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ABSTRACT 
 

 Objective: To compare the effect of laceback ligatures and its modification on 
anchorage loss in MBTTM system during leveling and aligning phase. Research methodology: 
Twenty adolescents patients, requiring extraction of upper first premolars, were randomly 
assigned to the study. Each patient was received two different laceback techniques on either right 
or left side in the upper arch by random selection. Regular laceback ligature wire size 0.010A was 
tied in a figure of 8 from upper second molar tube to canine bracket on one side. The opposite 
side, modified laceback ligature wire was tied from upper second molar to upper canine as well 
but with two twists, first, mesial to the second premolar and second, mesial to the canine bracket. 
All of teeth will be bracketed with MBTTM brackets. Each patient went through the same arch 
wire sequence of 0.016A HANT, 0.019Ax0.025A HANT and 0.019Ax0.025A SS. The arch wire was 
bended immediately behind the second molar tube. The lateral cephalogram and impression were 
taken immediately after appliances were fixed and after leveling and aligning phase. The amounts 
of the movement and the rotation of maxillary first molar and second premolar were determined 
form study model. The angulation of maxillary first molar, second premolar, canine and incisor 
were determined form cephalogram. Compared the changed of teeth movement, angulation and 
rotation between regular and modified laceback using pair t-test. Results: The maxillary first 
molar in regular laceback group were statistically significant moved mesially more than the 
movement in modified laceback group (0.69 ± 0.29 mm and 0.49 ± 0.23 mm respectively). The 
maxillary second premolar in regular laceback group were statistically significant moved mesially 
more than the movement in modified laceback group (1.04 ± 0.42 mm and 0.59 ± 0.25 mm 
respectively). In the modified laceback group, the difference between mesial movement of the 
second premolar and first molar was 0.1 ± 0.42 mm and in the regular laceback group was 0.35 ± 
0.45 mm, there was statistically significant (p = 0.035). Conclusion: The modified  



laceback technique creates a statistically significant decreased in the loss of posterior anchorage 
compared with regular laceback technique. 
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CHAPTER 1 

 

INTRODUCTION 

 

Background and rationale 

 One of the major disadvantages of incorporating second order values into the 

pre-adjusted edgewise bracket system, was it created stress on anchorage in the initial stages of 

treatment
1
. The tip was greater in the upper canine brackets that increased the tendency for the 

labial segment tip forward and created a significant drain on antero-posterior anchorage. 

McLaughlin and Bennett
2
 suggested lacebacks and bendbacks to control canine angulation and 

incisor proclination during leveling and aligning phase. Lacebacks, 0.009 or 0.010% soft stainless 

steel wire passively tied in a figure of 8 from the most distally incorporated molar to the canine 

bracket (Fig.1), minimized forward tipping of the canine crowns. Bendbacks, bending the 

archwire back immediately behind the most distal banded or bonded molar, were used to 

minimize forward tipping of the incisors (Fig.2).  

. 

 

 

 

 

Fig. 1  The used of canine laceback to control canine angulation during leveling and aligning  

            phase.  

 

McLaughlin et al 
3
 introduced the MBT

TM
 system, which the brackets were 

designed to provide enough torque and tip to the teeth to allow them to assume the correct 

inclination and angulation. During leveling and aligning phase, they suggested to use lacebacks 

and bendbacks to control canine angulation and support posterior anchorage.  

 Usmani et al.
 4
 examined the effectiveness of canine lacebacks for pre-adjusted 

edgewise appliance (Roth prescription). There was no statistically significant difference between 

groups for mesial movement of upper first molars (p=0.99). However, a mean mesial movement 

of right upper first molars in the laceback group of 0.40 + 1.66 mm more than the non-laceback 
1 



 

2 

group of 0.15 + 1.63  mm. Irvine et al.
 5
 evaluated the effects of laceback ligatures for 3M Unitek 

Dyna Lock pre-adjusted edgewise brackets (Andrews values for tip and torque). They found that 

the lower first molars showed 0.75 mm greater mesial movement in the experimental group, 

which was statistically significant (p=0.05). 

 

 

.  

 

 

 

 

 

 

 

 

Fig. 2  Bendbacks were used to minimize forward tipping of the incisors 

  

 These demonstrate that the use of laceback ligature creates an increased in the 

loss of posterior anchorage. Our possible explanation is this may depends on laceback techniques 

which passively tied in a figure of 8 from the first molar to the canine bracket, did not tie the wire 

from the first molar to the second premolar to incorporated posterior anchorage unit.  

 There is no recent study evaluate the effects of laceback ligatures on the 

anchorage loss for the MBT
TM
 system which was designed to reduce anchorage control needs and 

specially for use with lacebacks and bendbacks.  

 

 Review literature 

The transition from standard edgewise to preadjusted appliances has allowed 

orthodontists to treat patients efficiently and with consistent quality of results. The first difference 

a clinician noticed in changing to a preadjusted appliance system was the tendency for anterior 

teeth to incline forward during the initial phase. This results from the tip built into the anterior 

brackets, and it is more pronounced in the upper arch, where the built-in tip is greater
6
 (Fig.3). 
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              Fig. 3  The built-in tip of anterior teeth 

 

To prevent the unwanted effect of the greater tip in anterior teeth, McLaughlin 

and Bennett
2
 suggested lacebacks and bendbacks to control canine angulation and incisor 

proclination during leveling and aligning phase. The initial purpose of lacebacks was to prevent 

canines from tipping forward, but they found that, these laceback ligatures were an effective 

means of distalizing the canines without distal tipping. The explanation involves slight tipping of 

the canine against the alveolar crest at the gingival aspect of the canines, followed by a period of 

rebound (due to the leveling effect of the archwire), during which the root of the canines are 

allowed to move distally
6
 (Fig.4). 

 

 

  

 

 

 

    

 

                       Fig. 4  Effect of laceback ligature on canine in leveling and aligning 
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 The MBT
TM
 brackets were designed to provide enough torque and tip to the teeth 

to allow them to assume the correct inclination and angulation necessary to achieve an Andrews 6 

keys occlusion
7
. The additional anterior tip incorporated into the incisor and canine brackets for 

the original Straight-Wire Appliance
®
 (SWA

®
) increased the tendency for the labial segments to 

tip forward, created a significant drain on antero-posterior anchorage in the initial stages of 

treatment
3
. This was more pronounced in the upper arch where bracket tip was greater. The 

canine having the greatest tip value produced the greatest forward movement and if not controlled 

would lead to incisor proclination that would have consequences on posterior anchorage loss.  

The MBT
TM
 brackets had reduced tip compared with earlier generations of the 

preadjusted appliance so reduced labial segment proclination and reduced the anchorage control 

need (Fig. 5). McLaughlin and Bennett
2
 suggested lacebacks and bendbacks to control canine 

angulation and support posterior anchorage during leveling and aligning phase. Lacebacks , 0.009 

or 0.010% soft stainless steel wire passively tied in a figure of 8 from the most distally 

incorporated molar to the canine bracket, minimized forward tipping of the canine crowns. 

Bendbacks, bending the archwire back immediately behind the most distal banded molar,  were 

used to minimize forward tipping of the incisors.  

 

 

 

 

 

 

 

 

 

 

 

                           The SWA
®
 brackets tip                                 The MBT

TM
 brackets tip 

 Fig. 5 The bracket tip of SWA
®
 and MBT

TM
 brackets 
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 Irvine et al.
 4
 evaluated the effects of laceback ligatures on the anteroposterior 

and vertical position of lower incisors and the mesial position of the lower first molars for 3M 

Unitek Dyna Lock pre-adjusted edgewise brackets (Andrews values for tip and torque 0.022 inch 

slot). They found that the lower first molars showed 0.75 mm greater mesial movement in the 

experimental group, which was statistically significant (p=0.05). In both group the lower incisors 

retroclined during experimental period, there was no statistical significance between the two 

groups (p=0.84). 

 Usmani et al.
3
.examined the effectiveness of canine lacebacks on the 

proclination of the upper incisors for pre-adjusted edgewise appliance (Roth prescription 0.022 

inch slot). They found a mean retroclination of the upper incisors in the laceback group of 0.5 + 

1.06 mm with a mean proclination in the non-laceback group of 0.36 + 1.09  mm, which was 

statistically significant (p=0.025). There was no statistically significant difference between groups 

for mesial movement of upper first molars (p=0.99). However, a mean mesial movement of right 

upper first molars in the laceback group of 0.40 + 1.66 mm more than the non-laceback group of 

0.15 + 1.63  mm. This showed that upper first molars were slightly moved mesially during 

leveling and aligning phase without any load on upper first molar. Importantly, canines lacebacks 

have similar effects that are independent of pre-treatment canine angulation. 

Sueri and Turk
8
 evaluated the effect of laceback ligatures on canine distalization 

compared with NiTi closed coil spring during the leveling and aligning phase. In the laceback 

group, the canine moved and tipped distally (1.67 mm and 4.50 degree) and the molar moved and 

tipped mesially (0.70 mm and 3.90 degree). In the coil group, the canine moved and tipped 

distally (4.07 mm and 11.63 degree) and the molar moved and tipped mesially (1.93 mm and 3.10 

degree). They concluded that laceback ligatures proved to be effective for canine distalization. 

However, the amount and rate of canine movement were less, the laceback ligature were obtained 

a more controlled canine movement for the sagittal, vertical and transverse planes. They 

explained the characteristics of laceback ligatures that the canine laceback caused a slight tipping 

of the canine with the compression of the periodontal ligament. The movement of the canine 

crown is limited by the width of periodontal ligament and the elastic capacity of the alveolar 

crest. 

Khambay et al
9
 determined the magnitude and reproducibility of

 
forces generated 

by 10 clinicians during laceback placement using
 
a force-measuring typodont. They found that the 



 

6 

forces generated by clinicians ranged from 0 to
 
11.1 N (1,131.88 g), few operators applied similar

 

forces when placing lacebacks on two separate occasions.
 
 Anchorage loss in the lower arch had 

been described with laceback ligatures.
5
 In the interest of clinical outcome, it would be 

worthwhile to be cautions when placing and tightening lacebacks in order to avoid generating 

heavy forces, particularly during the early stages of treatment. 

Anchorage loss is a potential side effect of orthodontic mechanotherapy. Factors 

such as malocclusion, type and extent of tooth movement (bodily/tipping), root angulation and 

length, missing teeth, intraoral/extraoral mechanics, patient compliance, crowding, overjet, 

extraction site, alveolar bone contour, interarch digitation, skeletal pattern, third molar and 

pathology (ie, ankylosis, periodontitis) affect anchorage loss. Anchorage loss is seemingly 

dependent on more than one factor
10
. 

Effect of patient age on anchorage loss has not been widely reported. Growing 

patients (12.5 years) experienced 2.52 mm of anchorage loss, whereas nongrowing patients (27.6 

years) showed an anchorage gain of 0.20 mm. The molar relationship was corrected by 

mandibular growth in the adolescent group (70%) and by maintained maxillary molar position in 

the adult group
11
. 

 The.concept of a well-interdigitated occlusion acting to enhance molar 

anchorage is an accepted dogma. Therefore, it could be hypothesized that the posterior 

disocclusion caused by the anterior bite plane effect of a lingual appliance might negate this.
12
  

 Extraction site is another factor that affects anchorage loss. Studies conducted on 

the effect of the Begg appliance showed that the maxillary molar occupies 33.5% of the extraction 

site with first premolar extractions and 50.4% with first molar extractions.
13
 Creekmore

14
 found 

that the posterior teeth occupy one-third to one-half of the extraction space in first and second 

premolar extractions, respectively. Furthermore, in another study,
15
 no significant difference in 

anchorage loss was found between first or second maxillary premolar extractions (4.3 vs 4.5 mm). 

However, when maxillary first premolars were extracted in conjunction with mandibular first or 

second premolars, anchorage loss of the maxillary molars was greater when the mandibular 

second premolars were extracted (3.7 vs 4.7 mm).
15
  

 Dental crowding and its relationship to anchorage loss provide the first sign that 

it is a multifactorial response. Second premolar extraction, rather than first, was carried out far 

more often in cases with less crowding. This choice had been related to greater molar mesial 



 

7 

movement.
16
 Additionally the maxillary chordal arch length (distance from mesial contact point 

of the first molar to the contact point of the central incisors) was reported to decrease in extraction 

cases by 11.3 mm according to Ong and Woods
15
 and by 8.3 mm as reported by Luppanapornlarp 

and Johnston.
17
 This difference corresponded to greater crowding found in the latter (5.8 mm) 

than in the former study (3.5 mm). 

 Therefore, adjunct appliances, such as the Nance holding arch, transpalatal bar, 

and extraoral traction, are often used to augment molar anchorage. The used of multiple teeth at 

the anchorage segment to form a large counterbalancing unit and the application of differential 

moments had also been described as methods to stabilize molar position.
18-20

 

 The extraction created a space in dental arch. Without appliance therapy, dental 

arch may collapsed and loss of arch integrity due to the movement of adjacent teeth into the 

space.
21
 Woon

22
 evaluated the changes in the mandibular arch in 32 cases of lower first premolar 

extraction without appliance therapy. There was a reduction in extraction space of  45 % and the 

irregularity index of 52 %. He concluded that clinical improvement in the crowding of lower 

incisors and closure of the extraction space was contributed by the distal movement of the canines 

and the mesial movement of the molars. Swessi and Stephens
23
 examined the short- and long-term 

effects of uncontrolled extraction space closure on the angulation of buccal teeth in the lower arch 

following the extraction of all first premolars. The findings showed that although teeth tended to 

tip towards the extraction space, the amount of tipping was small (not exceeding 15 degrees in the 

majority of cases). The tipping was found to be greatest during the first 6 months following 

premolar extraction. Gragg et al
24
 reported the mean reduction in extraction space of posterior 

teeth that there was approximately 1 mm reduction of extraction space during the first year post-

extraction. The rate of the extraction spaces reduction were greater in first two years period. 

 

Objective 

 To compare the effect of laceback ligatures and its modification on anchorage 

loss in MBT
TM
 system. 

  

 Hypothesis 

  The modified laceback technique could reduce the loss of posterior anchorage. 
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Significance of the study 

 To prevent laceback effects on posterior anchorage loss and control incisal 

proclination during leveling and aligning phase.  
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CHAPTER 2 

 

RESEARCH METHODOLOGY 

 

A sample of 20 patients was randomly selected from the new patient pool at the 

postgraduate orthodontic clinic, Prince of Songkla University.  

The inclusion criteria for the study were as follows; 

- Age 18 - 30 years at the start of treatment 

- Good general health and periodontal status 

- Patients required the removal of first premolars in upper (and/or lower) 

arches as a part of their orthodontic treatment. 

- All of teeth (central incisor to second molar) in maxillary arch were 

presented. 

- Symmetrical molar relationship class I or class II < 2 mm 

- Upper posterior teeth present good alignment, no rotation. 

- No impacted third molar 

The exclusion criteria for the study are as follows; 

- Patients with oral manifestations of diseases (e.g., cysts) or a chronic 

debilitating disease or on medication. 

- Patient who miss an appointment (routinely at 4-week intervals). 

- Broken appliances during the study. 

 

All patients and their parent(s) were advised of the purpose of this study. The 

patients and parents or guardians signed a consent form.  

 

Trial in study model 

The laceback ligatures were performed by one operator. The reproducibility of 

passively laceback placements were performed using the study model, bracketing with MBT™ 

bracket 0.0223 slot (3M-Unitek,USA) on the buccal segment. Each laceback ligature was 

tightened with Spencer-Wells clip. The operator was right handed. The trial in study model shown 

that the tip of wires should hold together at 2 mm. from mesial side of canine bracket, then 
9 



 

 

10 

twisted 4 turns to create a knot closed to mesial side of canine bracket. The laceback ligatures 

were tight and passive. 

 

 

 

 

 

 

Fig. 6 Hold the tip of wires together.                   Fig. 7 Twist the ligature wire. 

 

Clinical management  

After premolar extraction for at least 7 days, stainless steel direct-bonding 

MBT™ bracket 0.0223 slot (3M-Unitek, USA) were used in all patients. Each patient was 

received two different laceback techniques on either right or left side in the upper arch by random 

selection. The regular laceback technique used 0.0103 stainless steel ligature wire, ligature wire 

was tied in a figure of 8 from upper second molar tube to canine bracket on one side (Fig.8).  

The opposite side, the modified laceback technique, ligature wire was tied from 

upper second molar to upper canine as well but with two twists, first, mesial to the second 

premolar and second, mesial to the canine bracket (Fig.9). 

 

 

 

 

 

 

 

 

  

 

Fig. 8 Regular laceback technique: Laceback ligature wire was tied in a figure of 8 from upper 

first molar tube to canine bracket. 
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Fig. 9 Modified laceback technique: Laceback ligature wire co-ligated upper second molar to

upper  second premolar together then extended the wire tied at mesial of canine bracket, 

created a knot closed to mesial side of second premolar (arrow) and canine bracket. 

 

Each patient went through the same arch wire sequence of 0.0163 HANT, 

0.019x0.0253 HANT and 0.019x0.0253 SS. The arch wire was bended immediately behind the 

second molar tube. The initial records [lateral cephalogram and impression] were taken 

immediately after appliances were fixed [T0] Canine lacebacks were replaced at each 

appointment. Patients were recalled for routine reviews at regular intervals of 4 weeks. The final 

records [lateral cephalogram and impression] were taken after leveling and aligning phase [T1].  

 

Determining distance of maxillary first molar, second premolar and canine 

movement 

 Measurements were performed by direct-technique from stone casts obtained 

before and at the end of the experimental periods with metal-tipped calipers. Direct cast 

measurements were used rather than radiographs. This method was considered to be easier and 

accurate. To measure the movement of each first molar, second premolar and canine, an acrylic 

palatal plug was made for each maxillary arch. This plug was selected because the anterior palatal 

vault could be used as a stable reference point.
25 

This plug could thus be transferred from initial 

cast to the final cast on the same patient. The plug was fabricated from acrylic with reference 

wires (0.018-inch stainless steel) embedded in the acrylic that extended to the central fossa of the 

first molars and second premolars and to the cusp tips of canines. The initial model was used to 
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make the plug (Fig.10), which was then fitted to the final model. This superimposition allowed 

for the direct observation of the amount of first molar, second premolar and canine movement. 

 

 

 

 

 

 

 

                  Fig. 10 Study model with palatal plug                       

 

       Cephalometric analysis for determining of maxillary first molar, second 

premolar, canine and incisor angulation and vertical position of incisor 

All radiographs were taken with the same cephalostat (Orthophos
®
CD, Siemens, 

Germany). For each patient, lateral cephalogram films were taken two times. First [T0], 

immediately after appliances were fixed. Second [T1], after finished leveling and aligning phase. 

Tooth positional locating devices [wire jig] were fabricated from sections of 0.0163 x 0.0223 

stainless steel wires with different bend at the end to attach to the maxillary first molar tube, 

second premolar and canine bracket before film exposure (Fig.11) to identify either right or left 

occlusion in lateral cephalogram. (Fig.12) 

 

 

 

 

 

 

 

 

                Fig. 11 Wire jigs placement on right and left sides of maxilla 
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Palatal plane (PP)  

 

 

 

 

 

 

 

 

 

 

              Fig. 12  Wire jig showed in lateral cephalogram 

 

 The radiographies were traced, superimposed and measured the parameters by 

one investigator. The long axis of the maxillary first molars and second premolars were obtained 

by drawing a perpendicular to the midpoint of a line connecting the most convex points on the 

crowns of these teeth. Angular difference in tooth position were determined by inclination of long 

axis of maxillary first molar, second premolar, canine and central incisor to the palatal plane (PP). 

Vertical position of  central incisor was the distance measured from incisal edge of central incisor 

perpendicular to the palatal plane.  All angular and linear parameters were described in Fig.13. 
. 

 

 

 

 

 

  Fig. 13  Cephalometric analysis: Linear and angular measurements 

1) 6 to PP [degree]; long axis of maxillary first molar to PP 

2) 5 to PP [degree]; long axis of maxillary second premolar to PP 

3) 3 to PP [degree]; long axis of maxillary canine to PP 

4) 1 to PP [degree]; long axis of maxillary central incisor to PP 

5) 1 to PP [mm]; incisal edge of maxillary central incisor to PP 

1 2 3 4 

5 
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Dental cast analysis for determining of maxillary first molar and second 

premolar rotational changes 

Rotational changes in maxillary first molar and second premolar were measured 

from the dental casts, mid-palatal suture and central grooves of maxillary first molar and second 

premolar were defined in dental cast. Imaginary line was drawn parallel to central groove of 

maxillary first molar and second premolar to intersect mid-palatal suture line (Fig.14). Angular 

measurement from T0 and T1 record were measured and compared for each side.  

G. 

. 

 

 

 

 

 

 

 

                   Fig. 14  Rotational measurement of maxillary first molar and second premolar 

 

Measurement error 

 

Measurement error in determining distance of tooth movement, rotation 

and tipping 

To reduce method error associated with the measurement of the study models 

and lateral cephalograms, the examiner was blind to the laceback technique used in each 

quadrant.  

 

Error of method 

 All clinical measurements were analyzed by a single investigator. Another 10 

study models and 10 cephalograms obtained at least 2 months later were arbitrarily picked for 

analysis. In accordance with Dahlberg, the accidental errors in duplicate measurements were 

calculated from the equation; 
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=         ∑ D
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 Where S
X
 is the error of the measurement, D is the difference between duplicated 

measurements and N is the number of double measurements. The error in this study was found to 

be 0.20 mm for linear measurements, 0.30° for rotational angular measurement and 0.30° for 

tipping angular measurements. 

 

 Statistical methods 

 The data were statistically analyzed using SPSS software (version 13.0, SPSS, 

Chicago, III). The data shown as means and standard deviations. After the parametric 

assumptions would be tested to see whether the variables were suitable for parametric tests, the 

differences between the 2 dependent measurements would be evaluated with pair t-test, an alpha 

significance level of 0.05. 
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CHAPTER 3 

 

RESULTS 

 

 A total of 20 patients; there were 2 males and 18 females, ranging in age from 18 

to 25 year-old (average chronological age, 20 years 11 months). Mean treatment time of both 

groups were 4.15 months (range from 3-6 months). 

 

 The effect of regular and modified laceback on the movement of maxillary 

first molar and second premolar 

 

Table 1: Effect of regular and modified laceback, [*] p = 0.05 

Measurements [T1-T0] Regular laceback Modified laceback Sig.*
 

6 - movement [mm.] 0.69 + 0.29 0.49 + 0.23 0.004* 

5 - movement [mm.] 1.04 + 0.42 0.59 + 0.25 0.001* 

3 - movement [mm.] -0.98 + 0.90 -1.09 + 1.00 0.352 

[5]-[6] movement [mm.] 0.35 + 0.45 0.10 + 0.18 0.035* 

6-PP [°] 0.40 + 0.66 0.10 + 0.26 0.083 

5-PP [°] 0.37 + 1.03 0.17 + 0.90 0.385 

3-PP [°] -1.15 + 2.46 -1.09 + 2.58 0.249 

Central groove 6-

Palatal Suture [°] 

-1.75 + 3.87 -1.60 + 2.68 0.888 

Central groove 5-

Palatal Suture [°] 

-1.55 + 5.26 -0.50 + 4.39 0.547 
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 There was a statistically significant differences with respected to the mesial 

movement of maxillary first molar and second premolar between regular and modified laceback 

groups (table 1). The maxillary first molar in regular laceback group were statistically significant 

moved mesially more than the movement in modified laceback group (0.69 ± 0.29 mm for regular 

laceback group and 0.49 ± 0.23 mm for modified laceback group). 

 The maxillary second premolar in regular laceback group were statistically 

significant moved mesially more than the movement in modified laceback group (1.04 ± 0.42 mm 

for regular laceback group and 0.59 ± 0.25 mm for modified laceback group). 

 Mesial tipping of the maxillary first molars were presented in both groups. The 

maxillary first molar in modified laceback group were tipped mesially less than that in regular 

laceback group (0.10 ± 0.26 degree for modified laceback group and 0.40 ± 0.66 degree for 

regular laceback group). No significant difference between the two groups was found. 

 Similar to angular changed of the maxillary first molar, the maxillary second 

premolars in modified laceback were also tipped mesially less than that in regular laceback group 

with 0.17 ± 0.90 degree and 0.37 ± 1.03 degree respectively.  

 The rotational changed of maxillary first molars in both groups were statistically 

comparable. Both group showed approximately 1.7 degree mesiolingual rotation. The rotational 

changed of maxillary second premolar showed more mesiolingual rotation in regular laceback 

group (1.55 degree) than that in modified laceback group (0.50 degree). However, the difference 

between these 2 groups were not  statistically detected. 

 

Table 2: Compared the mesial movement between the maxillary first molar and second premolar  

               in both group, [*] p = 0.05 

 

Measurements [T1-T0] 6-PTV [mm.] 5-PTV [mm.] [5-PTV]-[6-PTV] [mm.]
 

Regular laceback  0.69 + 0.29 1.04 + 0.42 0.35 + 0.45 

Modified laceback  0.49 + 0.23 0.59 + 0.25 0.10 + 0.18 

Sig.* 0.004* 0.001* 0.035* 
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 Compared the mesial movement between the maxillary first molar and second 

premolar, the maxillary second premolar in regular laceback group statistically significant moved 

mesial than that of the maxillary first molar in the regular laceback group, whereas in the 

modified laceback group, the mesial movement of both the maxillary first molar and second 

premolar were almost the same, no statistically significant difference was detected. (table 3) 

 In the modified laceback group, the difference between mesial movement of the 

second premolar and first molar was 0.1 ± 0.42 mm, which was statistically significant less than 

that in the regular laceback group of 0.35 ± 0.45 mm (p = 0.035). 

 

 The effect of laceback ligature on maxillary incisors 

 The effect of laceback ligature on the maxillary incisors were presented in table 

3. The  maxillary incisors were statistically significant moved labially 0.53 + 1.1 mm (p = 0.04) 

and labial tipping 0.48 + 2.17 degree (p = 0.34). However, there were no statistically significant 

of the vertical change of the maxillary incisors (p = 0.45). 
 

 Table 3: Effect of laceback ligature on maxillary incisors, [*] p = 0.05 
 

Measurements  [T0] [T1] [T1-T0] Sig.*
 

1- movement [mm.] 0 0.53 + 1.1 0.53 + 1.1 0.04* 

1-PP  [mm.] 28.73+ 2.46 28.97 + 1.97 0.26 + 1.21 0.45 

1-PP  [°] 120.02 + 6.14 120.5 + 5.48 0.48 + 2.17 0.34 

 

 The effect of regular and modified laceback on the movement of maxillary 

canine 

 The maxillary canine showed distal movement in both groups (table 1). The 

modified laceback group exhibited distal movement of 1.09 mm which was more than that in 

regular laceback group of 0.98 mm. However, there was no statistically significant difference 

indicated. 

 Distal tipping of the maxillary canine were presented in both groups. The 

maxillary canine in modified laceback group were tipped distally less than that in regular 
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laceback group (1.09 ± 2.58 degree for modified laceback group and 1.15 ± 2.46 degree for 

regular laceback group). No significant difference between the two groups was found. 

 

The correlation of anchorage loss in regular and modified laceback groups 

Table 4: Correlation of mesial movement of maxillary first molar (6-PTV [mm.]) 

Pearson1s correlation 

of 6-mvt [mm.] 

5-mvt 

[mm.] 

3- mvt 

[mm.] 

1- mvt 

[mm.] 

1-PTV 

[°] 

3-PTV 

[°] 

3-PTV [°] 

Pre-tx (T0) 

Regular laceback group 0.231 0.228 -0.560* -0.370 -0.248 -0.169 

Modified laceback 

group 

0.713** 0.459* -0.631** -0.491* -0.317 -0.106 

** Correlation is significant at the 0.01 level (2-tails) 

  * Correlation is significant at the 0.05 level (2-tails) 

 

 Table 4 showed correlation between the mesial movement of maxillary first 

molars and the movement of maxillary second premolars, canines and canine angulation of the 2 

groups. Only in modified laceback group presented significant correlation of anchorage loss. 

There were positive correlation between the mesial movement of maxillary first molars and the  

movement of maxillary second premolars and canine, the correlation were moderate and low 

respectively. This can reveal that the more maxillary first molars mesially moved, the more 

maxillary second premolars mesially moved. In contrast, the more maxillary first molars mesially 

moved the less maxillary canines distally moved.  

In addition, there were significant correlation between the mesial movement of 

the maxillary first molars and the labial movement of the maxillary incisors in both groups. In 

contrast, there was significant correlation between the mesial movement of the maxillary first 

molars and the proclination of the maxillary incisors only in the modified laceback group, no 

significant correlation was found in the regular laceback group. This can reveal that the more 

maxillary first molar mesially moved, the less labial movement of maxillary incisors were noticed 

in both groups.   
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In both groups, there were no significant correlation between pre-treatment 

canine angulation and anchorage loss. 
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CHAPTER 4 

 

DISCUSSIONS 

 

 Anchorage loss 

The result of this study showed that the maxillary incisors were significantly  

moved labially 0.5 mm and the maxillary canines were distally moved 1 mm in both groups. In 

the modified laceback group, mesial movement of the maxillary first molar and second premolar 

were comparable (0.49 and 0.59 mm respectively). In the regular laceback group, the maxillary 

second premolar showed statistically significant more mesial movement than the maxillary first 

molar (1.04 and 0.69 mm respectively). Although the amount of the labial movement of the 

maxillary incisors were comparable to the mesial movement of the maxillary molars. Theses may 

be the result of bendbacks, bending the archwire back immediately behind the most distal bonded 

molar, which were used to minimize forward tipping of the incisors.
2
 The proclination of 

maxillary incisor was the effect of the rectangular leveling arch wire, with bendbacks this may 

caused the posterior anchorage drained. 

Mesial movement of the maxillary first molar in both groups of this study (0.69 

mm for regular laceback group and 0.49 mm for modified laceback group) were similar to the 

other studies that using regular laceback technique, the means mesial movement of the molar 

were range between 0.40 - 0.75 mm.
4,5

 The mesial movement of the maxillary first molar in the 

regular laceback group was comparable to that of Irvine et al
5 
, which demonstrated a significant 

larger anchorage loss when laceback ligatures were used for leveling in the lower jaw (0.75 mm). 

Usmani et al
4
 showed smaller amount of anchorage loss (0.40 mm) during leveling in the upper 

jaw with laceback ligatures. In our study, the mesial movement of the maxillary first molar in 

modified laceback group was comparable with the Usmani et al.s study
4
, although this study used 

larger arch wire with bendbacks. 

The previous studies did not report the movement of the second premolar. In this 

study, the maxillary second premolar in modified laceback group  was statistically significant less 

mesial movement than regular laceback group (0.59 mm and 1.04 mm respectively). The 

difference between mesial movement of the second premolar and first molar in the modified 

laceback group (0.1 mm) was statistically significant less than in the regular laceback group (0.35 
21 
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mm). This result demonstrated that the second premolar in regular laceback group exhibited more 

mesial movement than the first molar in the same group. This might caused by difference 

laceback techniques, the modified laceback technique was tied the ligature wire from upper 

second molar to upper second premolar then twisted to created a knot closed to mesial side of 

second premolar before extend to twisted ligature wire at the mesial of canine bracket. This 

technique incorporated posterior anchorage as one unit, difference from the regular laceback 

technique which was tied the ligature wire in a figure of 8 from upper second molar tube to canine 

bracket, so this technique could not control the mesial movement of second premolars. The mesial 

movement of second premolars in regular laceback group may be the result of physiologic tooth 

movement and the extraction wound contraction. Woon
22
 evaluated the changes after lower first 

premolar extraction without appliance therapy. There was a reduction in extraction space of  45 % 

by the distal movement of the canines and the mesial movement of the molars. Gragg et al
24
 

reported the mean reduction in extraction space of posterior teeth that there was approximately 1 

mm reduction of extraction space during the first year post-extraction. 

 The clinical observation 2 of 20 cases (10%) showed spacing between maxillary 

first and second premolar in regular laceback group during observational period (fig. 15).  

 

 

 

 

 

 

 
 

Fig. 15  The spacing between  maxillary first and second premolar in regular laceback group on  

              the right (circle). 

 

 In addition, mesial tipping and mesiolingual rotation of the maxillary first molars 

and second premolar were presented in both groups. The amount of mesial tipping and 

mesiolingual rotation of maxillary first molar and second premolar in modified laceback group 

were less than that in regular laceback group. However, no significant difference between the 2 
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groups were found due to small changes from small amount of force applied, the moment acted 

on the teeth would be too little to cause a dramatically tipping and rotation. 

  

 The correlation of anchorage loss in regular and modified laceback groups 

 In modified laceback group presented significant correlation of anchorage loss. 

There were positive correlation between the mesial movement of maxillary first molar and the  

mesial movement of maxillary second premolar, the correlation were moderate. This could reveal 

that the more maxillary first molar mesially moved, the more maxillary second premolar mesially 

moved. This phenomenon could be explained by a simple reason that they were effectively tied 

together to be one unit, then they have to move simultaneously.  On the other hand, there was no 

significant correlation between the mesial movement of maxillary first molar and the mesial 

movement of maxillary second premolar in regular laceback group. The maxillary second 

premolar was more mesial movement than the maxillary first molar. The further movement of 

second premolar indicated a natural tooth movement toward mesial as well as an extraction site 

especially during the wound healing process where the scar tissue tended to contract the adjacent 

teeth together.
21
 

The modified laceback group was also present significant correlation between 

the mesial movement of maxillary first molar and the  movement of maxillary canine. The result 

reveals that the less maxillary first molar mesially moved, the more maxillary canine distally 

moved. Strong anchorage could be expected from modified laceback group having the posterior 

teeth in this group move less compared to the canine movement. For the regular laceback group, 

no correlation between the mesial movement of the maxillary first molar and the movement of 

canine was noticed. This presented that the movements of molar and canine were vary or 

unpredictable. 

  In both groups, there were no significant correlation between pre-treatment 

canine angulation and anchorage loss. Usmani et al
2
 reported the effect of canine laceback on 

preventing the maxillary incisor proclination that canine laceback had similar effect that were 

independent of pre-treatment canine angulation. 
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 Effect of regular and modified laceback techniques on the maxillary canine 

 Distal movement and distal tipping of the maxillary canine were presented in 

both groups. The maxillary canine in modified laceback group exhibited distal movement of 1.09 

mm and distal tipping 1.09 degree which was comparable to these in regular laceback group of 

0.98 mm and 1.15 degree respectively. 

The amounts of canine movement was less than those of Sueri and Turk.s study
6
 

that evaluated the effect of laceback ligatures on canine distalization during the leveling and 

aligning phase for 2.53 months. They reported that the canine in the laceback group moved and 

tipped distally (1.67 mm and 4.50 degree). The grater movement detected in Sueri and Turk.s 

study
6
 caused from higher force or active tied when the laceback was introduced, whereas, this 

study, a passive laceback was delivered. However, small amount of canine movement was still 

taken place which could be caused by extraction scar contraction. 

 The effect of laceback ligatures on the canine was significant correlation with 

treatment time. In this study, the treatment time was vary from 3 to 6 months (mean 4.15 months 

in both groups) due to amount of  crowding in upper anterior teeth. The mean crowding of upper 

anterior teeth in both groups were 1.57 + 1.59 mm. The treatment time was effected to the canine 

both distal movement and tipping in both groups. This analysis can reveal that if there was longer 

treatment time, the canine were more distally movement and tipping.  

 

 Clinical application  

 If there anchorage is critical, reinforced the anchorage is recommended when 

used with laceback ligature. Grouping the posterior teeth together (modified laceback technique) 

can reduce the degree of anchorage loss. 
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CHAPTER 5 

 

CONCLUSIONS 

 

 The modified laceback technique with an additional twist mesial to the second 

premolar bracket creates a statistically significant decreased in the loss of posterior anchorage, 

through less mesial movement of the maxillary second premolars and first molars compared with 

regular laceback technique.  
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