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ABSTRACT

Purpose: To evaluate in-vivo the effect of CAD/CAM constructed dentures on the masticatory
muscles activity using electromyography in comparison to conventionally constructed dentures.

Materials and Methods: Fourteen completely edentulous patients were randomly allocated
to two equal groups. Patients in the first group received conventionally constructed complete
dentures and patients in the second group received complete dentures constructed using CAD/CAM
technology. After 30 days of denture use the anterior temporalis and superficial masseter muscles
activity were measured by EMG. A cross over was performed for patients with conventional
denture to CAD/CAM and vice versa and the dentures were used for further 30 days, after which
measurements of anterior temporalis and superficial masseter muscles activity were taken using
EMG. Electromyographic data was recorded and analyzed, mean values were compared by
independent #-test to compare between the two groups as regard to muscle activity.

Results: There was a significant difference in the activity of the masseter muscles and the
anterior temporalis muscles for the patients received CAD/CAM denture in comparison to those

received the conventional denture, after 30 days of denture use (p < 0.05).

Conclusion: CAD/CAM constructed complete dentures produced higher muscle activity if

compared to conventionally constructed complete dentures.

INTRODUCTION facial aesthetic, and enhance patients’ confidence,

Construction of removable complete dentures and the use of full dentures helps edentulous patients

. . . 1 111 2
considered the least invasive as well as most cost ~0btain adequate nutrition . However, complete
effective option for the rehabilitation of completely — denture has some limitations since the masticatory
edentulous patients . The main purpose of complete ~ efficiency of denture wearers is less than of dentate

denture treatment is to restore masticatory function, patients ®. For effective mastication, stability,
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retention and support principles in complete

dentures must be considered.

For proper diagnosis and treatment planning
of edentulous patients, the functional behavior of
masticatory muscles should be properly understood
and analyzed using objective and
methods®.

be objectively evaluated during function using

subjective
Masticatory muscle behavior can
electromyographic activity (EMG) by capturing
electric potentials from the masticatory muscles
during rest and function. Surface electromyography
activity
noninvasively using surface electrodes placed on

is used to measure the muscular

the skin overlying the muscle ©.

Currently, complete dentures that planned and
constructed using conventional methods requires a
broad series of laboratory and clinical procedures ©.
Edentulous patients have to visit the dental clinics
five or more times, including diagnosis, primary
final
maxillo-mandibular relationship, trial placement of

impressions, impressions, recording of
the waxed-up denture, and insertion of the denture.
All these laboratory and clinical procedures are
performed manually. Therefore, it is very difficult
to ensure the quality for these manually planned and

constructed dentures.

Computer-aided design and computer-aided
manufacturing (CAD/CAM) has emerged as a new
approach for the design and fabrication of complete
dentures, the manufacturing process is subtractive,
the denture bases are milled from fully polymerized
acrylic resin pucks ” and are therefore not subject
to shrinkage or distortion phenomena anymore ®.
The use of CAD/CAM technology in the field of
dentistry could be traced back to the early 1980s .
However, in spite of more use of this CAD/CAM
technology in the other aspects of dentistry, it is
highly limited in the construction of complete den-
tures due to the lack of suitable CAD software .

Recently several CAD software systems, such as
AvaDent digital dentures and 3Shape Dental Sys-
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tem become available for designing complete eden-
tulous dentures. Using CAD/CAM technology, only
two appointments are needed for complete denture
construction. Impressions, maxillo-mandibular re-
lations registration, tooth mold and shade selection,
and maxillary anterior tooth positioning could be
achieved in first patient visit for constructing of the
denture, saving time, materials and efforts for both
dentists and patients (-1,

Steinmassl et. al."? concluded from an in-vitro
study that CAD/CAM constructed dentures have
better fit than conventional dentures that explain the
clinically observed enhanced retention and lower
traumatic ulcer-frequency in CAD/CAM dentures.
In another study conducted by Ali and Al-Harbi ¥,
they mentioned that using the CAD/CAM complete
denture increased frictional retention, stability and
improved its clinical performance due to good base
adaptation and border seal.

Up to our knowledge there have been several
studies in evaluating muscle activity using EMG
with conventional complete denture *®. However,
none of the reports has discussed how using CAD/
CAM complete denture affect the masticatory
muscle activity.

The aim of this in vivo study was to evaluate
through EMG the masseter and anterior temporalis
muscles activity with CAD/CAM complete denture
in comparison to conventional one. The hypothesis
was that, there are differences in muscle activity
would be found between CAD/CAM complete
denture and conventional denture.

MATERIALS AND METHODS

This study included a clinical experiment with
a cross-over clinical trial design. The subjects of
this study were 14 male patients in hospital clinics
of Alfarabi Colleges for Dentistry and Nursing-
Riyadh —Saudi Arabia, with mean age of 53.3 years,
wearers of complete denture for 5 years at least, who
met the inclusion criteria, which were edentulous
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patients who needed complete denture treatment,
Angle class I jaw relation, normal alveolar ridge
volume, no temporomandibular joint disorders,
no heart disease, and no systemic diseases that
affect the complete denture treatment procedures.
Unwilling patients to participate in this study were
excluded. Patients who accept to participate in this
survey were received a full explanation of the study
and were provided written informed consent prior
to participation. The proposal of this study was
reviewed and approved by the Institutional Review
Board at Alfarabi Colleges for Dentistry and
Nursing- Riyadh- Saudi Arabia. Electromyogram
(EMGQG) recordings for each right and left masseter
muscle and the anterior fibers of the temporalis
muscle were obtained using bipolar surface EMG
(Nicolet Compass Meridian 1.2.1; Natus Medical
Inc. CA - USA).

Half of the subjects were randomly selected
for complete denture constructed by conventional
method (Group A), and the other half were selected
for complete denture constructed by CAD/CAM
(Group B). Both groups were instructed to use
their dentures for 30 days, and on the 30th day, the
anterior temporalis and superficial masseter muscles
activity were measured by EMG. A cross over was
performed for patients with conventional denture to
CAD/CAM and vice versa and the dentures were
used for further 30 days, after which measurements
of anterior temporalis and superficial masseter
muscles activity were taken using EMG.

Conventional Denture Construction

Dentures for group A were constructed following
the conventional clinical methods according to the
guidelines of the British Society for the Study of
Prosthetic Dentistry ¥. Cross linked acrylic resin
teeth (Vitapan acrylic teeth, Vita, Bad Sackingen
-Germany) was arranged on the center of ridge crest,
using an average value articulator and balanced
occlusion was achieved. The polished surface was
contoured using conventional principles of waxing
method.
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CAD/CAM denture Construction:

Digital dentures were constructed using the
AvaDent digital system (AvaDent TM Digital
Dentures, Scottsdale, AZ, USA) with materials
and techniques provided by the manufacturer.
The AvaDent denture can be completed in 2
appointments, the measurements and records
were recorded at the first appointment and the
dentures inserted at the second appointment.
Briefly, in the first appointment maxillary and
mandibular impressions were made using provided
thermoplastic trays and AvaDent heavy body and
light body polyvinylsiloxane border molding and

impression materials, respectively. (Fig. 1)

Fig. (1) The AvaDent digital system.

The maxillary-mandibular relationship was
recorded using the Anatomic Measuring Device
(AMD; Global Dental Science, Scottsdale, AZ,
USA) that was provided (Fig. 2). AMD consists of
maxillary and mandibular partial arch trays, which
are available in different sizes. The mandibular
AMD tray is equipped with a tracing table, and the
maxillary tray has an integrated, centrally adjustable
bearing pin so that a Gothic arch tracing can be
made. The maxillaryAMD tray also includes an
adjustable lip support flange. To stabilize the AMD
on the residual ridge before making the record,
the AMD maxillary and mandibular trays were
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relined with fast set polyvinylsiloxane impression
material, following the determination of the vertical
dimension of occlusion (VDO), the relined AMD
trays are placed in the patient’s mouth, and the
patient is requested to close until the adjustable pin
touches the tracing table. A screw driver is then used
to move the central bearing pin up or down until
the appropriate VDO is obtained. A Gothic arch
tracing is then recorded by having the patient make
protrusive and lateral mandibular movements. The
apex of the Gothic arch tracing resembles an arrow
and represents centric relation. A round acrylic resin
bur is used to create a small depression at the apex of
the arrow, the mandible is then guided until the pin
fits in the created depression, and an interocclusal
registration material is injected between the
maxillary and mandibular AMD trays to secure them
together. Flange and tooth mould templates were
also used to determine lip support, midline of the lip,
the horizontal lip line, and the appropriate tooth size
and shape. The completed impressions and the final
AMD were sent to the laboratory for fabrication of
the dentures. Following the scanning of the AMD
and the definitive impressions, a virtually designed
complete denture was sent back for evaluation and
approval of the design prior to milling of the final
dentures. Following the milling of the complete
denture, insertion procedures are the same as those
used for any conventional complete denture.

Fig. (2) Anatomic Measuring Device (AMD).
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Electromyographic Recording:

After an adaptation period of 1 month the
EMG recordings were made with both types of
dentures. EMG recordings for each right and left
masseter muscle and the anterior fibers of the
temporalis muscle were obtained using bipolar
surface EMG (Nicolet Compass Meridian 1.2.1;
Natus Medical Inc. CA - USA). The masseter and
anterior temporalis muscles on both sides were
thoroughly examined by a single experienced
operator at morning. The skin should properly
cleaned with ethanol before electrode placement to
reduce impedance. Pre-gelled, silver/silver chloride
bipolar disposable electrodes were used (diameter
10 mm, inter-electrode distance 21+1 mm) ‘¥ and
a ground electrode was attached to the right wrist.
Surface electrodes were adjusted on the masseter
and temporalis muscles parallel to the muscle fibers.
The electrodes on the temporalis muscle were
adjusted vertically along the anterior margin of the
muscle. On the masseter muscles, the electrodes
were adjusted parallel to muscular fibers, with
the upper pole of the electrode at the intersection
between the tragus-labial commissure and the
exocanthion-gonion lines. During procedure, the
patient sat with their head unsupported and asked
to maintain a natural erect position nearly parallel to
ground. Patients were instructed to bite forcefully
in maximum intercuspation and to maintain the
same level of contraction for 5 seconds. Three bite
force recordings were made at 30 second intervals
for each muscle testing. The recording was done
with the same operator, and EMG data collection
was made by experimenter who was blind to the
subject group, and only numerical codes were used.
Electromyographic data was recorded and analyzed
using a fully computerized system. Each of the three
recordings was analyzed for peak amplitude and
duration of the longest wave and was subjected to
statistical analysis.
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Statistical analysis

Data from the two groups were collected,
tabulated, and statistically analyzed. The data were
summarized as means and standard deviations in
table 1. Collected data were analyzed using a SPSS
statistical package (Version 19, Chicago, IL, USA).

Mean values were compared by independent
t-test to compare between the two groups as regard
to muscle activity. The five percent significance
level was set for all statistical analyses.

RESULTS

The flow diagram of this clinical cross over
study is given in figure 3. Throughout the period of
the study, all the involved patients completed the
evaluations in the trial without drop out due to the
short duration of the study.

Masseter Muscle Activity:

The comparison of the effect of conventional and
CAD\CAM dentures on EMG activity of masseter
muscles is shown in table 1. Mean and standard
deviation values of the EMG activity amplitude
in microvolts (uV), at maximum intercuspation
for conventional and CAD/CAM dentures
were (133.736+9.6236) and (142.307+7.7580)
respectively. It was observed from statistical analysis
that the difference between the study groups during
maximum intercuspation after 1 month of denture
use was statistically significant (P < 0.05).

Temporalis muscle activity

The comparison of the effect of conventional
and CAD\CAM dentures on EMG activity of Tem-
poralis muscles is shown in table 1. Mean and stan-
dard deviation values of the EMG activity ampli-
tude in microvolts (LV), at maximum intercuspa-
tion for conventional and CAD/CAM dentures were
(115279 + 6.8306) and (122.871+ 11.3224) re-
spectively. It was observed from statistical analysis
that the difference between the study groups during
maximum intercuspation after 1 month of denture
use was statistically significant (P < 0.05).
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Fig. (3) The flow diagram of the study.

RECORDING MASSETER AND
ANTERIOR TEMPORALIS
MUSCLES ACTIVITY BY CMG

COMPLETE DENTURE BY
CONVENTIONAL PROCESS-
ING TECHNIQUE
(N=7)

COMPLETE DENTURE BY
CAD/CAM TECHNIQUE

tN=7)

RECORDING MASSETER AND
ANTERIOR TEMPORALIS
MUSCLFS ACTIVITY BY FMG

RECORDING MASSETER AND
ANTERIOR TEMPORALIS
MUSCLFS ACTIVITY BY FMG

RESULTS ANALYZED

(N=14)

TABLE (1) Values of the EMG activity for Masseter
Muscle and Temporalis Muscle with

conventional and CAD/CAM constructed

dentures.
Masseter Muscle Temporalis Muscle
Activity by EMG Activity by EMG
(V) (V)

Mean SD Mean SD
Conventional | 133.736 | 9.6236 | 115279 | 6.8306
Denture
CAD/CAM 142307 | 7.7580 | 122.871 | 11.3224
Denture
P Value 0.016* 0.043*

SD; standard deviation. * Significant difference at 0.05
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DISCUSSION

The cross over study design used in this study
reduces the between patient variability, because
the comparison of denture types is made on the
same patient. Moreover, this design allows the
use of small sample size than parallel groups
trial design. Male patients were only selected to
participate in this study to avoid the difference in
muscle efficiency between male and female sexes
U9 Many factors may contribute to preference of
male selection 7, including hormonal alternations
8 blood pressure ' and psychological factors
@9, Patients with neuromuscular disorders as well
as temporomandibular joint dysfunction were
excluded to avoid any effect on the muscle tone,
masticatory efficiency and disturbance in muscle
behavior @Y. Moreover; patients with abnormal
ridge relationship were avoided as patients with
normal ridge relationships were found to have a
better masticatory efficiency than patients with
abnormal one ®?, Because CAD/CAM techniques
rely on the use of Gothic arch tracings to Record
jaw relationship, there is a concern about certain
clinical situations such as those with severe skeletal
discrepancies, ridge resorption and patients with
ataxia of the mandible ®». To understand the
masticatory muscles activity, electromyography
(EMG) has been used. EMG is a sensitive tool
used to analyze and quantify the behavior of the
masticatory muscles. It has been widely used for
measuring muscle function since first introduced
by RE Moyers in 1949 ® The masseter and
anterior temporalis muscles were evaluated as
they considered as the largest and strongest of the
masticatory muscles, the most superficial and are
accessible to surface EMG examination @¥.

The goal of any prosthetic rehabilitation is
to provide a satisfactory prosthesis that allow
good masticatory function. Thus, factors that
may affect the masticatory muscle activity are
worth investigation. This study was designed to
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evaluate and compare the effect of CAD/CAM
as construction method for complete denture on
the activity of Masseter and anterior temporalis
muscles with the effect of the conventional method
of complete denture construction.

According to the findings of the present study,
regarding masseter muscle activity, the hypothesis
that there is a difference in muscle activity between
the study groups was accepted. Complete dentures
constructed by CAD/CAM technology produced
significantly higher EMG masseter muscle activity
compared with EMG masseter muscle activity for
complete dentures constructed by conventional
technique after one month of dentures use.
Likewise, the anterior temporalis muscle activity,
the hypothesis that there is a difference in muscle
activity between the study groups was accepted
as well. Complete dentures constructed by CAD/
CAM technology produced significantly higher
EMG anterior temporalis muscle activity compared
with EMG anterior temporalis muscle activity for
complete dentures constructed by conventional
technique after one month of dentures use.

Up to date there are no clinical studies have
been found evaluating the influence on EMG
muscles activity in edentulous patients treated with
CAD/CAM versus conventional complete denture.
Considering that, the results of this study cannot be

compared with those of another similar study.

The results of this study is most likely attributed
to suspected improved retention and stability of
the complete denture constructed by CAD/CAM
technology if compared with the conventional
technique of denture processing (>3320 n a
clinical case study conducted by Ali and Al-Harbi
U3 the retention of maxillary complete denture was
evaluated for both conventional and CAD/CAM
maxillary CAD/CAM

denture base retention was increased as compared

constructing techniques,

to that of conventionally constructed denture.
The authors in this clinical case study attributed
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the significant improvement in denture retention,
stability as well as clinical performance to good
adaptation and border seal of CAD/CAM complete
denture.

In another prospective clinical study done by
Mathew et al @, they evaluated and compared
treatment outcomes in digital and conventional
dental Data
analysis revealed significantly higher ratings for

complete removable prosthesis.
the digital complete denture relative to the denture
base contour, fit, extension, stability and retention.
As mentioned by Mathew et al® this findings could
be explained by improved fit due to the absence of
polymerization shrinkage and the unique method of
milling the digital prosthesis from a pre-polymerized

block of acrylic resin.

In 2017 AlHelal et al ®®, compared the
retention of the maxillary complete denture bases
constructed by CAD/CAM (AvaDent) with those of
conventional heat-polymerized denture bases. The
results revealed that, the retention offered by milled
complete denture bases from pre-polymerized
(Polymethyl Methacrylate) resin was significantly
higher than that offered by conventional heat
polymerized denture bases. This is most likely as
the lack of polymerization shrinkage associated with
CAD/CAM denture bases results in an improved fit,
and subsequent improving retention.

Furthermore, an in-vitro study was conducted by
Steinmassl et al !? to test the assumption of higher
CAD/CAM denture base fit than the conventionally
constructed denture bases. They concluded that
CAD/CAM constructed denture has better fit than
conventionally constructed one.

There is a direct positive correlation between
complete denture retention and improved fit and
the masticatory muscle activity recorded by EMG,
this postulation could be supported by previous
studies conducted to evaluate the effect of improved
complete denture retention, fit and /or stability on
the masticatory muscle activity 729,
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It should be acknowledged that there are
limitations to this study, and the results may not be
applicable to all edentulous patients. The follow-
up period after denture insertion and EMG activity
record was limited (30 days). Also, only male
patients were participate in this study. Further
research that considers these limitations and larger
sample size is recommended to confirm findings.

CONCLUSION

By taking the limitations of this study into
consideration, it can be concluded that CAD/
CAM constructed denture has positive impact on
the masticatory muscle activity if compared with
conventionally constructed denture.
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