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ARTICLE INFO ABSTRACT
Article history: Background: Increasing the vertical dimension of occlusion (VDO) is a common procedure in
Received 3 September 2018 complicated prosthodontic treatment. The swallowing technique had been verified as a
Accepted 18 December 2019 functional method to determine the VDO. The purpose of this study was to investigate the
Available online 4 May 2021 association between increasing VDO and mandibular movement during swallowing.
Methods: 26 females and 14 males were enrolled (age range: 21 to 30 year-old). Under
Keywords: different increased VDO (3, 5, and 8 mm), the mandibular trajectory during swallowing was
Vertical dimension of occlusion measured by K7 Evaluation System (Myotronics®). When the subjects were instructed to
Swallowing salivary swallowing, the range of mandibular movement in vertical, anteroposterior and
Mandibular movement lateral directions were recorded.

Results: Increasing VDO significantly impacted the range of mandibular movement in
lateral direction during swallowing (p < 0.0001, F value = 40.09). The average variance of the
mandibular movement distance in lateral direction during swallowing raise 1.58 (p = 0.001);
3.59 (p = 0.0001) and 2.01 (p = 0.001) when th VDO was raised from 3 mm to 5 mm; from
3 mm to 8 mm and from 5 to 8 mm respectively. The range of mandibular movement was
significantly correlated to the increasing VDO (p < 0.05) under the analysis of the Post Hoc
test.

Conclusions: VDO was closely correlated to the trajectory of mandibular motion during
swallowing. The increase in VDO could change the extent of mandibular trajectory during
swallowing if the increase was more than 3 mm. The range of mandibular motion when
swallowing had positive correlative tendency as the VDO was increased.
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Vertical dimension of occlusion (VDO) is defined as the dis-
tance between two selected anatomic points when the
occluding members are in contact [1]. It is a controversial issue
to determine the proper VDO for prosthodontic rehabilitation
in dental clinic. Physiological VDO occurs at a range rather
than a specific constant position. Some studies confirmed that
the VDO is a highly adaptable position and the patients have
ability to adapt after increasing the VDO without adverse
consequences [2]. A variety of clinical methods had been
developed to determine the acceptable VDO, including the use
of vertical dimension of rest and freeway space [3], closest
speaking space method [4], cephalometric radiographs [5],
swallowing [6], pre-extraction records [7], facial analysis [],
and electromyography [9]. None of them has been shown to be
scientifically more accurate than any other and each method
has its own limitations [10]. Among these methods, the ver-
tical dimension of rest is frequently used to determine the
VDO in dental clinic. This method is derived from mandibular
manipulation, a central-bearing-point device or graphic eval-
uation [11]. However, the age-related and facial changes
usually interfere the measurements of VDO and physiologic
factors also play influence on the valid of the result [12].
Although there is no exact perfect technique to ensure the
accuracy of VDO, how to determine the VDO according to
physiologic pattern to reduce the adapting time in clinic is an
important issue.

Swallowing is one of the most important of biological
functions. At the beginning of the swallowing cycle, mandible
moves to the centric occlusion position, and the teeth come
together with light contact [13]. According to previous study,
the maxillomandibular relationship of VDO and centric rela-
tion can be determined based on repeated swallowing [6].
Other researches agreed the swallowing technique is a func-
tional method of recording the VDO [14]. Therefore, the
swallowing technique is recommended as a reliable method
for establishing the VDO of edentulous patients [15]. The po-
sition of the mandible during swallowing does not seem to be
a single position but rather an occlusal zone [14]. Gay et al.
observed that the extent of mandibular trajectory in swal-
lowing seems “float” within a relatively small vertical range
[16].

Increasing the VDO is most common procedure in patients
who need receive complicated prosthodontic treatment. Un-
derstanding the effects after increasing the VDO are pre-
requisites for many clinical situations. Although the
swallowing technique had been verified as a functional
method to determine the VDO, little information is related to
the impact of increasing VDO on the mandibular trajectory
during swallowing. The purpose of this study was to evaluate
the impact of increasing the VDO on the swallowing pattern
and we hope this study can provide clinician some physical
viewpoints to increase the VDO.

Material and methods
Study subject

A total of 40 subjects, including 26 female and 14 male pa-
tients, was enrolled in this study. This study was approved by

the Ethical Committee and Institutional Review Board of
Chang Gung Memorial Hospital, Linkou, Taiwan (101—4900B),
and all of the participants had signed the consent. The range
of age was from 21 to 30 years (average, 26.3 year-old). The
dental occlusion of this population invited in this study was
restricted to Angle Class I. They did not have temporoman-
dibular disorders, oral facial pain history and para-habitual
functional problems such as clenching, bruxism, etc. All the
subjects had full dentition, had no teeth attrition and no
chewing or neuromuscular problems.

Before we started this study, all subjects must be ensured
their VDO was not loss. This population was required that the
distance from the center of the pupil of the eye to a line pro-
jected laterally from the lips median line was equal to the
length from glabella to the subnasion in centric occlusion [17].
Those who suffered from VDO loss were excluded in this
study. The distance between the zenith of the gingival contour
of upper right central incisor and lower right central incisor
was measured with millimeter in maximal intercuspation.
The height of normal VDO was defined as the baseline (0 mm)
in this study (Fig. 1A). The acrylic leaf gauge was put in the
interocclusal space continuously to increase the VDO until the
height was increased to 3 mm, 5 mm and 8 mm compared to
baseline (Fig. 1B), then the dental impression brown com-
pound (KERR®) was used to record the maxillao-mandibular
relationship when the VDO was increased (Fig. 1C and D).
Avoiding the compound was too big to interfere the normal
swallowing pattern, it must be adjusted before the evaluation
is started. We had ensured the deglutition function when the
subjects worn the compound could not be affected. Multiple
previous studies utilized the reliable K7 Evaluation System
(Myotronics®) to monitor the jaw motion [18—20]. This
equipment could accurately trace the mandibular trajectory in
swallowing pattern. Initially, the magnet was attached on the
lower incisal gingiva and the trajectory of mandibular motion
was traced through the multiple sensor of this equipment.
The measured mandibular trajectory was defined as the dy-
namic change of mandibular position in swallowing. It rep-
resented the range of jaw motion from static mandibular
position. The subjects were instructed to voluntary swallow
with saliva (Fig. 2) then recorded the range of mandibular
movement in lateral, anteroposterior and vertical directions
measured by the instrument in different VDO (Fig. 3). The
cross mark indicated the mandibular position in centric rela-
tion and which was defined as the reference point (Fig. 3). To
compare the farthest distance of mandibular movement in
swallowing from the reference point was defined the variance
in different vertical dimension of occlusion. The 0 mm VDO
increased was regarded as comparison then placed the brown
compound in the posterior interarch space to increase VDO
3 mm, 5 mm and 8 mm gradually.

Statistical analysis

The statistical power (G* Power) helps study design to decide
the numbers of subjects. The variance analysis (ANOVA) was
used as statistical analysis for repeated measures. Mean and
standard deviation (SD) were shown in the range of mandib-
ular movement in lateral direction, anteroposterior direction
and vertical direction when swallowing. Post Hoc test was
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Fig. 1 Vertical dimension of occlusion (VDO) measurement. (A) The VDO was measured the distance between the zenith of the
gingival contour of upper right central incisor and lower right central incisor in maximal intercuspation (B) Put the acrylic leaf
gauge in the interocclusal space continuously to increase the VDO to 3 mm, 5 mm, and 8 mm (C) The dental impression brown
compound was used to record the maxillao-mandibular relationship in the increasing VDO status (D) Fill the space of the
acrylic leaf gauge with dental impression brown compound in the increasing VDO status.

performed to compare two different VDO increased group in
lateral direction. SPSS for Windows statistical software pack-
age version 19.0 was operated for these aforementioned ana-
lyses. Statistical significance was defined as p < 0.05.

Results

The results revealed increasing VDO significantly impacted
the range of mandibular movement in lateral direction during

Fig. 2 K7 Evaluation System (Myotronics®). The instrument
was applied to trace the trajectory of mandibular movement
while a participant was instructed to salivary swallow in
different increasing vertical dimension of occlusion.

swallowing (p < 0.0001, F value = 40.09) (Table 1). However,
there was no significant difference in anteroposterior direc-
tion and vertical direction (p = 0.193 and 0.073). The lateral
direction data were aimed to be further analyzed. To compare
the change of mandibular trajectory in deglutition under dif-
ference between the baseline 0 mm and the three groups as
increasing 3 mm, 5 mm, and 8 mm VDO by Post Hoc test (Table
2), the results showed that the average variance of the
mandibular movement distance in lateral direction during
swallowing raise 1.58 (p = 0.001) when the VDO was raised
from 3 mm to 5 mm. The average variance of mandibular
movement range during swallowing was significantly
increased 3.59 (p < 0.0001) with the VDO raised from 3 mm to
8 mm. Compared to the 5 mm VDO condition, once the dis-
tance was increased to 8 mm the average variance changed
2.01 (p < 0.0001). There was no significant difference between
the VDO in baseline 0 mm and in increasing of 3, 5, and 8 mm,
the average variance changed 0.591 (p > 0.05), 0.397 (p > 0.05)
and 0.351 (p > 0.05) respectively. There was significant differ-
ence between the lateral direction of mandibular movement
range in swallowing pattern and the increasing VDO.

Discussion

The increasing VDO is a frequent modality to facilitate dental
treatment, but the technique is still considerable debate.
Although the implication of increasing VDO is still a contro-
versial issue based on evidence, it is meaningful in rehabili-
tative procedure. More consistent and reliable determination
to increase VDO is worthy to be investigated. This was the
precursor research to investigate VDO change from physical
perspective. The freeway space in neutral dentition is 2—4 mm
[3], so the increase of 3 mm VDO was considered to be phys-
iological compatible. In 2012, Abduo and Lyons indicated the
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Fig. 3 Mandibular trajectory during swallowing. The range of mandibular movement in lateral, anteroposterior and vertical
view were measured in different VDO with the K7 Evaluation System (Myotronics®). The cross mark indicated the mandibular
position in centric relation and which was defined as the reference point (A). To compare the farthest distance of mandibular
movement in swallowing (B) from the reference point was defined the variance (A—B) in different vertical dimension of

occlusion.

5 mm maximum increase in VDO is safe and acceptable due to
the predictable patient adaptation [21]. Hence, in this study
the 5 mm increased VDO was defined as physiological limit. In
this study we tried to investigate whether the VDO increased
over physical adaptation significantly impact on the swal-
lowing pattern so we designed the 8 mm increased VDO.

Table 1 ANOVA for the different increasing vertical

dimension to the range of mandibular movement in
lateral direction during swallowing (n = 40).

VDO mean SD p-value
Lateral direction 0.0001
0 mm 1.03 0.45

3 mm 3.56 1.44

5 mm 5.14 1.82

8 mm 7.15 2.36
Anteroposterior direction 0.193
0 mm 0.29 0.15

3 mm 4.98 1.59

5 mm 4.32 1.47

8 mm 2.86 1.09

Vertical direction 0.073
0 mm 2.62 0.75

3 mm 7.31 2.38

5 mm 4.08 1.43

8 mm 4.05 1.34

Abbreviation: SD: standard deviation; VDO: vertical dimension of
occlusion.

The mean frequency of spontaneous swallowing is 1.32
cycle/minute [22], so deglutition is the most frequent physical
action every day. However, less literature investigated the jaw
motion in deglutition. The reason might be contributed to the
narrow range of mandibular movement is hard to be detected
during swallowing. Moreover, Gross et al. reported that there
was no significant extraoral improvement of facial tissues
appearance after increase of the VDO by 2—6 mm for dentate
individuals [23] and the extent of mandibular movements
were within a very small vertical range [16]. Hence, the study

Table 2 Post Hoc test was performed to compare the range

of mandibular movement in lateral direction between
two different VDO increased groups (n = 40).

() VDO () VDO average p-value 95% confidence
variance interval
) Lower  Upper
3 mm 0 mm 0.591 0.566 —0.63 1.812
5mm —1.58* 0.001 —2.578 —0.586
8 mm —3.59* 0.0001 —4.589 —2.597
5 mm 0 mm 0.397 0.818 -0.824 1.617
3 mm 1.58" 0.001 0.586 2.578
8 mm -2.01* 0.0001 —3.007 -1.015
8 mm 0 mm 0.351 0.865 -0.87 1.572
3mm 3.59* 0.0001 2.597 4.589
5mm 2.01* 0.0001 1.015 3.00

*p < 0.05.; Abbreviation: VDO: vertical dimension of occlusion.
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utilized the changed distance of gingival zenith of upper and
central incisor to define the increased VDO. The K7 Evaluation
System (Morita®) utilized in this study supplies useful sup-
ports in the diagnosis of body dysfunctions and are now being
applied to dental clinical practice [24]. That allows dynamic
investigation of mandibular movements in three dimensions
during different physiologic activities such as swallowing. The
magnetic induction of this equipment could more precisely
detect the jaw motion and we had also increased the sensi-
tivity of the instrument to enlarge the difference of trajectory.
Based on the viewpoint verified in the previous research [16],
we calculate the distance of jaw motion in the lateral direction
because the difference is more obvious even if the mandibular
trajectory in lateral, anteroposterior and vertical directions all
had been measured. The study design might overcome many
errors derived from subjective measurement in previous
research and increased the realism and validity.

Some investigations indicated increasing VDO may disturb
the dental physiology and masticatory mechanisms [25].
However, the result revealed the swallowing pattern could not
be significantly violated if increasing VDO less than 3 mm and
it was coincident to the previous study [26]. But when the VDO
increased over 3 mm, the mandibular movement in degluti-
tion revealed significant differences. This result was coinci-
dent to the consensus proposed in 1994 [16]. They puta 12 mm
plastic bite block between the molars to increase VDO then
found the movement trajectories of the oral structures were
highly variable, both within and among different individuals,
during swallowing. In our study the compound filling the
interdental space derived from the increasing VDO could
simulate the real swallowing status and that design also
reduced the interference the tongue thrusting in deglutition
pattern. One of the preliminary finding in this research indi-
cated the close association with increasing VDO and the range
of mandibular movement during swallowing in lateral direc-
tion (Table 1).

Clinically, an increase in VDO should consider the
remaining tooth structure, the space available for the resto-
ration, occlusal variables and aesthetics. Many articles
approved the feasibility of increasing VDO [21], but the mo-
dality used to increase the VDO in clinic lack consistency and
reliability until now [25]. Generally, the magnitude of
increasing the VDO for dentate individuals is limited to 5 mm
inter-incisally [26]. In the physical aspect, the study indicated
the significant difference of mandibular movement range
during swallowing once the VDO had been increased over
3 mm. This result was coincident to the statement proposed in
1984, the increasing VDO might interfere the masticatory
function or oral physiology [27]. Based on this result the
impact of VDO change on the pattern of jaw motion in
deglutition should be worthy of attention if the increasing
VDO is considered in clinic. In addition, this result also
showed to sum up the variance about the range of mandibular
movement derived from the VDO increased from 3 mm to
5 mm and 5 mm—8 mm was equal to the result of VDO from
3 mm to 8 mm. The clinical significance provided from this
outcome was the increase of VDO and the mandibular tra-
jectory during swallowing seemed had positive correlative
tendency. The physical impact in deglutition caused by direct
change VDO from 3 mm to 5 mm might be similar to result of

the gradual increasing VDO as the VDO was raised from 3 mm
to 5 mm first then increased from 5 mm to 8 mm later. This
consensus was similar to some author advocated the gradual
increasing the VDO in clinic is recommended because the
minimal change of VDO can be justified by physical adapta-
tion [28]. Furthermore, to find the physical tolerance of
maximal VDO might be further explored in another study.

Although this result provided multiple precursor findings,
there was still some limitation in the present study. From the
available studies, most of the negative consequences of
symptoms and signs followed on increasing VDO resolved
within two weeks [21]. The increasing VDO from 3 to 5, 5 to 8
and 3—8 mm resulted in significant changes in the trajectory
of the mandibular movement during swallowing. However,
the control group (0 mm increased in VDO) had no significant
different from 3, 5, and 8 mm increase in VDO (Table 2). This
reason we inferred that the study increased the VDO of each
subject in a short time then measured the data continuously
and the influence of physical adaptation was not considered
in this study. Whether the physical adaption makes the no
significance of increment compared to baseline is worthy to
further investigate. Hence, all subjects should be measured
the mandibular trajectory during swallowing again after the
data of the VDO increment had been recorded based on
physical adaptation consideration. It might affect the result
compared between 0 mm and 3 mm, 0 mm and 5 mm, 0 mm
and 8 mm. Hope the limitation of this research can be over-
come in the future. It is necessary to provide more under-
standing of the long-term effect on mandibular movement of
changing the VDO in the future. Besides, the age of samples
ranged from 20 to 30 years might not represent the typical
patients who need receive prosthodontics rehabilitation and
their neuromuscular function is healthy to adapt the VDO
change easily. All participants in this study were absence of
any VDO loss, and patients who suffered from extensive loss
of tooth structure may behave differently. Furthermore, the
increased VDO defined as the change of gingival zenith be-
tween upper and lower central incisor. The mandibular
midline shift might interfere the VDO measurement but the
interference had not been considered in the study design.
Hope these aforementioned limitations can be resolved in
future investigations. How to increase the realism of modality
to change the VDO is a valuable issue in dental clinic. To
investigate the topic from other physiological perspective is
the direction in further research.

Conclusions

The increased VDO plays a significant role on the mandibular
movement in deglutition. The increase in VDO could change
the extent of mandibular trajectory during swallowing if the
increase is more than 3 mm. The range of mandibular motion
while swallowing has positive correlative tendency as the
VDO increased.
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