional elastomeric 

ligature that makes it fit on bracket slot 

without any pressure on arch wire (tube 

like structure) that allowing the bracket to 

rotate,
(23,15)

 while KL group shown a lowest 

degree of rotation after canine sliding and 

this is because that the large diameter 

(gauge 0.012 inch) kobayashi ligature wire 

that press the arch wire tightly against the 

bracket provide enough force to produce 

the adequate anti-rotation moment. Regard-

ing the degree tipping after canine sliding, 

this study showed that all the groups had a 

different degrees of tipping, and this is 

agree with Ehsania et al.,
(24)

 who men-

tioned that the tipping is a constant phe-

nomenon during sliding and it always oc-

curs when orthodontic force is applied to 

the tooth. The highest degree of tipping 

that associated with NE group may be at-

tributed to high rotational degree that 

makes part of the arch wire completely out 

of the slot at the distoocclusal and dis-

togingival wings, while the SL, KL and E8 

groups had the lowest degree of tipping 

with a non-significant difference between 

them, and this is may be due to proper ori-

entation and position of canine during slid-

ing resulting from the pressure of ligation, 

and also the same bracket width, arch wire 

cross section and the same point of force 

application. 

CONCLUSIONS 
It was concluded that the higher rate of 

space closure, the higher rotational degree 

and the higher tipping degree were associ-

ated with non-conventional elastomeric 

ligature (NE group), while kobayashi liga-

ture (KL) group was shown the lowest rate 

of space closure and the lowest rotational 

degree. While the lowest degree of tipping 

was associated with the SL, KL and E8 

groups. 
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