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Evaluation of the rate of anterior segment retraction in orthodontic patients

with bimaxillary protrusion using friction vs frictionless mechanics:

a single-center, single-blind randomized clinical trial

Monica Guirguis Youssif Tawfika; Dorra M. H. D. Izzat Bakhita; Fouad A. El Sharabyb;
Yehya A. Moustafac; Heba Mohamed Dehisd

ABSTRACT
Objectives: To evaluate the effect of friction vs frictionless mechanics on the rate of anterior
segment retraction (ASR) in patients with bimaxillary protrusion.
Materials and Methods: Thirty females (18.3 6 3.7 years) with bimaxillary protrusion were
randomly allocated into the friction group, using elastomeric power chains, and the frictionless
group, using T-loop springs for ASR. Eligibility criteria included absence of skeletal discrepancies
and any systemic diseases or medications, among others. Randomization in a 1:1 ratio was
generated by Microsoft Excel. Opaque sealed envelopes were sequentially numbered for allocation
concealment. Only blinding of the outcome assessor was applicable. Activations were done every 4
weeks until completion of ASR. The primary outcome was the rate of ASR measured on digital
models. Anchorage loss, molar rotation, and pain experienced were also assessed.
Results: Two patients were lost to follow-up. The rate of ASR was 0.68 6 0.18 mm/mo in the
friction group vs 0.88 6 0.27 mm/mo in the frictionless group, with no significant difference. A
significant difference in anchorage loss of 1.63 mm and molar rotation of 7.068 was observed, being
higher in the frictionless group. A comparable pain experience associated with both mechanics was
reported.
Conclusions: No difference in the rate of ASR or pain experience was observed between friction
and frictionless mechanics. However, extra anchorage measures should be considered when using
frictionless mechanics as greater anchorage loss and molar rotations are anticipated. (Angle
Orthod. 2022;92:738–745.)

KEY WORDS: Friction; Frictionless; Anterior retraction; Bimaxillary protrusion; Orthodontic tooth
movement; Mechanics

INTRODUCTION

Extraction space closure is a major phase during
orthodontic treatment that dramatically affects the total

treatment duration.1 Retraction of the incisors in two-
step retraction techniques could be achieved using one

of two methods. The first is friction (sliding) mechanics,
which involves the use of elastomeric chains or closed
titanium coil springs as force-delivery systems.2 This

method is more convenient and more frequently used
because of its simplicity for patients and clinicians.
However, unaccounted loss of force associated with

friction, binding, and notching could compromise the
efficiency of this technique.3 The second method is
frictionless ‘‘loop’’ mechanics with no guiding wire, in

which tooth movement is thus not restricted by the
disadvantages of sliding mechanics. However, the
complicated design, elaborate wire bending, and
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patient discomfort could be considered drawbacks of
this technique.

Using a typodont simulation system, Rhee et al.4 did
not find superiority of either mechanics over the other
for canine retraction. Despite reporting comparable
anchorage loss in the two techniques, they addressed
better mesiodistal and vertical control with frictionless
mechanics compared with rotational control and arch
dimensional maintenance by friction mechanics.4 Like-
wise, Hayashi et al.5 demonstrated better rotational
control with sliding mechanics compared with loop
mechanics. On the other hand, Dinçer et al.6 reported a
marginally faster, yet not significantly different, rate of
incisor retraction when frictionless mechanics were
implemented vs friction mechanics.6

Specific Objectives and Hypotheses

The primary aim of this study was to compare the
rate of anterior segment retraction between friction and
frictionless mechanics. The secondary outcomes were
to evaluate the associated anchorage loss, molar
rotation, and pain experience during retraction. The
null hypothesis was that there would be no difference
in the rate of ASR between the two methods of
retraction mechanics.

MATERIALS AND METHODS

Trial Design

This study was a two-arm, parallel, single-center,
single-blind randomized clinical trial with a 1:1 alloca-
tion ratio following the CONSORT statement reporting
guidelines. The study methodology was approved by
the Faculty of Dentistry Ethical Committee, Future
University in Egypt ([9]/10-2018). There were no
changes in methods after trial commencement.

Participants, Eligibility Criteria, and Settings

Screening of 42 patients was performed in the
Orthodontic Clinic at Future University in Egypt. Thirty
participants were recruited according to the eligibility
criteria presented in Table 1. Patients or their
guardians were asked to sign an informed consent
after careful explanation of the study design, interven-
tions, and possible drawbacks.

Interventions

Standard pretreatment records were taken for each
patient including photographs, panoramic and lateral
cephalometric radiographs, and study models. Bond-
ing of 0.022-inch Roth brackets (American Orthodon-
tics, Sheboygan, Wis) was done in both arches.
Leveling and alignment proceeded until 0.017 3

0.025-inch stainless steel (SS) wire was reached.
One miniscrew (temporary anchorage device; TAD)
per quadrant (1.6 3 8 mm, bracket head design; Dual
Top Anchor System, Jeil Medical Corporation, Seoul,
Korea) was inserted between the upper first molar and
second premolar roots at the mucogingival junction at a
458 angle. After checking the primary stability of the
miniscrews, the second premolar was anchored to the
miniscrews using a twisted ligature wire until comple-
tion of canine retraction. Canine retraction was
achieved using elastomeric power chains, which is
the common method. Prior to the commencement of
anterior segment retraction, canines were anchored to
the TADs for indirect anchorage. Preintervention
alginate impressions were taken, and the obtained
study models were scanned (T0). Each patient was
given a visual analog scale (VAS) sheet following each
activation to report their pain experience for 1 week.
Patients were instructed to avoid analgesics during the
course of treatment.

In patients randomized to the friction group (F),
anterior segment retraction was done using an
elastomeric power chain, extending between 8-mm
hooks (variable crimpable hook; Dentos, Daegu, South
Korea) crimped distal to the lateral incisors on a 00.017
3 0.025-inch SS wire at one end and the miniscrew at
the other end, delivering 160 g of force per side,
measured using a force gauge (Orthodontics Tensi-
ometer 5gm-500gm, MORELLI Orthodontics, Soroca-
ba, Brazil). Reactivation was achieved by replacing the
power chains, which were also calibrated (Figure 1).

In patients randomized to the frictionless group, T-
loops were fabricated using 0.017 3 0.025-inch TMA
wire according to Burstone’s design.7 Alpha and Beta
gable bends of 458 were added to the T-loop. A step
was created between the alpha and beta legs of the T-
loop to accommodate for the difference in level
between the auxiliary tube of the first permanent molar

Table 1. Inclusion/Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Females Systemic diseases or syndromes

Age 18.3 6 3.7 y Anti-inflammatory medication

Skeletal and Angle Class I malocclusion with bimaxillary dentoalveolar protrusion. Extracted or missing permanent teeth

Fully erupted permanent dentition (not necessarily including third molars) History of previous orthodontic treatment

Requiring extraction of four first premolars and maximum anchorage Parafunctional habits

Good oral and general health Badly decayed teeth
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posteriorly and the incisor brackets anteriorly. The
posterior segment was consolidated using a 0.017 3

0.025 SS wire. The posterior leg of the T-loops was
inserted in the auxiliary tube of the first molar, and the
anterior leg engaged the incisor brackets (Figure 2).
Distal activation of 4 mm to deliver 160 g of force per
side was achieved.7 Reactivation was accomplished
when there was 2–3 mm approximation of the loop legs
during the monthly follow-up visits.

In both groups, upper alginate impressions were
taken at 4-week intervals, and pain scores were
recorded using a VAS with a scale from 0 to 10, with
10 being the maximum pain score and 0 no pain.8

Scores were recorded for 7 days following each
activation. Closure of the extraction space and
establishment of normal overjet signaled the end of
anterior segment retraction.

Measurements

Study models were scanned using a 3Shape R500
scanner (3shape, Copenhagen, Denmark) and ana-
lyzed using 3Shape analyzer software (3Shape,
Copenhagen, Denmark). To ensure accuracy of the
superimposed models, color-coded superimposition

was done (Figure 3A).9 An anteroposterior (A-P) plane
was constructed using the most distal points of the
third right and left rugae and the median palatine raphe
(Figure 3B).10 The distance between the contact point
of the central incisors and the A-P plane was measured
for assessing the rate of ASR. The distance between
the mesiobuccal cusp tip11,12 and the A-P plane was
measured for assessing anchorage loss. To measure
upper first molar rotation, the angle between a line
extrapolated from the mesiobuccal and distobuccal
cusp tips to the A-P plane was measured. Two blinded
external assessors carried out the measurements.

Sample Size Calculation

Sample size was calculated using Minitab Software.
Twenty subjects were required, with an alpha value of
.05 and power of 80%, based on the results of Dinçer
et al.,6 who demonstrated a retraction rate of 1.07 6

0.32 mm/3 weeks during incisor retraction. Ten
additional patients were included (five in each group)
to accommodate for possible sample attrition.

Random Sequence Generation and Blinding

Computer-generated random sequencing was per-
formed using Microsoft Office Excel 2013. Opaque

Figure 1. Friction mechanics appliance setup. (a) Frontal view. (b)

Lateral view.

Figure 2. Frictionless mechanics appliance setup. (a) Frontal view.

(b) Lateral view.
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sealed envelopes were used for allocation conceal-
ment. Blinding of the patients and operator was not
possible because of the nature of the study. Blinding of
the outcome assessor was done through data con-
cealment during assessment.

Interim Analyses and Discontinuation Guidelines

Interim analyses were not applicable. Participants
who missed at least two consecutive appointments or
who presented with incisor malalignment due to
appliance dislodgement were excluded from the
sample. Treatment was continued as normal for such
patients.

Statistical Analysis and Data Presentation

All statistical calculations were performed using IBM
SPSS software (Statistical Package for the Social
Sciences; IBM Corp, Armonk, NY) version 22 for
Microsoft Windows. Numerical data were tested for the
normality assumption using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Within-group comparisons were

done using a paired t-test. Comparisons between the
study groups were conducted using Student’s t-test for
independent samples. Data were statistically described
in terms of mean 6 standard deviation (SD). The
significance level was set at P � .05. Interobserver and
intraobserver reliability was assessed using interclass
correlation coefficients (ICCs). The confidence level
was set at 95%.

RESULTS

Participant Flow and Baseline Characteristics

Forty-two females with a mean age of 18.3 6 3.7
years were assessed for eligibility, among whom 12
were excluded. Thirty patients were randomized in a
1:1 ratio to either the friction group or frictionless group.
Two patients were lost to follow-up, as explained in
Figure 4. The baseline characteristics for the subjects
are displayed in Table 2. Inter- and intraobserver
reliability showed excellent correlation (ICC . .98).

Numbers Analyzed for Each Outcome

The rate of retraction for the friction group was 0.68
6 0.18 mm/mo, with a total retraction of 3.3 6 0.9 mm.
The rate of retraction for the frictionless group was 0.88
6 0.27 mm/mo, with a total retraction of 3.8 6 1.2 mm,
with no statistically significant difference between the
groups. The overall average duration in the friction
group was 4.8 6 0.74 months compared with 4.3 6

0.78 months for the frictionless group, with a mean time
difference of 0.5 months between the groups, which
was not significant (Table 3).

There was significantly greater anchorage loss in the
frictionless group of 2.1 mm, which was 1.63 mm more
anchorage loss than in the friction group (P , .001;
Table 4). Similarly, there was a significantly greater
molar rotation observed in the frictionless group of
8.208 (95% CI¼4.43–11.97), which was 7.068 (95% CI
¼ 3.2–10.9) more than in the friction group (Table 4).

There were no significant differences in any aspects
of the pain experience reported between the groups.
Pain was found to be the worst on day 1 and 2
following activation for both groups and then de-
creased gradually throughout the activation week
(Table 5). The first activation was the most painful in
both groups. As ASR progressed, overall pain de-
creased gradually. None of the patients reported the
use of analgesics, and all were compliant with filling out
the questionnaires as instructed.

Harms

No serious harms were observed. Some gingival
overgrowth and inflammation occurred in the friction-
less group, mainly due to irritation from the loops.

Figure 3. Superimposition of pre- and postretraction models.
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Figure 4. CONSORT flow chart of participants during the trial.

Table 2. Baseline Characteristics of Subjects in Each Groupa

Baseline Characteristics

Friction Group Frictionless Group

Difference (95% CI) P ValueMean SD Mean SD

Age, y 17.6 3.1 18.0 2.9 0.40 (0.04–1.7) .160

ANB, 8 2.89 1.03 3.23 0.97 0.342 (0.6–1.3) .140

SN/Mx plane, 8 9.12 1.10 10.01 1.38 0.894 (0.3–2.0) .174

SN/Md plane, 8 34.21 3.00 34.87 2.63 0.655 (2.0–3.3) .520

Mx/Md plane, 8 28.98 2.20 30.13 1.67 1.15 (0.7–3.0) .257

U1/Mx, 8 117.51 2.29 118.16 1.94 0.644 (1.3–2.6) .545

L1/Md, 8 103.77 3.03 104.34 3.02 0.57 (2.2–3.4) .597

U1/L1, 8 110.09 4.37 109.39 3.83 0.695 (3.2–4.6) .705

a Significance level, P � .05. Data are presented as mean and standard deviation.

Table 3. Amount of Retraction per Month Between Groupsa

Friction Group Frictionless Group
Difference,

mm

95% CI

P ValueMean, mm SD, mm Mean, mm SD, mm Lower Upper

T1-T0 0.8 0.3 0.9 0.4 0.14 0.2 0.5 .381

T2-T1 1.0 0.4 1.2 0.7 0.26 0.3 0.8 .329

T3-T2 0.8 0.6 1.1 0.4 0.31 0.2 0.8 .216

T4-T3 0.9 0.5 1.5 1.3 0.62 0.6 1.9 .297

Total retraction 3.3 0.9 3.8 1.2 0.51 0.5 1.5 .288

a Significance level, P � .05.
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DISCUSSION

In orthodontic practice, extraction of the four first
premolars is the treatment modality of choice in cases
with bimaxillary dentoalveolar protrusion. Unfortunate-
ly, there is insufficient evidence in the literature
pertaining to the best possible method of incisor
retraction regarding duration, quality of movement,
and possible adverse effects.

The force magnitude used in the present study was
160 g/side, as used in comparable studies.6,13,14

Intermittent force delivery was accomplished using
T-loops and elastomeric power chains in the friction-
less and friction groups, respectively. In a systematic
review conducted by Andhare et al.,15 a mean in vivo
force decay of elastomeric chains was reported to be
55.0% after 3 weeks. Hence, they recommended
changing the elastomeric chains at 3-week intervals.
Closed titanium springs were avoided as they deliver
constant, rather than intermittent, force that was not
comparable to closing loops.16 The force in the
frictionless group was attained through 4-mm distal
activation of the T-loop fabricated from 0.017 3 0.025-
inch TMA wire, as recommended by Burstone et al.7

However, Heo et al.14 reported distal activations of 1
mm using open-type vertical loops made of 0.019 3

0.025-inch SS wire with 8-mm height to produce 150
g/side. Dinçer et al.,6 on the other hand, used a force
of 150 g by pulling the wire distal to the molar tube
until the two sections of the double helix of the spring
were separated by 1 mm.

Digital models were used to measure the rate of
ASR and anchorage loss as they were reported to be
as reliable as traditional plaster models, with high
accuracy, reliability, and reproducibility.9 The difference
in the rate and total duration of ASR between the two
retraction mechanics in the current study was not
significant. The rate of retraction for the friction group
was 0.68 6 0.18 mm/mo, compared with 0.88 6 0.27
mm/mo for the frictionless group. An insignificant mean
difference of 0.5 months in overall retraction duration
between the groups was found. A comparable rate of
en masse retraction using elastomeric chains (0.415T
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Table 5. Pain Experience (VAS) Throughout the Period of Anterior

Segment Retraction Between Groupsa

Activation,

mo

Friction Group Frictionless Group

Difference P ValueMean SD Mean SD

1 6.21 0.88 5.79 1.10 0.43 .349

2 4.61 1.11 5.20 1.07 0.59 .245

3 5.01 0.87 5.30 1.07 0.29 .535

4 4.57 0.88 4.83 1.04 0.26 .666

5 3.86 0.40 — — — —

a Significance level, P � .05.
* Statistically significant result.
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mm/mo) was reported by Chaudhari and Tarvade,17

with a 200-g retraction force on a 0.019 3 0.025-inch
SS wire. Likewise, Dinçer et al.6 reported a retraction
rate of 1.07 mm/3 weeks in the frictionless group
compared with 0.93 mm/3 weeks in the friction group,
with no statistically significant difference between
them. In contrast, Ziegler and Ingervall2 found that
canine retraction with frictionless mechanics was more
rapid by 0.5 mm/mo, which they explained by the more
constant force delivery of the closing loop as well as
the absence of binding related to the use of 0.018 steel
wire in a 0.018 slot used in their study. Variations in the
wire size, material, loop design, bracket slot, and force
applied could account for the discrepancies in the
results between different studies.

In the present study, anchorage was reinforced by
miniscrews for both retraction mechanics. Direct vs
indirect skeletal anchorage in the friction and
frictionless groups, respectively, were implemented
during anterior segment retraction. The posterior
segments in both groups were equally restricted
from mesial movement through direct ligation be-
tween the miniscrews and the retracted canines.
However, a significant difference in linear anchorage
loss of 1.63 mm (P , .001) between the groups was
observed, with greater anchorage loss of 2.1 mm (P
, .001) in the frictionless group. This could possibly
have been due to direct loading of the first permanent
molars by engagement of the beta arm of the T-loop.
In the friction group, on the other hand, direct loading
was on the miniscrews, allowing for distal sliding of
the archwire through the molar tubes, which may
have reduced the degree of molar mesial movement,
thereby reducing the amount of linear anchorage
loss. In contrast, Al-Sibaie et al.13 and Upadhyay et
al.18 described molar distalization of 0.89 6 0.74 mm
and 0.78 6 1.35 mm, respectively, following mini-
implant–supported retraction. The results from those
studies may imply that skeletal anchorage, in
addition to its direct effect, could indirectly augment
anchorage through the frictional effect of the archwire
within the first molar tubes. Significant anchorage
loss with mesial molar tipping of 2.66 6 2.998 and
linear mesial movement of 1 6 0.85 mm was also
described by Dinçer et al.,6 without the use of skeletal
anchorage.

A significant difference in molar rotation of 7.068

(95% CI ¼ 3.2–10.9) between the groups was found,
with greater molar rotation of 8.208 (95% CI ¼ 4.43–
11.97) in the frictionless group (Table 4). Again, this
may be attributed to T-loop engagement in the first
molar tube. Insignificant molar rotation in the friction
group may be credited to the direct loading of the
miniscrew rather than the first molar.

A VAS was used to record pain experienced by
each patient for 7 days following each activation
during the duration of retraction. Both immediate and
delayed pain responses were reported in association
with orthodontic treatment starting a few hours after
orthodontic force application and persisting for ap-
proximately 5 days. The results corresponded with
those reported by Aslıhan et al.,19 who demonstrated
that pain perception appeared approximately 2–3
hours after orthodontic appliance installment, peaking
after 24 hours and decreasing after 72 hours, with a
high degree of inter- and intraindividual variation.
Likewise, Scheurer et al.20 showed that 65% of the
reported pain in their questionnaire study occurred
after 4 hours and 95% after 24 hours. Grieve et al.21

demonstrated that delayed orthodontic pain was
mainly related to the release of peripheral inflamma-
tory mediators in the PDL during orthodontic tooth
movement.

The optimal method of retraction is primarily depen-
dent on the skill set and judgment of the clinician.
Decisions regarding the choice of retraction mechanics
should be made on a case-by-case basis as well as be
based on the understanding of the biomechanics
involved in each method.22,23

Limitations and Generalizability

Despite helping in validation of the comparisons
made, restriction of the gender to females and focusing
on one jaw (maxilla) limit the generalizability of the
results. Blinding of the operator was not applicable in
this study, although assessors were blinded using
anonymized digital models to minimize possible bias.
Evaluation of anterior segment retraction in the lower
arch was not feasible because of the absence of
reliable and fixed landmarks for superimpositions of the
models and extrapolation of planes. In addition,
immediate pre- and postretraction lateral cephalo-
grams were not recommended to avoid unnecessary
irradiation exposure.

CONCLUSIONS

� The average rate of anterior segment retraction
showed no significant differences between friction-
less and friction mechanics.

� Frictionless mechanics showed greater anchorage
loss and molar rotation compared with friction
mechanics.

� There was no significant difference in pain experi-
ence reported between patients undergoing friction
or frictionless mechanics, but pain was higher for
both groups immediately following appliance activa-
tion.

Angle Orthodontist, Vol 92, No 6, 2022

744 TAWFIK, BAKHIT, EL SHARABY, MOUSTAFA, DEHIS

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-13 via free access



REFERENCES

1. Mavreas D, Athanasiou AE. Factors affecting the duration of

orthodontic treatment: a systematic review. Eur J Orthod.
2008;30:386–395.

2. Ziegler P, Ingervall B. A clinical study of maxillary canine
retraction with a retraction spring and with sliding mechanics.

Am J Orthod Dentofacial Orthop. 1989;95:99–106.
3. Burrow SJ. Friction and resistance to sliding in orthodontics:

a critical review. Am J Orthod Dentofacial Orthop. 2009;135:
442–447.

4. Chun YS, Rhee JN, Row J. A comparison between friction
and frictionless mechanics with a new typodont simulation

system. Am J Orthod Dentofacial Orthop. 2001;119:292–
299.

5. Hayashi K, Uechi J, Murata M, Mizoguchi I. Comparison of
maxillary canine retraction with sliding mechanics and a

retraction spring: a three-dimensional analysis based on a
midpalatal orthodontic implant. Eur J Orthod. 2004;26:585–

589.
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