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Abstract
Purpose: The aim of this study was to compare vertical and horizontal mandibu-
lar alveolar bone resorption by measuring bone morphological variation in Kennedy
Class II removable partial denture (RPD) wearers and non-wearers using cone-beam
computed tomography (CBCT).
Materials and Methods: In total, 124 sites in the CBCT scans of 62 (29 RPD non-
wearers, 33 RPD wearers) Kennedy Class II patients were analyzed retrospectively.
Three-dimensional representations of the mandible with superimposed cross-sectional
slices were developed with the CBCT scans to evaluate the mandibular alveolar height
and width by measuring distances between the mandibular canal, mylohyoid ridge,
alveolar crest, and lower border of the mandible in four regions (eight sites) of Kennedy
Class II non-wearers and wearers of RPDs.
Results: Mandibular alveolar bone height and width were significantly lower in eden-
tulous sites when compared with dentate sites in both Kennedy Class II non-wearers
and wearers of RPDs (p < 0.05). Additionally, mean vertical and horizontal mandibu-
lar bone resorption was significantly higher in RPD wearers than in non-wearers
(p < 0.05).
Conclusions: Vertical and horizontal alveolar bone resorption was found to be higher
in the RPD wearing patients when comparing the dentate and edentulous sites.

Improving quality of life by restoring function and esthetics is
a major goal in the rehabilitation of removable denture users,
especially elderly patients. Gender, genetics, systemic condi-
tions, tooth loss sequence, duration of edentulism, and other
unknown factors influence the chronic remodeling/resorption
process of the edentulous jaw.1-5 Gross resorption of the edentu-
lous mandibular alveolar process, resulting in excessive loss of
the denture-bearing ridge, is a commonly encountered problem
in the prosthetic rehabilitation of elderly patients.6 Such ridge
resorption can vary among individuals, between and within
jaws, and over time.7

Previous researchers have stated that removable partial den-
ture (RPD) wear and pressure, represented in terms of time and
denture use, can be factors underlying residual ridge resorp-
tion.1,2,4,8 Merrot et al9 pointed out that the loss of teeth consid-
erably modifies not only the shape of the mandibular alveolus,
but also the mandibular base. Chrcanovic et al10 also stated that

the presence or absence of teeth can alter the mandibular shape
and that mandibular edentulism may be associated with spe-
cific changes in the mandible. Most studies have concluded that
alveolar resorption occurs vertically,2,7-9 but few studies have
examined horizontal resorption in the mandible.3,4 Researchers
have also observed that the basal area of the mandible is the
major site of bone loss under dentures.1,3,7,8,11

The significance of disuse atrophy of edentulous jaws has
often been suggested, indicating that good-quality dentures
should prevent residual ridge resorption, whereas lack of den-
tures would be expected to lead to increased bone loss; how-
ever, this concept was questioned in the 1960s, leading to the
new idea that denture-bearing jaws lost more bone than those
without dentures.4,12,13 Such inconclusive results are often seen
in the literature on denture-related bone resorption.4 Whether
mucosa- and/or tooth-supported RPD use is associated with
residual ridge resorption has not yet been clarified.
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Thus, it was considered worthwhile to evaluate and compare
vertical and horizontal mandibular alveolar bone resorption by
measuring bone morphological variation in Kennedy Class II
RPD wearers and non-wearers using cone-beam computed to-
mography (CBCT) imaging.

Material and methods
In total, 124 sites in the mandibles of 62 participants (35 men,
27 women), ranging in age from 42 to 76 years, who had cran-
iofacial CBCT scans, were investigated retrospectively. All pa-
tients had Kennedy Class II edentulism. Of the patients, 29
(17 men, 12 women) were RPD non-wearers and 33 (18 men,
15 women) were RPD wearers.

According to previous studies6,14 edentulous areas in the
mandible usually do not undergo severe atrophy during a pe-
riod of <5 years. Thus, this study included only patients with
a history of ≥5 years since extraction and, in RPD wearers,
≥5 years of RPD use. Patients with evidence of bone disease,
especially osteoporosis, and related drug consumption, skeletal
asymmetries, or trauma were excluded.

The age range of the RPD wearers was 55 to 76 years
(mean 59.7) and that of the RPD non-wearers was 42 to
61 years (mean 52.2). The retrospectively evaluated CBCT im-
ages were taken for pre-implant imaging.

This study was based on the retrospective evaluation of ra-
diographs. Thus, no ethical approval was necessary from the
local ethical committee because only archived data were used;
however, before taking any radiograph or performing any intra-
/extraoral examination, patients gave informed consent accord-
ing to the principles of the Helsinki Declaration, including all
amendments and revisions. The informed consent forms were
reviewed and approved by the institutional review board of the
faculty.

Collected data were accessible only to the researchers. More-
over, the observers only examined the radiographs and were
blinded to any other patient data in the radiographic examina-
tion procedure. No preferences were made regarding gender in
sample choice. Only high-quality scans were included. Low-
quality images, such as those with scattering or insufficient
accuracy of bony border visualization, were excluded.

A NewTom 3G (Quantitative Radiology s.r.l., Verona, Italy)
was used to make CBCT scan. A 9-inch field of view included

the mandibular and maxillary anatomy. X-ray parameters (kV,
mA) were automatically determined from scout views by the
NewTom 3G. Variation in exposure of up to 40% was possible,
depending on the size of the patient and the extent of beam
attenuation.

An 0.3-mm axial slice thickness was used, and the voxels
were isotropic. The axial images were exported as a 512 × 512
matrix in DICOM file format. They were then imported with
Maxilim software (ver. 2.3.0; Medicim, Mechelen, Belgium).
All constructions and measurements were performed on a
21.3-inch flat panel color active matrix TFT medical display
(Nio Color 3MP; Barco, Kortrijk, Belgium) with a resolution of
2048 × 1536 at 76 Hz and 0.2115 mm dot pitch, operated at
10 bit. A maxillofacial radiologist (KO) and a prosthodontist
(OO) who are experienced in 3D segmentation and evaluation
made high-quality 3D hard-tissue surface representations, com-
puted from the patients’ CBCT dataset in several stages, and
examined all images.

Bone and soft-tissue surfaces were segmented by applying a
threshold on the acquired image volume of radiographic den-
sities. Noise reduction was attempted without reducing actual
osseous anatomy. To begin the analysis, the segmented hard sur-
face representations of the skull were virtually rendered. After
semi-automated virtual standardized positioning of the skull,
high-quality 3D hard-tissue surface representations were com-
puted from the patients’ CBCT dataset. The axial and cross-
sectional CT radiographic slices were superimposed over re-
constructed 3D images (Fig 1). Measurements of the 3D images
were made on the 3D surface-rendered volumetric image with
superimposed cross-sectional slices using rotation and transla-
tion of the rendered images. Landmarks were identified using
a cursor-driven pointer.

First, eight mandibular areas in four regions of each pa-
tient were identified and characterized according to edentulism
(edentulous or dentate): the regions were the first premolar
(PM1), second premolar (PM2), first molar (M1), and second
molar (M2) regions. The modification spaces and correspond-
ing edentulous areas in the mandibular premolar and molar
regions of Kennedy Class II patients were excluded (Fig 2).

To evaluate the dentate areas, 3D superimposed cross sec-
tions were taken from the center of the teeth. Measurements
were made in the approximate center of the teeth on this
image.

Figure 1 3D image generated from volumetric
rendering software with axial and
cross-sectional CT radiographic slices, which
were superimposed over reconstructed 3D
images.
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Figure 2 First premolar (PM1), second premolar (PM2), first molar (M1),
and second molar (M2) measurement areas. The modification spaces
and corresponding edentulous areas in the mandibular premolar and
molar regions of Kennedy Class II patients were excluded.

To evaluate the edentulous regions, a plane was drawn
perpendicular to the mandibular plane in the approximate
center of the corresponding teeth on the same 3D image.
Measurements were then performed from this superimposed
cross-sectional image of the corresponding edentulous site
(Fig 2).

In total, 2238 measurements (1080 in RPD non-wearers,
1158 in RPD wearers) were made. Measurements were taken
between the nearest point of the mandibular canal (MC) and the
mylohyoid ridge (MR), between the alveolar crest (Crest) and
the MR, between the MC and Crest, and between the MC and
the lower border of the mandible (LBM; Fig 3). The total height
of the mandibular alveolar bone was also measured between the
Crest and LBM, while the width of the mandible was measured
from the level of the MR in dentate and edentulous sites in
RPD wearers and non-wearers (Fig 4). Additionally, the total
percentage of alveolar bone loss for each site was calculated
as the ratio of dentate to edentulous site measurements in RPD
wearers and non-wearers. The percentages of horizontal and
vertical alveolar bone loss were then compared statistically
between RPD wearers and non-wearers.

All measurements were taken twice by the observers, and the
mean of these measurements was recorded. The observers also
performed the study twice at an interval of 2 weeks to assess
inter- and intraobserver variability.

Statistical methods

Statistical analyses were carried out using SPSS software
(ver. 12.0.1; SPSS Inc., Chicago, IL). Intraobserver reliabil-
ity was assessed by calculating intraclass correlation coef-
ficients (ICCs) for observers’ repeated measurements, and
interobserver reliability was assessed using the Wilcoxon
matched-pairs signed-ranks test. Pearson chi-squared tests and
Student’s t-tests were used for statistical analyses of gender
and dentate and edentulous sites of RPD wearers and non-
wearers, and p values < 0.05 were considered statistically
significant.

Results
Methodological error

Overall intraobserver reproducibility was 0.93 to 0.99 for ob-
server 1 and 0.98 to 0.99 for observer 2, indicating nearly perfect
reproducibility. Repeated measurement of CBCTs also yielded
no significant interobserver difference (p > 0.05). Interobserver
consistency was rated at 95.7% between the two observers.

The MC to MR, Crest to MR, Crest to MC, and MC to LBM
measurements for RPD wearers and non-wearers (edentate and
dentate sites) are presented in Table 1. Overall, the total mean
values for each measurement except MC to LBM were signif-
icantly lower at edentulous sites than at dentate sites in both
RPD wearers and non-wearers (p < 0.05). When RPD wear-
ers and non-wearers were compared, the total mean differences
(%) between dentate and edentulous sites were statistically sig-
nificant (p < 0.05) for the MC to MR, Crest to MR, and Crest
to MC measurements, whereas the MC to LBM measurement
showed no significant difference (p > 0.05). In a comparison
by region, mean differences (%) in MC to MR measurements
between edentulous and dentate sites were significantly smaller
at PM2 (20.4%) than at M2 (26.5%) (p < 0.05), which was in
line with Crest to MR measurements at PM1 (15.1%) than at
M1 (18.6%) in RPD wearers (p < 0.05; Table 1).

Table 2 presents the alveolar height and width measurements
according to dentate and edentulous sites in RPD wearers and
non-wearers. The width and height of the mandible were sig-
nificantly smaller at edentulous sites than at dentate sites. The
mean differences (%) in alveolar height and width differed sig-
nificantly (p < 0.05) between RPD wearers and non-wearers at
both dentate and edentulous sites.

The mean differences in alveolar height were 22.7% in RPD
non-wearers and 28.8% in RPD wearers, and the mean differ-
ences in alveolar width were 9.1% and 14.5%, respectively.
In a comparison by region, the mean difference (%) between
edentulous and dentate site measurements of alveolar height
was significantly greater at PM1 (25.4%) than at PM2 (20.9%)
in RPD non-wearers (p < 0.05), whereas the difference in alve-
olar width from MR was significantly lower at PM1 (12.3%)
than at M2 (15.7%) in RPD wearers (p < 0.05; Table 2).

Discussion
Previous studies have indicated that alveolar bone resorption
begins immediately following the loss of a tooth and contin-
ues in an accelerated manner for about 10 weeks, followed
by slower, but progressive, resorption thereafter.7 The best ap-
proach to prevent this resorption is to preserve the residual
alveolar ridge using different kinds of prosthetic rehabilitation.
Carlsson4 stated in a review that the best way to manage bone
resorption was to avoid tooth extraction, preserving a few teeth
in the mouth. The use of tooth-supported dentures also ap-
peared to slow the resorption process.15 Moreover, numerous
studies have indicated that the morphology of the mandible is
preserved or changes with the presence or absence of teeth in
elderly populations.1,2,6,9,10

Pietrokovski et al1 examined the morphology of the retro-
molar area in edentulous dry mandibles and compared the bone
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Figure 3 (A) To evaluate the
dentate/edentulous regions, 3D superimposed
cross sections were taken for each site. (B)
Measurements were taken between the
nearest point of the MC and the mylohyoid
ridge (MR), between the alveolar crest (Crest)
and the MR, between the MC and the Crest,
and between the MC and the LBM.

Figure 4 (A) To evaluate the dentate/edentate
regions, 3D superimposed cross sections
were taken for each site. (B) The total height of
the mandibular alveolar bone was measured
between the alveolar crest (Crest) and the
LBM, and the width of the mandible was
measured from the level of the MR.

loss with that in dentate dry mandibles. They demonstrated that
the distance from the edentulous crest to the MR was decreased
markedly in the edentulous group. Similarly, Merrot et al9 stud-
ied dentate and edentulous mandibles of elderly individuals to
define the characteristics of edentulous mandibles. They con-
cluded that the loss of teeth considerably modified the shape not
only of the mandibular alveolus, but also the mandibular base.
The authors of another study10 used dry mandibles to evaluate
bone resorption in dentate and edentulous subjects, and con-
cluded that loss of teeth can alter the mandibular shape. In a re-
cent study, Canger and Celenk16 radiographically examined on
panoramic images the effects of denture use on alveolar ridge
height. They found that reduction in residual alveolar ridge
height was closely related to edentulism and denture use. Sim-
ilarly, Pietroskivski et al3 stated that denture non-users tended
to have more residual edentulous tissue compared with denture
users.

In this study, both RPD wearers and non-wearers showed a
tendency for bone resorption, as assessed by the measurement
of mandibular height and width, in edentulous sites compared
with dentate sites; this finding is consistent with those of pre-
vious studies.2,3,6,7 However, all previous studies investigated
bone resorption by comparing dentate/edentate groups and den-
ture users/non-users in different participants or specimens (dry
mandibles). Before this study, no attempt had been made to
evaluate bone resorption in dentate and edentulous areas in the
same patient. In our study, we compared not only denture users
and non-users, but also ridge resorption in dentate and eden-
tulous areas in the same patient. In our opinion, this approach
should be used in further studies to enable the standardization of
study groups for evaluating and understanding the mechanism

of alveolar ridge resorption. It was also concluded that ridge
resorption can vary among individuals, between and within
jaws, and over time.7 Time, denture experience, and other un-
known factors may affect the reduction of denture-supporting
edentulous tissues.3 In our opinion, to understand alveolar bone
resorption, these unknown factors, which may vary among pa-
tients, should be eliminated as much as possible by examining
dentate and edentulous sites in the same patient.

A previous study6 found that the mandibular resorption rate
was greatest in the early stages of edentulism and slowed as
the edentulous period continued. The same study showed a
mean loss of 23.09% of mandibular height during the first
5-year period of edentulism; in the next 5 to 10 years, the mean
ridge reduction was 26.05%; and in the next 10-plus years, this
increased an additional 5.61%, for a total loss of 28.70% in
denture-wearing patients.

This study included only patients with a history of ≥5 years
since extraction and, in RPD wearers, ≥5 years of RPD use.
The results showed mean losses of 22.7% and 28.8% for RPD
non-wearers and wearers, respectively; this degree of vertical
bone resorption is similar to that found in a previous study.6

Moreover, the alveolar height in this study was measured not
only from the LBM to the alveolar crest, but also from the
crest to MR and MC. These measurements demonstrated more
mandibular resorption in RPD wearers than in non-wearers
when comparing dentate and edentulous areas.

Similar results have been reported previously. Mori et al17

conducted a study in rats and found that the lowest pressure on
the rat jawbone caused no bone resorption, but higher pressure
lead to increased bone resorption. Reddy et al18 also stated that
dentures do not provide adequate functional stimulation to the
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bone. Thus, functional stimulation can induce alveolar bone
resorption rather than preserving the edentulous area, and may
be as important as pressure caused by dentures. In our opinion,
the pressure exerted by RPDs in the edentulous regions of the
alveolar bone may increase resorption in RPD wearers when
compared with non-wearers.

Previous studies have shown that denture wearers have
smaller arches and ridges than non-wearers.3,8,10 Although al-
most all studies have agreed that alveolar bone height is reduced
with the use of removable dentures,3,6,13,19 the effect of RPDs
on the MR horizontally has not been investigated in detail. The
anatomy of the MR and surrounding structures is crucial for
prosthetic treatment planning. Bone resorption in the MR re-
gion can affect the success of prosthetic applications, and the
removable denture base should cover the MR region to pro-
vide proper basal sealing and denture function.1 In this study,
we investigated horizontal bone resorption from the level of
the MR by comparing the alveolar width from the MR to the
MC and the alveolar crest at edentulous and dentate sites in
RPD wearers and non-wearers. Horizontal bone resorption was
higher in RPD wearers than in non-wearers. This finding can be
interpreted as the effect of RPDs covering the MR area and re-
ducing muscle activation under the denture, which is supported
by some previous studies.1,11 Koshino et al11 suggested that
the basal area of the removable denture foundation greatly in-
fluenced masticatory efficiency. Moreover, Pietrokovski et al1

stated that the mylohyoid muscle attached to bony MRs, the
buccinator muscles attached to the bony buccal shelves, and
the additional muscles that surround the mandible are among
the factors that limit chronic bone resorption in the edentu-
lous jaw. These muscles provide physiological stimulation of
the edentulous area and thus prevent bone resorption, as noted
in previous reports.20,21 In our opinion, the increased horizon-
tal bone resorption in RPD wearers may be due to the RPD’s
covering of the basal area, which limits masticatory efficiency.

Previous studies have found that bone resorption is corre-
lated with reduced muscle activity. Ausk et al22 investigated
cortical bone resorption in mice and found that transient mus-
cle paralysis or inactivation led to spatially consistent cortical
resorption. In another animal study,23 researchers paralyzed the
muscle unilaterally using Botox and investigated the effects of
muscle paralysis on bone resorption compared with the control
contralateral unaffected muscle and bone. They observed that
the paralyzed muscle side showed bone degradation, which can
be explained by a decisive role of muscle contraction in main-
taining bone mass. Sakata et al24 stated that bone loss due to
decreased muscle activity can arise from a combination of di-
minished osteoblast activity and enhanced osteoclastic resorp-
tion. In our opinion, murine model studies should be conducted
to better understand the mechanism(s) of muscle/bone interac-
tions in vivo, possibly using micro- or nano-CT imaging.

Previous studies of the influence of denture use on the amount
of residual edentulous tissue were performed in one, two, or
more limited regions.25,26 This study evaluated not only the
retromolar region, but also more anterior regions through the
premolar. Generally, it was observed that RPD wearers had
significantly reduced bone in the molar region when compared
with the premolar region horizontally. One possible explana-
tion for this may be that the MR starts at or near the lowest

46 Journal of Prosthodontics 22 (2013) 42–48 c© 2012 by the American College of Prosthodontists



Ozan et al CBCT Evaluation of Alveolar Bone Resorption

Table 2 Measurements of mandibular height and width at dentate and edentulous sites in four mandibular tooth regions (PM1, PM2, M1, M2) in
RPD wearers and non-wearers. Superscripted letters indicate statistically significant differences (p < 0.05) between values with the same letter

Alveolar height Alveolar width from mylohyoid ridge

Dentate Edentulous Mean Dentate Edentulous Mean
Region (mm ± SD) (mm ± SD) difference (%) (mm ± SD) (mm ± SD) difference (%)

RPD non-wearers PM1 27.9 ± 2.7 21.8 ± 2.5 25.4b 10.6 ± 1.5 9.8 ± 1.2 7.5
PM2 27.7 ± 2.5 21.9 ± 2.4 20.9b 10.6 ± 1.5 9.4 ± 1.4 11.3
M1 27.1 ± 2.4 21.1 ± 2.3 22.1 11.1 ± 1.2 9.8 ± 1.1 11.7
M2 26.9 ± 2.1 20.8 ± 2.4 22.6 11.2 ± 1.4 9.9 ± 1.2 11.6

Total mean 27.2 ± 2.4 21.4 ± 2.5 22.7a 10.8 ± 1.4 9.8 ± 1.3 9.1c

RPD Wearers PM1 27.8 ± 2.2 19.9 ± 2.6 28.4 10.5 ± 1.4 9.2 ± 1.0 12.3d

PM2 27.9 ± 2.2 19.7 ± 2.6 29.3 10.8 ± 1.5 9.2 ± 1.0 14.8
M1 27.3 ± 2.4 19.5 ± 2.4 30 11.1 ± 1.5 9.4 ± 1.1 15.3
M2 27.0 ± 2.2 19.6 ± 2.5 27.4 11.4 ± 1.7 9.6 ± 1.1 15.7d

Total mean 27.5 ± 2.3 19.6 ± 2.5 28.8a 10.9 ± 1.6 9.3 ± 1.1 14.5c

part of the genial tubercles and passes posteriorly and superi-
orly, increasing in prominence, until the anterior portion of the
ramus is reached. The MR is not as prominent in the premolar
region as in the molar/retromolar region.25,26 According to the
anatomical distribution of the MR, resorption was found to be
significantly higher in the molar region than in the premolar
region in RPD wearers; however, further studies with larger
study groups should be carried out, especially to examine my-
lohyoid muscle insertion and activity around these areas using
electromyography.

In this study, patients were evaluated using CBCT imag-
ing techniques. This method of imaging was proposed in the
last decade for maxillo-craniofacial imaging.27-30 Advantages
of this imaging modality include lower radiation doses than
traditional CT and the possibility of individualized, overlap-
free reconstructions.28 Dental CBCT can be recommended as
a dose-sparing technique compared with standard medical CT
scans for common oral and maxillofacial radiographic imaging
tasks, especially for hard-tissue studies and representations.
From the radiation point of view, CBCT examinations can be
used instead of CT to evaluate jaw morphology and prosthetic
needs. When 3D imaging is required to visualize anatomical
structures, such as MR, submandibular fossa, or maxillary si-
nus localization, CBCT should be preferred over standard CT.

This study had several limitations. We did not investigate the
duration of edentulism. Moreover, we did not divide the study
participants into age groups (e.g., 40–49, 50–59, ≥60 years) be-
cause of insufficient patient numbers. To standardize the study,
we examined only Kennedy Class II edentulous patients, and
RPD wearers with ≥5 years of use. Thus, we could not evaluate
the effect of different edentulism durations on alveolar resorp-
tion. According to a power analysis, to divide the sample as
mentioned above, we should have ≥20 patients for each age
group and edentulism period; however, because of strict stan-
dardizing, we included as many patients as we could find who
fit the selection criteria of the study.

Further studies should be conducted with limitations on the
edentulous period and with subdivision into age groups by
decade. However, it should be noted that no patient in this

study had any bone disease; those with osteoporosis were ex-
cluded, according to previous reviews of the risk of bone loss in
denture wearers.4,31,32 Thus, it was concluded that the resorp-
tion observed in this study was caused by local factors rather
than systemic factors, such as osteoporosis.

Conclusions
Vertical and horizontal alveolar bone resorption was found to
be higher in the RPD-wearing patients when comparing the
dentate and edentulous sites.
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