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Which one closes extraction spaces faster: en masse retraction or two-step
retraction? A randomized prospective clinical trial
Patricia Pigato Schneidera; Ki Beom Kimb; André da Costa Moninic; Ary dos Santos-Pintod; Luiz
Gonzaga Gandini Júniord
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depend on the their cooperation,5 dental and facial
characteristics, as well as the orthodontist’s experience
and his or her treatment decisions.1
Extraction treatment plans have been linked with
longer treatment times,1–3,6 and premolar extractions
are the most significant in this time variation.4,6–9
According to Fink and Smith,9 each premolar extraction
increases treatment time by approximately 0.94
months with four premolar extraction cases taking
longer than two premolar extraction cases.7,9
Two basic biomechanical strategies can be used to
close extraction spaces: two-step retraction (TSR) or
en masse retraction (ER). In the first step of TSR, only
the canine in each quadrant is retracted. In the second
step, all the incisors are retracted until the residual
spaces are closed.10–14 In ER, the incisors and canines
are retracted in just one step.15
In clinical practice, orthodontists are looking for
space closing mechanics that provide good anchorage
control and shorter treatment time.13 In theory, TSR
was believed to result in less anchorage loss,10,14 so it
has been the clinical choice of orthodontists for many
years. 1 0 , 1 3 However, randomized clinical trials

INTRODUCTION
One of the first questions that new orthodontic
patients ask is ‘‘How long will I need to wear braces?,’’
and many factors can influence the answer.1–4 The
treatment time for each patient has been shown to
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ABSTRACT
Objectives: To compare the time to close extraction spaces between en masse (ER) and two-step
retraction (TSR).
Materials and Methods: Forty-eight patients with bimaxillary protrusion underwent treatment with
extraction of four first premolars. All patients were randomly allocated to one of two groups: ER (n ¼
24) or TSR (n ¼ 24). The main outcome was the time required to close spaces between ER and
TSR; the closing time of spaces between females and males was a secondary outcome. The size
of premolars was measured on the models and data were collected on clinical records at the
following times: retraction start date (T1) and space closure completion date (T2). The total time to
close the extraction spaces was calculated for each extracted premolar (T1 to T2). The Kaplan
Meier method and the Log-Rank test were used to compare the groups.
Results: The time to close extraction spaces showed significant differences between the ER and
TSR groups. While ER took between 12.1 and 13.8 months, TSR took between 24.7 and 26.8
months. The TSR group showed a significant difference between sexes; male patients took 5.5
months longer than female patients for the extraction spaces to close.
Conclusions: TSR takes between 1.8 and 2.2 times longer than ER to close the extraction spaces
and it took longer in males than females. (Angle Orthod. 2019;89:855–861.)
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Table 1. Baseline Skeletal and Dental Characteristics of Subjects Between ER and TSRa
Mean (SD)
Variable
FMA, 8
SNGoMe, 8
PFH/AFH, mm
Overjet, mm
Overbite, mm
L1-Apo, mm
U1-Apo, mm
PgNperp, 8
Convexity, NA-Apo, 8
Lower Lip to E-Plane, mm
Maxillary crowding, mm
Mandibular crowding, mm

ER
24.7
30.6
66.4
3.3
0.9
7.1
10.5
1.0
7.1
4.5
3.6
2.7

TSR

(5.2)
(6.3)
(5.0)
(1.3)
(2.0)
(2.7)
(2.4)
(6.7)
(4.0)
(3.8)
(0.6)
(0.7)

21.9
27.9
68.5
3.6
1.5
6.1
9.9
1.2
6.9
3.1
3.5
2.8

(6.8)
(6.8)
(6.4)
(1.2)
(1.5)
(2.6)
(3.0)
(8.1)
(3.1)
(3.2)
(1.1)
(0.6)

P Value

Sig

.116
.166
.207
.405
.211
.188
.429
.458
.817
.159
.740
.729

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

(RCTs)14,16,17 have shown no difference in the mesial
movement of molars between ER and TSR. The
evaluation of the space closing time between retraction
techniques has not been adequately explored in the
literature as a factor that affects the total duration of
orthodontic treatment,1–4 and this question still needs to
be investigated. ‘‘Retraction time’’ was reported briefly
only as a secondary outcome in a few studies14,16,17
showing no significant differences. In addition, the
sample of these previous studies did not differentiate
between Class I and Class II patients and some of the
patients were still in the active growing phase.
Additionally, some of these previous studies used
various types of anchorage reinforcement (miniscrews,
headgear or conventional anchorage).14,18
Despite the importance of being able to predict
orthodontic treatment duration accurately,1–4,7–9 no RCT
was found in the literature that compared the time
spent for space closing between ER and TSR. The
purpose of this RCT was to evaluate the time required
to close the spaces for each premolar extracted
between the two retraction methods, without anchoring
devices. Additionally, whether there was a difference in
space closure time between male and female patients
within ER and TSR groups.
MATERIALS AND METHODS
This RCT was approved by the Ethics Committee on
Human Research of the School of São Paulo State
University (ethical approval No. 01/09).
The initial sample was recruited between February
and October of 2010 and consisted of 52 participants.
The inclusion criteria were: Brazilian of at least 18
years of age, all permanent teeth erupted (except third
molars), Class I bimaxillary protrusion malocclusion
with mild crowding in the upper and lower incisors 4
Angle Orthodontist, Vol 89, No 6, 2019

mm, no previous orthodontic treatment history, good
oral hygiene and no systemic diseases. Four participants were excluded due to periodontal disease or
missing teeth. All selected participants had similar
dental and skeletal characteristics (Table 1).
The participants were randomly allocated in a 1:1
ratio to either the ER group or the TSR group (Table 2)
using a simple randomization technique.
Initial images, models, and radiographs were obtained before starting orthodontic treatment. All 48
participants received conventional orthodontic treatment with the same type of fixed appliances. Upper
and lower 0.022-inch tubes were soldered to bands for
the first and second molars and conventional 0.022inch straight-wire brackets (Ovation; GAC International
Inc, Bohemia, NY, USA) were bonded from the right
second premolar to the left second premolar. Leveling
and aligning were conducted until 0.020-inch stainless
steel (SS) wires could be passively inserted into the
brackets. The second premolar was tied to the second
molars with 0.010-inch ligature wire bilaterally. Each
patient had the four first premolars extracted at that
time. Then, 7–14 days after extractions, space closing
mechanics were activated.
In the ER group, all incisors were retracted in a
single step. Archwires used were 0.017- 3 0.025-inch
SS and Nickel-titanium (NiTi) closed-coil springs
activated to 200 g (GAC International) were attached
from the hooks of the first molars to the hooks soldered
Table 2. Demographic Description of the Two Study Groupsa
Sex
Group

n

Female

Male

Starting Age,
Mean (SD) (y)

Age
Range, y

ER
TSR

24
24

14
15

10
9

23.9 (3.43)
22.0 (4.8)

19–32
18–34

a

SD indicates Standard Deviation; y, years.
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a
SD indicates Standard Deviation; Sig, significance; ns, not significant by the Student’s t-test at P , .05; SNGoMe, angle between SellaNasion and Gonion-Ment; PFH/AFH, relation between Posterior Facial Height/Anterior Facial Height; PgNperp, distance between Pg to Nperp
line; L1Apo, protrusion of the lower incisor; U1Apo, protrusion of the upper incisor; FMA, angle between Frankfort horizontal plane and Mandibular
plane; Convexity, angle between NA and Apo; Lower Lip to E-Plane, distance from Lower Lip to E-plane.
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dates were collected regarding the orthodontic procedures performed at the following times: the starting
date of retraction (T1) and the date of space closure
completion (T2) for each premolar. The total retraction
time (from T1 to T2) was calculated for each premolar
in months and recorded into a Microsoft Excel
spreadsheet. The size of each first premolar was
measured using a digital caliper (Mitutoyo, Hampshire,
UK) from the initial models.
Statistical Analysis

to the archwires between the lateral incisor and the
canine (Figure 1A). In the TSR group, a 0.020-inch SS
arch wire with flush omega loops tied back to the first
molars was used for the retraction of the canines. NiTi
closed-coil springs activated to 100 g were secured
from the hooks of the first molar to the hooks of the
canine brackets with 0.010-inch ligature wire (Figure
1B). After canine retraction, the posterior teeth and
canines were tied using 0.0100-inch ligature wire
bilaterally. For incisor retraction, 0.017- 3 0.025-inch
SS wires were inserted and NiTi closed-coil springs,
activated to 100 g, were attached from the cervical
hooks of the first molars to the soldered hooks located
distally to the lateral incisors (Figure 1C). No auxiliary
devices were used in either group during retraction.
The patients were evaluated every 4–5 weeks and
the springs were reactivated and checked using a
Correx Tension Gauge (Haag-Streit, Bern, Switzerland) to maintain the same activation until space
closure was complete. All appointment dates and
clinical procedures performed were correctly noted in
the patient’s clinical records; any absences and
bracket, band or wire breaks were also recorded.
Patients were informed if an appointment was missed
and it was rescheduled as soon as possible, within a
week. In the case of breaks or loss, the appointment
was rescheduled on the same day.
The principal investigator analyzed each patient’s
clinical records after treatment was completed. Clinical

RESULTS
The CONSORT diagram shows the flow of the 52
participants who were initially enrolled. Four patients
Angle Orthodontist, Vol 89, No 6, 2019
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Figure 1. (A) ER group; (B) First step in TSR group; (C) Second step
in TSR group. ER indicates en masse retraction; TSR, two-step
retraction.

An investigator blinded to the group assignment
measured the size of the first premolars. All premolars
were measured twice at an interval of 4 weeks.
Measurement reliability was evaluated using intraclass
correlation (ICC), estimated by means of confidence
intervals. The results indicated strong intra-examiner
reliability (ICC ¼ 0.96).
Two descriptive graphics using the Kaplan-Meier
method were constructed. The Kaplan-Meier curve is a
descriptive analysis performed to follow what is
happening with the studied event during the follow-up
time.19 In this RCT, the studied event was the
‘‘extraction space closing time’’ with ER and TSR.
Using this statistical methodology, it was possible to
obtain not only the total time for space closure for ER
and TSR, but also to estimate the probability that
extraction spaces had not yet closed after a certain
period during the follow-up time.
The first descriptive Kaplan-Meier survival curve was
constructed to evaluate space closure time with ER
and TSR for each premolar extracted. In this way, for
both ER and TSR, the curves were constructed
considering the size of the extraction spaces of all
premolars (four spaces per patient), with a total of 96
extraction spaces to be closed during the follow-up
time. In this curve, the horizontal axis detailed the
follow-up time from the beginning of retraction to the
end of space closure. The vertical axis represented the
cumulative proportion (%) of the spaces that were still
open for each extracted premolar. On the vertical axis,
the 1.0 proportion denoted that 100% of the spaces
were not yet closed and the 0.0 proportion indicated
that all the space was already closed.
A second descriptive Kaplan-Meier survival curve
aimed to compare the space closure time between
males and females within each group. The log-rank
test was used to compare the Kaplan-Meier survival
curves. A level of significance of 5% was used (a ¼
0.05).
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Figure 2. CONSORT flow chart showing subject flow during the trial.

were excluded and 48 patients were randomly assigned between the ER or TSR groups in which
treatment was performed and analyzed (Figure 2).
There were no significant differences in the baseline
data of the patients between groups (Table 1 and 2).
Figure 3 shows the first descriptive Kaplan-Meier
survival curve representing the cumulative proportion
of the extracted premolar spaces that were still open as
a function of space closure time with ER and TSR. The
average of space closure time corresponds to the 0.5
proportion on the Y axis, which represents the time
when 50% of the extraction spaces were not yet
Angle Orthodontist, Vol 89, No 6, 2019

closed. This value was around 11.0 months for the ER
group and 26.0 months for the TSR group.
Table 3 shows the results of the comparison of the
Kaplan-Meier survival curves using the log-rank test.
There was a significant difference in the space closure
times between ER and TSR (P , .001). However, no
significant difference was found for intragroup premolar
space closure times (P . .200). A confidence interval
of 95%, determined by the average 61.96 standard
error, showed the estimation of the space closure time
variation between 12.1 and 13.8 months for the ER
group and between 24.7 and 26.8 months for the TSR
group.
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Figure 4. Kaplan-Meier curve of the cumulative proportion of
extraction spaces not yet closed during the follow-up time with ER
and TSR subdivided by female and male sexes.

Figure 4 shows the second descriptive Kaplan-Meier
survival curve that represents the cumulative proportion of the extraction spaces that were not yet closed
as a function of the follow-up time, subdivided into
females and males within the ER and TSR groups.
Table 4 shows that male patients in the TSR group
took a significantly longer time for space closure. There
was a significant difference between males (P , .001)
and females (P , .001). In the ER group, no significant
difference was found in the retraction time between
sexes (P ¼ .353). Within the TSR group, a significant
difference (P , .05) was found with males taking
longer than females.

spaces within the same individual patient may have
closed at different times.
The follow-up of extraction space closure time
(Figure 3) showed that some patients achieved full
space closure after 7 months in the ER group, while it
occurred after 13 months in the TSR group. In addition,
50% of the extraction spaces were closed by the 11th
month for ER, while it was the 26th month for TSR.
Although the follow-up time showed that upper
premolars in TSR took longer than lower premolars,
there was no significant difference in the time of space
closure among the premolars within each group (Table
3).
In agreement with the belief of a majority of
orthodontists,10,13 the distance between the KaplanMeier curves of the two groups during the follow-up
time and the average value confirmed that there was a
statistically significant difference in closure time of the
extraction spaces between ER and TSR. Results
showed that TSR took between 1.8 and 2.2 times
longer than ER for extraction space closure. Heo et
al.,16 Xu et al.,14 and Upadhyay et al.18 also found
similar results; however, the differences in their studies
were not statistically significant. One randomized
controlled trial was conducted16 in adult patients

DISCUSSION
Previous studies have shown that both ER and TSR
were efficient methods for space closure.14,16,18 However, the duration of retraction time with each of these
techniques still needed investigation. To date, this is
the only study to provide descriptive analysis of the
space closure time for each premolar; since extraction
Table 3. Mean of Time for Space Closure (Months) for Each
Extracted Premolar Between ER and TSR Groups
ER
Premolarsa

n

14
24
34
44
Global
P Valuec

24
24
24
24
96

TSR

Mean (SE)
13.9
12.8
12.6
12.6
13.0
0.868

(0.9)
(1.0)
(0.9)
(0.9)
(0.5)

n
24
24
24
24
96

Mean (SE)
26.6
26.6
24.9
24.8
25.7
0.209

(1.1)
(1.1)
(1.0)
(1.0)
(0.5)

P Valueb

Table 4. Mean of Time of Space Closure Between ER and TSR
Groups According to Sex
ER

,.001*

* Significant by the log-rank test; SE indicates Standard Error.
a
Total of 96 extracted premolar per group.
b
Between ER and TSR groups.
c
Between premolars within ER or TSR groups.

TSR

Gender

n

Mean (SE)

n

Mean (SE)

Female
Male
P Valueb

14
10

14.2 (1.2)
16.1 (1.3)
0.353

16
8

25.3 (1.3)
30.8 (1.3)
0.023*

P Valuea
,.001*
,.001*

* Significant by the log-rank test; SE indicates Standard Error.
a
Between ER and TSR groups within gender.
b
Between female x male within ER or TSR.
Angle Orthodontist, Vol 89, No 6, 2019
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Figure 3. Kaplan-Meier curve showing the cumulative proportion of
extraction spaces not yet closed during the follow-up time in the ER
and TSR groups.
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(1) The sample was limited to patients older than 18
years of age to reduce the effects that growth may
cause in recorded tooth movements. Dudic et al.24
demonstrated that younger patients who started
treatment before 16 years of age had significantly
more tooth movement compared with older patients and, consequently, finished orthodontic
treatment in less time.
(2) The treatment plans used in this study involved the
alignment and leveling of all teeth with a 0.020-inch
SS wire before the extraction of premolars. In this
way, on the date of the start of retraction (T1), the
initial position of the teeth was as standardized as
possible, recognizing that any differences in
alignment could influence the movement velocity
during retraction.13
(3) No additional anchoring devices were used.
Upadhyay et al.18 demonstrated that, when ER
was performed with miniscrews, minimum molar
Angle Orthodontist, Vol 89, No 6, 2019

movements occurred during space closure and
therefore affected the retraction time.
(4) Sliding mechanics with NiTi springs were chosen
for extraction space closure. NiTi springs are
commonly used by orthodontists 25 and their
shape-memory phenomenon produced better force
consistency,10,26 which remained over a prolonged
time of activation.26,27
(5) To reduce effects in the case of appliance
breakage,2,4,8 the patients were instructed to notify
the orthodontist as soon as possible and have
repair performed on the same day.
The shorter retraction time with ER can be clinically
significant, particularly when also considering that
some studies14,16,17 showed no difference in the
anchorage loss during space closure between TSR
and ER. Therefore, the orthodontist’s classical choice
for TSR10,13 should be reconsidered. When undergoing
TSR, the canines tend to rotate and tip more than when
they are retracted with the incisors10,14 and, therefore,
will require additional treatment time to be realigned.14
Additionally, TSR can be unesthetic due to the creation
of a gap distal to the lateral incisors. The risk of
external apical root resorption is also increased with
longer treatment time.28 For these reasons, ER should
be considered more often to close extraction spaces
unless anterior crowding or midline discrepancies are
present. In these cases, separate canine retraction
may be indicated to create space for the incisors and
prevent protrusion.13 If more retraction of the anterior
teeth is needed, anchorage reinforcement may be
considered.
CONCLUSIONS
When comparing the time for closure of extraction
spaces between en masse retraction (ER) and twostep retraction (TRS), the following conclusions were
drawn:






ER closed the spaces faster than TSR. TSR took
between 1.8 and 2.2 times longer than ER to close
the extraction spaces.
Time for TSR was significantly longer for males than
females.
There was no significant difference in the time of
space closure among upper and lower premolars.
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without the use of additional anchorage devices, but
the retraction time was evaluated only for the closing of
upper premolar extraction spaces. In addition, none of
these studies14,16,18 described in their methodology how
data collection was performed.
The influence of patient sex on the space closure
time was also examined. The results showed that there
was a significant difference between females and
males in ER and TSR. The follow-up of the extraction
space closure time (Figure 4) showed that, in the TSR
group, female patients started having full closure in the
13th month after the beginning of retraction while male
patients started in the 24th month. Extraction spaces
took 5.5 months longer to close in male patients
compared with female patients using TSR. No significant difference was found between sexes within the
ER group. No studies have been previously published
in the orthodontic literature regarding sex differences
for space closure. The only information available in the
literature regarding differences in treatment time
between men and women showed that women were
more committed to treatment than men and that
orthodontic treatment for boys took longer.5 However,
some studies reported that there were sex-specific
features that differed between male and female adult
bone anatomy.20–23 This sexual dimorphism and differences in the maxilla and mandible could be reasons
why extraction spaces in males took longer to close
than those in females.
The methodology of this study was designed to
produce parity between groups, excluding the influence of age, as well as skeletal and dental characteristics within the sample. The following factors may
have contributed to the time differences observed:
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