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COMPARISON BETWEEN CONE BEAM CT AND TMJ DIGITAL
TRACING TO RECORD THE BENNETT ANGLE AND THEIR
EFFECT ON THE OCCLUSION OF COMPLETE DENTURE

Sara Medhat ', Maie Mohammed Shaker EIGhannam "

ABSTRACT

Objective: The objective of this study was to compare and evaluate the efficacy of cone beam CT and TMJ digital tracing in
determining the Bennett angle, as well as their effect on the complete denture occlusion. Subjects and methods: A sample of ten
edentulous individuals were chosen, with an average age of 55 years. Every patient was provided with a complete denture, and
the setting of artificial teeth was executed based on the principle of bilateral balanced occlusion. Then, the Bennett’s angle was
measured while the patient was in the lateral right and left movements by TMJ digital tracing (ARCUS digma II) and cone beam
CT. These values of Bennett angles from different methods were applied to the semi-adjustable articulator to evaluate the balanced
occlusion. Results: The values of Bennett angle on right and left sides, which were recorded by TMJ digital tracing (ARCUS
digma II), and cone beam CT showed no significant differences (P > 0.05) using paired t-test (at 95% confidence interval). TMJ
digital tracing method records the mandibular movement in real time of patient movement by the electronic sensors also, the cone
beam CT has 3D image in real-time, but it does not make any difference in the clinical performance of the balanced occlusion of
complete denture. Bennett’s angle was approximately similar to the two methods. Conclusion: Within the limitations in the current
study, no significant difference between TMIJ digital tracing (ARCUS digmall) and cone beam CT in the recording of Bennett
angle, and there is no significant difference between their effect on balanced occlusion.
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INTRODUCTION movement of the patient with utmost precision in

the articulator®.

Prosthetic rehabilitation relies

restoring what has been lost, and every attempt

heavily on
The Bennett angle relates to the initiation and

is made to restore natural function. Successful termination of condylar displacement or motion and

treatment depends not only on accurate findings but
also on the exact replication and recording of these
findings. Research on the condylar mechanism and
endeavors to record mandibular movement can be
traced back to the latter part of the 18th century. The
objective of conducting a movement recording is to
replicate the occlusion and mandibular pattern of

is defined by the anatomical structure of the medial
wall of the glenoid cavity. It is practical to transmit
data from a mean articulator through the quantifica-
tion of angular displacement in degrees. The accu-
racy of lateral condyle guidance in the fabrication of
complete dentures can have a significant impact on
the fit and function of the denture ®.
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The lateral movement of the mandible is
commonly referred to as the chewing motion.
The act of mastication is responsible for the
mechanical breakdown of food during eating. The
studies divided it into two distinct aspects, namely
the working and balancing sides. The condyle
that undergoes downward, anterior, and medial
movement is commonly known as the balanced
side. The side that moves laterally is known as the
working side ©.

An accurate registration of condylar guidance
and it’s transfer to a semi-adjustable articulator is
important during complete denture construction.
It is intended to simulate the mandibular positions
or movements of the patient within the normal
range of the functional contact of the teeth. Thus,
the condylar guidance of the articulator must be
adjusted to approximate the condylar elements
factors within the temporomandibular joint .

Radiographic approaches are better for
condylar guidance because they use stable bone
markers and are not affected by the operator or
patient neuromuscular control ©. Recent studies in
cone beam computed tomography (CBCT) have
made prosthetics more precise, safer, and less
expensive, leading to their extensive application .
CBCT is a cutting-edge technology that provides
multiplanar segments in three dimensions without
superimposition. However, CBCT exposes the
patient to ionizing radiation, making it necessary to

weigh the benefits against the potential risks ®.

To overcome such limitations, TMJ Digital
Tracing (ARCUS digmall) system with an electronic
ultrasonic sensor capable of registering and analyzing
mandibular movement in three dimensions to obtain
condylar guidance on a computer system monitor®.
The mandibular movement can be displayed in real-
time on the monitor, and the condylar guidance
can be identified. This method is quick and non-
invasive, making it a suitable choice in many dental
clinics (01D,
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SUBJECTS AND METHODS

The design of the clinical research was conducted
on ten patients who were completely edentulous.
Participants were chosen if their ridges were covered
with firm, dense, and compressible mucosa devoid
of any TMJ disorder symptoms. Exclusion criteria
included mandibular movement or limited mouth
opening, mandibular deviation, and muscle spasm
or tenderness.

All patients consented to this dental treatment,
were informed about the study’s procedures, and
signed a written consent form with the approval
of the Research Ethics Committee (REC) with
code REC-CL-23-01. The patient’s medical and
dental history and extraoral and intraoral clinical
examination were recorded.

The denture construction:

For all patients, a primary and final impression
of the upper and lower ridges was taken using a
conventional technique to create the final cast.
For the upper and lower trial denture bases, auto-
polymerizing acrylic resin and modeling wax were
used. The face-bow record was established with a
Hanau spring bow. The maxillary cast was mounted
to the (Hanu 96 H2) semi-adjustable articulator
Whip Mix, USA. A wax interocclusal record was
used to record the centric relation. Mounting
the mandibular cast; attach the lower cast to the
lower part of the articulator using plaster of Paris
and centric relation record wax. Centric relation
registration wax was removed from the lower record
block and placed in cool water.

The setting of teeth utilized semi-anatomical
teeth. Teeth were properly aligned to balanced occlu-
sion. The denture was waxed up and the denture was
tried in. The plaster index for the upper trial denture
was made on the articulator, and the trial dentures
were processed into the heat-cured acrylic resin.

Using a plaster index, clinical remounting for
occlusal adjustment of the completed denture was
performed to eliminate any occlusal disharmony.
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Complete denture duplication:

For each patient, complete dentures were dupli-
cated by the conventional method for experimental
work. Lateral condylar angles were recorded by us-
ing two modalities.

All patients were divided into two groups of
5 patients in each. In the first group, the patients
were asked to wear experimental dentures to record
right and left lateral angles by using arcus digma II.
While the right and left lateral angles were recorded
in the second group by using cone beam CT.

After recording the lateral angles, the patients
in the first group were asked to wear a denture to
record the right and left lateral angles by using cone
beam CT. While the right and left lateral angles
were recorded in the second group by using arcus
digma II.

a) TM] digital tracing (ARCUS digma II) is
shown in (Fig.1.a).

Preparing phase After blocking off all undercuts
with stone to create the cast, lower denture was
poured. The lower denture was placed on the cast.
the mandibular clutch was modified with light-cured
acrylic resin to fit on the lower denture. A festoon
shape was created by molding the light cure on
the cervical area of the teeth. After shaping, a side
bench light cure device cured the acrylic. To prevent
any movement between the clutch and denture,
compound material was used to further fixate the
clutch to the lower denture with light cure acrylic
resin. The patient’s head was immobilized using the
ARCUS Sevo face bow attached to the patient’s ear

plug.

Patient was asked to wear the connection unit
on his neck to transmit the electronic waves of
mandibular motion to the ARCUS digma II basic
unit. The information was inserted on the initial page
of the ARCUS digma II basic unit while working on
it (date, doctor name, and patient name). The screen
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was checked through all sensors were connected
by the green light for each sensor. The “Measuring
programs” window was opened, the measuring
option was chosen to calculate the angle, articulator,
protar articulator, and arbitrary axis.

The axis was shown on the monitor as a
comment for the pointer attached to the lower bow
to determine the arbitrary site of the left and right
condyle and the infraorbital notch.

The patient was asked to slide the mandible in
maximum lateral motion right and left motion. The
patient was instructed to begin, and by pressing the
foot control, the device started recording and tracing
the movement. The patient was asked to repeat
this movement three times and the device took the
average to give the right and left lateral condylar
guidance angle which is reported by the device to
the final report as shown in the graph of movement
and value of angles. (Fig.1.b)

b- Cone Beam Computerized Tomography
(CBCT) scanning method:

The study employed the utilization of the
CBCT CRANEX 3Dx apparatus. Two images were
captured per patient, one in the centric position and
another in the lateral right orientation. The patient
was placed in an upright position on the apparatus,
and the visual field was aligned with the aid of laser
lines. Subsequently, the patient was instructed to
achieve centric occlusion by closing his teeth in
centric position, followed by performing a lateral
right movement of the mandible. The digital
delineation of the outline of condyles in both centric
and lateral right positions resulted in the creation
of three-dimensional images. Three-dimensional
superimposition  of
Frankfort line extends from the external auditory
meatus’s highest point to the deepest point of the

images was performed.

inferior orbital rim. The lateral condylar path was
derived by drawing a tangent line to the condyles
during maximum intercuspation and in the lateral
right position.
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The angle between two tangent lines was
measured. This procedure was made twice for each
balancing condyle of the same patient and the mean
angle was obtained and tabulated. Then the angles
were measured again by the same method on the left
side. The measured angles tabulated for each patient
were then applied on the articulators to record the
balanced occlusion. (Fig .1.c)

The effect of Bennett angle records on balanced
occlusion

In order to achieve symmetrical occlusal contact
at the premolar and molar regions during centric
relation and to eliminate any interference during
protrusive and lateral relations, duplicate dentures
and occlusal adjustments were made. The articulator
was centrically locked. For both the maxillary
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and mandibular dentures, the second molars were
removed. One-centimeter square metal plates
covered with graphic paper were placed in the lower
second molar positions. In place of the maxillary
second teeth, metal tubes with internal diameters
of 0.44 mm were luted using auto-polymerizing
acrylic resin.

The articulator was adjusted in a posterior and
lateral direction towards the working side until the
upper and lower buccal cusps were aligned, after
which the centric lock was locked. An indelible
pencil was used to create a mark on the incisal
table with the intention of determining the precise
position of the incisal pin at the cusp-to-cusp
position. This mark is utilized to adjust the amount
of lateral displacement in subsequent recordings
and measurements.

(@
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FIG (1) (a): Arcus digma II. (b): Report of arcus digma II. (c): Cone beam CT. (d): Measure of balanced

occlusion
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The lines that were perpendicular to each other
were drawn in the mesiodistal and buccolingual
orientations, traversing through the midpoint of the
recording paper. Following each adjustment of the
lateral condylar guidance, a metal needle with a
pointed end measuring 0.22 mm was introduced into
the metal tube located in the maxillary second molar
on the right side in a downward direction until it
made an indentation on the recording paper situated
on the plate in the lower second molar region.

Measurements were taken using a digital caliper
to determine the distance between each indentation
and the mesiodistal and buccolingual lines, as well
as the direct distance between each indentation and
the intersection of the mesiodistal and buccolingual
perpendicular lines. These measurements were
subsequently recorded. The buccolingual distance
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All data were collected to compare the two
methods and evaluate their effects on balanced

occlusion. (Fig .1.d)

RESULTS

Numerical data were presented as mean and
standard deviation (SD) values. Shapiro-Wilk’s test
was used to test for normality. Data were normally
distributed and were analyzed using paired t-test.
The significance level was set at p<0.05 within
all tests. Statistical analysis was performed with
R statistical analysis software version 4.1.3 for

Windows.

TABLE (1) Intergroup comparisons of Bennett

. . . angle
measurements were deemed +ve if the indentation 8
was located towards the buccal aspect of the
odistal li d T3 ds the li | Bennet angles (Mean+SD)
mesiodistal line, and —ve if it was towards the lingua Side t-value  p-value
aspect. The mesiodistal distance measurements Arcus digma CBCT
were deemed +ve when the indentation was located
mesial to the buccolingual line and —ve when it Right 1263596 14.72x3.17 0.79 0.414
was situated distal to it. The identical protocols for Left  733+3.44 10.84+1.55 5.19 0.072
recording and measuring were applied to the left
side. *Significant (p<0.05)
TABLE (2) Intergroup comparisons of Bennet angle record and their effect on occlusion.
Bennet angle records (Mean+SD)
Side Measurement t-value p-value
Arcus digma CBCT

Right MD 2.36+0.16 1.71+£0.53 10.03 0.025%

BL 1.69+0.39 1.48+0.61 0.70 0.441

Direct 2.59+0.36 2.31+0.32 2.05 0.212
Left MD 2.46+0.18 1.90+0.12 38.87 0.002*

BL 1.63+0.07 1.55+0.52 0.13 0.735

Direct 2.46+0.50 2.21+0.31 2.10 0.207

*Significant (p<0.05)
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DISCUSSION

In this study, there is a comparison between
different methods TMIJ digital tracing (ARCUS
digmall), and cone beam CT to determine the
Bennett angle and evaluate their effect on bilateral
balanced occlusion. All the patients were selected to
have normal jaw relationship and assessed clinically
to have normal temporomandibular joint, Because
the relationship has not been established between
occlusion and temporomandibular disorder (TMD),
there might be an association between these two
variables, TMD can influence the movement of the
mandible, to avoid the source of error in addition to
obtaining satisfied records from the patients .

The present investigation yielded statistically
insignificant differences in the tested variables,
which is not surprising given the limitations of the
selected sample and its age.

This study revealed an insignificant difference
between the two methods and there is no difference
between the right and left side and insignificant
difference in their effect on balanced occlusion,
this comes in agree with, Hernandez et al ™® found
no significant differences between right and left
Bennett angle values exhibited no variation on both
sides and there is no significant difference.

The TMI digital tracing uses electromagnetic sen-
sors to track the position of the condyles, The AR-
CUS digma system, which uses an electronic sensor
to measure condylar guidance in a manner similar to
the pantograph, will enable clinics and technicians to
measure more quickly and accurately®.

In agree with this study, using a CT image in the
clinic can be avoided if landmarks can be located
directly. In situations where direct digitization of
the landmark poses a challenge, it is possible to
integrate 3D CT with motion tracking data in a
manner that preserves precision. Furthermore, the
findings of our study indicate that both optoelectric
and electromagnetic locators can be selected by
researchers and clinicians without compromising
precision or accuracy ¥,
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In agree with this study, in recent years, there
has been significant progress in the advancement
of diagnostic imaging technology, particularly in
the field of computed tomography. The utilization
of measurement techniques with absolute precision
enables us to derive benefits and conduct in-depth
morphological analyses 7.

Accurate measurement of parameters, such as
the Bennett angle and movement, is crucial for
effective prosthetic and gnathological rehabilitation.
The volumetric acquisition of CT provides
comprehensive data pertaining to the dental and
bone structures of the masticatory system. The
determination of centric relation, right laterality,
and left laterality was made. The utilization of
Cone Beam images was employed in the current
investigation to document Bennett’s angle and
movement !,

The present study is inconsistent with the arcus
digma, there are still problems with inconvenience,
the production of clinical errors, and a lack of data.
Further research is needed to overcome these issues
and provide a new, reliable approach 19,

In counter to this study, and according to previous
research (2% radiographic techniques have been
found to be more precise compared to other clinical
methods. This is due to the fact that radiographic
measurements utilize stable bony landmarks and are
not dependent on the neuromuscular control of the
operator or patient.

Balanced articulation refers to the occlusal
contacts between the maxillary and mandibular
teeth, which occur initially during maximum
intercuspation and persist during movements

along specific guidance pathways, including
working, balancing, and protrusive pathways that
are developed on the occlusal surface of the teeth.
It is considered to be the most effective occlusion
for complete dentures. To maintain the dentures
when the mandible moves into eccentric postures,

balanced occlusion is essential. ?1?2,
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In addition to the accuracy of the measurement
methods, the use of bilateral balanced occlusion in
completely edentulous patients has been shown to
improve patient satisfaction and oral function. A
study that bilateral balanced occlusion was associat-
ed with improved masticatory efficiency and overall
patient satisfaction in complete denture patients ?®.

CONCLUSION

There is an insignificant difference between
cone beam CT and TMJ digital tracing for recording
the Bennett angle and their effect on the occlusion
of complete dentures. Both methods can be used
interchangeably for this purpose, depending on the
clinician’s preference.

RECOMMENDATION

ARCUS  digmall
interchangeability and promising to be used in
Bennett angle as cone beam CT, so it can be used as

seemed reliable in

an alternative technique for that. Further study for
Arcus digmall in the complete denture to evaluate
its effect on occlusion.
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