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Abstract Background/purpose: Custom-made mouthguards (MGs) are strongly recommended
for athletes during sports activities to prevent dental injuries. Athletes undergoing orthodontic
treatment and wearing brackets require specially designed MGs for better protection and to
create more space that will not hinder the planned orthodontic tooth movement. The purpose
of this study was to fabricate effective, specially designed, custom-made MGs for patients or
athletes with ongoing orthodontic treatment and to evaluate the shock absorption abilities of
these MGs by an in vitro comparison of three different designs.
Materials and methods: Three different types of specially designed, double-layered MGs, (i)
creating inter bracket space inside the MG, (ii) embedding silicon wax inside the MG, and
(iii) creating a buffer space with additional hard insertion, were fabricated from a simulated
bracket attached model. Impact test was performed using a free-falling object on a vertical
rod, and the strain-gauge system was used to assess the strain on the dentition with the
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Table 1 Sports for which ADA a

Acrobatics Eq
American football Ex
Baseball Fi
Basketball Fi
Bicycling Gy
Boxing Ha
MGs for the comparison of the shock absorption abilities of the three types. Analysis of vari-
ance at a significance level of 5% and multiple comparisons were performed for statistical anal-
ysis.
Results: The strains on the dentition with the MG creating buffer space with hard insertion
were significantly lower than those with the other two types of MG (P< 0.001).
Conclusion: Insertion of a hard material and ensuring buffer space between the MG and the
teeth and/or appliance was more effective than other methods of fabricating custom-made
MGs to prevent sports-related traumatic dental injuries in athletes undergoing orthodontic
treatment.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
Introduction

Mouthguards (MG) play an important role in preventing oral
injuries and preserving the oral structures of athletes dur-
ing contact and non-contact sports.1e3 MGs can consider-
ably reduce the risk of displacement, fracture, and/or
avulsion of teeth, and fracture and/or concussion of the
alveolar processes, condyles, and/or body of the
mandible.4,5 The Oral Health Foundation has advised that
an MG should be worn at all times while participating in any
contact sport,6 and the American Dental Association has
listed specific sports that require the use of an MG (Table
1).1 The American Society for Testing and Materials has
classified MGs into three basic types: stock, mouth-formed
or boil-and-bite, and custom-made. Custom-made MGs are
the preferred choice for players and are recommended by
the Fédération Dentaire International-World Dental
Federation.7

Though previous research on MGs and oral trauma were
not specifically conducted among participants exhibiting a
certain type of occlusion (normo-occlusion or malocclu-
sion), patients or athletes with malocclusion are known to
be more susceptible to dental injuries, specifically in the
maxillary anterior region because of large overjet and/or
short upper lip, depending on the type of malocclusion
present.8,9 Ironically, patients or athletes with malocclu-
sion undergoing fixed orthodontic treatment exhibit more
than normal overjet because of the presence of brackets.
Thus, athletes undergoing fixed orthodontic treatment may
show even higher risks of sustaining dental traumatic in-
juries,10 loosening of brackets, and/or deformation of or-
thodontic wires caused by blows to the appliances.11

Several researchers have suggested the technique of
fabricating specially designed MGs for athletes with
dvised use of mouthguard.
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malocclusion undergoing fixed orthodontic treatment.12e17

Bonded orthodontic brackets pose problems in the use of
vacuum-formed MGs because of the movement of the teeth
during the course of orthodontic therapy. Previous studies
have suggested blocking the labial/buccal surfaces of the
teeth on working models during the fabrication of MGs to
create space for planned tooth movements.13,15,17e19

In 1997, Yamada et al. first described the process of
fabricating a custom-made MG that addressed this issue by
creating space along the inner layer of the MG.15 They
suggested that the impression should be made after the
brackets and the arch wires are covered with silicone rub-
ber, followed by the fabrication of a custom-made MG from
the obtained model. In 2004, Croll et al. outlined a similar
method that used a thin layer of utility wax to cover the
brackets of the anterior teeth before making the impres-
sion. In the obtained dental stone model, the brackets and
wire areas were covered using the window sealing material,
mortite, in the regions of anticipated tooth movement to
avail space inside the MG.17 Mortite or putty-like silicone
material is recommended for blocking out space, since the
materials used should be heat-resistant as considerable
heat is generated during the vacuum-forming process.19

Pacheco et al., in 2010 described that polyvinylsiloxane
impression material was adapted around the brackets and
arch wires during impression-making, and a 1.5-mm layer of
light-polymerized acrylic resin was adapted on the plaster
model over the brackets and areas where individual teeth
were expected to move.18 Additionally, they suggested the
removal of the inner layer of the fabricated MG to create
more space that will not hinder the planned orthodontic
tooth movement. Such specially designed MGs should not
interfere with the movements of the teeth, not cause
undue friction, and should allow the sliding mechanics of
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Table 2 The distance from the incisal/occlusal edges of
the teeth to the center of the AP block according to the
planned bracket-fixing point (AP: Aquaplast Watercolors).

Tooth 1 2 3 4 5 6 7

Distance (mm)
(from incisal/occlusal edge)

4.5 4 5 4.5 4.5 4.5 4.5
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the brackets along the arch wires. However, the ideal
process of fabricating specially designed custom-made MGs
that would enhance the shock absorption ability is yet to be
determined.

The purpose of this study was to fabricate effective,
specially designed, custom-made MGs for patients or ath-
letes with ongoing orthodontic treatment and to evaluate
the shock absorption abilities of these MGs by an in vitro
comparison of three different designs.
Materials and methods

Fabrication of the maxillary model with simulated
brackets

An alginate impression of the maxillary arch of a patient
with normal occlusion was recorded to fabricate a maxillary
model. The primary model was fabricated from the
impression using anhydrite plaster (New Plastone; GC
Corp., Tokyo, Japan). A 3.2-mm thick sheet of a commer-
cial thermoplastic splinting material, Aquaplast Water-
colors (AP; Polycaprolactone material; Homecraft Rolyan,
Huthwaite, North Nottingham, UK), was cut into a rectan-
gular block of dimensions 4 mm� 4mm� 3.2mm (verti-
cal� horizontal� anteroposterior length) using an
ultrasonic cutter (Labo Sonic Cutter model NE87; Nakanishi
Inc., Tochigi, Japan). Fourteen AP blocks, 1mm larger than
the actual bracket size, were prepared to simulate ortho-
dontic brackets and were attached to the labial/buccal
surfaces from the maxillary left second molar to right
second molar of the primary model by a commercial ad-
hesive (Aron alpha Pro No.5, Toagosei, Tokyo, Japan)
(Fig. 1). The correct positions of the simulated brackets
along the long axes of the teeth were ensured considering
the distance from the incisal/occlusal edges of the teeth to
the center of the AP block according to the planned
bracket-fixing point (Table 2). The simulated brackets were
placed on the primary model according to Dr. Boone’s
bracket placement method, a commonly used bracket
positioning system with mesiodistal and angular accuracy.20

An impression of the primary model was recorded using
silicone impression material (Duplicon; Shofu Inc, Kyoto,
Japan), and a secondary model was fabricated using syn-
thetic denture base resin (Palapress vario; Heraeus Kulzer
GmbH, Hanau, Germany). The primary model was used for
the fabrication of the MGs, and the secondary resin model
Figure 1 Plaster model with Aquaplast W
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was used for conducting the impact test, as resin can
withstand heavy forces from a free-falling object. All sides
of the brackets were trimmed in the secondary resin model
by approximately 1 mm so that the actual dimensions of the
brackets could be simulated. This also provided space in-
side the MG after its fabrication at a later stage.

Fabrication of three different types of specially
designed double-layered mouthguards

Polyolefin sheets (MG21�, CGK Corp., Hiroshima, Japan)
were chosen for the fabrication of the MGs. The first layer
was fabricated using a 2-mm thick round sheet and the
second layer using a 3-mm sheet to fabricate a double-
layered MG. The following three types of special MGs were
fabricated (Fig. 2).

(i) An MG-keeping space (MG-ks; Blue) was fabricated
from the primary plaster model after the AP blocks
were attached to the teeth on the casts. The inter
bracket spaces were sealed using laboratory silicon
impression material (Lab Silicon; Shofu, Kyoto,
Japan) from the maxillary left second molar to right
second molar. The first layer (inner layer) was fabri-
cated using the 2-mm thick, blue-colored MG sheet by
placing the primary plaster model on the stage of the
vacuum-forming machine (Erko-form-3D; Erkodent
Erich Kopp GmbH, Pfalzgrafenweiler, Germany).
After cooling, the inner layer was trimmed to retain
the parts corresponding to the labial and buccal areas
from the maxillary left first molar to right first molar
(Fig. 2, left). Similarly, the second layer was fabri-
cated by thermoforming the 3-mm thick clear sheet
over the first layer extending from the maxillary left
second molar to right second molar (Fig. 2, right).

(ii) The first layer (inner layer) of an MG with silicon wax
(MG-sw; Green) was fabricated following the same
atercolor blocks (simulated bracket).



Figure 2 Three different types of specially designed, double-layered mouthguards (MGs) (MG-ks: Blue): MG-keeping space; First
layer from the maxillary right first molar to left first molar; second layer the maxillary left second molar to right second molar. (MG-
sw: Green): MG with silicon wax; Silicon wax embedded inside the MG covering from the maxillary right canine to left canine. (MG-
hs: Orange): Hard-sheet MG; polyethyleneterephthalate-glycol was added on the labial surface of the first layer (left), and the
second layer was fabricated over the first layer (right).
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procedure using a 2-mm thick, green-colored sheet
covering the labial and buccal surfaces from the
maxillary left first molar to right first molar. The
second layer was fabricated by thermoforming a 3-
mm thick clear sheet over the first layer, extending
from the maxillary left second molar to right second
molar. Silicone wax (ORTHO-SIL�, TOMY Interna-
tional, Tokyo, Japan) was then carefully embedded
inside the first layer from the labial surface of the
maxillary left canine to right canine (Fig. 2).

(iii) A hard-sheet MG (MG-hs; Orange) was fabricated by
the same procedure using an orange-colored sheet for
the fabrication of the first layer. The anterolabial
part of the MG from the maxillary left lateral incisor
to right lateral incisor was excised using an ultrasonic
cutter. A 1-mm thick layer of clear
polyethyleneterephthalate-glycol (PET-G)-based
hard, commercial, medical, orthodontic splint mate-
rial (Erkodur, Erkodent Erich Kopp GmbH) was
attached over the first layer extending from the
maxillary left lateral incisor to right lateral incisor.
The PET-G layer was softened using a heating gun
(Hakko Heating Gun 880B, Hakko Corporation, Osaka,
Japan), the air flow of which is controllable, with a
velocity of 330m/min, air flow of 0.18 m3/min, and
maximum temperature of 400 �C,21 and was attached
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to the first layer of the MG on the labial surfaces from
the maxillary left canine to right canine. The PET-G
material adheres to the polyolefin sheet as both are
polyethylene-polypropylene co-polymer thermo-
plastic materials. The second layer of 3-mm thick
clear sheet was thermoformed over the first layer,
extending from the maxillary left second molar to
right second molar (Fig. 2).

All MGs were cut, trimmed, and polished such that the
labial and occlusal surfaces attained the thicknesses of
approximately 3mm for the drop impact test, which was
conducted with strain gauges, to compare the shock ab-
sorption abilities of the three types of MGs. Fig. 3 shows a
schematic representation of the three different moldings of
the MGs on the resin model.
The drop impact test

The drop impact test was performed on the resin model
with the MGs. Strain gauges (KFG-1-120-D17-11L5M3S (4
5mm), Kyowa Electronic Instruments Co., Tokyo, Japan)
were attached to the palatal surfaces of the left and right
central incisors on the resin model by adhesive cement (CC-
35, Kyowa Electronic Instruments Co.) (Fig. 4). Each MG was



Figure 3 Schematic drawing of the three different types of mouthguards (MGs). MG-ks (Blue): MG-keeping space; MG-sw (Green):
MG with silicon wax; and MG-hs (Orange): Hard-sheet MG.

Figure 4 Strain gauge on the palatal surface of the maxillary
central incisors.
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just wearing on the resin model after attaching strain
gauges. The other ends of the strain-gauge wires were fixed
to channels (Ch-r: right side R1, Ch-l: left side L1) of the
sensor interface PCD-300A (Kyowa Electronic Instruments
Co.).

After preparing the strain gauges, the resin model with
the MG was placed on the stainless-steel platform of the
impact-testing machine (modified IM-201, Tester Sangyo
Figure 5 Impact test on the mouthguard (left) an
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Co. Ltd, Saitama, Japan), and a vertical rod with a blunt
edge (a 3/16-inch-diameter rounded end) was set on the
central incisors one at a time. The impact load of a free-
falling 500-g object from a height of 5 cm was applied
separately to the labial surfaces of the right and left cen-
tral incisors on the model with the MG via the rod (Fig. 5)
(R, L).22 Changes in strain data (R1 and L1), during and after
the application of the impact load on MG-ks, MG-sw, and
MG-hs were recorded using the sensor interface and were
transferred to a personal computer at a sampling rate of
2000 Hz. Data obtained from the two strain gauges (right
and left central incisors) were controlled by the data
acquisition software DCS-100A (Kyowa Electronic In-
struments Co.), and each MG was analyzed five times. The
maximum principal stress and strain obtained from the MGs
were calculated from both R1 and L1 channels.

The maximum principal strain (εmax), while using such
strain gauges, is defined as follows:

εmaxZ
1

2

h
εaþ εcþ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2
n
ðεa� εbÞ2 þ ðεb� εcÞ2

or i
d schematic drawing of the impact test (right).
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The strain gauge used in this study has three-axis mea-
surements at 0�, 45�, and 90�.

εa: strain measured at the 0� axis, εb: strain measured at
the 45� axis, εc: strain measured at the 90� axis.

To confirm the impact load, the same drop impact was
applied without model and MG on a stainless-steel platform
placed on three dynamic LMB-A-2KN compression load cells
with a rated capacity of 2 kN (Kyowa Electronic Instruments
Co.), which were located 120� apart on the platform of the
impact tester. Changes in force during the impact test were
recorded on a personal computer through an EDX-100A
amplifier (Kyowa Electronic Instruments Co.).22 The in-
tensity of the first peak of the sum of the measured forces
was calculated as the impact load.
Statistical analysis

The obtained data were analyzed using statistical software
JMP14 (SAS Institute Inc., Cary, NC, USA). The stresses on
the maxillary incisors of the dental model with the MGs
were statistically compared among the three types of MGs
using analysis of variance at a significance level of 5% and
Tukey’s honest significant difference, because the data
were normal and homoscedastic (ShapiroeWilk normal test;
PZ 0.25, and Levene test; PZ 0.28). The strains were
statistically compared among the three types of MGs using
analysis of variance at a significance level of 5% and
SteeleDwass test, because the data were not normal or
homoscedastic (ShapiroeWilk normal test; P< 0.05, and
Levene test; P< 0.05).
Results

The stresses and strains on all MGs are shown in Table 3 and
Fig. 6. The object falling from a height of 5 cm on the rod
generated a force of 1664 N� 49 N on the metal platform of
the impact-testing machine without model and MG as the
impact load. The maximum principal stress on MG-hs was
significantly lower than that on MG-ks and MG-sw (P< 0.001
and P< 0.001, respectively), and no significant difference
was observed between MG-ks and MG-sw (PZ 0.17).

Comparisons of maximum principal strains showed that
MG-hs exhibited significantly lower strain than MG-ks and
MG-sw (P< 0.001 and P< 0.001, respectively), and no sig-
nificant difference was observed between MG-ks and MG-sw
(PZ 0.56).
Table 3 The results of the stresses and strains test.

Maximum principal
(mε� SD)

R1 þ L1

MG-ks (Blue) 266.0� 68.0
MG-sw (Green) 219.0� 107.0
MG-hs (Orange) 39.5� 24.5

MG: Mouthguard
MG-ks: MG-keeping space, MG-sw: MG with silicon wax, MG-hs: hard-
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Discussion

Specially designed MGs for athletes with malocclusion while
wearing orthodontic appliances are indispensable. With
regard to orthodontic biomechanics, previous studies have
proven that the use of protectors (plastic or resin-based)
can increase the friction between the wire, ligature, and
brackets.23e26 Ideally, materials used over brackets should
not interfere or even contact the wire and bracket slot
during orthodontic tooth movement. However, another
study showed that customized thermoplastic protectors
that cover the brackets do not differ significantly in fric-
tion, as compared to controls without protectors.27

Considering these key points, we fabricated thermoplastic
custom-made MGs allowing adequate space for the wires
and brackets.

All MGs comprised two layers of block-out space. In case
of MG-sw, a layer of silicone wax was added on the inner
surface of the MG for experimental purposes. In case of MG-
hs, additional space was created by inserting hard PET-G.
All MGs showed consistent final thicknesses of 3 mm on the
labial side for accurate comparison. Most in vivo studies or
case reports have mentioned the use of heat-resistant
mortite or laboratory silicone impression material for
blocking out the space and achieving adequate thick-
ness.15,17,18 However, Pacheco et al. suggested the removal
of the first inner layer to create additional space for or-
thodontic tooth movement.18 If this protocol is followed,
the final thickness of the MG would not be consistent, ac-
cording to the ideal requirements.

To replicate the clinical situation, all MGs in this study
were fabricated such that they did not hinder tooth
movement or require adjustment for weeks. MG-hs con-
sisted of additional space and hard sheets were inserted.
Such MGs allow tooth movement along the arch wire in the
mesiodistal direction and anterior tipping movements and
torque in the labial direction, as they exhibit additional
anterior buffer space. However, readjustments might be
required to facilitate extrusion or palatal movement of the
teeth.

The results of this study show that the newly designed
MG with additional space and hard-insert (MG-hs) showed
better shock absorption ability than other MGs of the same
thickness. The maximum principal strain on the maxillary
incisor of MG-hs was significantly lower than that of MG-ks
and MG-sw, while no significant differences were found
between MG-sw and MG-ks. Extra buffer space and hard
sheet improved the shock absorption ability of MG-hs, and
strain Maximum principal stress
(MPa� SD)

R1 þ L1

0.333� 0.093
0.268� 0.082
0.119� 0.052

sheet MG.



Figure 6 The results of the stresses test (Left) and strains test (Right) (*P < 0.001).
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adequate space inside the inner layer of the MG allowed
orthodontic tooth movement over time. Therefore, modi-
fications of MG-hs are highly advantageous as they exhibit
better shock absorption ability than other designs of lami-
nated MGs. This result is consistent with the findings of
Takeda et al. and Bochnig et al.28,29 Takeda et al. specif-
ically stated that MGs with hard inserts show significantly
greater buffer capacity for shock absorption than the con-
ventional MGs.28 Bochnig et al. stated that PET-G in the
space between the teeth and MG significantly prevents
tooth deflection by absorbing maximum forces from the
impact object.29 Incorporating a buffer space in the MG not
only leads to better shock absorption ability but also de-
creases the total thickness and weight of the material.
Insertion of a hard material and ensuring space between
the MG and teeth and/or appliance was more effective than
other methods of fabricating custom-made MGs.

The control load was established considering the resis-
tance of human bones and teeth to impact and the level of
competition at which the MG would be used. Among the
human facial bones, the impact tolerance of the maxilla is
extremely weak. We referred the previous reports of
average fracture load and the minimum tolerance of human
facial bones, especially the zygoma and maxilla, which
ranges from 660 N to 1700 N,30,31 which is almost equal to
the control load applied in this study (approximately
1600 N). For this reason, we used the method with a free-
falling object (500-g) on a vertical rod22 from a height of
5 cm for the application of the impact load.

In this study, polyolefin MG sheets were used instead of
the more-commonly used ethylene vinyl acetate co-
polymer (EVA) because polyolefin sheets exhibit higher
adhesive strength than EVA.32 Custom-made MGs for pa-
tients/athletes with malocclusion undergoing orthodontic
treatment should cover up to maxillary second molars on
both sides, which was the protocol followed in this study.
This extension not only leads to better retentive properties
but also ensures efficient absorption and/or distribution of
traumatic forces.33 Moreover, in orthodontically treated
cases, inclusion of the distal-most bonded or banded molars
in the MGs has been previously recommended.18

Shock absorption abilities of MGs have been analyzed
using different types of impact objects and sensors.22,33,34

The shock absorption properties of MGs vary depending on
314
the type of the impact object (e.g., steel ball, baseball,
softball, field hockey ball, ice hockey puck, cricket ball,
wooden baseball bat, etc.) and type of the sensor (e.g.,
strain gauge, load cell, accelerometer, etc.). However,
measurements of the shock absorption abilities of MGs
through an in vitro study can directly quantify the shock
absorption ability, as the force (from a pendulum, drop
ball, or piston) is measured on a transducer from a strain
gauge attached beneath the MG.35,36 We used the strain-
gauge system to measure the ability of shock absorption
because of its ease of operation and data interpretation.

A limitation of this in vitro study was that it was per-
formed using brackets simulated by AP blocks. Additional
studies comparing actual brackets of different dimensions,
with 0.18 inch and 0.22 inch slots, from different manu-
facturers are required, as sizes of the brackets vary ac-
cording to manufacturers. Further trials using different
materials from different manufacturers in patients or ath-
letes undergoing orthodontic treatment for different types
of malocclusions are warranted. Future research should
also be conducted to investigate the type and amounts of
adjustments required in MGs before and after tooth
movement over the period of orthodontic treatment.

MG-hs showed higher ability of shock absorption, and
provided increased protection against dental injuries.
Insertion of a hard material and ensuring space between
the MG and teeth and/or appliance was more effective than
other methods of fabricating custom-made MGs to prevent
sports-related traumatic dental injuries in athletes under-
going orthodontic treatment.
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10. Borssén E, Källestål C, Holm AK. Treatment time of traumatic
dental injuries in a cohort of 16-year-olds in northern Sweden.
Acta Odontol Scand 2002;60:265e70.

11. Newsome PRH, Tran DC, Cooke MS. The role of the mouthguard
in the prevention of sports-related dental injuries: a review.
Int J Paediatr Dent 2001;11:396e404.

12. De Wet F, Muelenaere J. Mouthguards for orthodontic patients.
J Dent Assoc S Afr 1984;39:339e40.

13. Croll TP, Castaldi CR. The custom-fitted athletic mouthguard
for the orthodontic patient and for the child with a mixed
dentition. Quintessence Int 1989;20:571e5.

14. Croll TP. Custom-fitted protective mouthguards. J Esthetic
Dent 1992;4:143e7.

15. Yamada T, Sawaki Y, Tomida I, Ueda M. Mouthguard for ath-
letes during orthodontic treatment. Endod Dent Traumatol
1997;13:40e1.

16. Maeda Y, Matsuda S, Tsugawa T, Maeda S. A modified method of
mouthguard fabrication for orthodontic patients. Dent Trau-
matol 2008;24:475e8.

17. Croll T, Castaldi CR. Custom sports nouthguard nodified for
orthodontic patients and children in the transitional dentition.
Pediatr Dent 2004;26:417e20.

18. Pacheco G, Clemente MP, Vasconcelos M, Ferreira AP. The or-
thodontic sports protection appliance. J Clin Orthod 2010;44:
41e4.

19. Salam S, Caldwell S. Mouthguards and orthodontic patients. J
Orthod 2008;35:270e5.

20. Mohammadi A1, Moslemzadeh SH. Comparison of the accuracy
of bracket placement with height bracket positioning gauge
315
and boone gauge. J Dent Res Dent Clin Dent Prospects 2011;5:
111e8.

21. Hakko Corporation. Hakko heating gun instruction manual.
Available at: https://doc.hakko.com/download.php?_gsZ
on&lZja&kpZ%E3%83%92%E3%83%BC%E3%83%86%E3%82%A3%
E3%83%B3%E3%82%B0%E3%82%AC%E3%83%B3&dZ3867.
[Accessed 27 January 2021].

22. Chowdhury RU, Churei H, Takahashi H, et al. Combined anal-
ysis of shock absorption capability and force dispersion effect
of mouthguard materials with different impact objects. Dent
Mater J 2014;33:551e6.

23. Baccetti T, Franchi L, Camporesi M, Defraia E, Barbato E.
Forces produced by different nonconventional bracket or
ligature systems during alignment of apically displaced teeth.
Angle Orthod 2009;79:533e9.

24. Burrow SJ. Friction and resistance to sliding in orthodontics: a
critical review. Am J Orthod Dentofacial Orthop 2009;135:
442e7.

25. Chimenti C, Franchi L, Di Giuseppe MG, Lucci M. Friction of
orthodontic elastomeric ligatures with different dimensions.
Angle Orthod 2005;75:421e5.

26. Ioi H, Yanase Y, Uehara M, et al. Frictional resistance in plastic
preadjusted brackets ligated with low-friction and conven-
tional elastomeric ligatures. J Orthod 2009;36:17e22.

27. de Lima Mendonça S, Praxedes Neto OJ, de Oliveira PT, dos
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