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Purpose: Aging is accompanied by the gradual loss of teeth, which can cause several orofacial
changes. This study aimed to compare panoramic radiomorphometric indices between dentate and
totally edentulous patients.

Materials and Methods: One hundred panoramic radiographs were analyzed to measure
six indices using Clinview 9.3 software: the gonial angle (GA), antegonial angle (AGA), condylar
height (CH), ramus height (RH), mental index (MI), and mandibular cortical index (MCI). An
independent sample t-test and Chi-square was used to compare the means of the measured data
between dentate and edentate subjects and genders.

Results: In both genders, dentate people had greater left CH (p=0.05) and left GA (p=0.03). Men
had greater RH in the dentate and edentate groups (p<0.001). No correlation was found between
groups and genders in MCI scores.

Conclusion: CH index assessment as the function of the masticatory muscles and GA as resid-
ual ridge resorption were decreased in edentulous people. The findings highlight the importance of
oral hygiene education and prosthetic rehabilitation of the edentulous.
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Introduction

he mandible undergoes several morphological
changes due to aging accompanied with gradu-
al loss of teeth and may become edentulous [1].
This chronic resorption process is affected by several fac-
tors such as gender, age, genetics, underlying disorders,
edentulous period, sequence of tooth loss and other un-
familiar factors. Previous studies demonstrated that man-
dibular morphology changes as a result of tooth loss [2].
The wide use of panoramic radiography and its advantag-

es such as its availability, swiftness and low cost have led
researchers to investigate the use of different qualitative
and quantitative indices to assess mandibular bone quality.
Considering dentition type, measurements of antegonial
angle (AGA) presented a resorption pattern in edentulous
patients [3]. The mandibular cortical index (MCI) was also
suggested to be affected by age and edentulism [4]. An-
other study concluded that edentate patients had longer
condylar height (CH) in comparison with dentate group
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but ramus height (RH) showed no statistical differ-
ences between two groups. A flat mandibular plane,
increased posterior facial height and an acute gonial
angle (GA) was found to be associated with strong
function of masseter and anterior temporal muscle [5].
There are only a few studies investigating GA and AGA
in edentulous patients with conflicting results. GA was
reported to be widened in edentulous patients [6],
whereas another study stated that GA was not affected
by gender and tooth loss [7].

Patients with a history of osteoporotic fractures also
have shown more resorption and thinning in lower
cortex of the mandible [8]. The radiographic features
of the jaws can be affected by osteporotic process, so
the correlation between the degree of osteoporosis and
the mandibular morphology can be determined with
the evaluation of the thickness of mandibular inferior
cortex. This assessment may provide an extraordinary
opportunity for early osteoporotic diagnosis [9]. From
another perspective, such morphometric investiga-
tions of mandible are also beneficial for prosthetic and
preprosthetic surgical treatment planning procedures.
For specific ortognathic surgery osteotomies which are
performed GA site, the resorption pattern of this spe-
cific area may become prerequisite. In addition, such
morphometric data regarding the differences in the
mandibular morphology between men and women can
also be used for forensic purposes and anthropometry
[4,10]. Considering the limited number of studies in-
vestigating the relationship of GA, AGA, MCI, CH and
RH of edentulous patients, this present study aimed
to evaluate dimensional and morphological changes of
the mandible based on digital panoramic radiographs
in dentate and totally edentate patients.

Materials and Methods

This cross-sectional study was approved by Ethical
Committee of Tehran University of Medical Sciences.
The study retrospectively evaluated 100 panoramic
images of 50 dentate and fifty totally edentate patients
from the database of the Department of Oral and Max-
illofacial Radiology, Faculty of Dentistry, Tehran Uni-
versity of Medical Science.

Image Acquisition

The panoramic radiographs were taken with the same
digital panoramic machine (Planmeca Proline cc 2002,
Helsinki, Finland). Adjustments were performed for
each individual for the best image quality operating
with 66-72 kVp, 10-14 sec and 8-14 mA exposure pa-
rameters.
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Case Selection

For the edentulous group, totally edentate patients
with repaired sockets of extracted teeth were included
in the study. For the dentate group, patients with all
posterior teeth except third molar were included in the
study. Patients with systemic diseases effecting bone
density and history of trauma or surgery in oral and
maxillofacial area were excluded from the study. Low
quality images with any distortion and images with
undetectable areas of condylar head, posterior border
of the ramus and mandibular lower border were also
excluded.

Morphometric Measurements

All measurements were conducted by an experienced
oral radiologist. One month after the first assessment,
all measurements were repeated for calculating in-
traobserver agreement.

1- Gonial angle (GA): The angle formed by the junc-
tion of two lines. One of the line tangent to the lower
border of the mandible and another tangent to the pos-
terior border of the ramus on each side [11]. (Fig. A.1).

2- Antegonial angle (AGA): It is measured by deter-
mining two lines parallel to the antegonial angle region
in the intersection of the antegonial notch's deepest
point [12]. (Fig. A.2).

3- Mental index (MI): the lower border cortex width of
the mandible at the mental foramen area using Ledger-
ton et al. technique [13,14]. (Fig. A.3).

4- Mandibular cortical index (MCI): this index rep-
resents the porosity and morphology of the mandib-
ular lower cortex and was determined by observation
the deepest point of the antegonial notch at both sides
of the mandible according to Klemetti’s classification
mentioned below [15] (Fig. B):

C1: The endosteal margin of the mandibular cortex is
even and sharp on right and left sides. (Fig. B1).

C2: The endosteal margin has semilunar defects (re-
sorption cavities) with cortical residues. (Fig. B2).

C3: The cortical layer contains heavy endosteal cortical
residues and is clearly porous. (Fig. B3).

5- Condylar height (CH): Two line drawn perpendic-
ular to the ramus tangent line at the level of the most
lateral aspect and most superior part of the condyle.
The distance between these lines is CH. (Fig. C).

6- Ramus height (RH): Two lines drawn perpendicular
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to the ramus tangent line (a line tangent to the posteri-
or border of mandibular ramus) at the level of the most
lateral points of the mandibular condyle and ramus.
RH was the vertical distance between these lines. (Fig.
Q).

Statistical Analysis

Statistical analysis was performed using SPSS ver-
sion 24.0. An independent sample t test, Chi square
and Two-way analysis and ANOVA of variance were
carried out to compare the means of the GA, AGA,
MI, MCI, CH and RH between dentate and edentate
patients as well as between both genders. To evaluate
intraobserver reliability, intraclass correlation coeffi-
cient (ICC) was used for measuring the 30 randomly
selected panoramic images which were assessed two
times at a 4 weeks’ interval. Statistical significance level
was accepted as p lower than 0.05.

Fig. A.1: Gonial angle (GA).
Fig. A.2: Antegonial angle (AGA).
Fig. A.3: MI measurement.

1 2

Fig. B: MCIL: 1: Normal, 2: Mild, 3: Sever.

Fig. C: CH and RH measurement.

Results

After evaluating abundant radiographs, 100 pan-
oramic images with the inclusion criteria were ana-
lyzed. The age and sex in two groups were relative-
ly matched. The subjects age ranged between 40 to
67 years, with a mean (standard deviation) of 57.14
(27.51) and 39-65 years, with a mean (standard devi-
ation) of 49.08 (+6.85) in the edentulous and dentate
group, respectively. The study sample was included of
50 patients in edentulous group among which 26 (52%)
were women and 24 (48%) men and 50 patients in den-
tate group composed of 25 (50%) women and 25 (50%)
men.

The mean and standard deviation of CH in the den-
tate and edentate groups of both genders on both sides
are shown in Table A. Women had greater CH in both
groups on both sides, but no significant differences
were observed. In the condylar height of both genders.
The difference between dentate and edentate groups
was significant on left side (p<0.05). Intraobserver reli-
ability was 0.95 and 0.88 for RCH and LCH respective-
ly both represented excellent agreement. The values ob-
tained for RH of the different groups and genders are
shown on Table B. Considering dentition type, dentate
group had greater RH on both sides with no significant
differences. Whereas the difference between men and
women on both sides was statistically significant and
men had longer ramus (p<0.05). Intraobserver reliabil-
ity was 0.90 for RRH and 0.97 for LRH. Gonial angles
did not differ among genders on the left side. While
on the right side, men had greater gonial angle in both
dentate and edentate groups and this difference was
significant in edentate group (p-dentate group<0.05,
p-edentate group>0.05) (Table C). The ICC value for
Intraobserver reliability of RGA and LGA was 0.86 and
0.94 respectively. The AGA measurements of dentate/
edentate group, stratified by sex, for both sides are dis-
played on Table D. Considering gender, women in both
dentate and edentate groups had greater antegonial an-
gle on both sides and no significant difference on both
sides were found. Dentate group had greater antegonial
angle on right side. Intraobserver reliability for AGA
was 0.76 on the right side and 0.90 on the left side. The
MI analysis showed no statistically significant differ-
ence between dentate and edentate groups. Also, there
was no difference between men and women MI in both
groups and both sides except RMI in edentate group,
in which men had greater MI. Intra observer reliability
measured for MI and the results was 0.92 on the right
and 0.84 on the left side (Table E). Table F shows the
number of the patients in three different MCI catego-
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ries. All subcategories of MCI including C1, C2, and were no significant differences between genders and
C3 were observed in both dentate and edentate groups. groups on both sides. Intra observer reliability mea-
Categories of C2 and C3 were more frequent in dentate sured for MCI was similarly 0.95 on both sides.

and edentate groups in both genders and sides. There

Table A. RCH and LCH measurements of both genders in both groups.

Dentition Gender LCH (+SD) RCH (+SD)
Edentate Male 6.75 (+1.90) 6.83 (+1.64)
Female 7.10 (£1.14) 6.87 (£1.50)
Dentate Male 7.84 (£2.35) 7.28 (+1.86)
Female 8.06 (+1.43) 7.87 (£1.92)
LCH: Left Condyle Height; RCH: Right Condyle Height; SD: Standard deviation.
Table B. RRH and LRH measurements of both genders in both groups.
Dentition Gender LRH (+SD) RRH (£SD)
Edentate Male 45.73 (£3.84) 44.85 (+4.05)
Female 39.84 (+5.47) 39.80 (£5.59)
Dentate Male 46.22 (£4.12) 45.18 (£4.31)
Female 41.67 (£4.83) 41.08 (£3.70)

LRH: Left Ramus Height; RRH: Right Ramus Height; SD: Standard deviation.

Table C. RGA and LGA measurements of both genders in both groups.

LGA (xSD)

RGA (£SD)

123.98 (£9.02)

126.92 (+7.12)

123.82 (£9.06)

119.33 (£9.89)

126.84 (+6.76)

123.53 (+6.94)

Dentition Gender

Edentate Male
Female

Dentate Male
Female

127.99 (+7.15)

123.17 (£7.09)

LGA: Left Gonial Angle; RGA: Right Gonial Angle; SD: Standard deviation.

Table D. RAGA and LAGA measurements of both genders in both groups.

LAGA (£SD)

RAGA (£SD)

158.04 (+7.85)

158.63 (+6.67)

161.72 (+£8.20)

161.26 (£6.43)

160.03 (£8.63)

157.03 (£7.32)

Dentition Gender

Edentate Male
Female

Dentate Male
Female

160.49 (+4.37)

159.06 (+5.17)

LAGA: Left Antegonial Angle; RAGA: Right Antegonial Angle; SD: Standard deviation.

Table E. RMI and LMI measurements of both genders in both groups.

Dentition Gender LMI (£SD) RMI (+8SD)
Edentate Male 3.08 (£1.03) 3.33 (£1.05)
Female 3.28 (£1.16) 3.18 (£0.96)
Dentate Male 3.48 (+0.77) 3.63 (+£0.73)
Female 3.61 (+0.73) 3.54 (+0.68)

LMI: Left Mental Index; RMI: Right Mental Index; SD: Standard deviation.
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Table F. MCI classifications of both genders in both groups.

Dentition Gender RMCI LMCI
CI (%) C2 (%) C3 (%) CI (%) C2 (%) C3 (%)

Edentate Male 7(29.17%) 17 (70.83%) 0 (0.00%) 7(29.17%) 16 (66.67%) 1(4.17%)
Female 7 (26.92%) 16 (61.54%) 3(11.54%) 9 (34.62%) 16 (61.54%) 1(3.84%)
Total 14 (28.00%) 33 (66.00%) 3(6.00%) 16 (32.00%) 33 (66.00%) 2 (4.00%)
Dentate Male 9 (36.00%) 16 (64.00%) 0 (0.00%) 10 (40.00%) 15 (60.00%) 0 (0.00%)
Female 9 (36.00%) 15 (60.00%) 1 (4.00%) 15 (60.00%) 9 (36.00%) 1 (4.00%)
Total 18 (36.00%) 31 (62.00%) 1(2.00%) 25 (50.00%) 24 (48.00%) 1(2.00%)

LMCI: Left Mandibular Cortical Index; RMCI: Right Mandibular Cortical Index; SD: Standard deviation.

Discussion

Mandibular bone is accepted to be in a constant
state of remodeling throughout life which can be traced
via evaluation of some morphological and anatomical
parameters. Considering evaluation of mandible, the
panoramic radiograph has been used as the method
of choice for some parameters measurements in pre-
vious studies [16]. Panoramic images can prevent the
superimposition of contralateral structures, which is
inevitable in lateral cephalometric radiographs hence
panoramic seems to be better technique in this manner
[17].

The condylar height (CH) has been used to evaluate
the vertical skeletal patterns in. In overall, after loss of
teeth, the function of masticatory jaw muscles decreas-
es which can change the morphology of the mandibu-
lar bone and it justifies that dentate patients had great-
er condylar height rather than edentates [16,18]. In
accordance, in this present study there was significant
difference between dentate and edentate groups, espe-
cially on left side. However, insignificant higher CH in
partially edentulous than fully dentate group was re-
ported [19]. Considering the genders, Huumonen et al.
reported that men had greater CH than women [18].
In our study, women had greater CH in both groups on
both sides, but no significant differences were detected.

Ramus height (RH) was reported to be affected by
factors as aging and edentulism. Various studies re-
ported that RH in senile dentate patients were higher,
in regard to edentate [6,16,18,20,21]. An RH increase
in 20-39 years old participants [22] which decrease
with age in dentate group [22] is reported. Somehow, it
is in accordance with Bahija et al. reporting lower RH
with increasing in age in dentate group [19]. Decreased
RH is associated with reduction in development of
mandible which may have led to mandibular condyle
degeneration and facial asymmetry [23]. In the pres-
ent study, dentate group had greater RH than edentates

and there was no significant difference between them
on both sides. Although, some studies found signifi-
cant difference between men and women on both sides
[23-25]. The results of our study showed that eden-
tulous patients have not only decreased RH but also
lower CH. Similarly, Fouda et al. found lower CH in
edentate females, however, larger CH in edentate males
[21]. Also, some other studies reported that consider-
ing genders, men had significantly larger ramus height
[18,22]. This finding supports the results of our study
and may be related to the stronger masticatory mus-
cles in men which prevents the bone from resorption.
Furthermore, bone resorption occurs more frequently
in women especially after menopause due to hormonal
changes.

According to the results of our study, although den-
tate group in both genders had greater gonial angle
(GA) on both sides, no significant difference was found
between the dentate and edentate groups on the left
side. Many previous studies have reported non-widen-
ing of the GA in edentates [5,6,26-28]. Lonberg et al.
demonstrated that GA was increased in dentate group
[29]. Also, some studies reported statistically insig-
nificant relation of dentition and GA value [7,30,31].
Conversely, other studies have shown that GA size
increases in edentates [11,17,18,21,24,32]. Moreover,
higher GA in partially edentates in comparison to ful-
ly dentate participants has been reported [19]. Also,
some studies found higher GA with increase in age
[10,19,22]. Based on the literature, GA undergoes de-
creasing phase in the following years after tooth ex-
traction [17]; also, there is another study reporting
decrement of GA until 55 years and increase of it above
65 years [31]. These variations in findings suggests that
GA size differs due to dentate/edentate state, age, the
use of denture and duration of edentulism [6,17,31].
According to our results on the right side, men had
greater GA in both dentate and edentate groups which
is in agreement with some previous studies [22,29,33].
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Otherwise, some previous studies reported higher GA
[7,30,34], but lower AGD versus males [30]. This con-
tradiction can be attributed to the sample size of stud-
ies and not categorizing participants by age [33]. It can
be explained by downward and backward rotation of
mandible in women versus forward mandibular rota-
tion in men [35]. An obtuse growth potential of the
lower jaw is broadly determined by GA size, while a
large GA, represents higher growth potential of man-
dible. As men have greater mandible, so we expect to
they have greater GA [36]. Some studies found that
females had greater antegonial angle (AGA) size com-
pared to males [7,10,11,37]. In our study, we get similar
results, which can be related to skeletal muscle activity.
The antegonial region can affected by bone resorption
as result of the decreased muscle fiber tensions [27,38].
These losses of muscle mass and strength occurs more
in women. This decrease may be related with systemic
factors, vitamin D deficiency which is more frequent in
post-menopausal women and aging.

Dutra et al. found that dentates had greater AGA
size than edentates which conflicts our results [7]. The
difference is because of the method of dentate group
selection; in their study only mandibular teeth were
considered to determine dentition type. Tozoglu et al.
found that the edentate subjects had greater AGA than
dentate subjects and supports our results [11]. Some
evidence suggested that due to the muscle atrophy, the
number of muscle cells and fibers at AG site decrease
and masticatory muscle function is reduced in edentate
patients. As a result of this loss, the antegonial region
may become more sensitive to bone resorption.

In the term of mental index (MI), we found that
regarding dentition type there was no significant differ-
ence in the MI of both genders, which is in accordance
with Akay et al. [39] that concluded there is not a sta-
tistically significant relation in early posterior mandib-
ular tooth loss in young adult and any change of MI.
Some studies found that dentates had greater MI than
edentates and supports our results and may be because
of masticatory muscles’ function which supports bone
from resorption in dentate group [40]. In dentate pa-
tients, all masticatory muscles have a role in mastica-
tion. The masseter and temporal muscle weakness are
related to loss of teeth. The edentulousness duration
and probably low masticatory power may be due to the
alteration of MI index. Metabolic bone loss is correlat-
ed with the reduction of cortical bone thickness. Some
studies found that men had greater MI than women
which support our findings [14,40]. Metabolic effects
due to hormonal changes of women affect bone and
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hence, the MI index. Therefore, possible preventive
measures must be taken to avoid extractions and to
preserve the bone structure and morphology of man-
dible. The mandibular cortical index (MCI) delineates
the amount of porosity in the cortical layer in the man-
dibular base and is represent the bone mineral density
[41,42]. Some studies found as age increased and the
number of teeth decrease, the number of the C2 and C3
categories increased. Furthermore, they said dentition
type and age can be considered as one of the great sig-
nificant indicator which influence MCI [4,11,40]. These
findings are consistent with present study. Although,
C2 Category was more frequently seen in dentate and
edentate groups in both genders on both sides but C3
in edentates and C1 in dentate group was common cat-
egory. There is a lifelong remodeling in the mandibular
cortex. The remodeling is an extremely accurate pro-
cess which preserve a balance among bone resorption
and formation. This balance alters with increasing age
and loss of functional dentition resulting in decreas-
ing MCI index. Some studies reported that MCI values
were significantly influenced by gender [40,41], which
is in agreement with our results. Although, there were
no significant differences between genders, but, C3 cat-
egory was more frequent in females than in males. We
did not record any information on duration, sequence
of tooth loss, and wearing or not wearing of dentures.
Also, we do not have any information about interarch
and intraocclusal relationships. Further investigations
in a larger sample size would be necessary to confirm
our findings.

Conclusions

Considering our results for dentate and edentate
groups, it can be concluded that tooth loss leads to
morphological changes in mandible and maintaining
natural dentition is an important goal. The findings of
this study highlight the significance of conventional
or implant-retained prosthetic rehabilitation of totally
edentate patients to maintain functioning of the mas-
ticatory muscles.
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