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Evaluation of maximum contact jaw position across three
head postures using digital technology in TMD and Non-TMD
patients

Rangsima Jareeburanaphapa’, Sunee Pongrojpaw’, Touch Itthikul’, Somsak Mitrirattanakul®

" Residency Training Program in Occlusion and Orofacial Pain, Department of Masticatory Science, Faculty of
Dentistry, Mahidol University, Bangkok, Thailand
2 Department of Masticatory Science, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Objectives: To investigate how head posture affects maximum contact jaw position (MCJP) in patients with
temporomandibular disorder (TMD) and non-TMD conditions, and to compare the subjective perception of MCJP
with the actual measurements under various head postures.

Materials and Methods: This case-control study included 68 participants comprising both TMD (n=34) and
non-TMD (n=34) patients. The evaluation of head postures included three positions: supine, normal upright,
and alert feeding positions. To record MCJP, we utilized the Three shape® TRIOS 3 WIRE Pengrip and TRIOS
Cart S1A systems. The data were analyzed using the Ceramill® program to assess the variations in MCJP across
the three head positions in vertical, anteroposterior, and mediolateral directions. Additionally, we obtained
participants’ perceptions regarding the differences in MCJP experienced during the three head positions.
Results: Patients with TMD and non-TMD did not exhibit significant differences in MCJP distance, except in the
vertical direction, where the MCJP distance differences between the supine and alert feeding head positions
were statistically significant (p=0.04). In both non-TMD and TMD patients, a significant relationship was found
between their perceptions of head posture’s influence on MCJP and the actual digitally measured MCJP
differences across all head positions and directions (p<0.05 all positions).

Conclusions: MCJP differs in varied head positions, particularly in the vertical dimension between supine and
alert feeding postures, and these measurable differences align with participants’ perceptions in both TMD and
non-TMD groups.
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Introduction

Oceclusal contacts have a significant impact
on various human functions, including chewing,
swallowing, and speech. The term maximum
contact jaw position (MCJP) refers to the position
of the mandible when the teeth achieve their
maximum intercuspal contacts. This differs from
maximum occlusal contacts (MOC), which
describes the specific tooth-to-tooth contact
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points when the mandible is in MCJP [1, 2] . MCJP
is a crucial reference for dental treatments,
as it represents the stable end position of the
mandible during mastication and other functional
activities.

During mastication, MCJP occurs slightly
after the initial working side contact. The
neuromuscular system regulates this position
through proprioceptive input from the periodontal
ligaments, which controls jaw movements [3].
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The initial contact of teeth and mandibular movement
are governed by the neuromuscular regulation of
the masticatory muscles. Subsequently, the tooth
inclines guide the jaw into the maximum intercuspal
position [4, 5]. Any alterations in occlusal contacts
can lead to occlusal instability and affect the
activity of the masticatory muscles. Recent studies
have suggested that occlusal abnormalities
may be potential contributing factors to
temporomandibular disorders (TMD) [6, 7].

Occlusal perception enables individuals
to sense how their teeth interact during function.
This perception depends on sensory input from
various structures, including the teeth and
periodontium. Sensorimotor neuroplasticity
mechanisms influence how well a person adapts
to changes in oral perception caused by dental
treatments [8]. This adaptation process is
particularly relevant for TMD patients, who may
have altered proprioception and pain perception
in the orofacial region [9, 10].

Head posture is determined by a complex
equilibrium of tension among the craniocervical
bones, myofascial structures, and dental
occlusion. The upper cervical spine acts as
an intermediary connecting the head and the
trunk [11]. Neuroanatomical connections
between the oral and cervical regions actively
influence mandibular movement functions and
cervical positioning. Studies have demonstrated
a relationship between the activity of the
sternocleidomastoid muscle and the jaw
closing muscles involved in mastication and
involuntary clenching [12-14]. Additionally,
occlusal treatments have been found to alleviate
pain in the region of the sternocleidomastoid
muscle [15]. Since this muscle plays a role in
controlling head position, it is possible to
hypothesize that occlusion could influence head
position, and conversely, that head position could
affect occlusion.
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The masticatory muscles are subject to
multiple influences, such as cervical posture,
gravitational force, control from higher centers,
and reflexes. These factors collectively impact the
resting position and direction of mandibular
closure [16]. Alterations in head position can
significantly influence the biomechanics of the
temporomandibular joint (TMJ) and related
structures [17, 18]. Recent evidence suggests that
TMD patients often present with altered head and
neck postures compared to non-TMD individuals
[19, 20]. This relationship underscores the
importance of considering head posture when
evaluating and treating occlusal issues, particularly
in TMD patients.

In clinical practice, dentists commonly
utilize the supine and upright positions when
performing various procedures, particularly
restorative treatments. On the other hand, the
active or alert feeding position (approximately
30° flexion) represents the natural position during
daily activities, including mastication [21].
Changes in head posture are believed to affect
dental occlusion [22]. The sliding cranium theory
explains how changes in head posture can
influence the occipito-atlantal joint, which can
have effects on the maxilla and, consequently,
on occlusion [17]. Although most studies suggest
a relationship between head posture and occlusal
contacts, the methodologies employed in
previous research have been limited by
technological constraints, often showing
inconclusive relationships due to the subtle nature
of the changes observed.

Traditional methods for evaluating occlusal
contacts, such as articulating paper or wax
registrations, lack the precision necessary to
detect subtle changes in MCJP across different
head positions. The advent of digital technology
in dentistry has introduced new possibilities
for occlusal analysis with greater accuracy.
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Intraoral scanners (IOS) have been validated for
their precision in recording occlusal relationships
[23-26], making them suitable for studying the
influence of head posture on MCJP.

Therefore, this research aims to investigate
the impact of head posture on MCJP in both TMD
and non-TMD patients using digital technology.
Our primary objective is to determine whether
MCJP differs across three head positions (supine,
normal upright, and alert feeding) and whether
these differences vary between TMD and
non-TMD patients. Our secondary objective is to
compare participants' subjective perception of
MCJP differences with the actual measurements
across different head postures.

Materials and Methods

Participants

This case-control study included a sample
of 68 patients from the Faculty of Dentistry,
Mahidol University. The sample size was
determined through calculation based on the
standardized effect size (expected effect size
divided by the standard deviation of the outcome
variable) regarding previous studies on head
posture and occlusion [27]. The sample was
selected using purposive sampling.

The participants were between 18 and
75 years of age and had a minimum of 24 teeth
(excluding only anterior teeth or third molars
[2, 28, 29]. Additionally, all participants had good
communication skills to ensure accurate reporting
of their perceptions. The participants were divided
into two groups: Group A (34 individuals)
comprised non-TMD patients without any signs or
symptoms of TMD. Group B (34 individuals)
consisted of TMD patients diagnosed according
to the Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) [30], based on their

presenting signs and symptoms, including pain
in the temporomandibular joint region, limited
jaw movement, joint sounds, and/or muscle
tenderness.

Exclusion criteria for both groups included
limited mouth opening (less than 40mm), ongoing
orthodontic treatment, and the presence of
fixed or removable prostheses replacing
posterior teeth [31, 32]. Patients with preexisting
forward head posture were not specifically
excluded; however, standardized head positions
were ensured during measurements using
a goniometer, as described in the postural
evaluation section.

The examiner was not blinded to the group
allocation as the TMD diagnosis was necessary
for patient categorization. However, to minimize
bias, the digital measurements were analyzed
using standardized software algorithms without
examiner intervention during the quantitative
assessment phase.

Equipment

3 shape® TRIOS 3 WIRE Pengrip and
TRIOS Cart S1A intraoral scanner systems were
utilized to record intra-arch and inter-arch data.
This equipment was chosen for its validated
accuracy and precision in dental measurements
[24, 25].

Postural Evaluation

The study assessed three head postures:
supine position, normal upright position, and alert
feeding position (30 degrees flexion). The patients
were initially positioned in a supine position,
lying on their back in a horizontal position with
the dental chair parallel to the floor [1].

To ensure standardization, a goniometer
was employed to measure the normal upright
position and active feeding position. During
the normal upright position assessment,
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patients were seated on a dental chair with the
backrest vertical and their heads unsupported.
The goniometer was placed over the external
auditory meatus, with the distal arm aligned to the
base of the nares. The proximal arm of the
goniometer was held perpendicular, with
a measurement of 90 degrees [1, 33]. (Figure 1-A)

In the alert feeding head position, the
goniometer was set at 30 degrees for the angle
between the proximal and distal arm, creating
a forward head flexion position that simulates the
natural position during eating [1, 33]. (Figure 1-B)

Data Collection

Patient Information

Patient information, including gender, age,
and the patient's perception of the impact of head
posture on MCJP, was gathered through
a questionnaire. Occupation data were collected
but not included in the final analysis, as this
variable was not found to be relevant to the study
objectives.

Occlusal Evaluation

The occlusal evaluation began with the
patient in the supine position. Intra-arch scans of
the maxillary and mandibular dentition were
performed using the intraoral scanner. Before bite
registration, patients were trained to close their
mouths to achieve MCJP. This position was
repeated several times to ensure consistency.
The intra-arch and inter-arch data were merged
using the artificial intelligence of the 3 shape®
TRIOS system.

Subsequently, the patient was positioned
in the normal upright and the alert feeding
positions. Inter- arch recordings for the MCJP
were then performed using a bite registration scan
for each position. After completing all scans,

patients were asked: "Do you feel the maximum
occlusal contacts different between 3 head
positions?" Their responses were recorded as
“Yes” or “No.”

Figure 1

A- Normal upright position (goniometer measured at 90 degrees)

B- Alert feeding position (goniometer 30 degrees by measuring the angle between the

proximal and distal arms)
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Data Analysis

The study analyzed data obtained from
intraoral scanners using the Ceramill® program to
investigate the influence of head postures on
MCJP. The Ceramill® program evaluates
alterations in the position of the mandibular arch
by aligning the digital scans of the maxillary arch
taken from two different head postures.

The measurements focused on changes in
the direction and distance of MCJP, using the right
and left mandibular canines and right and left
mandibular first molars as reference teeth. The
software measured the distance differences in the
vertical (V), anteroposterior (AP), and mediolateral
(ML) directions.

For consistency, a distance difference of
>0.2mm was considered significant, based on the
resolution capabilities of the scanner and previous
studies on clinically significant occlusal
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discrepancies [34]. In cases where the alterations
in each tooth did not match, the maximum distance
difference was selected as the representative
MCJP distance difference for each patient.

The head position comparisons included:
Supine position versus upright position, supine
position versus alert feeding position, and upright
position versus alert feeding position (Figure 2).

Statistical Analysis

The demographic data and distance
differences among different head positions were
analyzed using independent sample t-tests and
Chi-square tests. The agreement between the
patient's perception and the actual presence of
MCJP distance differences was assessed using
the McNemar test.

A p-value of <0.05 was considered
statistically significant. The data were evaluated
using IBM SPSS Statistics, Version 26.0.
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Figure 2 Ceramill® program works by superimposing the upper arch of 2 head postures bite

registration scans to combine as one and check the alteration of mandibular arch position.
Changes in direction and distance of the MCJP were measured
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Ethical Consideration

The study obtained approval from the
MU-DT/PY-IRB research ethics committee at
Mahidol University's Faculty of Dentistry, with
reference number MU-DT/PY-IRB 2020/075.2711.
Prior to participation, all participants provided
written informed consent. All methods were
performed in accordance with the relevant
guidelines and regulations.

Results

Demographic Data and MCJP Differences Between
Groups

Regarding demographic data, there was
a significantly higher number of younger patients

in the non-TMD group (Table 1). The independent
t-test comparing MCJP distance differences
between non-TMD and TMD patients revealed
a significant difference only in the vertical direction
of the supine versus feeding head position
(p=0.04).

Table 1 shows the comparison of MCJP
distance differences between TMD and non-TMD
groups across all measured directions and head
position comparisons. The mean vertical MCJP
distance difference between supine and feeding
positions was 0.48 + 0.54 mm in the non-TMD group
and 0.26 £ 0.29 mm in the TMD group. The positive
values indicate that the mandible is positioned
more superiorly in the feeding position compared
to the supine position in both groups, with a greater
magnitude of change in the non-TMD group.

Table 1 Demographic profiles, MCJP distance differences and patient's perception of MCJP distance
differences in non-TMD and TMD patients.
Variables Non-TMD TMD p-value
(n=34) (n=34)
Gender
Female (n=52) 27 (79.4%) 25 (73.5%) 0.567
Male (n=16) 7 (20.6%) 9 (26.5%)
Age
Aged 18 to 45 (n=60) 33 (97.1%) 27 (79.4%) 0.024*
Aged 46 to75 (n=8) 1(2.9%) 7 (20.6%)
Job
Working (n=17) 6 (17.6%) 11 (32.4%) 0.161
Studying (n=51) 28 (82.4%) 23 (67.6%)
MCJP distance differences between
different head positions (mm.) mean (SD)
Antero-posterior direction
Supine-Upright 0.3 (0.36) 0.21 (0.3) 0.29
Upright-Feeding 0.3 (0.41) 0.19 (0.31) 0.24
Supine-Feeding 0.4 (0.46) 0.24 (0.35) 0.12
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Table 1 Demographic profiles, MCJP distance differences and patient's perception of MCJP distance
differences in non-TMD and TMD patients. (continued)

Variables Non-TMD TMD p-value
(n=34) (n=34)
Medio-lateral direction
Supine-Upright 0.37 (0.47) 0.27 (0.41) 0.34
Upright-Feeding 0.39 (0.45) 0.27 (0.37) 0.26
Supine-Feeding 0.46 (0.49) 0.33 (0.4) 0.26
Vertical direction
Supine-Upright 0.38 (0.47) 0.24 (0.36) 0.18
Upright-Feeding 0.41 (0.55) 0.24 (0.25) 0.1
Supine-Feeding 0.48 (0.54) 0.26 (0.29) 0.04*

Patient’s perception of
MCJP distance differences

27 (79.4%)
7 (20.6%)

no perceived differences

perceived difference

28 (82.4%)
6 (17.6%)

MCJP: maximum occlusal contactjaw position, non-TMD patients: patients who haven’'tany compliance with TMD, TMD: Temporomandibular

disorder; TMD patients: patients who have compliance with TMD;
* significant at p<0.05

No significant differences were found
between TMD and non-TMD groups in the
anteroposterior or mediolateral directions, nor any
direction when comparing supine versus upright
or upright versus feeding positions.

Within-Group MCJP Differences Across Head
Positions

When analyzing within-group differences
across the three head positions using paired
t-tests, significant differences (p<0.05) were found
in the vertical direction for both TMD and non-TMD
groups when comparing: supine versus upright
positions, supine versus feeding positions, and
upright versus feeding positions. The largest mean
difference was observed between supine and
feeding positions in both groups, with the mandible
positioned more superiorly in the feeding position.

Patient Perception of MCJP Differences

Approximately 80% of both TMD and
non-TMD patients perceived no difference in
MCJP between different head postures,
despite the measurable differences detected by
the digital analysis.

In both non-TMD and TMD patients,
a significant relationship was found between
their perceptions of head posture's influence on
MCJP and the actual digitally measured MCJP
differences across all head positions and
directions (Tables 2 and 3). This indicates
that participants who perceived differences in
MCJP across head positions could reliably
detect actual differences, while those who reported
no differences typically showed minimal changes
in digital measurements.
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Discussion

This study utilized digital technology to
investigate the impact of head posture on
maximum contact jaw position (MCJP) in TMD and
non-TMD patients. The use of an intraoral scanner
was chosen due to its reliability, accuracy, and
user-friendly operation compared to the traditional
method [23-26, 35]. To capture changes in both
direction and distance of MCJP accurately,
we measured four specific teeth (tooth numbers
33, 43, 36, and 46) as reference points. This approach
was necessary because alterations in MCJP can
occur in all directions, and these four teeth served
as representative indicators for anteroposterior,
vertical, and mediolateral positions.

Our study revealed significant MCJP
distance differences in the vertical direction only,
specifically between the supine and feeding
head positions, with the non-TMD group showing
a greater magnitude of change compared to
the TMD group. This finding aligns with several
previous studies. For instance, Kibana et al.
demonstrated that altered head posture can impact
mandible position [22]. Similarly, Haralur et al.
utilized T-SCAN and observed significant changes
in initial occlusal contact at all head postures [1].

The predominance of vertical changes over
anteroposterior or mediolateral changes can be
explained by several factors. First, the vertical
dimension is more susceptible to gravitational
forces when head position changes. Second,
the morphology of the temporomandibular joint
allows for greater freedom of movement in the
vertical dimension compared to other directions.
Third, the masticatory muscles, particularly the
elevators (masseter, temporalis, and medial
pterygoid), may adjust their activity more readily in
response to head position changes to maintain
functional occlusion [36, 37].

The finding that non-TMD patients showed
greater vertical MCJP changes than TMD
patients suggests that altered neuromuscular
control may exist in the TMD population. This is
consistent with recent research showing that TMD
patients exhibit different muscle activation patterns
and proprioceptive awareness compared to
healthy individuals [38, 39]. The more stable
MCJP muscle guarding and in the TMD group
might reflect compensatory mechanisms to
maintain functional occlusion despite potential
joint or muscle dysfunction.

The relationship between head posture
and MCJP can be explained by the complex
equilibrium of tension among craniocervical
bones, myofascial structures, and dental occlusion
that collectively maintain head position [11].
Changes in cervical posture directly influence
mandibular closure patterns and masticatory
muscle activity, demonstrating a clear correlation
between head position and mandibular posture.
Tingey et al. established that mandibular
movement patterns are regulated not only by
rotational mechanics but also by head support
and body positioning [40]. When head position
changes, neurophysiological mechanisms activate
vestibular, cervical, articular, and muscle receptors
that regulate postural control. This activation
modifies both general muscle tone and specifically
affects masticatory muscle activity [41]. These
interconnected systems explain why even subtle
changes in head posture can produce measurable
alterations in MCJP.

Previous research has primarily focused on
anteroposterior and vertical dimensions of
mandibular position changes. Mohl [33]
hypothesized that forward head flexion produces
a more anterior mandibular closing path, while
posterior head positioning results in a more
posterior closure pattern. Goldstein et al. [16]
demonstrated that anterior head inclination from
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the normal position decreases freeway space.
Our study examined all three dimensions (vertical,
anteroposterior, and mediolateral) but found
significant differences only in the vertical direction.
This finding can be attributed to the inclination of
occlusal tooth morphology, where anteroposterior
and mediolateral positional changes manifest
primarily as vertical dimensional alterations due to
the cusp-fossa relationships that guide mandibular
closure.

Our study revealed a significant correlation
between patients' subjective perception and
objectively measured MCJP differences in both
TMD and non-TMD groups. This finding indicates
that patients can reliably sense alterations in
their mandibular position across different
head postures, regardless of their TMD status. The
ability to perceive occlusal changes depends on
the sensitivity of periodontal mechanoreceptors
and the individual's attention to oral sensations [8].
Importantly, approximately 80% of participants
reported no perceived differences despite
measurable digital changes, suggesting that
subtle MCJP alterations (in the range of 0.2-
0.4mm) often occur below the threshold of
conscious perception. However, when patients do
perceive differences, these perceptions correlate
strongly with actual measured changes [42].
This has significant implications for clinical
practice, as patients may experience functional
problems from MCJP changes that are not
immediately apparent to them or easily detected
through traditional clinical examination methods.

The study by Ransjo and Thilander [43]
provides additional context, showing that patients
with combined myogenic and articular TMD
disorders demonstrate poorer mandibular position
perception compared to those with purely
myogenic conditions. This suggests that joint
dysfunction may compromise proprioceptive
feedback mechanisms. TMJ receptors contribute
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significantly to perceptual awareness of jaw
position, movement patterns, and occlusal contact
discrimination [44]. The proprioceptive function of
the TMJ directly influences neuromuscular control
of jaw movements [44]. Given these findings,
future research should investigate whether
different TMD subtypes (myogenous vs.
arthrogenous) exhibit distinct MCJP response
patterns to head position changes, which could
inform targeted treatment approaches.

Clinical Implications

The finding that MCJP changes with head
position, particularly in the vertical direction,
carries significant clinical implications that
challenge current dental practice protocols.
Traditionally, dentists perform occlusal evaluations
and adjustments with patients in the supine
position for optimal access and visibility. However,
patients function primarily in upright and alert
feeding positions during daily activities such as
chewing, swallowing, and speaking.

Our results demonstrate that occlusal
relationships established in the supine position
may not accurately represent functional occlusal
contacts in upright positions. This discrepancy is
particularly pronounced for non-TMD patients,
who showed greater vertical MCJP changes
between positions (0.34+0.15 mm vs. 0.27+0.12 mm
in controls). The clinical significance becomes
apparent when considering that changes of this
magnitude can create premature contacts or
occlusal interferences.

Recommended Clinical Protocol Modifications

1. Multi-Position Occlusal Evaluation:
Clinicians should assess occlusal contacts in multiple
head positions, particularly when performing extensive
restorative work. This evaluation should include both
supine and upright positions, with special attention
to the alert feeding position (30° head flexion).
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2. Digital Occlusal Analysis Integration:
Traditional methods such as articulating paper
may not detect the subtle MCJP changes identified
in this study. Digital occlusal analysis systems
offer superior precision for detecting these
clinically relevant but small-magnitude changes
that could impact patient comfort and function.

3. TMD Patient Considerations: Although
TMD patients demonstrated lesser variability
across head positions, they still require in MCJP
careful multi-position occlusal evaluation. Occlusal
adjustments should be verified in functional
positions to ensure optimal treatment outcomes.

4. Post-Restoration Verification: Following
restorative procedures, final occlusal adjustments
should be confirmed in upright positions to ensure
harmony with functional jaw positioning. This is
especially critical for posterior restorations that
significantly influence MCJP.

Limitations and Future Directions

Several important limitations should be
considered when interpreting these results.
First, the cross-sectional study design prevents
establishment of causal relationships between
head posture changes, MCJP alterations, and
TMD development or progression. Longitudinal
studies are needed to determine whether MCJP
variations across head positions contribute to
TMD onset, result from existing TMD pathology, or
represent adaptive mechanisms.

Second, our TMD group was not subdivided
by specific diagnostic categories according to
the DC/TMD classification system. Future research
should investigate whether myogenous, arthrogenous,
or mixed TMD subtypes demonstrate distinctive
MCJP response patterns to head position changes.
Such differentiation could inform targeted
treatment strategies and help predict which
patients are most likely to benefit from
multi-position occlusal evaluation.

Third, while our digital measurement
approach provided high precision (0.2mm
resolution threshold), the long-term clinical
significance of these measured differences
requires further validation. Future studies
should correlate subtle MCJP changes with
functional outcomes, symptom severity, treatment
response, and patient-reported quality of life
measures.

Fourth, our study examined static head
positions rather than dynamic functional
movements. Future research should explore
MCJP changes during actual functional activities
such as chewing, swallowing, and speaking
to better understand the clinical relevance of head
posture effects on occlusion.

Conclusion

This study demonstrates that MCJP differs
significantly across head positions, particularly in
the vertical dimension between supine and
alert feeding postures. Non-TMD patients exhibited
greater vertical MCJP changes compared to TMD
individuals, suggesting compensatory mechanisms
and altered neuromuscular control in TMD
population. The strong correlation between
patients’ perceptions and objectively measured
MCJP differences indicates that individuals
can reliably detect clinically relevant occlusal
changes across head positions.

These findings have important implications
for clinical practice, highlighting the potential
limitations of conducting occlusal evaluations
and adjustments solely in the supine position.
The integration of digital occlusal analysis
technology enables precise detection of subtle
MCJP changes that may be clinically significant
but difficult to identify through traditional
examination methods.
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Our results support the recommendation for
multi-position occlusal evaluation, particularly
when performing extensive restorative procedures.
This approach may improve treatment outcomes
by ensuring occlusal harmony across the range of
functional head positions encountered in daily
activities. Future research should focus on
establishing standardized protocols for clinical
implementation and investigating the long-term
therapeutic benefits of position-specific occlusal
treatment approaches.

Acknowledgements

We express our gratitude to the Faculty
of Dentistry, Mahidol University, for generously
providing research funding. Additionally,
we extend our thanks to the Digital Center at the
Faculty of Dentistry, Mahidol University, for their
valuable support in providing the research facility
and intraoral scanner for our study.

Conflict of Interest Statement

The authors declare that they have no
conflict of interest.

Data availability statement

The data that support the findings of
this study are available from the corresponding
author upon reasonable request.

136 M Dent J 2025 August; 45 (2): 123-138

References

10.

Haralur S, Al-Gadhaan S, Al-Qahtani A, Mossa A,
Al-Shehri W, Addas M. Influence of functional
head postures on the dynamic functional occlusal
parameters. Ann Med Health Sci Res. 2014
Jul;4(4):562-566. doi: 10.4103/2141-9248.139319.
Ross IF. Occlusal contacts of the natural teeth.
J Prosthet Dent. 1974 Dec;32(6):660-667. doi: 10.
1016/0022-3913(74)90076-6.

Turp JC, Schindler HJ, Pritsch M, Rong Q.
Antero-posterior activity changes in the superficial
masseter muscle after exposure to experimental
pain. Eur J Oral Sci. 2002 Apr;110(2):83-91.
doi: 10.1034/j.1600-0722.2002.11198.x.

Luschei E, Goldberg L. Neural mechanisms of
mandibular control: mastication and voluntary biting.
2011.

Seaver EP. The neuromuscular control of the mandible.
Am J Orthod Oral Surg. 1942 April;28(4):222-229.
doi: 10.1016/S0096-6347(42)90107-8.

Reinhardt R, Tremel T, Wehrbein H, Reinhardt W.
The unilateral chewing phenomenon, occlusion,
and TMD. Cranio. 2006 Jul;24(3):166-170. doi:
10.1179/crn.2006.027.

Manfredini D, Stellini E, Marchese-Ragona R,
Guarda-Nardini L. Are occlusal features associated
with different temporomandibular disorder diagnoses
in bruxers? Cranio. 2014 Oct;32(4):283-288. doi:
10.1179/2151090314Y.0000000008.

Palla S, Klineberg I. Occlusion and adaptation to
change: neuroplasticity and its implications for
cognition. In: Klineberg I, Eckert S, editors. Functional
occlusion in restorative dentistry and prosthodontics.
St. Louis (MO): Mosby; 2016. p. 43-53.

Gil-Martinez A, Paris-Alemany A, Lopez-de-Uralde-
Villanueva |, La Touche R. Management of pain in
patients with temporomandibular disorder (TMD):
challenges and solutions. J Pain Res. 2018 Mar;
11:571-587. doi: 10.2147/JPR.S127950.

Monaco A, Cattaneo R, Ortu E, Constantinescu MV,
Pietropaoli D. Sensory trigeminal ULF-TENS
stimulation reduces HRV response to experimentally
induced arithmetic stress: A randomized clinical trial.
Physiol Behav. 2017 May;173:209-215. doi: 10.1016/
j.physbeh.2017.02.014.




Maximum contact jaw position across head postures

E——————————————————————————————————————————————————————————————————————————————————————————— VRHIDOLDENTAL JOURNAL

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Michelotti A, Buonocore G, Manzo P, Pellegrino G,
Farella M. Dental occlusion and posture: an overview.
Prog Orthod. 2011;12(1):53-58. doi: 10.1016/j.pio.
2010.09.010.

Davies PL. Electromyographic study of superficial
neck muscles in mandibular function. J Dent Res.
1979 Jan;58(1):537-5638. doi: 10.1177/0022034579
0580011701,

Kawamura T. Electromyographic study on the
activities of the neck muscles during various
mandibular movements. Kokubyo Gakkai Zasshi.
1983 Mar;50(1):94-115.

Yoshida K. Electromyographical analysis of function
of sternocleidomastoid muscle during occlusal
function. Kokubyo Gakkai Zasshi. 1988 Mar;55(1):
53-70. doi: 10.5357/koubyou.55.53.

Kohno S, Yoshida K, Kobayashi H. Pain in the
sternocleidomastoid muscle and occlusal
interferences. J Oral Rehabil. 1988 Jul;15(4):385-392.
doi: 10.1111/j.1365-2842.1988.tb00173.x.

Goldstein DF, Kraus SL, Williams WB, Glasheen-Wray
M. Influence of cervical posture on mandibular
movement. J Prosthet Dent. 1984 Sep;52(3):421-426.
doi: 10.1016/0022-3913(84)90460-8.

Makofsky H. The effect of head posture on muscle
contact position: the sliding cranium theory. Cranio.
1989 Oct;7(4):286-292. doi: 10.1080/08869634.1989.
11746268.

Makofsky HW, Sexton TR, Diamond DZ, Sexton MT.
The effect of head posture on muscle contact position
using the T-Scan system of occlusal analysis. Cranio.
1991 Oct;9(4):316-321. doi: 10.1080/08869634.1991.
11678378.

Saddu SC, Dyasanoor S, Valappila NJ, Ravi BV.
The evaluation of head and craniocervical posture
among patients with and without temporomandibular
Joint disorders- a comparative study. J Clin Diagn
Res. 2015 Aug;9(8):ZC55-58. doi: 10.7860/JCDR/
2015/12830.6343.

Ferreira MP, Waisberg CB, Conti PCR, Bevilaqua-
Grossi D. Mobility of the upper cervical spine
and muscle performance of the deep flexors in
women with temporomandibular disorders. J Oral
Rehabil. 2019 Dec;46(12):1177-1184. doi: 10.1111/
joor.12858.

Okeson JP. Mechanics of mandibular movement. In:
Okeson JP, editor. Management of temporomandibular

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

disorders and occlusion. 8th ed. St. Louis (MO):
Mosby; 2019. p. 68.

Kibana Y, Ishijima T, Hirai T. Occlusal support and
head posture. J Oral Rehabil. 2002 Jan;29(1):58-63.
doi: 10.1046/).1365-2842.2002.00794 .

Camardella LT, Breuning H, Vilella OV. Are there
differences between comparison methods used to
evaluate the accuracy and reliability of digital models?
Dental Press J Orthod. 2017 Feb;22(1):65-74. doi:
10.1590/2177-6709.22.1.065-074.0ar.

Atia MA, EI-Gheriani AA, Ferguson DJ. Validity of
3 shape scanner techniques: a comparison with
the actual plaster study casts. Biom Biostat Int J.
2015;2(2):64-69. doi: 10.15406/bbij.2015.02.00026.
Bukhari SAA, Reddy KA, Reddy MR, Shah SH.
Evaluation of virtual models (3 Shape Ortho System)
in assessing accuracy and duration of model
analyses based on the severity of crowding. Saudi
J Dental Res. 2017;8(1-2):11-18. doi: org/10.1016/j.
sjdr.2016.05.004.

Lemos LS, Rebello IM, Vogel CJ, Barbosa MC.
Reliability of measurements made on scanned cast
models using the 3 Shape R 700 scanner.
Dentomaxillofac Radiol. 2015:44(6):20140337. doi:
10.1259/dmfr.20140337.

Braun BL. Postural differences between asymptomatic
men and women and craniofacial pain patients. Arch
Phys Med Rehabil. 1991 Aug;72(9):653-656.

Korioth TW. Number and location of occlusal contacts
in intercuspal position. J Prosthet Dent. 1990 Aug;
64(2):206-210. doi: 10.1016/0022-3913(90)90180-k.
Gotfredsen K, Walls AW. What dentition assures oral
function? Clin Oral Implants Res. 2007 Jun;18 Suppl
3:34-45. doi: 10.1111/}.1600-0501.2007.01436.x.
Schiffman E, Ohrbach R, Truelove E, Look J, Anderson
G, Goulet JP, et al. Diagnostic criteria for
temporomandibular disorders (DC/TMD) for clinical
and research applications: recommendations of the
International RDC/TMD consortium network® and
orofacial pain special interest groupt. J Oral Facial Pain
Headache. 2014;28(1):6-27. doi: 10.11607/jop.1151.
Gupta S, Tarannum F, Gupta NK, Upadhyay M,
Abdullah A. Effect of head posture on tooth contacts
in dentate and complete denture wearers using
computerized occlusal analysis system. J Indian
Prosthodont Soc. 2017 Jul-Sep;17(3):250-254.
doi: 10.4103/jips.jips_321_16.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 137




MAHIDOL DENTAL JOURNAL

32.

33.

34.

35.

36.

37.

38.

Rangsima Jareeburanaphapa, et al

Ayub E, Glasheen-Way M, Kraus S. Head posture: a
case study of the effects on the rest position of the
mandible*. J Orthop Sports Phys Ther. 1984;5(4):
179-183. doi: 10.2519/jospt.1984.5.4.179.

Moh!l ND. Head posture and its role in occlusion. N'Y
State Dent J. 1976 Jan;42(1):17-23.

Saad MN, Weiner G, Ehrenberg D, Weiner S.
Effects of load and indicator type upon occlusal
contact markings. J Biomed Mater Res B Appl
Biomater. 2008 Apr;85(1):18-22. doi: 10.1002/
jbm.b.30910.

Kihara H, Hatakeyama W, Komine F, Takafuji K,
Takahashi T, Yokota J, et al. Accuracy and practicality
of intraoral scanner in dentistry: A literature review.
J Prosthodont Res. 2020 Apr;64(2):109-113. doi:
10.1016/}.jpor.2019.07.010.

Visscher CM, Lobbezoo F, Naeije M. Comparison of
algometry and palpation in the recognition of
temporomandibular disorder pain complaints.
J Orofac Pain. 2004:;18(3):214-229.

Armijo-Olivo S, Magee D. Cervical musculoskeletal
impairments and temporomandibular disorders.
J Oral Maxillofac Res. 2013 Jan;3(4):e4. doi: 10.5037/
jomr.2012.3404.

Mapelli A, Zanandréa Machado BC, Giglio LD, Sforza
C, De Felicio CM. Reorganization of muscle activity in
patients with chronic temporomandibular disorders.
Arch Oral Biol. 2016 Dec;72:164-171. doi: 10.1016/
j.archoralbio.2016.08.022.

138 M Dent J 2025 August; 45 (2): 123-138

40.

41.

42.

43.

44,

. Weber P, Corréa EC, Ferreira Fdos S, Soares JC,

Bolzan Gde P, Silva AM. Cervical spine dysfunction
signs and symptoms in individuals with
temporomandibular disorder. J Soc Bras Fonoaudiol.
2012;24(2):134-139. doi: 10.1590/s2179-64912012
000200008.

Tingey EM, Buschang PH, Throckmorton GS.
Mandibular rest position: a reliable position influenced
by head support and body posture. Am J Orthod
Dentofacial Orthop. 2001 Dec;120(6):614-622.
doi: 10.1067/mod.2001.119802.

Woda A, Pionchon P, Palla S. Regulation of mandibular
postures: mechanisms and clinical implications.
Crit Rev Oral Biol Med. 2001;12(2):166-178. doi: 10.
1177/10454411010120020601.

Morimoto Y, Oki K, lida S, Shirahige C, Maeda N,
Kawakami S, et al. Effect of transient occlusal loading
on the threshold of tooth tactile sensation perception
for tapping like the impulsive stimulation. Odontology.
2013 Jul;101(2):199-203. doi: 10.1007/s10266-012-
0072-3.

Ransjo K. Perception of mandibular position in cases
of temporomandibular joint disorders. Odontol Foren
T. 1963;71:134-144.

Crum RJ, Loiselle RJ. Oral perception and
proprioception: a review of the literature and its
significance to prosthodontics. J Prosthet Dent.
1972 Aug;28(2):215-230. doi: 10.1016/0022-3913(72)
90141-2.




