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INTRODUCTION
Hypertension or high blood pressure is a chronic 
condition where blood pressure increases in 
the arteries. This disease is classified either as 
primary hypertension when there is no definite 
medical causes or as secondary hypertension 
when it is caused by other pathologic conditions in 
kidney, heart, or endocrine system.1 Hypertension 
becomes a prevalent medical issue in developing 
countries, nearly 75% of hypertensive persons 
live in developing countries and these regions 
are projected to have the largest increase in the 
prevalence of hypertension by 2025. Various 
factors such as poor lifestyle, high illiteracy rates, 
limited access to health care system, poverty, 
and the high cost of medicine are suspected to 
contribute to this condition. Hypertension affects 
26.5-31.7% of Indonesian individuals (18 years 
and older), in which only 7.7-9.5% of those with 
hypertension are aware of their condition and 
2.3% take antihypertensive medication.2,3

Hypertension and osteoporosis have been 
reported to be linked to each other. Osteoporosis 
is characterized by a fragile condition of bone that 
may cause bone fracture. Low calcium intake, 
a lack of vitamins D and K, and a high sodium 
consumption are known to be linked to both 
osteoporosis and hypertension.4 Previous studies 
have shown that hypertension influences bone 
mineral density (BMD) through blood pressure 
regulation and calcium metabolism. High blood 
pressure is reported to cause the imbalance of 
calcium metabolism, leading to the leakage of bone 
calcium. This change then causes a secondary 
hyperparathyroidism where parathyroid hormone 
(PTH) increases bone turnover yet decreases 
BMD and bone quality.1,5,6

The use of antihypertensive medications 
has also been known to affect bone. These drugs 
may induce osteoporosis directly or indirectly by 
affecting bone metabolism, strength, and density. 
There are many classes of antihypertensive 
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agents with different working mechanisms in 
reducing blood pressure. One of the most widely 
used antihypertensive drugs in Indonesia is the 
calcium channel blocker (CCB) group, specifically 
amlodipine, because it can easily be obtained in 
hospitals and pharmacies, making it widely used 
as the first-line antihypertensive agents. For a 
dozen years, this drug has occupied the top ten 
best-selling drugs in the world. In 2006, amlodipine 
became the second best-selling drug in Indonesia 
and in 2010 it ranked 5th of the top 10 most widely 
prescribed drugs.7 As the name implies, this class 
of drug works by inhibiting calcium absorption 
in the body and may have an influence on bone 
density and quality.1,5,6,8,9

Panoramic radiography is one of the most 
general diagnostic examinations that are regularly 
referred by practitioners in any dental treatments. 
Various techniques have been proposed and 
developed in assessing bone quality and density 
using panoramic radiograph. The qualitative 
analysis of cortical bone morphology, known as 
mandibular cortical index (MCI), has been proven 
to successfully identify osteoporotic conditions. 
Mandibular cortical index qualifies mandibular 
cortical shape and groups it into three categories 
which represent a state of the decreased bone 
quality. In addition, there is also AI that measures 
cortical thickness in the anterior to the gonion 
region of mandible. These two parameters have 
been widely used to measure bone quality and to 
see the signs of resorption, which can describe the 
state of osteoporosis.8,10–13 The aim of this study was 
to describe the condition of bone in hypertensive 
patients, particularly in amlodipine users, by 
assessing the quality of mandibular cortical bone 
through MCI and AI analysis, and comparing it with 
healthy non-hypertensive individuals. 

MATERIALS AND METHODS
This study used a descriptive and analytical 
cross-sectional design which assessed the quality 
of mandibular cortical bone in hypertensive 
patients who took amlodipine and compared it 
with that in normal individuals. The population 

and sample used in this study were secondary 
data in the form of panoramic radiographs of 30 
hypertensive patients who took amlodipine and 30 
non-hypertensive individuals, including male and 
female subjects whose age range was between 
40-75 years old from the database of Universitas 
Padjadjaran Dental Hospital. The samples were 
selected using a purposive sampling technique. 
The selected samples were all radiographs that 
met the following criteria: 1) patients who had 
hypertension for at least 1 year, 2) patients who 
took amlodipine drugs with a daily dose of 5-10 
mg, 3) no pathological conditions that affected 
the mandibular cortical bone, 4) radiographic data 
that had a good quality so an assessment could 
be carried out. This research received approval 
from the health research ethics committee of 
Universitas Padjadjaran Bandung where this study 
was conducted. The quality assessment of the 
mandibular cortical bone was done with two types 
of index, MCI and AI.

Mandibular cortical index (MCI) is a qualitative 
index that classifies mandibular cortical shape 
from the right to left mental foramen into one of 
the three classifications according to the method 
proposed by Klemetti et.al.: C1 – endosteal margin 
of the cortex looks sharp and firm on both sides, 
the cortex is in normal condition and no changes 
occurred; C2 - endosteal margins have semilunar 
defects or form residues (one to three layers) 
on one or both sides (mild to moderate cortex 
erosion); C3 - the cortical layer forms an endosteal 
layer with thicker and more severely eroded cortex 
residues.10,11,14–16

Antegonial Index (AI) measures mandibular 
cortical thickness in the anterior area at the gonial 
angle, in the form of a line perpendicular to the 
cortex on the line connecting the anterior border 
of the ramus ascendens to the mandibular lower 
border. Measurement was done using ImageJ 
software (ImageJ 2.0.0-rc-69/1.52p, Wayne 
Rasband, National Institutes of Health USA) that 
had been calibrated in a scale of millimeter (mm) 
and carried out on both the right and left sides 
of the mandible, and the mean score was then 
calculated as the final result.8,12,13 
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Figure 1. C1 type of mandibular cortical bone in MCI. The mandibular cortex looks sharp, intact, and homogenously  
radiopaque on both sides which represents a normal condition.11 

 

 
Figure 2. C2 type of mandibular cortical bone in MCI. Note the erosion on both sides of the mandibular cortex.  
The mandibular cortex looks more porous, thus producing a mixed density radiographic appearance of bone.11 

 

 
Figure 3. C3 type of mandibular cortical bone in MCI. The mandibular cortex is lost and could not be traced clearly on both  

    sides of the mandible due to severe erosion and thinning.11  
 

 
Figure 4. AI measurements and distances used in this study12 

 
The quality of MCI for each sample was deliberated together by two oral and maxillofacial radiology 
specialists to decide the final category, while the quantitative AI measurements were conducted 
individually three times by each observer to get the final mean score. The data were then tested 
statistically with a Mann-Whitney test to compare the mean score of AI between the two groups, and 
tested with a Chi-square test to compare the qualitative data in the MCI assessment. A p value less 
than 0.05 was considered statistically significant. 
 
RESULTS 
In total there were 60 samples in this study with 30 samples in each group. The results of the MCI 
assessment showed that most of the samples in the hypertension group had C3 cortical bone shape, 
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Table 1. Mandibular cortical index classifications in both groups

MCI
All

C1 C2 C3

Healthy individuals
Amount 10 20 0 30

Percentage 33.3 66.7 0 100.0

Amlodipine users
Amount 6 13 11 30

Percentage 20 43.3 36.7 100.0

All
Amount 16 33 11 60

Percentage 26.7 55 18.3 100.0

p = 0.001 x2 = 13.485

Table 2. Results of antegonial index measurement in both groups

Mean SD Minimum Maximum p

Healthy individuals 4.008 0.553 2.824 5.068

Amlodipine users 2.775 0.505 1.623 3.355 0.000

The quality of MCI for each sample was 
deliberated together by two oral and maxillofacial 
radiology specialists to decide the final category, 
while the quantitative AI measurements were 
conducted individually three times by each 
observer to get the final mean score. The data 
were then tested statistically with a Mann-
Whitney test to compare the mean score of AI 
between the two groups, and tested with a Chi-
square test to compare the qualitative data in the 
MCI assessment. A p value less than 0.05 was 
considered statistically significant.

RESULTS
In total there were 60 samples in this study with 
30 samples in each group. The results of the MCI 

assessment showed that most of the samples 
in the hypertension group had C3 cortical bone 
shape, whereas none in the normal group had this 
category (Table 1). Based on the Chi-square test, 
there were significant differences between the two 
groups (p = 0.001). 

Lower AI was found in the hypertension 
group (2.775 ± 0.505) compared to the normal 
group (4.008 ± 0.553). The results of the Mann-
Whitney statistical test also showed that there 
were significant differences in the values between 
the two groups (p = 0.000).

DISCUSSION
Patients with hypertension are known to have a 
higher risk of fracture and decreased bone density 
than healthy individuals. Some studies have 
shown that hypertensive samples have lower 
BMD and bone magnesium levels than the normal 
condition, in which the disruption of calcium 
metabolism possibly becomes a main causative 
factor. Hypertension is known to be associated 
with high levels of sodium chloride (NaCl) in the 
body, disrupting calcium absorption and increasing 
urinary calcium excretion (hypercalciuria). In a 
condition of high levels of NaCl, calcium in blood 
cannot be filtered in the kidney to be reabsorbed 
back into the bloodstream in the proximal distal 

whereas none in the normal group had this category (Table 1). Based on the Chi-square test, there 
were significant differences between the two groups (p = 0.001).  

Lower AI was found in the hypertension group (2.775 ± 0.505) compared to the normal group 
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Figure 5. The result diagram of antegonial index measurements in both groups 

 
DISCUSSION 
Patients with hypertension are known to have a higher risk of fracture and decreased bone density 
than healthy individuals. Some studies have shown that hypertensive samples have lower BMD and 
bone magnesium levels than the normal condition, in which the disruption of calcium metabolism 
possibly becomes a main causative factor. Hypertension is known to be associated with high levels of 
sodium chloride (NaCl) in the body, disrupting calcium absorption and increasing urinary calcium 
excretion (hypercalciuria). In a condition of high levels of NaCl, calcium in blood cannot be filtered in 
the kidney to be reabsorbed back into the bloodstream in the proximal distal tubule and Henle's arch 
so it must be excreted. As shown in previous studies, the two ions have the same binding site, namely 
the claudin-2 protein in the proximal tubule of the kidney, which causes them to compete with each 
other to bind. In addition, the reabsorption process is also regulated by hormones such as parathyroid 
hormone (PTH). The removal of calcium from the body through urine lowers blood calcium levels and 
causes activation of the PTH hormone. The elevation of PTH will then increase bone turnover, reduce 
BMD, and bone quality.1,17 

Amlodipine is a dihydropyridine calcium channel blocker with an antihypertensive effect that 
works by inhibiting the entry or absorption of calcium when entering the L-type calcium channel 
membrane which then causes a decrease in intracellular calcium concentration and relaxation of 
smooth muscle cells in peripheral and coronary arteries.18 Several other theories state that amlodipine 
can reduce bone quality by reducing the production of steroid hormones, thus reducing bone 
formation and decreasing mandibular trabecular and cortical volume. A study conducted by Adelaja et 
al. discovered the impaired morphology of the bone marrow in adult Wistar rats treated with 5-15 mg 

Figure 5. The result diagram of antegonial index measurements 
in both groups
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tubule and Henle’s arch so it must be excreted. 
As shown in previous studies, the two ions have 
the same binding site, namely the claudin-2 
protein in the proximal tubule of the kidney, 
which causes them to compete with each other 
to bind. In addition, the reabsorption process is 
also regulated by hormones such as parathyroid 
hormone (PTH). The removal of calcium from the 
body through urine lowers blood calcium levels 
and causes activation of the PTH hormone. The 
elevation of PTH will then increase bone turnover, 
reduce BMD, and bone quality.1,17

Amlodipine is a dihydropyridine calcium 
channel blocker with an antihypertensive effect 
that works by inhibiting the entry or absorption of 
calcium when entering the L-type calcium channel 
membrane which then causes a decrease in 
intracellular calcium concentration and relaxation 
of smooth muscle cells in peripheral and coronary 
arteries.18 Several other theories state that 
amlodipine can reduce bone quality by reducing the 
production of steroid hormones, thus reducing bone 
formation and decreasing mandibular trabecular 
and cortical volume. A study conducted by Adelaja 
et al. discovered the impaired morphology of the 
bone marrow in adult Wistar rats treated with 5-15 
mg of amlodipine besylate.19 Another study also 
stated that this class of drugs inhibits osteoclast 
function which then may cause either positive 
or negative effects. Several studies have shown 
that amlodipine can inhibit bone resorption and 
reduce the risk of osteoporosis if it occurs in the 
intact bone, but it can disrupt a healing process if it 
occurs in a fractured bone.8,20,21

In comparing the bone quality of the groups 
of hypertensive patients taking amlodipine 
and healthy individuals, panoramic radiograph 
was used in this study because it is a common 
examination and often chosen by practitioners in 
diagnosing and screening the condition of the teeth. 
Several studies have described the usefulness of 
panoramic radiograph as a means of assessing 
the signs of resorption and osteoporosis. Some 
indices that may be used are MCIand AI as in 
this study.22 The results of this study indicated a 
significant difference between the two groups in 

terms of the mandibular cortical quality based on 
both the MCI and AI indices.

Analysis of MCI is reported to have an 
excellent accuracy among other radiomorphometric 
indices in assessing osteoporosis signs.12 
MCI is a qualitative method for evaluating the 
morphological structure of the mandibular cortical 
layer by categorizing its shapes into several types. 
This study found that C3 (severe cortical erosion) 
was more dominant in the amlodipine group than 
the healthy group. This indicates that the samples 
in the amlodipine group had more porosity in the 
mandibular cortical layer due to reduced bone 
mass. The AI analysis that quantitatively assessed 
the cortical thickness in the anterior gonial region 
of the mandible also found a statistically significant 
difference between these two groups where 
the amlodipine group had lower mean score of 
cortical thickness   than the healthy group. These 
results are in line with several previous studies 
that, in a condition of hypertension with a regular 
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condition of hypertension with a regular antihypertensive drug therapy, there can be an alteration of 
bone quality due to the disruption of calcium metabolism.1,8,17,18,20,21,23,24 

However, the effects of amlodipine on calcium metabolism and bone density themselves are 
still debated. There have been many studies that examined the relationship between these two and 
some of them concluded that the relationship is inconsistent and contradictory, including the result of 
this study. Several studies stated that taking antihypertensive medication raises the risk of 
fracture,25,26 while others claimed that the blood-pressure-lowering effect indirectly increases bone 
density, which may lower the risk of fracture.27 A research in Wistar rats given amlodipine showed 
insignificant changes in bone,18 other stated amlodipine impairs the bone marrow morphology,19 while 
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antihypertensive drug therapy, there can be an 
alteration of bone quality due to the disruption of 
calcium metabolism.1,8,17,18,20,21,23,24

However, the effects of amlodipine on 
calcium metabolism and bone density themselves 
are still debated. There have been many studies 
that examined the relationship between these two 
and some of them concluded that the relationship 
is inconsistent and contradictory, including the 
result of this study. Several studies stated that 
taking antihypertensive medication raises the 
risk of fracture,25,26 while others claimed that 
the blood-pressure-lowering effect indirectly 
increases bone density, which may lower the 
risk of fracture.27 A research in Wistar rats 
given amlodipine showed insignificant changes 
in bone,18 other stated amlodipine impairs 
the bone marrow morphology,19 while some 
researchers wrote that amlodipine actually has 
an anti-osteoporosis effect through inhibition 
of L-type calcium channels by stimulating the 
inositol triphosphate receptor, releasing calcium 
intracellular, or stopping osteoclast activation 
and maturation.18,28–30 This study only assessed 
and focused on the macrostructure of mandibular 
cortical thickness and shape. Therefore, further 
research using a microstructural or molecular 
approach is indispensable.

As the samples were collected randomly and 
the variables of age and sex were ignored in this 
study, there may be some limitations of the result. 
Several studies showed that the mandible reaches 
the greatest height at around 30-39 years old in 
both sexes. The height and quality of bone have 
also been known to decrease with aging, starting 
up to 40 years old. A greater bone damage has 
also been found in older menopausal women due 
to the decreasing estrogen levels. In addition, this 
study did not clearly distinguish and compare the 
exact duration of hypertension and the duration of 
taking amlodipine from each sample available in 
this study, which can affect the results obtained. 
Some studies stated that the longer the duration 
of hypertension and the longer the patients take 
amlodipine, the worse the reduce in bone mineral 
density. There are other factors that can affect the 

decrease in bone mass such as reduced physical 
activity, diet, alcohol consumption, race, family 
history, heredity, and other secondary conditions 
that may cause osteoporosis.1,12,14,27

CONCLUSION
Based on the result of this study, it can be 
concluded that there are significant differences in 
the quality of mandibular bone between groups of 
healthy individuals and hypertensive patients who 
take amlodipine, especially in macrostructure, 
through AI and MCI index analysis on panoramic 
radiographs.
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