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Abstract Background: Occlusal appliances can distribute aggressive loads which are generated by

bruxism and can reduce their frequency. The facebow record, when used in the construction of

occlusal appliances, helps in minimizing occlusal discrepancies. This study aimed to compare the

effect of CAD/CAM stabilization occlusal splint made with and without facebow for management

of bruxer patients.

Method: 24 Patients who were diagnosed as bruxers were randomly assigned into two equal

groups and obtained maxillary CAD/CAM occlusal stabilizing splint recorded with centric relation

either with or without using a facebow. The patient satisfaction using the visual analog scale (VAS)

was recorded at baseline, one month and three months’ follow-up periods. The adjustment time of

both splints, from the start of splint delivery until becoming well-fitted and occlusally adjusted, was

calculated using a stopwatch.

Results: The CAD/CAM occlusal splints with or without the use of facebow improved the

patient’s satisfaction with no statistically significant difference between both groups at baseline,

one month and three months with p values of 0.73, 0.24 and 0.45 respectively. The comparison

between the two modalities regarding the adjustment time showed no statistically significant differ-

ence between both groups (P = 0.06).

Conclusion: According to the results of this study; no difference was detected in patient satisfac-

tion and the time required for adjustment of CAD/CAM occlus.
� 2020 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/).
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1. Introduction

An occlusal stabilization splint is defined as a removable appli-
ance, covering the occluding surfaces of teeth in one jaw, usu-

ally made of acrylic material, generating accurate teeth
occlusal contacts with the opposing jaw (Klasser and
Greene, 2009; Deshpande and Mhatre, 2010). Based on The

Academy of Prosthodontics (2005) a dental occlusal splint is
described as ‘‘a removable artificial occlusal surface used for
diagnosis or therapy affecting the relationship of the mandible
to the maxillae. It may be used for occlusal stabilization,

treatment of TMJ disorders, or to prevent wear of the
dentition”.

Occlusal splints aim to prevent the maximal intercuspal

position when the patient tries to close by forcing the mandible

to move in a different position, consequently developing a new

muscular and articular equilibrium. Therefore, the patient will

not clench the teeth anymore and protect his TMJ and teeth

and thus relieve temporomandibular pain as well as bruxism

and restore the function (Srivastava et al., 2013; Manfredini

et al., 2015).

‘‘Bruxism is a repetitive jaw-muscle activity characterized

by clenching or grinding of the teeth and/or by bracing or
thrusting of the mandible. Bruxism has two distinct circadian
manifestations: it can occur during sleep (indicated as sleep

bruxism) or during wakefulness (indicated as awake brux-
ism)”(Lobbezoo et al., 2013).

Bruxism can generate forces as much as six times the nor-
mal masticating forces (Manfredini et al., 2015) Occlusal

splints can disperse these loads along with the masticatory
structure. Therefore, the splints can reduce the frequency of
bruxing occurrences but not its intensity (Alqutaibi and

Aboalrejal, 2015).
Facebow transfer ensures that the maxillary cast is oriented

in a similar or at least comparable distance to the hinges of the

articulator as are the natural maxillary teeth to the assumed
‘‘axis of rotation” of the TMJ (Nagy and Goldstein, 2019).

Previous studies reported that the facebow record has a sig-
nificant effect on the construction of occlusal appliances such

as stabilization appliances (Shodadai et al., 2001; Gámez,
2013). The use of this tool will minimize the risk of occlusal
faults; thus, the accuracy of occlusion of the oral stabilization

appliances will be enhanced upon their insertion. Besides,
occlusal splints fabricated on casts by using facebow may have
more occlusal contacts during insertion and require less occlu-

sal adjustment than those mounted without a facebow
(Shodadai et al., 2001).

With the introduction of CAD/CAM technology, the func-

tional deficiencies associated with conventionally-fabricated

splints were significantly improved (Algabri et al., 2017). From

this point, the concept of the CAD/CAM stabilizing splint

appeared as a substitute treatment option for TMDs patients.

Up to date, published data about CAD/CAM occlusal splint

are scarce, and most of them are case reports. However, this

investigation is the first to compare a computer designed and

manufactured occlusal splint made with and without facebow.

The null hypothesis tested was that no differences would be
found between CAD/CAM stabilization occlusal splint made

with and without facebow concerning patient satisfaction
and time needed for adjustment.
2. Material and methods

2.1. Sampling and eligibility criteria

A total sample size of 24 patients (12 patients per group) with a
confidence level of 95% and a power of 80% will be adequate

to detect the effect size of 0.8. The eligibility criteria include;
age range from 20 to 45 years, any sex, those willing to con-
tribute in the trial, signing informed consent, with natural den-

tition with less than eight missing teeth with replacement
except wisdom teeth and complaining of teeth wear as a result
of bruxism were selected.

2.2. Patients examination

All patients were examined clinically at the department of
prosthodontics, Cairo university. Clinical examination was

derived from the Research Diagnostic Criteria for Temporo-
mandibular Disorders (RDC/TMD) (Dworkin, 1992). The
comprehensive examination comprised of two portions; The

first portion included a complete history questionnaire which
specified data about signs of TMD including muscular pain
or fatigue and TMJ noise, which restricts the daily activities

in addition to the presence of headache and earache. The sec-
ond portion included the clinical examination using sets of
diagnostic approaches to evaluate the vertical range of opening
with and without passive stretch, clicking during mandibular

movements, joint pain, extraoral and intraoral muscle pain
on palpation.

All patients were evaluated for bruxism independently by

two qualified investigators. The clinical inspection was done
to assess teeth wear by drying the teeth with air and cotton
rolls, and then clinical examination is done by a dental mirror.

Data regarding symptoms were gathered, including noises
related to bruxism reported by a relative, clenching through
the day, repeated awakening at night though grinding or
clenching, and sense of muscle pain throughout the day or

awakening. In this trial, patients were assumed to be positive
bruxers when the clinical, and at least one of the symptoms
indicators were present. Each patient received a questionnaire

on signs and symptoms of bruxism, comprising of ten ques-
tions. This evaluation assessed bruxism by using a standard-
ized questionnaire (Gámez, 2013) besides the history

interview of the dental examination (RDC/TMD). The partic-
ipant was considered as a bruxer when responded for at least
one of the first five questions or three of the last five questions;

besides, they showed either tooth attrition or masseter muscle
hypertrophy (Table 1).

2.3. Study design

This trial was planned as a double-blinded parallel randomized
trial. After clinical examinations for 24 selected patients, ran-
dom sequence generation was performed. The subjects were

randomly allocated into; Group1 (with facebow) 12 patients
with a mean age of 34.8 years (two males and ten females):
The patients received maxillary CAD/CAM occlusal stabiliz-

ing splint recorded with centric relation using facebow record.
Group 2 (without facebow) 12 patients with a mean age of
36.2 years (three males and nine females): The patient received
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maxillary CAD/CAM occlusal stabilizing splint recorded with
centric relation without using the facebow record.

The randomized numbers were walled in serially numbered,

identical, and solid envelopes. Blinding of participants and
investigators was achieved as the color of the two types of
inserted splints were the same. The investigators were neither

commenting on the possibilities of participants’ treatment
and nor present when patients completed the questionnaires
regarding the visual analogue scale (VAS). Furthermore,

regarding the adjustment time, blinding was necessary to be
done. The protocol of this trial was permitted by the Commit-
tee of Ethics of Faculty of Dentistry, Cairo University, Egypt.

2.4. Fabrication of CAD-CAM splint

For both groups, irreversible hydrocolloid impressions (Cavex
Holland B.V) were made for maxillary and mandibular arches.

Master casts were poured with gypsum that was manipulated
with a vacuum mixer (Vacuum mixer. BEGO Motova sl. Ger-
many), with a powder/water ratio of 100 g/20 ml mixed for

30 s. The pouring was under constant vibration (Lab vibrator,
BEGO Motova sl. Germany) into the impression. After set-
ting, the impressions were separated from the casts. For

group1, the maxillary cast was mounted using arbitrary ear-
piece facebow (Bio-art facebow, BRAZIL) with a semi-
adjustable articulator (Fig. 1a). For group2, the maxillary cast
was mounted in a conventional way without facebow

Bite registration was taken for both groups using an ante-
rior jig and bite registration paste (Vinyl Polysiloxane, Futar
D Fast, USA) for mounting lower cast (Fig. 1b).

In both groups, adjustments of the articulator were 15�
Bennett angle and 45�condylar inclination. The upper and
lower casts with bite registration were then scanned using den-

tal wings scanner (DWOS, Germany).
The CAD/CAM splints were designed by DWOS software

(Dental Wings, Germany) (Fig. 2) and finally 3D printed

(ZENiTH, DENTIS, South Korea) (Fig. 3).
Table 1 A screening questionnaire for detecting bruxer.

1. Do you feel or have been told that you clench your teeth during the d

2. Do you feel or have been told that you clench your teeth at night?

3. Do you feel or have been told that you grind your teeth during the da

4. Do you feel or have been told that you grind your teeth at night?

5. Do you have any type of pain or discomfort around your face or neck

6. Do you have some kind of sensitivity or pain by your ear?

7. Do you feel any jaw discomfort when you wake up?

8. Do you have frequent headaches?

9. Do you have any type of fracture or abnormal teeth wear?

10. Do you feel being stressed often?
The material used for fabrication of the splints was a mono-
mer based on acrylic esters (Next Dent Ortho Rigid, Nether-
lands). For both groups, the design of the splints had a flat

occlusal surface that allows for a contact of posterior teeth
functional cusps and anterior incisal edges in centric position,
with canine guidance during lateral movements.

Patient satisfaction with the visual analogue scale was
recorded at baseline, one month, and three months follow-up
periods. The adjustment time of both splints was calculated

using a stopwatch.

2.5. Statistical analysis

The data were summarized as means and standard deviations
and analysed with SPSS statistical package. A comparison
between the mean values of both groups was made by an inde-
pendent t-test. The ANOVA test was used for the comparison

of the effect of time in different follow-up periods.

3. Results

A sample of twenty-four patients with a mean age of 35.5 years
(5 Male, 19 Female), were included in this study. There were
no differences between groups regarding gender or age distri-

bution. Fig. 4 showed the CONSORT flow chart of this study.
The participants were subjected to a screening question-

naire for detecting bruxers, as shown in Table 1. No significant

difference in response to the screening questions in both
groups was found (P > 0.05).

3.1. Patient’s satisfaction

The VAS results did not show a statistically significant differ-
ence between two splints. Both occlusal splints with or without
the use of facebow improved the patient’s satisfaction without

differences at baseline, one month and three months with a
Without facebow With facebow P-value

Yes No Yes No

ay? 9

(75.0%)

3

(25.0%)

8

66.7%

4

33.3%

0.65

11

(91.7%)

1

(8.3%)

12

100.0%

0

0.0%

0.30

y? 4

(33.3%)

8

(66.7%)

2

16.7%

10

83.3%

0.34

6

(50.0%)

6

(50.0%)

7

58.3%

5

41.7%

0.78

? 7

(58.3%)

5

(41.7%)

6

50.0%

6

50.0%

0.82

9

(75.0%)

3

(25.0%)

7

58.3%

5

41.7%

0.39

4

(33.3%)

8

(66.7%)

5

41.7%

7

58.3%

0.54

4

(33.3%)

8

(66.7%)

7

58.3%

5

41.7%

0.22

4

(33.3%)

8

(66.7%)

4

33.3%

8

66.7%

1

11

(91.7%)

1

(8.3%)

12

100.0%

0

0.0%

0.30



Fig. 1 (a) Maxillary cast mounted using facebow, (b) Lower cast mounted on an articulator using interocclusal registration material.

Fig. 2 computer-aided designing of the splint. (a) The contour of

the splint was traced by placing the dots one by one or by drawing

freely on the teeth using ‘‘Edited current margin design”. (b) The

splint was refined by editing the splint surface for maximum

comfort and esthetics; (c) fitting surface of the finished splint.
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p-value of 0.73, 0.24 and 0.45 respectively as indicated by stu-
dent t-test (Table 2).
3.2. Time of adjustments

from the start of splint delivery until becoming well-fitted and
occlusally adjusted, was calculated using a stopwatch. The
time needed for adjustment for group 1 was 15 ± 5.25 while

that required for group 2 was 19 ± 4.5. No statistically signif-
icant difference was found (P > 0.05).

4. Discussion

High-quality oral restorations must be designed throughout
fabrication techniques by applying effective procedures. How-

ever, there are different ideas about the most effective method
in transferring dental casts to the articulator. Some researchers
have necessitated for the need of true hinge axis (HA) points

(Salam, 2016; Singh et al., 2017). Other investigators have con-
sidered arbitrary mounting to be adequate (Morneburg and
Proschel, 2002). Another study has deemed the need for a face

bow is unnecessary but have relied on mean settings for
mounting (Tangerud, 2000). The difference in opinions raises
the question as to which one is the most satisfactory approach.
For addressing this question, a randomized clinical trial

regarding CAD-CAM occlusal stabilization splints fabricated
with and without facebow.

Up to our knowledge, no previous studies are comparing

patient satisfaction in CAD/CAM stabilization occlusal splint
made with and without facebow. The results of the present
study did not find significant differences in terms of patient sat-

isfaction between both groups. This finding can be compared
to previous studies (Kawai et al., 2005; Omar et al., 2013),
which evaluated completely edentulous patients and showed

no significant variations in patient satisfaction with classical
(using facebow) or simplified fabrication methods (without
using facebow).

On the contrary, previous studies (Heydecke et al., 2007,

2008) evaluating the effect of facebow on overall satisfaction
using VAS measures, aesthetics, and stability were significantly
better for the simple technique. They found that 25% of

patients favored the classical method using facebow, 60% of
patients liked the simple approach, and 15% of them did not
show any preference.

Regarding the time for adjustment, no significant difference
was found between both groups that are in accordance to a
study conducted by Shodadai et al. (2001), where each patient
received two conventional splints made with or without face-



Fig. 3 (a) Splints constructed using 3D printer; (b) intraoral occlusal view of CAD/CAM splint.

Fig. 4 CONSORT flow chart.
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Table 2 Comparison of VAS results of two groups.

Without facebow With facebow P value

Mean SD Mean SD

Baseline 6.9 1.55 7.1 1.35 0.73

One month 4.8 1.72 4.1 1.04 0.24

3 months 3.1 1.21 2.9 0.93 0.45

P value < 0.01* < 0.01*
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bow registration. They found that there was no significant dif-
ference between both methods. The authors proposed a combi-

nation of reasons to clarify why the use of an arbitrary
facebow may not be beneficial which include: alteration (usu-
ally increase) of vertical dimension after requiring the interoc-

clusal record, no proof for pure rotation of the condyle and the
presence of a condylar hinge axis during the opening of the
mandible; condylar movements always change and cannot be

predicted on mandibular opening; using rigid hinge axis artic-
ulators; and the occurrence of pain in the temporomandibular.

Another study conducted by Gámez (2013), was carried out
to compare the number of occlusal contacts recorded and

adjustment time in Michigan occlusal splints fabricated with
or without facebow transfer in bruxism patients. The occlusal
contact points over the two types of splints were similar. Besides,

adjustment time was comparable for the two approaches.
A published review showed that the use of a facebow is

superfluous (Yohn, 2016). However, several authors have

raised concern over the scientific conduct of that report
(Khanna, 2016; Wilkerson, 2016). Supporters of the facebow
transfer consider that the facebow should be kept in the dental
practice as a correct arc of closure is depends on a correct

condylar axis position, and this is essential in maintaining
the centric relation position (Yohn, 2016).

The limitations of the present study include the use of an

earpiece facebow type without comparing it to other different
types like fascia facebow, which can alter the current results.
Another limitation is the small size of the sample, which can

affect reduce the external validity and generalizability of the
results. Therefore, other studies using different types of face-
bow and with larger sample size are needed to overcome these

limitations.

5. Conclusion

According to the results of this study, the use of the earpiece
facebow in construction of the CAD/CAM occlusal stabilizing
splint did not has an effect on the patient satisfaction and the
time required for adjustment.
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