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Abstract
Objective: The objective of this study was to quantify the
changing in edentulous maxilla and mandible bone beneath
complete dentures one year post dentures insertion and to
create a visual map of these changes.

Materials and Methods: Four edentulous patients were
provided by conventional complete dentures. CBCT were
acquired for these patients prior and one year post
dentures insertion. These radiographs converted to Mimics
research software where a 3-D model for maxilla &
mandible were calculated pre and post treatment for each
patient. For each patient, the pre & post model for both
jaws underwent to superimposition. Then these
superimposed models were sectioned at the same level to
ensure the same borders of jaws pre & post treatment. The
bone volume pre & post treatment for both jaws obtained
and the difference between these values calculated. Finally
these models exported to 3-Matic software to create
visualized maps for these changes.

Results: The average of reduction in the maxilla was 0.97%
while this average in mandible was 6.31%.

Conclusion: The three dimensional changes in the mandible
one year post denture insertion was about six times more
than maxilla. The high rate of resorption in mandible may
complicate the mandible complete denture treatment so
alternative treatment option should be considered for
mandible such as implant overdenture.

Keywords Maxilla and Mandible bone; CBCT; Dentures;
Radiographs; Superimposition; Resorption; Overdenture

Introduction
Conventional complete dentures have been used to restore

the edentulous patients for many decades. Several studies
showed an adequate patient’s satisfaction with complete
dentures. Carlsson reported 80 to 90% of patient’s satisfaction
with complete dentures [1]. Ellis found significant improvement
in patient’s satisfaction and life’s quality either in conventional

or duplicate denture [2]. Regarding complete dentures, Santos
showed that the patient’s satisfaction was more than
expectation in term of chewing, esthetics, and phonetic [3].

In the last three decades dental implants have been used
widely to stabilize the dentures. Mandible overdenture has been
recommended as the minimal standard of care for edentulous
patients [4]. Studies showed superiority of overdenture in
psycho-social [5], nutrition [6], and function [7] issues. Despite
these advantages of implant-overdenture, conventional
complete denture still widely used to restore edentulous
patients. Number of edentulous patient in USA only expects to
be 38 million in 2020 due to increasing age of the general
population [8]. The prevalence of edentulism in other countries
varied between 3- 80% among the elderly over 60 [9]. Large
number of these people is not interested in implant overdenture
and they prefer complete denture due to economic or medical
conditions [10].

Bone resorption under complete dentures is one the most
drawbacks of complete dentures, particularly mandibular
denture. Depending on cephalometric radiographs, Atwood
measured 0.1 mm and 0.4 mm annual bone loss in anterior
maxillary and mandibular ridge respectively, the mandibular
ridge loss was 4 times greater than maxillary ridge [11]. In 7
years period of follow up post dentures insertion, Tallgren also
found resorption in mandibular ridge 4 times than maxilla one
[12].

Al the previous studies utilized 2-D radiographs. The objective
of this study was to quantify the maxillary and mandibular bone
loss 1-year post denture insertion in 3-D manner to measure the
resorption more precisely and compare these changes with
other studies that used 2-D manner, as well as to create a clear
visualized map of this resorption in both jaws.

Materials and methodology
Four full edentulous patients were recruited for this study. All

the patients were healthy without serious diseases, American
Society Anesthesiologists classification 1 and 2 (ASA 1 and 2).
They restored with conventional complete dentures in balance
occlusion. All the prosthetic works in the clinic and the
laboratory were done by one clinician and one technologist.
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CBCT radiographs were taken at two stages, the first prior to
treatment and the second one year post treatment. Also these
images were taken by one radiographic technologist and by
utilizing the same CBCT machine and parameters (i-CAT.120 kVp,
18.45 mAs, and 20-s). These images were converted to Mimics
research software and underwent to cautious segmentation,
subsequently a 3-D model of mandible and maxilla were
calculated pre and 1 yr post treatment (Figures 1 and 2). The
models were first subjected to manual superimposition by
closing the models as possible then superimposition was
finalized using the Standard Tessellation Language technique
(STL).

Figure 1: 3-D model of Mandible (A) Mandible pre-treatment
3D-model, (B) Mandible 1-year 3D-model, (C) Super
imposition.

Figure 2: 3-D model of Maxilla (A) Maxilla pre-treatment 3D-
model, (B) Maxilla 1-year 3D-model, (C) Super imposition..

Following that, polyplanes were used to section the required
parts from both jaws which contain the bearing areas and
supporting bone and eliminate the other structures as well as to
ensure the same borders of pre & post models (Figures 3 and 4).

Figure 3: Sectioning the Mandible by using polyplanes.

Figure 4: Sectioning the Maxilla by using polyplanes.

The bone volume values were obtained from the software for
pre & post model of both jaws and the percentages of changing
were calculated for each patient (Figures 5 and 6).

Finally these models were sent to 3-Matic software to create
a clear visualized map of region and depth of jaws changing
(Figure 7).

Figure 5: Values of Mandible bone volume at pre & 1 year post treatment.
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Figure 6: Values of Maxilla bone volume at pre & 1 year post treatment.

Figure 7: 3-Matic software images of mandible and Maxilla.

Results
The results of mandible and maxilla bone changing arranged

in Table 1 and 2 respectively (Tables 1 and 2).

Table 1: Change in the mandible bone volume.

Volume of
Mandible at Pre-
treatment (mm3)

Volume of
Mandible at 1
year Post-
treatment (mm3)

Mandible Volume
Change (%)

1. 29478.37 28091.08 -4.71

2. 37451.06 33977.18 -9.28

3. 22218.45 20931.32 -5.79

4. 27812.9 26295.73 -5.45

Average -6.31

Table 2: Change in the maxilla bone volume.

Volume of
Maxilla at Pre-
treatment (mm3)

Volume of Maxilla
at 1 year Post-
treatment (mm3)

Maxillary Volume
Change (%)

1. 6756.28 6724.88 -0.46

2. 10736.94 10694.35 -0.40

3. 5879.45 5774.28 -1.79

4. 7897.23 7799.78 -1.23

Average -0.97

For the mandible changing the mean was–6.31%, standard
deviation SD=1.02%, median=-5.62%, and range=-9.28% to–
4.71% (Graph 1).

Graph 1: Mandible change.

While in maxilla the mean was –0.97%, standard deviation
SD=0.66%, median=0.85%, and range=-1.79% to–0.40% (Graph
2).
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Graph 2: Maxilla change.

Discussion
Despite high use of dental implants in restore dental function

in edentulous patients over the last few decades, conventional
complete dentures still the main method of restoring those
patients [13]. Complete dentures able to restore aesthetics,
function, facial contour, and satisfaction [14,15]. The continuous
resorption of mandible residual ridge may contribute to
retention loss of mandible denture with time. Bone resorption
following tooth extraction is a continuous permanent process.
Several reasons contribute to this phenomenon: anatomical,
metabolic, functional, and prosthetic reasons [16]. Several
studies tried to measure the bone reduction under dentures by
utilizing 2-D radiographs. Atwood and Tallegren found that bone
resorption in mandible is four times more than maxilla [11,12].
While in this 3-D study the mandible resorption was six times
more than maxilla.

Graph 3: Jaws reduction.

The volume of reduction in mandible in this study appears to
be higher than known from the previous studies while it is
almost the same for maxilla (Graph 3). This high rate of
mandible resorption will certainly reduce the prognosis of
mandible denture as well as encourages patients and clinicians
to use implant-retained overdenture to restore mandible.

Conclusion
Bone resorption associated with conventional complete

denture is much higher in mandible than maxilla as previous
studies confirmed. In this 3-D study the rate of this reduction

was about 6:1 (mandible to maxilla) and it was greater than
other showed in other 2-D studies which was 4:1. The high rate
of bone resorption in mandible affects the mandible denture
retention. As a large number of patients still prefer complete
dentures rather implant overdenture then more investigations
are required to avoid or minimize this resorption. Furthermore,
patient education regarding the importance and effectiveness of
implant-retained overdenture is required.
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