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ABSTRACT

Purpose: Long lasting usage of complete dentures causes lower occlusal vertical dimension, producing potential detrimental 
consequences. The aim of this study was to investigate how changes in vertical dimension during denture exchange affect 
muscular activity and hyoid bone position.
Material and Methods: Twenty-five edentulous, otherwise healthy patients (14 females, 11 males) aged 70.5 +/- 9 years, 
wearing their dentures over 5 years but no longer than 15 years (mean 9.8 +/- 5.2), were studied. New dentures were fabricated 
and the occlusal vertical dimension was recorded on cephalometric radiographs. Cephalograms were analyzed according to 
Ricketts. The relation of the hyoid bone position to the mandible was estimated. An evaluation of muscular activity was 
performed using the Biopak Electromyography Recording System synchronized with the T-Scan II Occlusal Analysis System.
Results: The occlusal vertical dimension was higher with the new dentures compared with the old dentures. The transition to 
new dentures was accompanied by a change of the vertical position of the hyoid bone. Digastric muscle activity was lower with 
the new dentures in comparison with the old dentures 
Conclusions: Increase of the occlusal vertical dimension in complete denture wearers affects the hyoid bone position and 
masticatory muscle activity. 
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INTRODUCTION

The loss of teeth determines important changes in the 
masticatory system, which affects bone, oral mucosa and 
muscles. Both resorption of the alveolar bone and the reduced 
formation of new bone is reported, while a decreased number of 
receptors is found in the overlying mucosa during this process 
[1-3]. These changes in bone structure are characterized by 
upward rotation of the mandible with a subsequent decrease 
in the occlusal vertical dimension and an increase in 
mandibular prognathism. Sensory receptors such as muscle 
spindles, periodontal and intradental pressoreceptors strongly 
influence the activity of motor neurons and muscle control 
[3,4]. Prolonged use of complete dentures affects the hyoid 
bone position and is likely to influence craniofacial relations 
[5]. Several functional muscle groups that are attached to the 

hyoid are involved in both jaw movement and the swallowing 
process [6-9].  

One of the major problems in constructing complete 
dentures is the lack of reproducible reference structures for 
determining the occlusal vertical dimension [10,11]. Therefore, 
success in oral rehabilitation with complete dentures depends 
considerably on the clinical skills of the operator, and a precise 
assessment of the outcome is often difficult [12]. This study 
was aimed at determining the effect of changes in the occlusal 
vertical dimension during complete denture replacement on 
muscular activity and hyoid bone position. The objectives 
were to answer the questions of whether muscular activity 
following denture replacement was dependent on occlusal 
vertical dimension and whether the replacement produced 
alterations in hyoid bone position. 
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MATERIALS AND METHODS

The studied group consisted of 25 healthy white patients (14 
females, 11 males) aged 44 – 86 years (mean 70.5 +/- 9), 
who were referred to the Department of Prosthodontics at 
the Medical University of Bialystok to make new dentures. 
They had worn their existing appliances for over 5 yrs, but 
no longer than 15 yrs (mean 9.8 +/- 5.2). The mean time of 
edentulism was 17 years +/- 10. Most of the participants had 
used 2 sets of dentures prior to their recruitment to the study. 
All participants had skeletal Class I with a tendency to class 
III (ANB angle 1.70 +/- 0.80), which is typical of long-term 
use of complete dentures with decreased occlusal vertical 
dimension. Exclusion criteria were the presence of major 
medical problems or severe chronic diseases, oral disorders of 
soft or hard tissue, mandibular dysfunction and any pathology 
affecting mandibular movements.

New dentures were manufactured according to the 
structural standards used by the Department of Prosthetic 
Dentistry. During the determination of the vertical dimension of 
occlusion, physiologic rest position as a reference to the occlusal 
vertical dimension was used [13-17]. Additionally, during the 
procedure, cephalometric analysis was used to evaluate and 
verify the occlusal vertical dimension. Electromyographic and 
occlusal analysis was carried out to monitor the treatment. 
In order to analyze and determine changes in the occlusal 
vertical dimension, lateral radiographs were taken with 
the old dentures. Radiographs were analyzed according to 
Ricketts measurements for hard tissue evaluation [18] (Fig.1).

To determine the change in the occlusal vertical dimension, 
cephalometric X-ray with the old dentures in the intercuspal 
position was performed. It was planned to increase the  occlusal 
vertical dimension regarding mandibular rotation during 
denture replacement. Additionally, the radiographs were carried 
out on the first day of delivery of the new dentures, in order 
to confirm the compatibility of the occlusal vertical dimension 
with the measurements made previously. After three months 
(final adaptation) of wearing the new dentures, consecutive 
radiographs were performed to observe any possible changes. 
Lateral standardized cephalograms were taken of each subject 
by a technician using the same X-ray device and standardized 
procedure: the distance between the focus and the mid-sagittal 
plane was 152 cm, and between the film and the mid-sagittal 
plane was 10 cm. The values measured were not corrected for 
linear enlargement. The patient was not allowed  to swallow 
through the X-ray performance. A single examiner performed all 
cephalometric measurements. Subsequently, the new dentures 
were made and changes in skeletal measurements, hyoid bone 
position, muscular activity and occlusal parameters were 
observed. The vertical position of the hyoid bone in relation to 
the mandibular base was defined as the perpendicular distance 
from point hy (most anterior-superior point on the hyoid bone) 
to the mandibular line (ML), and the horizontal position as the 
distance from point hy to the mandibular line perpendicular 

(MLP). The evaluation of muscular activity was performed 
using the Biopak Electromyography Recording System 
(BioResearch, Inc, Milwaukee, WI) synchronized with the 
T-Scan II Occlusal Analysis System (Tekscan, Inc, Boston, 
MA). Recordings were made in the intercuspal position during 
clench with the old dentures, on the first day of delivery of the 
new dentures, two weeks later (primary adaptation) and three 
months after replacement (final adaptation). The Biopak EMG 
System records electrical activity from 8 muscles: the anterior 
temporalis, masseter, digastric and the sternocleidomastoid 
simultaneously. Surface EMG measurements were obtained 
by means of adhesive bipolar Ag/AgCl electrodes with an 
inter-electrode separation of 19 mm (center to center). The 
electrodes were attached to the skin, over the palpated main 
bulk of the contracted muscle and oriented parallel to the 
general direction of the muscle fibers. 

Figure 1. Morphological measurements according to Ricketts for 
hard tissue evaluation. 

A (subspinale): the deepest point in the midsagittal plane between the 
anterior nasal spine and prosthion, ANS (anterior nasal spine): the an-
terior point of the nasal floor, B (supramental) : the deepest point in 
the midsagittal plane between infradental and Pg, Co (condylion) : the 
most superior posterior point on condyle, FC (facial centre) : intersec-
tion of the Frankfort plane and the perpendicular through the posterior 
side of the pterygomaxillary fissure, Gn (gnation): most anterior and 
lowest point of the symphysis, Me (menton) : the lowest point of the 
contour of the mandibular symphysis, N (nasion) : most anterior point 
of nasofrontal suture in the midsagittal plane, Or (orbitale) : the low-
est point on the margin of the orbit, Pm (suprapogonion): point where 
curvature of the anterior contour of the symphysis changes from con-
cave to convex, Po (porion) the midpoint on the upper edge of the 
external auditory meatus, S (sella) middle point of sella turcica, Xi 
(xilion) the point placed in the center of the mandibular ascending ra-
mus, determined by the Frankfort plane and pterygomaxillary fissure, 
N-FC-A : used in the determination of the maxillary height, ANS-Xi-
Pm : used in the determination of the lower facial height, gonial angle, 
Facial axis angle (Ba-N/ Pm –Gn). 
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The T-Scan II Occlusal Analysis System allows for the 
quantification of occlusal contact data. The system consists of 
a sensor and a support, the handle assembly, the processing 
unit, software and a printer (Tekscan, Inc). When a patient 
closes his jaws firmly on the sensor, the resultant reduction in 
electric resistance is translated into an image on the screen. The 
integration and synchronization of the two separate systems 
affords the operator a real-time recording of occlusal contacts 
and the electrical potential of selected masticatory muscles in 
dynamic movie form [19,20].

The data were reported as means and standard deviations 
(SD). The Kolmogorov–Smirnov 1-sample test for testing 
the distribution of the variable for normality was used. The 
Student’s test for samples with a normal distribution was 
applied. The statistical package Statistica 5.0 was used 
for statistical calculations. Differences with P<0.05 were 
considered statistically significant. 
The protocol was approved by the Institutional Bioethic 
Committee. Informed written consent was obtained from the 
patients.

RESULTS

Tab. 1 shows the differences in skeletal parameters after an 
increase in the occlusal vertical dimension. The distance N-Me, 
ANS-Me and ANS-Xi-Pm angle in the new dentures, which are 
habitual for the occlusal vertical dimension, were statistically 
different compared with the old dentures (P <0.01). The mean 
value of ANS-Xi-Pm in the new dentures was comparable with 
the reference value of this angle. Similar observations have 
been made for the facial axis. The gonial angle was higher 
than the reference, being typical for edentulous patients. 

As a consequence of the occlusal vertical dimension 
changes, displacement of the hyoid bone position was found 
(Tab. 2). The vertical position of the hyoid bone (hy ML) had 
sufficiently decreased in comparison with the old dentures 
(P <0.05). A similar association was found with regard to the 
horizontal position (hy MLP), but this result was not statistically 
significant. The vertical position of the hyoid in relation to the 
mandibular plane (hy ML) was negatively correlated with the 
angle of the facial axis (r= - 0.488,  P <0.05). A significant 
positive correlation of the hyoid horizontal position (hy MLP) 
was found with respect to the facial axis angle (r= 0.517,  P 
<0.05), and a positive correlation was observed in relation to 
N-Me and ANS-Me distances and the ANS-Xi-Pm angle (r= 
0.456, r= 0.414, P <0.05). 

Muscular activity of the temporales, masseters and 
digastrics in occlusion on the first day of new denture insertion 
was significantly different compared with that in old dentures 
(Tab. 3). However, this reduced activity was maintained only 
for the digastrics through the three-month period of observation 
(P <0.05). A positive correlation was found between the 
muscular activity of the digastrics and the vertical position of 
the hyoid bone (hy ML), (r= 0.542, P <0.05).

Referencevalues Old dentures 1st day of delivery 3 months later

Distance N-ANS 56 ± 4 57 ± 4 56 ± 5

analysis N-Me 106 – 136 123 ± 10 129 ± 8* 128 ± 10*

(mm) ANS-Me 67 ± 9 73 ± 6* 72 ± 8*

Co-Gn 120 – 130 127 ± 7 127 ± 7 128 ± 7

Co-Go 68 ± 10 65 ± 6 65 ± 5

Angle N-FC-A 53º ± 0.4º 58.8 ± 4.1 58.3 ± 3.8 58.5 ± 4.0

analysis ANS-Xi-Pm 47º ± 4º 41 ± 6 47 ± 3* 46.9 ± 3.6*

(degree) Gonial angle 122º ± 6,9º 130 ± 6 129 ± 6.6 129 ± 7.3

Facial axis angle 90º ± 3º 94 ± 7 91 ± 4 92 ± 5

Table 1. Results of parameters of lateral craniofacial forms. Means and ± SD are reported.

N (nasion): most anterior point of nasofrontal suture in midsagittal plane, 
Me (menton): lowest point of the contour of mandibular symphysis,
ANS (anterior nasal spine): anterior point of nasal floor,
Co (condylion): most superior posterior point on condyle,
Gn (gnation): most anterior and lowest point of symphysis,
N-FC-A  used in determination of the maxillary height, 
ANS-Xi-Pm used in determination of lower facial height, 
Facial axis : Ba-N/ Pm –Gn. 
* statistical significance of differences in mean values (P<.01) in relation to old dentures

Old dentures 1st day of delivery 3 months later

Hy ML 23±6 19±5* 19±5*

Hy MLP 46±8 43±5* 45±7

Table 2. Vertical and horizontal hyoid bone position in relation to 
the mandible (mm).  Means and ± SD are reported.

Hy ML- vertical position = perpendicular distance from point hy to 
the mandibular line (ML), 
Hy MLP-horizontal position =distance from point hy to mandibular 
line perpendicular (MLP). 
* statistical significance of differences in mean values (P<.05) in 
relation to old dentures
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To evaluate the occlusal conditions, parameters such as the 
time of occlusion (time from the first contact of occluding teeth 
to maximal intercuspidation) and the time of disclusion (time 
from maximal intercuspidation to complete disclusion during 
lateral movement) were used (Tab. 4). The time of occlusion 
and the time of disclusion left and right decreased within the 
three months and the difference was significant compared with 
the old dentures (P <0.05).

DISCUSSION 

No single, reliable method is recognized as giving a precise 
determination of the occlusal vertical dimension in edentulous 
patients because of limited reproducible reference structures of 
orientation. In this study, it was decided to use cephalometric 
analysis for these purposes. This method would appear to be 
reliable and reproducible due to the advantageous conditions 
for the use of cephalometic X-ray. 

A number of reference measurements such as the ANS-
Xi-Pm angle were used to describe the lower facial height. 
This measurement related directly to the occlusal vertical 
dimension. It has been reported that the occlusal vertical 
dimension in edentulous patients suffering from advanced 
mandibular alveoral ridge resorption was reduced probably 
due to attempts to achieve denture stability [14]. Furthermore, 
different recordings of the rest position may be found 
between treatment visits and even during the same visit in 
the same patient [13,15-17]. Thus, restoration of the former 

oral conditions was made on the pattern of dentate subjects 
concerning with the ANS-Xi-Pm angle.

The observation regarding the position of the hyoid 
bone during denture replacement suggests that the reduced 
occlusal vertical dimension is associated with a decrease of the 
hyoid position. It is unclear whether this reduction increases 
mandibular ridge resorption and, consequently, produces 
positional instability of the lower denture [5]. It is difficult 
to predict whether the position of the hyoid bone will remain 
stable over a longer period of time. This may affect its vertical, 
but not necessarily perpendicular, position in relation to the 
mandible. The main reason for the large variability in the 
position of the hyoid bone is the multidimensional activity of 
the hyoid bone muscle groups. 

Muscular activities were altered after complete denture 
replacement in the studied patients. Not surprisingly, a decrease 
in activity was observed on the first day of delivery. During 
the adaptation process, the muscular activity of the temporales 
and masseters gradually increased. It has been suggested that 
during this period of three months, the activity of the masseters 
and temporales returned to a level similar to that found with 
the old dentures [3]. This was not observed in relation to the 
digastric muscles which remained at a low level of activity 
during clench throughout the duration of the study. There 
are contradictory reports as to whether muscular activities 
and facial morphology affect each other [6,7,12]. However, 
a patient has the possibility of adapting to an increase in the 
vertical dimension due to muscular function [9]. 

Old dentures 1st day of delivery 2 weeks later 3 months later

clench open clench open clench Open clench open

MTL 37±20 12±9 28±15* 11±8 31±15* 13±6 33±10 9±4

MML 34±19 13±11 25±10* 9±5 31±15 10±6 35±10 8±4

MDL 16±6 21±9 8±3* 17±7 8±4* 20±9 8±2* 18±11

STML 9±6 9±6 7±4 11±6 8±5 8±5 9±4 9±6

MTR 43±22 14±12 31±18* 11±7 31±16* 12±6 33±10* 8±3

MMR 38±20 12±10 27±10* 9±3 34±16 11±6 36±10 8±4

MDR 16±7 22±11 7±3* 17±8 8±4* 20±11 8±1* 17±13

STMR 8±4 9±4 8±5 10±7 8±6 9±6 7±4 8±5

MT- temporalis anterior muscle, MM- masseter muscle, MD- digastric muscle, STM- sternocleidomastoid muscle, L-left, R-right
* statistical significance of differences in mean values (P <0.05) in relation to old dentures

Table 3. Muscle activity levels (mV) registered using the Biopak EMG system.  Means and ± SD are reported.

TO- time of occlusion=time from first contact of occluding teeth to maximal intercuspidation
TD- time of disclusion= time from maximal intercuspidation to complete disclusion during lateral movement
* statistical significance of differences in mean values (P<.05) in relation to old dentures

Table 4. Occlusal analysis performed using the T-Scan II System (s). Means and ± SD are reported.

Old dentures 1st day of delivery 2 weeks later 3 months later

TO 0.43±0.18 0.42±0.13 0.41±0.17 0.36±0.1*

TD right 0.56±0.38 0.48±0.19 0.44±0.16 0.37±0.1*

TD- left 0.51±0.31 0.45±0.15 0.43±0.18 0.40±0.1*
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There is no published data concerning occlusal analysis 
with regard to the time of occlusion and disclusion among 
patients wearing complete dentures. The significance of 
the occlusion time is based on a measure of the degree 
of the bilateral simultaneous contacts. It is known that in 
subjects with their own natural dentition, teeth can occlude 
simultaneously in 0.1 seconds or less and that all teeth can 
measurably disclude immediately in less than 0.3-0.5 seconds 
[19]. The closer to 0.1 second that passes from the first to the 
last contact, the better the right side to left side, and the better 
the antero-posterior simultaneity is. So, the overall occlusal 
force balance is consequently distributed throughout the arch 
in a better way. This result indicates that the adaptation to the 
occlusal design occurs and muscular responses to the masseters 
and the temporales are considerably improved [20].

CONCLUSIONS

Increase in the occlusal vertical dimension in patients suffering 
from prolonged edentulism appears to lower the pre-treatment 
hyoid bone position. In addition, muscular activity levels, 
resultant from the increase in vertical dimension, appear 
to initially drop when new dentures are installed, only to 
return to near pre-treatment levels after a few months of new 
denture use. Despite the fact that radiographic determination 
of occlusal vertical dimension has been accomplished with 
variable treatment acceptance, in this study it was observed 
that cephalometric analysis can aid in recording the occlusal 
vertical dimension in edentulous patients.
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