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Introduction

Anchorage control is an important factor in successful orthodon-
tic treatment. It plays a pivotal role in the effective management 
of  space obtained by extraction of  teeth for correcting severe 
crowding, excessive overjet and bimaxillary protrusion. A certain 
degree of  anchorage loss is seen during space closure irrespective 
of  the mechanics used. Salzmannstated that regardless of  the skill 
one may possess in the mechanics of  space closure following the 
extraction of  the teeth, the teeth in the posterior buccal segment 
will be displaced mesially to some extent[1].

Anchorage loss (AL) is a potential side effect of  orthodontic 
mechanotherapy. In simple terms, anchorage loss can be defined 

as the amount of  mesial movement of  the posterior segment dur-
ing premolar extraction space closure[2]. Anchorage loss can oc-
cur in all three planes of  space i.e. sagittal plane, vertical plane and 
transverse plane. Anchorage loss in sagittal plane occurs because 
of  mesial movement of  molars and proclination of  anteriors. 
Extrusion of  molars and anteriors causes anchorage loss in the 
vertical plane, whereas in the transverse plane, anchorage loss oc-
curs because of  buccal flaring or lingual dumping of  the posterior 
segment.

Most of  the orthodontic cases require extraction of  1st premo-
lars, to create space, for the successful correction of  the malocclu-
sion. Closure of  extraction space becomes an important stage of  
orthodontic mechanotherapy especially in maximum anchorage 
cases where more than 75% of  the extraction space is utilized for 

Abstract

Objectives: The purpose of  this study was to compare the anchorage loss in three dimensions during en-masse and two-step 
retraction during space closure in orthodontic treatment. 
Materials And Methods: Pre and post-treatment radiographs of  64 critical anchorage cases were taken. Samples were di-
vided equally into two groups. Group 1: en-masse retraction and group 2: two-step retraction. In group 1 (n=32), the anterior 
teeth were retracted using sliding mechanics. In group 2 (n=32), canines were distalized first on a round wire using NiTi coil 
spring following which the remaining incisors were retracted on a rectangular wire. A lateral cephalogram was used to measure 
anchorage loss in sagittal and vertical dimensions. Postero-anterior cephalogram was used to measure the anchorage loss in 
the transverse dimension. Tracing was superimposed and anchorage loss measured using McNamara’s analysis and Grum-
mon’s analysis.
Results: Anchorage loss was seen in all three planes in both the retraction groups. In en-masse retraction, anchorage loss 
was significant in sagittal and vertical dimensions when compared with two-step retraction. In the transverse dimension, the 
anchorage loss was not significant.
Conclusion: In critical anchorage cases, two-step retraction is better than en-masse retraction in preserving the anchorage in 
all three dimensions.
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anterior retraction.

Various retraction techniques have been designed to effectively 
utilize the extraction space. Retraction techniques can be broadly 
classified into en-masse and two-step retraction techniques. Usu-
ally, en-masse retraction is the choice of  retraction in which all the 
anterior teeth are retracted together to close the extraction space. 
Whereas in maximum anchorage cases “two-step” technique is 
preferred[3-5]. Here the canines are retracted first followed by the 
incisors to close the extraction space. However, any force acting 
on the anchorage unit would result in a certain degree of  un-
wanted movement of  the anchor teeth.

Most of  the studies evaluate anchorage loss in sagittal dimension 
only. Vertical and transverse dimensions have not been consid-
ered. Vertical changes occurring in the molar region during treat-
ment do, however, influence the skeletal relationship significantly. 
Also, sagittal anchorage loss hardly ever occurs without an extru-
sional component[6]. Changes in transverse dimension result in 
palatal hanging cusp and undesirable arch expansion. This causes 
poor settling of  occlusion and also influences the skeletal relation.

Available literature does not provide adequate evidence on three-
dimensional anchorage losses in various retraction methods. 
Hence, there is a need to assess the anchorage loss in these three 
dimensions. The purpose of  this study is to compare anchorage 
loss in all three planes of  space during en-masse and two-step 
retractions. Also, to derive a clinical implication regarding which 
technique will be useful for clinician/orthodontist in choosing ap-
propriate treatment mechanics for space closure.

Materials And Methods

This prospective study was conducted after getting approval 
from the Institutional Review Board (IRB) and Ethical Com-
mittee (IRB. No. 2017/P/OR/20). Randomization was done us-
ing a simple randomization technique to ensure a 1:1 allocation 
ratio in both groups. The name of  the groups ‘‘En-masse’’ and 
‘‘two-step retraction’’ was written on 64 pieces of  paper and was 
placed inside identical looking envelopes. They were then sealed 
and placed in a box. The envelopes were shuffled inside the box, 
and each patient was told to pick one envelope from the box. The 
patient was then assigned to the designated group. Informed con-
sent was attained from the patient before the start of  this study.
This study included 64 patients, ages ranging from 17-19 years. 

Subjects were randomized to 2 treatment techniques: en-masse 
retraction (n=32) and two-step retraction (n=32). 

Inclusion Criteria

1. No previous history of  orthodontic treatment.
2. A full complement of  permanent teeth.
3. Patients with skeletal class II with normo divergent growth pat-
tern.
4. Critical anchorage with first premolar extraction.
5. Maxillary arch anchorage was reinforced using transpalatal arch. 
6. All the patients were treated with preadjusted edgewise appli-
ance.

Exclusion Criteria

1. Patient with congenitally missing teeth, teeth missing due to 
previous extractions or impacted teeth.
2. Developmental deformities.
3. Periodontally compromised teeth.
4. Asymmetric extraction.

The subjects for both techniques were treated with pre-adjusted 
edgewise appliances (MBT prescription, 0.022 X 0.028-in bracket 
slot, 3M Unitek, Monrovia, Calif).The selected subjects were ex-
posed to radiographic examination after placing K-separators. K 
separators made of  0.018 SS were separators were placed to help 
in identifying the first maxillary molars of  both sides of  dental 
arch more accurately. Following which lateral cephalogram and 
posterior-anterior cephalogram were made using standard proto-
cols. First maxillary molars were traced for both sides and mean 
was taken for assessment of  sagittal and vertical anchorage loss 
(in mm). Digital lateral cephalogram and postero-anterior cepha-
logram were made at two intervals following the standard proto-
cols i.e; T0-pre-treatment and T1-end of  space closure. Lateral 
cephalogram was made to measure anchorage loss in sagittal and 
vertical dimensions while the anchorage loss in transverse dimen-
sions was measured using posterior-anterior cephalogram.
 
In the en-masse sample, the 6 anterior teeth were retracted as a 
single unit to close the extraction space sliding mechanics(Figure 
1). While, in the two-step sample, the canines were retracted first 
by closed coil NiTi springs, 9mm in length (Libral Traders Pvt 
Ltd) from the molar hook onto the canine hooks bilaterally after 
calibrating the force to 150gms using a CORREX gauge until they 
contacted the second premolars(Figure 2).The 4 incisors were 

Figure 1. En-masse retraction with sliding mechanics.

Figure 2. Canine retraction in 2 step retraction mechanics.
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then retracted by using sliding mechanics. TPA was used in both 
groups to augment the anchorage.

Cephalometric Assessment

Radiographs of  all the selected subjects were taken in the Natu-
ral Head Position (NHP) using KODAK 9000 EXTRAORAL 
IMAGING machine. The radiographic films were exposed at 80 
KV/8mA for 0.8 secondsThe lateral cephalograms were made 
under standardizedconditions with the Frankfort horizontal plane 
kept parallel to the floor and the mid-facial plane kept in a vertical 
position[7].

For postero-anterior cephalogram, the film to source distance was 
standardized to 5 feet and the distance between the film and the 
patient was 6 inches. The head position was carefully checked so 
that the Frankfurt horizontal dimension was kept parallel to the 
floor.
 
The hard tissue landmarks and reference planes were taken as de-
fined by Alexander Jacobson and Thomas Rakosi[8-9].

Following landmarks and plane were used on lateral 
cephalogram(Figure 3).

ANS- anterior nasal spine- anterior most point on the palatine 
bone
PNS- posterior nasal spine- posterior most point on the palatine 
bone
ANS-PNS plane- a line joining the ANS and PNS points
Following landmarks and planes were used on postero anterior 
cephalogram(Figure 4).

The hard tissue landmarks and reference planes were taken as de-
fined by Wei, Rickets, Athanasiou, Grummons and Kappeyene.

1. Cg - Crista galli.
2. ANS- Anterior Nasal Spine.
3. Midsagittal reference dimension- Line passing from Crista Galli 
through the anterior nasal spine to the chin area.

4. Um, upper molar- The most prominent lateral point on the 
buccal surface of  the first (right and left) permanent maxillary 
molar.

Measurement Procedure

McNamara’ssuperimposition techniques were used to quantify 
and compare anchor loss in sagittal and vertical dimensions in 
lateral cephalogram[10]and Grummonsanalysiswas used to evalu-
ate anchorage loss in transverse dimensions on a postero-anterior 
cephalogram[11]. 

Procedure For Measuring Sagittal And Vertical Anchorage 
Loss

Landmarks identified on the lateral cephalogram of  both pre-
treatment and end of  space closure stage were traced on the ac-
etate tracing paper. The tracing was then transferred onto a plain 
sheet of  paper on which McNamara’s superimposition technique 
was performed. The maxillary molar was superimposed on ANS-
PNS (palatal) plane at ANS on pre-treatment and end of  space 
closure tracings. The mesial displacement of  the maxillary first 
molar, at the mesial surface, was compared in pre-treatment and 
end of  space closure radiographic tracing. The difference meas-
ured (in millimeters) using Mitotoyu digital caliper (Mitotoyu, Ja-
pan) was the anchorage loss in sagittal dimension. 

To measure the anchorage loss in vertical dimension (extrusion), 
a perpendicular was dropped from the ANS-PNS plane to the 
tip of  the mesio-buccal cusp of  the maxillary first molar. Pre-
treatment and end of  space closure radiographic tracing were 
superimposed on the ANS-PNS plane at the perpendicular on a 
plain sheet of  paper. Extrusion of  the molar was measured using 
Mitotoyu digital caliper (Mitotoyu Japan) on the tracing. The dif-
ference was evaluated as anchorage loss in the vertical dimension.

Procedure For Measuring Transverse Anchorage Loss

To measure the anchorage loss in the transverse dimension pos-
tero-anterior cephalogram was used. Following the landmark iden

Figure 3. Landmarks and plane were used on lateral cephalogram. 
1.ANS- Anterior Nasal Spine, 2. PNS- Posterior Nasal Spine, 3. ANS-PNS plane.

Figure 4. Landmarks and planes were used on postero anterior cephalogram.
1. CG- Crista galli, 2. ANS- Anterior Nasal Spine, 3. Um- buccal surface of  the upper 1st molar, 4. Mid sagittal reference 

dimension.
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Table 1: The mean and standard deviation of  the anchorage loss. 

 Mean Standard deviation
Group 1 Group 2 Group 1 Group 2
 (n=32)  (n=32)  (n=32)  (n=32)

Sagittal 2.358 2.216 0.144 0.185
Vertical 0.733 0.658 0.088 0.066

Transverse 0.983 0.966 0.164 0.143
Group 1-en-masse retraction,  
Group 2- two step retraction.

Table 2. Comparison of  anchorage loss in en-masse group and two-step retraction group using Mann-Whitney U and Wil-
coxon test.

Group N Mean 
Rank

Sum of  
Ranks

Mann-
Whitney U 

Wilcoxon 
W

p value

Sagittal 1 12 15.38 184.5 37.5 115.5 0.045*
2 12 9.63 115.5

Vertical 1 12 15.38 184.5 37.5 115.5 0 .045*
2 12 9.63 115.5

Transverse 1 12 14.96 179.5 42.5 120.5 0.079
2 12 10.04 120.5

Group 1: en-masse retraction group,  
Group 2: two step retraction group, N: sample size. p value < 0.05 - Significant (significant at 95% CI).

tification, the tracing was transferred onto a white sheet of  paper 
on which Grummon’s analysis was performed. Distance from the 
buccal surface of  the maxillary first molar to the mid sagittal ref-
erence plane was measured using Mitotoyu digital caliper bilater-
ally, in both pre-treatment and end of  space closure radiographs. 
An expansion that occurs at the end of  space closure was consid-
ered as the anchorage loss in the transverse dimension.

Statistical Analysis
 
The collected data was entered into the computer (MS-Office, 
Excel 2010) and subjected to statistical analysis using the statisti-
cal package- SPSS version 20. Not normal distribution was deter-
mined by Kolmogorov-Smirnov and Shapiro-Wilk test. To verify 
whether there was any statistically significant difference in the en-
masse and two-step retraction techniques Mann Whitney U test 
and Wilcoxon test were performed. Statistical differences were 
determined at the 95% confidence level (P < 0.05).

Results

This study included a total of  64 subjects with 34 males and 30 
females with a mean age of  18.45 -19.71 years. Molar displace-
ment was seen in all three planes of  space. The measurements 
were made using Mitotoyu digital caliper. Mesial displacement of  
the molar (sagittal anchorage loss) was seen in both en-masse and 
two-step retraction groups. Extrusion of  the molar (vertical an-
chorage loss) was seen in both groups. Buccal flaring of  the molar 
(transverse anchorage loss) was seen in both groups.

Anchorage loss was observed in all three planes in patients treated 

with both en-masse retraction and two-step retraction. The mean 
and standard deviation were calculated for the anchorage loss in 
all three planes for both groups.(Table 1).Table 2 compares the 
significance of  anchorage loss in the en-masse group and two-
step retraction groups. 

Discussion

Anchorage loss (AL) is the amount of  mesial movement of  the 
first permanent molar during premolar extraction space closure. 
Anchorage loss can express itself  in all three planes. It can mani-
fest as a mesial migration of  the molars, proclination of  incisors, 
extrusion of  posteriors, or buccal flaring of  posteriors.

Kuhlbergconducted a study to compare the efficiency of  en 
masse retraction and two step retraction techniques and he found 
that separate canine retraction was less taxing the anchor unit[5].
The results were similar to that of  Roth[4],Profitt and Fields[3].
They suggested two-step retraction technique is better than the 
en-masse retraction technique to treat the maximum anchorage 
requirement case. Contrary to this, Tian-Min Xu et al[12], and 
HeoW, Nahm DS, Baek Sfound no difference between the two 
techniques with respect to the mesial movement of  the anchor-
age teeth in critical anchorage cases[13]. Also, when canines are 
retracted individually, they tend to tip and rotate more than when 
the anterior teeth are retracted as a single unit, thus requiring ad-
ditional time and effort to re-level and realign. Many other studies 
questioned the advantage of  two-step retraction over en-masse 
retraction[14-15].

In the present study, anchorage loss in the sagittal plane, trans-
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verse plane and vertical plane was measured using two different 
retraction techniques commonly used in orthodontics, viz., en-
masse retraction and two-step retraction.
 
Patients treated with both en-masse retraction and two-step re-
traction techniques showed anchorage loss in sagittal direction. 
The class I force used to retract the maxillary anterior teeth re-
sulted in mesialization of  the maxillary first molars in both the 
retraction groups causing burning of  anchorage. The anchorage 
provided by teeth depends on the size of  the teeth, ie the root sur-
face area of  the teeth. The combined root surface area of  the an-
terior teeth is almost the same as the 1st molar and 2nd premolar. 
Attempting to move all the anterior teeth distally simultaneously 
will result in an equal mesial movement of  the posterior teeth 
[16]. The more teeth that are incorporated into an anchorage unit 
the less likely unwanted tooth movement will occur.
 
In en-masse retraction, the anterior segment comprising of  ca-
nine and incisors are retracted by taking anchorage from the max-
illary second premolar and the first molar. A force of  about 350 
gms was used for retraction. The number of  teeth forming the 
anchorage unit is less. During retraction heavy forces are used 
to distalize the six anterior teeth. Inevitably the reciprocal force 
acting on the posterior teeth will also be high which causes me-
sialization of  the anchorage unit. But in two-step retraction, the 
canine is retracted first until it contacts the second premolar. One 
anterior tooth is being retracted against two posterior teeth. Also, 
the force used to retract canine is low (150gms) and so will be 
the reactionary forces acting on the posterior teeth, hence, the 
anchorage loss is negligible following canine retraction. Canine is 
consolidated with the remaining posterior teeth forming a bigger 
anchorage unit. Following this the remaining incisors are retracted 
using sliding mechanics. As there is an increase in the number of  
teeth in the anchorage unit it disperses the load over a greater sur-
face thereby decreasing the strain or distortion of  the periodontal 
structures within the anchorage unit[17]. So the force acting per 
unit area of  the anchorage unit is less than the threshold force 
required for tooth movement. Hence, the anchorage loss in two-
step retraction was less as compared to en-masse retraction group. 
The anchorage loss, in sagittal dimension, in en-masse group as 
compared with that of  the two-step retraction group at the end of  
space closure was significantly higher.

Anchorage loss was also seen in the vertical plane in both groups. 
But the anchorage loss in the en-masse group was statistically 
significant when compared with that of  the two-step retraction 
group. (Table 2)(pvalue =0.045). To correct the deep bite condi-
tion, brackets in the anterior segment were bonded incisally. In an 
attempt to intrude the anterior teeth, the reciprocal force acts on 
the posterior teeth resulting in extrusion. The extrusion is a more 
commonly seen phenomenon than intrusion as intrusion requires 
the application of  light controlled forces along the long axis of  
the teeth. This is hard to achieve in continuous archwire mechan-
ics. If  intrusion of  one tooth is pitted against the extrusion of  the 
other tooth then, extrusion will dominate[18].

Sagittal anchorage loss is always accompanied by some amount 
of  extrusion of  the molars. The changes seen in the vertical plane 
helps in maintaining the mandibular plane angle in cases where 
there is more sagittal movement of  the molars. The change in 
the vertical plane is also attributed to the oro-facial musculature 
of  the patients. The occlusal forces may neutralize the extrusive 

forces produced by the orthodontic appliance.
 
On measuring anchorage loss in the transverse dimension there 
was some amount of  buccal flaring of  the molars seen in both 
the retraction techniques. But, the difference was not significant. 
The preformed NiTi wire used in the initial stages of  leveling 
and aligning of  the teeth is usually wider than the arch width. 
Also, the curve of  was spee in the wire used in order to open 
the bite and level the maxillary creates a moment at the buccal 
tube of  the molars which results in buccal flaring. These could 
be possible reasons for changes in transverse dimension seen in 
both the retraction groups. But on statistical analysis, it was found 
that the change in transverse dimension was not significant. The 
results showed that the anchorage loss in en-masse retraction was 
statistically significant (p-value = 0.045) as compared with two-
step retraction.

Conclusion

The results of  the present study show that there was anchorage 
loss in the sagittal dimension and vertical dimension in both the 
retraction groups. But it was significantly higher in the en-masse 
retraction group when compared with the two-step retraction 
group. This is attributed to the number of  teeth in the anchorage 
unit which is higher in the two-step retraction group when com-
pared with the en-masse retraction group. The anchorage loss in 
the transverse dimension was similar for both groups. 
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