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Abstract Background: The available treatment options fail to provide definitive or curative man-

agement for bruxer patients rehabilitated with implant overdentures (OD). The data regarding

Botulinum toxin (BTX) injection as a management strategy for bruxism remains unclear. This ran-

domized, single-blinded, control-group, pretest–posttest prospective trial evaluated the occlusal

guard and Botox injections (BTX) effectiveness in managing sleep bruxism (SB) in subjects whose

one of the edentulous arches had been restored with the implant-supported OD.

Methods: Forty-two patients diagnosed with definite bruxism were selected, all of which had

implant-retained ODs opposing natural dentition. The participants were allocated randomly to

three equal groups. Participants in group I (control group) were instructed to remove the OD at

night; group II was managed with conventional occlusal stents. Those in group III were given

BTX injections. New ODs were constructed for all groups, and all ball attachments were replaced

with a new nylon cap. A baseline assessment (one month of OD insertion) of patient satisfaction

and sleep quality was conducted, and then again at 3, 6, 9, and 12 months of treatment. Subjective

sleep quality was evaluated using Pittsburgh Sleep Quality Index (PSQI). Patients’ satisfaction was

evaluated using Temporomandibular disorders/numeric scales (TMD/NS). Prosthodontic (mechan-

ical) complications were recorded during the follow-up period.
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Results: Group III showed a statistically significant improvement in patient satisfaction and

sleep quality compared to the other two groups at 3, 6, 9, and 12 months follow-up period

(P = 0 0.001, 0.0001, 0.0013, and 0.0001 respectively). Regarding prosthodontic (mechanical) com-

plications, the highest number of events was revealed in the control group.

Conclusions: BTX and occlusal appliances effectively improve patient satisfaction and sleep

quality of Bruxer patients rehabilitated with single arch implant overdentures.

� 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bruxism has been shown to affect the dental prosthesis’s suc-

cess rates, including removable dentures (Zarb et al., 1997),
and reported as a common cause of denture soreness
(Bolender et al., 2004). Bruxism should therefore be identified

and managed before commencing any management plan. This
is especially true for denture wearers, as bruxism is a risk fac-
tor for poor prosthetic rehabilitation through an increased

incidence of mechanical and technical complications.
(Thomson, 1971; Baker and Ivanhoe, 2003; Lobbezoo et al.,
2010; Papanagiotou et al., 2012; Manfredini et al., 2014).

Lobbezoo et al. (2018) reported that ‘‘Sleep bruxism is mas-

ticatory muscle activities that occur during sleep (characterized
as rhythmic or non-rhythmic). In otherwise healthy individu-
als, bruxism should not be considered as a disorder, but rather

as a behavior that can be a risk or protective factor for certain
clinical consequences.”

Bruxism negatively affects sleep quality and patient satis-

faction. Bruxer patients with single arch implant OD may lose
OD retention and experience increased wear of artificial teeth
and attachments due to contact with the opposing arch when

the denture is removed for sleep. The traditional approach of
removing ODs during sleep to allow for the tissue to rest
(Zissis et al., 2006; Figueiral et al., 2007) may result in unnec-
essary contact between the attachments and opposing denti-

tion, soft tissue, or prostheses in bruxers, resulting in
discomfort and possible wear or breakage of teeth, implants,
or attachment components (Bakke et al., 2002; Baker and

Ivanhoe, 2003; Papanagiotou et al., 2012).
Various treatment options are available for bruxism,

including physical therapy, behavioral management, ultra-

sound therapy, and trigger point injections. However, these
treatment modalities are not consistently effective and have
several undesirable side effects.(LeResche, 1997; Freund

et al., 2000; Lobbezoo et al., 2008; Paesani, 2010; Rajpurohit
et al., 2010). Various occlusal splints are deemed the most con-
venient and frequently used adjuncts in managing SB’s harm-
ful effects. However, they fail to provide definitive or curative

management. (Moss and Garrett, 1984; Dahlström, 1992)
Poor patient compliance and technical complications in fabri-
cation are some of the reported limitations of occlusal splint

therapy (Dunn and Lewis, 2011; Alqutaibi and Aboalrejal,
2015; Alqutaibi et al., 2020).

BTX injection weakens muscle contraction by interrupting

acetylcholine neurotransmission to the muscles. In the conclu-
sion of some studies, BTX therapy seems promising and ben-
eficial and may be used as an alternative and effective in
treating SB (Lee et al., 2010; Santamato et al., 2010).
The benefits of using BTX over other appliances or
approaches are that it does not rely on patient compliance,

and it also has an advantageous twenty-four-hour effect.
Despite this, fears about injection and possible complications,
such as facial dissymmetry and reduced chewing power, have

hindered its widespread use as a management strategy
(Monroy and da Fonseca, 2006; Song et al., 2007).

Clinical studies on the effects of bruxism on removable
prosthesis do not seem to be available in the literature; only

case reports are available, which cannot provide a robust con-
clusion (Baker and Ivanhoe, 2003; Papanagiotou et al., 2012).

Therefore, this randomized controlled trial was designed to

answer the following question: ‘‘When compared to occlusal
stents, is BTX effective in the management of sleep bruxism
in patients with implant-retained single OD concerning patient

satisfaction, sleep quality, and prosthodontic (mechanical)
complications ?”

The study tests the hypothesis that ‘‘when compared to the
controls (OD removal overnight), either BTX administration

or occlusal appliances would present significant differences in
the management of bruxism.”

2. Material and Methods

2.1. Trial design and registry

This study was conducted as a 3 -arms parallel randomized
controlled trial with a 1:1:1 ratio. The trial protocol was regis-

tered on the Clinical Trials.gov Protocol Registration and
Results System with a registration number (Clinical Trials.gov
identifier NCT04366869) on 24/04/2020.

2.2. Participants

2.2.1. Patient selection

Forty-two patients were enrolled in the study from the outpa-
tient clinic of the Faculty of Dentistry, MSA University. The
Ethics Committee ofMSAUniversity approved the study under

No. (ETH 12). Patients were included if they were diagnosed
with definite SB, have natural dentition in one arch, either max-
illa or mandible with a minimum of six anterior teeth (canine to

canine), and the utmost one or two premolar/molar missing in
any quadrant. The selected patients had implant-retained single
OD loaded one year before the study. Patients were excluded if

they had received any bruxism management before the research
or had a medical condition that would affect the TMJ, such as
radiation, osteoarthritis, or trauma. The enrolled patients pro-
vided their informed consent and were instructed about the

treatment protocol and objectives.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Occlusal stents onto a duplicate cast.
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2.2.2. Diagnosis of bruxism

As advocated by, Lobbezoo et al. (2018), the participants diag-

nosed with definite bruxism were selected if he/she showed at
least one of the SB signs/symptoms defined by the ‘American
Academy of sleep medicine AASM, (Sateia, 2014). Further-

more, ambulatory electromyography and electrocardiographic
device (Bruxoff; Spes Medica) was used to define bruxers by
recording the SB events per hour. This device agrees with the

findings of the polysomnography (the gold standard of diag-
nosing the SB) (Manfredini et al., 2014).

The participants were instructed to place the device elec-
trodes on their bodies just before bed (Castroflorio et al.,

2014). A specific software program (Bruxmeter; OT Bioelet-
tronica) was used for automatic evaluation. Participants were
also questioned about the intervals of time in which they wear

their ODs and whether they wear them during sleep or not.
Patients’ ODs were also examined for signs of artificial teeth
wear (Casett et al., 2017).

2.3. Sample size calculation

Sample size calculation was accomplished based on a previous

study (Algabri et al., 2017), 42 participants were sufficient to
detect an effect size of 0.8 ± 0.9 in patient satisfaction, a
power of 80% at a = 0.05.

2.4. Randomization

2.4.1. Sequence generation

The 42 patients were assigned randomly to three identical
groups, each containing 14 patients, using a research random-
izer (https://www.randomizer.org).

2.4.2. Implementation

Only one investigator, who was not involved in the selection or
treatment of the patients, was aware of the randomization

sequence and had access to the randomization lists stored in
a password-protected portable computer. Allocation conceal-
ment was performed, and each participant selected an opaque

sealed envelope containing the computer-generated random
number to determine the group to which he/she belonged. In
Group I, the control group, Patients were allocated the tradi-

tional management method of removing ODs overnight.
Group II would be subjected to occlusal stent management.
Group III would be managed using BTX injections.

2.5. Blinding

Neither the subject nor the care provider could be blinded due
to the apparent differences between the three management

types.
Regarding patient satisfaction and the subjective sleep

quality, the care provider was not present when the subjects

completed the TMD/ NS questionnaire and PSQI and were
counseled to avoid commenting on the treatment options in
the presence of patients.

For the prosthodontic (mechanical) complications, only

single blinding was feasible (the assessor only). An indepen-
dent assessor who was not aware of the type of intervention
assessed the outcome.
2.6. Prosthetic procedure

New ODs were constructed for all patients to replace old ODs
with worn artificial teeth. New medium retention nylon caps
were also inserted in their metal housings to assure adequate

retention throughout the study. The opposing partially edentu-
lous arches were restored with fixed partial dentures. Patients
were allowed to use their new ODs for one month, during
which modifications and occlusal corrections were made if

necessary.

2.7. Pre-treatment outcomes recordings

Patient satisfaction was evaluated at baseline (one month from
new OD insertion) using a TMD/ NS questionnaire, which
included: headache, limitations in mouth opening, joint pain,

tooth sensitivity, and pain during mastication. The questions
were translated into Arabic and validated by Algabri et al.
(Algabri, Alqutaibi et al., 2017). The patients filled the com-

plete questionnaire and rated each domain from 0 (highest sat-
isfaction) to 10 (lowest satisfaction) in the waiting room to
eliminate bias.

Subjective sleep quality was evaluated using PSQI. This

index evaluates and differentiates between ‘‘poor” and ‘‘good”
sleep quality in the past months. Seven sleep components are
evaluated using 19 self-report items. Each of the 7 components

is scored from 0 to 3. (Solanki et al., 2017).

2.8 Intervention

For the course of the study, Group I patients, referred to as
the control group, were instructed to remove their ODs at
night when sleeping, whereas group II and III patients were

asked to keep wearing their ODs during sleep. For Group
II patients, occlusal guards were conventionally fabricated.
Patients were instructed to wear these clear heat-cured stents
over their dentate arches during sleep for the whole year

(Fig. 1).

https://www.randomizer.org
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Group III: BTX injection was performed into the masseter
and temporalis muscles.

Neuronox 100-unit vial (clostridium BTX type A) reconsti-

tution by 2.5 mL of 0.9% non-preserved sterile saline (sodium
chloride ions) was performed according to the manufacturer’s
instructions. Dilution protocol was strictly followed, yielding 4

units of BTX in each 0.1 mL. The solution was aspirated in 4
syringes of 1 mL each (Fig. 2).

2.9. Follow up

All patients were recalled every three months for the comple-
tion of the TMD/NS questionnaire. Group III patients were

recalled every three months before the BTX injection. Data
was collected. The total PSQI score was calculated by sum-
ming all the component scores (0 to 21), whereas poor sleep
quality was indicated if the total scores were higher than 5.

During the follow-up period, prosthodontic (mechanical)
complications for the three groups were registered. One of
the investigators (A. A) not involved in treatment procedures

reported mechanical complications according to the following
events: Matrix activation Matrix replacement, Matrix worn,
Patrix worn, Patrix replacement, OD fracture, OD reline,

OD remake.

2.10. Statistical analysis

The collected data was analyzed using an SPSS statistical

package (Version 21, Chicago, IL). After checking for normal-
ity with the Kolmogorov-Smirnov tests, Mean values of satis-
faction and quality of sleep were compared with one way

ANOVA followed by Tukey’s Post Hoc test examines the dif-
ferences between the clinical situations (treatments). The
repeated-measures ANOVA was used for different time inter-

vals comparisons for each clinical situation. Sociodemographic
characteristics were tested by likelihood ratio chi-square and
independent t-test.

The whole study procedures were conducted following the
CONSORT checklist (Schulz et al., 2010).
Fig. 2 Masseter muscle injected with 25 units of BTX in three

sites.
3. Results

The study design flow diagram is shown in Fig. 3. This study
was conducted from July 2019, the patients’ recruitment period

ended in August 2019, and concurrently the follow-up period of
12 months started. The study was completed in August 2020,
and data were collected. A non-significant difference was pre-

sent in gender distribution, age, education level, and tobacco
consumption (P > .05) among the three groups (Table 1).

According to the total score of the numerical scale
(P > .05), non statistically significant differences were

recorded for the three groups before treatment (baseline).
The control group failed to show substantial improvement in
the patient satisfaction numerical scale’s total score between

the baseline assessment and different follow-up periods. In
contrast, a significant difference was recorded in both the
occlusal splint and BTX groups in the total score from the

baseline assessment time to the different follow-up periods
(P < .01). There was no significant difference from 9 to
12 months Table 2.

Group II (occlusal splint) revealed a statistically significant
improvement in their total score throughout the follow-up
periods compared to the control group. However, there was
a statistically significant decrease in the total score recorded

for Group III (BTX) compared to the other groups at 3, 6,
9, and 12 months (P < .01).

Concerning subjective sleep quality at baseline, a non-

statistically significant difference in sleep quality was revealed
between the groups (P > .05). Group II and Group III dis-
played a significant improvement in sleep quality at different

follow-up periods, with a significant difference recorded at
the 3 months interval. However, the control group showed
no significance in the sleep quality throughout the study.

Group II showed a statistically significant improvement in
sleep quality compared to Group I for the duration of the
follow-up periods. Group III showed a statistically significant
improvement in sleep quality compared to the other two

groups at 3, 6, 9, and 12 months (P < .01) Table 3.
Concerning prosthodontic (mechanical) complications, a

statistically significant difference was revealed in Matrix acti-

vation (P < 0.0001), Matrix replacement (P = 0.001), Matrix
wearing (P < 0.0001) and, Patrix wearing (P = 0.03) between
groups with the highest number of events in the control group.

A non-statistically significant difference was revealed in
Patrix replacement (P value = 0.20), OD fracture (P
value = 0.052), OD reline (P value 0.20) , and OD remake
(P value = 0.41) between groups.

3.1. Harms

No adverse effects were reported for the study participants;

however, two patients in the BTX group complained of tem-
porary mild pain at the injection site. Three patients in
Group II complained of discomfort when wearing the occlu-

sal splints.

4. Discussion

The alternative hypothesis was accepted as there were signifi-
cant differences between controls and BTX/occlusal appliance
groups.



Table 1 Baseline Characteristics (study subjects).

Control gp N = 14 Occlusal splint gp N = 14 BTX gp N = 14 P value

Mean age (year) 58.7 ± 9.2 57.48 ± 8.3 53.7 ± 6.3 0.67

Gender (%) Male 8(57.15) 5(35.7) 7(50) 0.87

Female 6(42.85) 9(64.3) 7(50)

Edentulous period mandible (year) mean ± SD 6.4 ± 3.1 5.3 ± 2.8 4.9 ± 2.2 0.53

Location of implant retained OD Maxilla 9(64.3) 6(42.85) 8(57.15) 0.77

Mandible 5(35.7) 8(57.15) 6(42.85)

Educational level Basic education 8(57.15) 7(50) 9(64.3) 0.71

High school 5(35.7) 4(28.6) 3(21.4)

College 1(7.15) 3(21.4) 2(14.3)

Tobacco consuming Yes 5(35.7) 7(50) 8(57.15) 0.68

No 9(64.3) 7(50) 6(42.85)

Table 2 Mean scores for patient satisfaction for three groups.

Control Occlusal Splint BTX

Mean ± SD Mean ± SD Mean ± SD

Baseline 8.51 ± 1.1Aa 8.72 ± 1.25 Aa 9.02 ± 1.05 Aa

3 months 7.92 ± 1.84 Aa 6.02 ± 2.97 Bb 5.5 ± 0.88 Bb

6 months 8.71 ± 0.88 Aa 5.1 ± 1.88 Bb 4.3 ± 0.87 Cb

9 months 7.76 ± 1.06 Aa 4.7 ± 0.91 Bb 4.1 ± 1.77 Bb

12 months 7.49 ± 1.87Aa 4.3 ± 1.07 Bb 3.8 ± 1.02 Bb

Distinct uppercase letters indicate differences between groups

(P < .05). Distinct lowercase letters indicate differences among

timepoints (P < .05).

Table 3 Mean scores for PSQI for three groups.

Control Occlusal Splint BTX

Mean ± SD Mean ± SD Mean ± SD

Baseline 8.30 ± 1.78Aa 8.17 ± 1.52 Aa 7.91 ± 2.25 Aa

3 months 7.70 ± 3.42 Aa 6.83 ± 2.91 Bb 6.20 ± 2.34 Bb

6 months 8.22 ± 1.23 Aa 6.63 ± 3.02 Bb 5.92 ± 2.11 Bb

9 months 7.80 ± 1.52 Aa 7.13 ± 2.12 Bb 5.17 ± 1.92 Cb

12 months 8.30 ± 1.78Aa 6.94 ± 1.72 Bb 5.04 ± 2.12 Cb

Distinct uppercase letters indicate differences between groups

(P < .05). Distinct lowercase letters indicate differences among

time points (P < .05).

Fig. 3 CONSORT flowchart of the study.
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This study was conducted as a randomized controlled trial,
which provides the highest level of evidence. Randomization,
blinding, control, and optimum follow-up were performed.

However, because of the apparent differences between the
two types of management, only single blinding (the assessor)
was feasible.

For the study duration, each examiner had a specific role to
play under the same circumstances: selecting the subjects, fab-
ricating the prosthesis, injecting the BTX, and recording the

data. New ODs were constructed for all patients to preclude
denture cracks and worn artificial acrylic resin teeth. New
medium retention nylon caps were inserted in their metal hous-
ing to counteract any loss of retention that might have

occurred before the study. Patients of groups II and III com-
plied with wearing these new ODs during sleep.

Group, I (the control group) showed no improvement

throughout the study after removing the OD overnight. This
may explain the consistent relationship between the vertical
opening and muscle activity levels, whereby the dentures raise

the vertical dimension of occlusion. This coincides with a study
that recommended that the OD should not be removed at
night while sleeping (Von Gonten and Rugh, 1984).

Group II (occlusal splint) showed a significant difference in
sleep quality readings at 3-, 6-, and 9-month intervals. This can
be attributed to a reduction in SB and improved jaw muscle
relationship resulting from the occlusal splint providing a more

balanced and stable occlusion. This method also minimizes
occlusal interference (Alqutaibi and Aboalrejal, 2015). The
same group displayed no significant difference in sleep quality

at 9 to 12 months, which may be due to a reduction in the
intra-articular pressure in the TMJ and centric relation posi-
tioning of the condyles.

Group III (BTX) revealed a significant difference in sleep
quality at 3, 6, and 9 months. This can be explained by the
effect of the potent BTX produced by the bacterium clostrid-

ium botulinum, which prevents the release of the neurotrans-
mitter acetylcholine and leads to reduced muscle contraction
(Schwartz and Freund, 2002; Villa et al., 2019).

The same group showed an insignificant difference at 9 to

12 months compared to the previous intervals, which may be
linked to muscle thickness and cross-section reduction (Lee
et al., 2017). Furthermore, this group’s superior results might

be explained by the fact that patient participation was not
required. So they did not influence the treatment themselves
(Lee et al., 2017).

On comparing the results of the three groups, the findings
suggest that BTX may be the superior choice of management.
This can be accredited to the direct effect of the acetylcholine
inhibitor, in addition to the absence of patient compliance,

unlike with occlusal splints (Al-Ani et al., 2005; Lee et al.,
2017).

BTX was injected every 3 months(Schwartz and Freund,

2002), as it has a reversible effect; the effects of BTX occur
within 1 to 14 days, reach a maximum at 4 weeks, and then
begin to decrease after 12 weeks (Dutt et al., 2015).

In accordance with the conclusion of a recent systematic
review which reported that BTX could manage the conse-
quences of SB, minimizing symptoms and reducing the inten-

sity of contractions for repetitive masticatory muscle activity
rather than SB itself (De la Torre Canales et al., 2017).

The use of repeated injections in the current study is sup-
ported by the work of Baker JS and Nolan PJ. The authors
reported that repeatedly injecting BTX-A into the bilateral
temporalis and masseter muscles may be a safe and effective
way of managing chronic masticatory myofascial pain (Baker

and Nolan, 2017).
Regarding patient satisfaction, Group I (the control group)

failed to significantly improve the total score of the patient sat-

isfaction from the baseline assessment to different follow-up
periods. Group II and Group III reported a statistically signif-
icant improvement compared to the control group throughout

the follow-up periods. This may be because the patients in
Group I did not receive direct treatment for definite bruxism.

During the treatment, two patients of group I complained
of reduced OD retention, possibly due to the continuous detri-

mental contact of the opposing natural teeth with the attach-
ment overnight. This corresponds with other studies
(Papanagiotou et al., 2012 and Baker and Ivanhoe, 2003).

Papanagiotou et al., 2012, constructed a protective acrylic
nightguard to place over the ERA attachment aim of protect-
ing the teeth from making contact with attachments during

sleep and Baker et al., 2003 fabricated an occlusal device to
protect implant abutments and subsequently support ODs
from nocturnal parafunctional habits.

Group II (occlusal splint) showed a decrease in the TMD/
NS score from baseline to the end of the study. Patients
reported an improvement in both the frequency of headaches
and the limitation of mouth opening, which may affect the

patient is being obliged to wear the stent overnight. However,
one patient from this group reported an occlusal splint frac-
ture, which required a new occlusal splint to be made.

Group III (BTX) patients reported a dramatic improve-
ment in patient satisfaction throughout the study.

The highest number of prosthodontic (mechanical) compli-

cations revealed in the control group regarding matrix activa-
tion /replacement and matrix /patrix wearing can be explained
by the continuous detrimental contact of the opposing natural

teeth with the attachment overnight.
Although a non-statistically significant difference was

revealed in patrix replacement or OD fracture /reline / remake,
a clinically meaningful result was disclosed. The highest num-

ber of events was related to the control group. Three ODs were
remade in the control group and only one OD in the BTX
group, broken by an accidental drop while washing it by the

patient.
4.1. Study limitations

Noncompliant individuals were included in analyses; three
patients in Group II complained of discomfort when wearing
the occlusal splints. They did not comply with wearing the
stent every night and reported no improvement in tooth sensi-

tivity for the follow-up periods. These actions may have led to
detrimental contact between the teeth and attachments,
explaining why better results were reported in Group III.

Furthermore, for patients’ recruitment, a cutoff level of
pain was not set; participants with some degree of myofascial
pain were selected. Thus, the study population had a heteroge-

nous pain intensity, which may be considered a limitation of
the study. Individuals with SB with no pain may have better
subjective sleep quality and patient satisfaction.

Additionally, studies have established that bruxism is a sig-
nificant risk factor for TMD pain (Johansson et al., 2003;
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Raphael et al., 2012); consequently, some included participants
may have TMD, which might be considered a confounding
factor that might affect treatments outcomes.

Future research addressing pain intensity and investigating
differences across pain thresholds are recommended, with a
more extended follow-up period and evaluating electromyog-

raphy objectively (e.g., number of bruxing episodes based on
the EMG recordings obtained during PSG).

5. Conclusion

Considering study limitations, BTX and occlusal appliances
are effective in improving patient satisfaction and sleep quality

of bruxer patients rehabilitated with single arch implant over-
dentures compared to the standard overdenture removal
overnight.
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