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A B S T R A C T

Objectives: The severity of jawbone atrophy differs among individuals and even within an individual. This study 
investigated the relationship between vertical mandibular bone atrophy and the number of remaining teeth in elderly 
Indonesian individuals.
Material and methods: A total of 148 panoramic radiographs of patients aged ≥ 50 years were selected from 
dental records at the Radiology Department, Dental Hospital Faculty of Dentistry, Universitas Indonesia, in 2017. 
To measure vertical mandibular bone atrophy, a vertical line was created running from the crest of the alveolar 
ridge to the most inferior point of the mandibular inferior cortex through the center of the mental foramen. Sub-
jects were first divided into four groups based on the number of remaining teeth: group I had 1-8 remaining teeth, 
group II had 9-16, group III had 17-24, and group IV had 25-32.
Results: The number of remaining teeth was significantly associated with vertical mandibular bone atrophy. Mean 
differences and standard deviations for vertical mandibular bone atrophy were significantly higher in groups III and 
IV patients than in group I and II patients (group I vs. group III: 5.2 ± 1.7, p = 0.016; group I vs. group IV:  5.8  ± 1.6, 
p =  0.005; group II vs. group III: 3.2 ± 1.1, p = 0.023; and group II vs. group IV: 3.8 ± 1.1, p = 0.003). Patients with fewer 
remaining teeth were 1.78 times more at risk for a decrease in their mandibular bone volume than those with more 
remaining teeth. Males were 1.78 times more likely to have a higher mandibular bone volume than females.
Conclusion: Mandibular bone atrophy was significant in patients with fewer than half of the total number of teeth 
remaining.
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INTRODUCTION

Among elderly individuals, tooth loss is related to 
several risk factors, not only for the oral health but also 
for the general health. A 5-year cohort study concluded 
that edentulous subjects have significantly higher risk 
of  development of  dementia and cognitive decline [1]. 

Other epidemiological studies revealed that disability- 
adjusted life years (DALYs) in relation to tooth loss in-
creased by 20.8% between 1990 and 2010 in Asia [2, 3]. 
Furthermore, in low-and middle-income areas, caries and 
periodontal diseases are often treated by tooth extraction 
rather than by more conservative approaches [4]. These 
conditions are significantly increasing with the  aging 

O R I G I N A L  PA P E R © 2018 Polish Dental Association

Address for correspondence: Bramma Kiswanjaya D.D.S., Ph.D., 
Department of Dentomaxillofacial Radiology, Faculty of Dentistry, Universitas 
Indonesia, Jl. Salemba Raya No. 4, Jakarta, Indonesia, 10430,  
phone +628119 210180, e-mail: bramma.kiswanjaya@ui.ac.id

OFFICIAL JOURNAL OF THE POLISH DENTAL ASSOCIATION ORGAN POLSKIEGO TOWARZYSTWA STOMATOLOGICZNEGO

Vol. 71

Bimonthly ISSN 0011-4553Vol. 71    Issue 3    May-June    2018    p. 249-314

2018
3

The relationship between temporomandibular disorder and work stress in type C private hospital nurses
Fadhilah Nur Amalina, Ira Tanti, David Maxwell

The relationship between interleukin-18 level in smokers and chronic periodontitis: radiographic overview 
of posterior mandibular teeth

F.X. Andi Wiyanto, Sri Lelyati C. Masulili, Elza Ibrahim Auerkari, Fatimah Maria Tadjoedin

Antifungal effectivity of virgin coconut oil mousse against Candida albicans biofilm in children 
with early childhood caries

Monica Monica, Eva Fauziah, Sarworini Bagio Budiardjo, Margaretha Suharsini, Heriandi Sutadi, Ike Siti Indiarti, 
Mochamad Fahlevi Rizal

In vitro efficacy of garlic extract against Candida albicans biofilms from children with early childhood caries 
Mochamad Rizal, Sarworini Budiardjo, Vidya Tjokrosetio, Eva Fauziah, Ike Indiarti, Heriandi Sutadi, Margaretha Suharsini 

Dental health of five-year-old children in Mazowieckie province as revealed by monitoring of dental health 
and its determinants in 2011 and 2016

Małgorzata Dudek, Iwona Soika, Weronika Jończyk, Anna Turska-Szybka, Dariusz Gozdowski, Dorota Olczak-Kowalczyk

The use of polymerase chain reaction in patients with periodontal disease before prosthetic treatment
Katarzyna Taraszkiewicz-Sulik, Gabriela Pękała, Łukasz Magnuszewski, Maria Gołębiewska

Cognitive functioning and myofascial pain in masticatory organ dysfunction
Ewa Ferendiuk, Józef Gierowski, Małgorzata Pihut, Joanna Biegańska-Banaś

Orthodontic and surgical treatment of a patient with an impacted upper central incisor with dilacerations 
– systematic review of the literature with the presentation of a case

Magdalena Rudnik, Bartłomiej Loster

Comparison of five deep caries management methods and their use in contemporary dentistry
Lidia Postek-Stefańska, Alicja Leś-Smolarczyk, Anna Jodłowska

The C-shaped second mandibular molar and intentional replantation
Elżbieta Bołtacz-Rzepkowska, Agnieszka Żęcin, Michał Łęski



Journal of Stomatology * http://www.jstoma.com334

Bramma Kiswanjaya, Inka Saraswati, Aloysius Putut Wijanarko, Syurri Innadddinna Syahraini, Hanna Huzaima Bachtiar-Iskandar

of  the  population [5]. General oral health is also ad-
versely impacted by consequences of  tooth loss, which 
is closely related to decreases in the density, width, and 
height of  the  jawbone. The severity of  jawbone atrophy 
differs among individuals [6] and even within an  indi-
vidual because it is influenced by the periodontal condi-
tion of the teeth and the age during which the tooth loss 
occurred [7]. However, the  rate of  jawbone atrophy is 
the greatest during the first few years after tooth loss [8]. 
Atrophy may affect the  masticatory functions, causing 
temporary to permanent loss of  sensation in the  area 
during eating along with a decrease in satisfaction from 
the loss of function. In patients with dentures, jawbone 
atrophy may cause pain and increase the  movement 
of dentures during eating. The forces from eating with 
an  ill-fitting denture are directly transferred only to 
the surface and not to the internal structure of the bone. 
Therefore, these forces do not stimulate or maintain 
the bone but instead decrease the blood supply and in-
crease the rate of bone loss. These patients are at an even 
greater risk of developing severe bone loss [9]. Consid-
ering these findings, jawbone atrophy caused by tooth 
loss may reduce the quality of life in elderly patients.

The effects of bone atrophy may be severe, depending 
on the number of remaining teeth, patient’s sex, position 
of  tooth loss, and patient’s age-related risk of osteopo-
rosis. Several investigators have reported a relationship 
between tooth loss and jawbone atrophy in edentulous 
patients. Patients who have been edentulous for a  long 
period have been observed to suffer from greater bone 
loss than those who have been edentulous for a short pe-
riod [10, 11]. Tooth loss causes remodeling and resorp-
tion of the surrounding alveolar bone and eventually leads 
to the development of atrophic edentulous ridges; more-
over, the lack of mechanical strain makes severe bone loss 
even greater. Other factors may also influence the amount 
of bone loss. Some studies have shown that women have 
more advanced bone loss than men, although other stud-
ies have found no such difference [12-14]. In relation to 
the position, tooth loss is more frequent in the posteri-
or regions and has a greater degree of atrophy in these 
regions than in the anterior regions, and the loss of al-
veolar bone is more pronounced in the mandible than 
in the maxilla regions [15]. This difference may indicate 
that in terms of the rate of atrophy, the posterior mandi-
ble is more frequently and worse affected than any other 
region in the jawbone. In relation to patient’s age, calci-
um absorption has been reported to decrease with age 
because of  a  decline in the  exposure to sunlight or in 
the capacity of the skin to synthesize vitamin D, which 
leads to the development of bone porosity [16]. Further-
more, patients at risk of osteoporosis are more affected 
by bone loss than healthy subjects [17]. Estrogen hor-
mone deficiency accelerates skeletal bone loss and may 
result in more rapid alveolar bone resorption in post-
menopausal women than in men [18, 19]. This evidence 
suggests that reducing the rate of bone loss in elderly in-

dividuals is important for preventing bone fractures in 
the jawbone or in the entire body. Inspective of wheth-
er patients are at risk of osteoporosis, it is important to 
evaluate the age variable in relation to the number of re-
maining teeth and vertical mandibular bone atrophy.

Panoramic radiographs have commonly been used 
in general dental practices worldwide. For diagnostic 
examination and research, significant data are available 
from the teeth and their supporting structures, includ-
ing the maxillary and mandibular dental arches. Previ-
ously, we showed that conventional panoramic radiog-
raphy could be a reliable tool for screening osteoporosis 
[16, 17]. In comparison to conventional radiographic 
machines, digital panoramic radiography (DPR) pos-
sesses several advantages, such as its image enhance-
ment function, adjustment of  brightness and contrast, 
magnification of images (the zoom function), selection 
of a  specific region of  interest (ROI), and digital mea-
surement. In this study, the  use of  data from DPR in-
creased the usefulness of radiographic examination and 
improved the measurement quality. This study was con-
ducted using digital panoramic radiographs in men and 
women aged ≥ 50 years with tooth loss in the posterior 
mandibular region.

To date, most published studies using edentulous pa-
tients have not answered the following questions: (i) How 
many teeth must be lost before the effect on bone atro-
phy seems significant? (ii) What is the rate of mandibu-
lar bone atrophy in relation to the remaining teeth? and 
(iii) What is the relationship between mandibular bone 
atrophy and the remaining teeth, considering these vari-
ables? It is important to conduct studies with the remain-
ing teeth to investigate associations among these teeth as 
well as to increase the quality of life of elderly patients. 

OBJECTIVES

The purpose of this study was to investigate the rela-
tionship between vertical mandibular bone atrophy and 
the number of remaining teeth in elderly Indonesian in-
dividuals. This study also evaluated variables that may 
be associated with mandibular bone loss, such as age 
and sex, to identify the relationship among these factors.

MATERIAL AND METHODS

DATA SELECTION

A total of 150 panoramic radiographs were selected 
from dental records of patients aged ≥ 50 years at the Ra-
diology Department, Dental Hospital Faculty of Dentist-
ry, Universitas Indonesia, in 2017. Demographic data, 
including age and sex, were recorded. All patients were 
Indonesian, with no special treatments or conditions re-
lated to the study. Panoramic radiographic images were 
evaluated for their quality, and the following exclusion 
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criteria were applied: (i) the presence of a tumor or cyst 
that may affect mandibular bone height, (ii) the presence 
of  fractures, (iii) a  completely edentulous patient, and 
(iv) the presence of a self-reported systemic condition. 
Two radiographs were excluded because of the presence 
of  jaw lesions in the  ROI, which would have affected 
the study variables. Finally, 148 radiographs were select-
ed and processed for the study.

All panoramic radiographs were obtained using 
the Cranex Tome Ceph, and the image plate was processed 
using the  Digora PCT scanner (Soredex, Helsinki, Fin-
land). The panoramic exposure was made at 10 milliam-
pere-seconds (mA) for 12-15 s at 70-80 kVp. Radiographs 
were taken by the same radiographer using the standard-
ized head position for panoramic radiographs. Images 
were evaluated using Digora for Windows 1.51 soft-
ware. This study was approved by the Ethical Committee 
of the Faculty of Dentistry, Universitas Indonesia, and was 
conducted at the  Dental Hospital Faculty of  Dentistry, 
Universitas Indonesia.

MEASUREMENT OF VERTICAL MANDIBULAR BONE 
ATROPHY

To identify the precise point and achieve clear mea-
surements, panoramic radiographs were taken using 
zoom 1×, and brightness and contrast in the  ROI were 
adjusted. To measure vertical mandibular bone atrophy, 
a vertical line was created running from the crest of the al-
veolar ridge to the most inferior point of the mandibular 
inferior cortex through the center of the mental foramen. 
A  line was traced that passed perpendicular to the  tan-
gent of  the  lower border of  the  mandible and through 
the center of the mental foramen. All measurements were 
conducted on the left and right sides of mandibular im-
ages (Figure 1).

The lengths of vertical lines were summed and divid-
ed by two for the analysis. Considering that the magni-

fication factor for this type of panoramic unit is 1.3 [20], 
the measurement of mandibular bone height was cali-
brated by 1.3. The vertical mandibular bone height was 
measured by two observers. To avoid the dubious mea-
surement of  the  mandibular bone height, an  interob-
server consensus was calibrated before the  initiation 
of measurement, and the agreement of the two observers’ 
measurements was evaluated using the  Bland-Altman 
analysis. Mean differences and standard deviation (SD) 
between the observers’ measurements were 0.17 ± 0.95. 
The  upper and lower limits of  agreement between 
the observers were 1.6982 and −2.0326. The graph (Fig-
ure 2) shows a scatter diagram of the differences plotted 
against averages of  the  two measurements. Horizontal 
lines were drawn at the mean difference and at the limits 
of agreement. The  two measurements were considered 
to be in agreement and were therefore interchangeably 
used.

Patients’ remaining teeth (including the  third mo-
lars) were evaluated on panoramic radiographs using 
the  following categories: healthy, carious, or treated. 
Root tips indicated for extraction were not included as 
the remaining teeth. The number of remaining teeth was 
measured by one of the authors.

DATA ANALYSIS

Patients were first divided into four categories on 
the  basis of  their number of  remaining teeth: group I 
had 1-8 remaining teeth, group II had 9-16, group III 
had 17-24, and group IV had 25-32. The  mandibular 
bone height was measured, and means and SDs were 
obtained for vertical mandibular bone atrophy. Statisti-
cal differences between the groups in terms of vertical 
mandibular bone atrophy, sex, and age were analyzed 
using analysis of  variance (ANOVA) or Fisher’s exact 
test, whichever was applicable. Statistical analysis was 
then conducted to investigate the association of vertical 
mandibular bone atrophy with the number of  remain-

FIGURE 1. Panoramic radiographic imaging. A) Vertical mandibular bone measurement with zoom 1×. B) The vertical 
line is measured from the crest of the alveolar ridge to the most inferior point of the mandibular inferior cortex thro-
ugh the center of the mental foramen (both left and right sides)

A B
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ing teeth using ANOVA multiple comparison tests. Fi-
nally, multiple linear regression analysis using vertical 
mandibular bone atrophy as the dependent variable was 
conducted to investigate the relationship with the num-
ber of remaining teeth after controlling for the variables 
of sex (1: male; 2: female) and age (1: 50-59-years old;  
2: 60-69-years old; and 3: 70-79-years old). The  level 
of significance for these tests was set at p < 0.05. All statis-
tical analysis was conducted using IBM SPSS version 20.

RESULTS

Patients were categorized into four groups according 
to their number of remaining teeth (Table 1). Means and 

SDs of  the  mandibular bone height were significantly 
different among the groups in the one-way ANOVA test 
(p < 0.001). Patients with fewer remaining teeth showed 
significantly lower levels of  vertical mandibular bone 
atrophy than those with more remaining teeth. A  sig-
nificant difference was also noted between patients’ age 
and their number of  remaining teeth on Fisher’s exact 
test (p  =  0.017). The  number of  remaining teeth was 
significantly higher in the younger patient groups than 
in the  elderly patient groups. However, no significant 
difference was noted in terms of the number of remain-
ing teeth between male and female patients or in terms 
of vertical mandibular bone atrophy between male and 
female patients or among age groups.

To investigate the  association among the  patient 
groups in terms of  the  number of  remaining teeth, 
an  ANOVA multiple comparisons test was conducted 
(Figure 3). The number of remaining teeth was signifi-

FIGURE 2. Bland-Altman scatter plot. Differences in the 
mean and standard deviation between the observers’ 
measurements were 0.17 ± 0.95. No significant differen-
ce was noted between the observers’ measurements  
(p = 0.082, one simple t-test). The upper and lower limits 
of agreement were 1.6982 and −2.0326, respectively. 
The 95% confidence intervals were −0.356 and 0.021
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TABLE 1. Characteristics of study subjects

Factor
Number of remaining teeth

Total p value Mandibular bone 
height (mm)* p value

1-8 9-16 17-24 25-32

Mandibular bone height (mm)* 22.1 ± 3.5 24.1 ± 4.4 27.3 ± 4.8 27.9 ± 3.8 26.9 ± 4.5 0.001a – –

Sex NSb NSb

Male 1 (0.7%) 9 (6.1%) 10 (6.8%) 14 (9.5%) 34 (23.0%) 27.9 ± 4.6

Female 6 (4.1%) 12 (8.1%) 39 (26.4%) 57 (38.5%) 114 (77.0%) 26.6 ± 4.5

Age (years) 0.017c NSb

50-59 2 (1.4%) 10 (6.8%) 27 (18.2%) 48 (32.4%) 87 (58.8%) 27.2 ± 4.8

60-69 3 (2%) 7 (4.7%) 18 (12.2%) 22 (14.9%) 50 (33.8%) 26.8 ± 4.2

70-79 2 (1.4%) 4 (2.7%) 4 (2.7%) 1 (0.7%) 11 (7.4%) 24.8 ± 3.8

Total 7 (4.8%) 21 (14.2%) 49 (33.1%) 71 (47.9%) 148 (100%)
*Mean ± standard deviation
aA significant difference in the mean and standard deviation of the mandibular bone height among the groups with different numbers of remaining teeth (ANOVA, p < 0.001). bNo 
significant difference. cThe percentage of patients in age groups was significantly different among the groups with different numbers of remaining teeth (Fisher’s exact test, p = 0.017)
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cantly associated with vertical mandibular bone atro-
phy. Mean differences and SDs for vertical mandibular  
bone atrophy were significantly higher in patients in 
groups III and IV than in those in groups I and II (group I  
vs. group III: 5.2 ± 1.7, p = 0.016; group I vs. group IV:  
5.8  ±  1.6, p  =  0.005; group II vs. group III: 3.2  ±  1.1, 
p = 0.023; and group II vs. group IV: 3.8 ± 1.1, p = 0.003). 
Despite no significant differences in vertical mandibular 
bone atrophy between groups I and II or between groups 
III and IV, the  trend line for vertical mandibular bone 
atrophy increased from group I to group IV.

Results of  multiple linear regression analysis using 
vertical mandibular bone atrophy as the dependent vari-
able are shown in Table 2. Vertical mandibular bone atro-
phy was significantly associated with the number of re-
maining teeth after controlling for sex and age (b = 0.34, 
p < 0.001, R2 = 0.14). Patients with fewer remaining teeth 
were 1.78 times more at risk of a decrease in their man-
dibular bone volume than those with a higher number 
of  remaining teeth. Furthermore, male patients were 
1.78 times more likely to have a higher mandibular bone 
volume than female patients.

DISCUSSION

Our results demonstrated that vertical mandibular 
bone atrophy is significantly associated with the number 
of remaining teeth. As the number of remaining teeth de-
creased, mandibular bone atrophy increased (Figure 2). 
Furthermore, the  mandibular bone showed significant 
atrophy in patients with fewer than half of the total 32 
teeth remaining. Several studies have demonstrated that 
tooth extraction is followed by reduction in the  buc-
colingual and apicocoronal dimensions of  the  alveolar 
ridge at the edentulous site [8, 15]. The  lack of  stimu-
lation of the surrounding bone results in a decrease in 
its density and dimensions. In this study, the loss of half 
of the teeth slowly but surely led to a significant jawbone 
loss. A  mandibular bone that starts out with a  height 
of  approximately 27 mm can get reduced by atrophy 
over time to 3 mm in height in patients whose number 

of remaining teeth is 9-16 and 5 mm in height in those 
whose number of remaining teeth is 1-8. Our findings 
answer questions concerning how many teeth need to 
be lost to have a significant effect on bone atrophy and 
the extent to which the rate of mandibular bone atrophy 
is related to tooth loss.

In this study, a  significant age difference was ob-
served among the  groups in relation to the  number 
of remaining teeth (Table 1). The percentage of patients 
aged 50-59 years with 24-32 remaining teeth was 32.4% 
of the total number. For patients aged 60-69 and 70-79 
years, the percentage decreased to 14.9% and 0.7%, re-
spectively. Our findings support the previous evidence 
that the presence or absence of teeth decreases with ad-
vanced age [21]. In contrast, no difference was found 
between the age groups in terms of the mandibular bone 
height. This finding is in line with a previous study [22]. 
Some investigators have shown that in healthy elder-
ly patients, age alone does not lead to the  critical loss 
of periodontal support. Although there is an increased 
risk of bone loss with advanced age, the amount of loss 
due to age alone is probably consistent with the  aging 
process rather than with an  indication of  accelerated 
pathological processes. No significant difference was 
found in terms of the mandibular bone height with ad-
vanced age in this study (Table 1).

In dentistry, the use of a removable partial denture 
has become the most common choice in tooth loss ther-
apy owing to aesthetic support for orofacial structures, 
replacement of  hard and soft tissues, long edentulous 
spans, and relatively low costs. However, in relation to 
bone atrophy, as mentioned above, there is a greater risk 
of bone loss in patients with removable partial dentures 
[9]. Another side effect is that the  remaining natural 
teeth are also subject to substantial damage. The  teeth 
must support the  partial denture by means of  clasps, 
which grip onto the teeth and by design transfer lateral 
force, leading to increased pressure on the bone support-
ing the  teeth. Furthermore, in patients with poor oral 
hygiene, food retention from the  clasp or partial den-
ture can increase the risk of caries. Eventually, the need 
for additional retention, support, and stability and re-

TABLE 2. Multiple linear regression analysis using vertical mandibular bone atrophy (mm) as the dependent variable

Coefficient Standard error Standardized 
coefficients p value

95% confidence interval

Lower Upper

Number of remaining teeth
(1: 1-8, 2: 9-16, 3: 17-24, 4: 25-32) 1.78 0.42 0.34 < 0.001 0.95 2.62

Sex
(1: male; 2: female) −1.77 0.84 −0.16 0.037 −3.43 −0.11

Age (years)
(1: 50-59, 2: 60-69, 3: 70-79) −0.31 0.58 −0.04 NS −1.47 0.84

Coefficient of determination (R2) 0.14

Number of patients 148
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duction in the rate of bone loss are common indications 
for a more effective therapy. An implant-supported full 
bridge or full denture may be the ideal therapy to resolve 
problems that can arise due to the use of conventional 
dentures. Although the cost is relatively high, numerous 
advantages of  using dental implants make this thera-
py the first choice for the replacement of missing teeth 
[23, 24]. The present study emphasizes the importance 
of maintaining the jawbone height after tooth extraction 
through the proposed ideal therapy toward the minimi-
zation of the rate and amount of mandibular bone atro-
phy in elderly patients.

The limitations of this study should also be taken into 
account. Here a small sample size was used and the condi-
tion of the mandibular bone was not included without or 
with teeth in the region of the measurement. This aspect 
may limit the interpretation of our findings. Further con-
firmatory studies using these variables are needed.

CONCLUSIONS

Based on measurements made from panoramic im-
ages of elderly Indonesian individuals and their signifi-
cance, vertical mandibular bone atrophy may be signifi-
cantly associated with the  number of  remaining teeth 
in elderly patients. The mandibular bone shows signifi-
cant atrophy in patients with fewer than half of the total 
number of teeth remaining.
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