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Objectives: Mental artery flow decreases with age and may have an aetiological role in
alveolar ridge atrophy. The aim of this study was to identify factors associated with
alterations of mental artery flow, assessed by ultrasonography.
Methods: This case–control study was conducted on elderly patients (aged above 60 years)
at the beginning of dental treatment. Intraoral B-mode Doppler ultrasonography was used to
assess mental artery flow. The cases were defined as patients with a weak/absent ultrasound
signal, whereas the controls presented a strong ultrasound signal. Demographics and
radiographic findings (low bone mineral density on dual-energy X-ray absorptiometry and
mandibular cortical index on panoramic radiographs) were analysed as risk factors for weak/
absent ultrasound signal and were calculated as adjusted odds ratios (AORs) with 95%
confidence intervals (CIs) using conditional logistic regression. In addition, the Student’s t-test
was used to compare the mean alveolar bone height of the analysed groups. A p-value ,0.05
was considered statistically significant.
Results: A total of 30 ultrasound examinations (12 cases and 18 controls) were analysed.
A weak/absent mental artery pulse strength was significantly associated with edentulism
(AOR5 3.67; 95% CI5 0.86–15.63; p5 0.046). In addition, there was a significant difference
in alveolar bone height between edentulous cases and controls (p5 0.036).
Conclusions: Within the limitations of this study, the present results indicate that edentulism
is associated with diminished mental artery flow, which, in turn, affects alveolar bone height.
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Introduction

Blood supply is a determinant factor affecting the healing
process. Compromised vascularization may lead to alter-
ations in bone remodelling capacity and integrity.1 In
addition, blood flow assessment is critical in establishing
the diagnosis of several pathological conditions.2,3

One method to assess blood supply is ultrasonography.
This is a versatile, painless and non-invasive method of
imaging diagnosis that does not use ionizing radiation.
It can acquire sectional images of anatomic structures in
any spatial orientation.4 In addition, Doppler ultrasono-
graphy effect enables assessing haemodynamics, which
includes dynamic features of both vascular architecture
and blood flow in real time.5

The diagnostic potential of ultrasonography in den-
tistry has been described in the literature.4–9 Applications
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include oral cancer diagnosis,2,10 salivary gland imaging6,11

and assessment of mandibular vascularization. The man-
dibular vascularization is useful to detect blood flow
changes in the inferior alveolar artery and its branches,
as well as in the mental artery, which exits the mandible
through the mental foramen.12

It has been established that the mental artery flow
diminishes with age.7,8 This condition has been described
as a potential aetiological factor for alveolar bone at-
rophy.7 However, little is known regarding factors asso-
ciated with decreased mental artery flow and its influence
on mandibular ridge atrophy.
Thus, the purpose of this study was to identify factors

associated with the alterations of mental artery flow and
to assess the association between mental artery flow and
residual alveolar bone height.

Methods and materials

This case–control study was initiated after approval of
the project by the Ethics Committee (Protocol Number:
166.119). All patients willing to participate in this study
signed an informed consent form. The strengthening the
reporting of observational studies in epidemiology
(STROBE) guidelines for observational studies and the
guidelines of the Helsinki Declaration were followed in
this investigation.

Inclusion and exclusion criteria
Elderly patients (aged above 60 years) presenting for
dental treatment in the clinic of this study were enrolled
consecutively fromMay 2012 to August 2013. All patients
included had previously undergone body mass index as-
sessment and low-density lipoprotein cholesterol screen-
ing test. In addition, the selected patients presented either
a totally edentulous (with over 5 years of edentulism) or
totally dentulous (i.e. at least from the first molar to the
first molar) mandible.
Edentulous patients with a recent tooth extraction (less

than 6 months of follow-up) were excluded to avoid the

imprecision of the socket remodelling period. Patients
with any blood or metabolic disorders, such as diabetes
and vitamin D deficiency, or with a history of radio-
therapy, were also excluded.

Radiographic analyses
Digital panoramic radiographs (Veraviewepocs® 2D;
Morita, Tokyo, Japan) of all the patients were taken at
the beginning of the dental treatment, as an examination
recommended for general screening.13 Images were taken
using the following exposure conditions: 60 kV, 4mA,
0.5-mm copper filter and were analysed using an imaging
processing software program (ImageJ®, National In-
stitute of Health, Bethesda, MD). Images were corrected
using a magnification factor of 1.3, and spatial calibra-
tion was set at a scale of 1 pixel per 96mm.

The mandibular cortical index was assessed by evalu-
ating the appearance of the inferior mandibular cortex
below the mandibular foramen, using a classification
system described in the literature.14 In brief, the inferior
mandibular cortex was classified as “C1” or normal, when
presenting an even and distinct endosteal margin, “C2” or
moderately eroded, when presenting evidence of lacunar
resorption or endosteal cortical residues, and “C3” or se-
verely eroded, when unequivocal porosity was observed.

In addition, the alveolar bone height of totally eden-
tulous patients (n5 15) was measured from the mental
foramen to the alveolar crest, using the linear measure-
ment tool of the above mentioned software program,
following a methodology described in the literature.15

All panoramic radiographic measurements were per-
formed in random order by two trained observers (i.e.
dentists with expertise in oral radiology). Intraobserver
reliability was assessed between measurements performed
2 weeks apart to eliminate memory bias. Intraobserver
and interobserver agreements were assessed using the
kappa test for mandibular cortical index assessment and
intraclass correlations coefficient for alveolar bone height
measurements.

All patients also underwent a dual-energy X-ray
absorptiometry examination of the forearm. Bone mineral

Figure 1 Images produced by the ultrasound system. (a) Capture of weak/absent Doppler ultrasound signals (cases). Systolic velocity is not
clearly depicted in the spectral Doppler time–velocity graph. (b) Capture of strong Doppler ultrasound signals (controls). The examination
produced a clearly visible spectral Doppler time–velocity graph, providing numerical data to assess systolic peak velocity in real time.
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density (BMD) (in grams per square centimetre) was mea-
sured at the distal radius with a bone densitometer (Nor-
land pDEXA; Norland Medical Systems, White Plains,
NY), according to the manufacturer’s recommendations.

B-mode Doppler ultrasound measurements
All ultrasound images were obtained with a portable
device (Terason t3000TM; Terason Ultrasound, Burling-
ton, MA), using an intraoral endocavitary transducer
(model 8EC4; Terason Ultrasound; variable frequency
4–8MHz; Figure 1). A physician with over 20 years’ ex-
perience in ultrasonography performed the examination
intraorally on all patients, following a methodology
described in the literature.16 In brief, the intraoral en-
docavitary transducer was set with an 8-MHz probe. A
latex casing (Madeitex®; Madeitex Ind. e Com. de
Artefatos de Látex Ltda, S~ao José dos Campos, Brazil)
was used with acoustic gel to protect the transducer. The
probe was then placed in the mucobuccal fold overlying
the mental neurovascular bundle. A B-mode Doppler
ultrasonography was performed only on the buccal side,
in the sagittal plane, to detect any signal from blood flow
through the mental artery on the right and left sides of
the patient. Power Doppler settings were standardized
and optimized to obtain maximum sensitivity for low-
velocity flows, with a pulse repetition frequency of 1000Hz,
a low-pass wall filter, medium persistence and a Doppler
gain set to maximal values below threshold. The real-time
images were produced and evaluated on the monitor of
the ultrasound device. Pulse strength was obtained and
classified into cases and controls according to the output
pattern of the ultrasound device.7

To confirm the reproducibility of our methodology, two
pilot sets of ultrasound examinations were performed in
representative patients, 2 weeks apart from each other to
eliminate memory bias. A radiologist with expertise in
ultrasound served as the second examiner. Intraobserver
and interobserver agreements were assessed using the
kappa test.

Case and control definitions
When the signal was absent or insufficient to produce
numerical data to quantify systolic peak velocity, pulse
strength was classified as weak/absent (cases; Figure 1a).
Similarly, when the signal was strong enough to produce
numerical data to assess systolic peak velocity in the
spectral Doppler time–velocity graph, pulse strength was
classified as strong (controls; Figure 1b).7

Statistical analysis
The sample size was determined using the uncorrected x2

test, to detect a minimum odds ratio of 5, and to give the
study a power of 80%, at a level of significance of 5%.
Conditional logistic regression was used to assess asso-
ciations between ultrasound pulse strength signal and the
rest of the variables. All variables were stratified using
cut-off points. Risk estimates were presented as odds
ratios with 95% confidence intervals. The odds ratios were
adjusted for potential confounders of age and gender.

Finally, the Student’s t-test was also used to compare age
and mean alveolar bone height between edentulous cases
and controls. A p-value ,0.05 was considered statisti-
cally significant. All statistical analyses were performed
using the IBM SPSS Statistics 17 software (IBM Corp.,
New York, NY; formerly, SPSS Inc., Chicago, IL).

Results

A total of 30 ultrasound examinations (12 cases and 18
controls) were included in the study (Figure 1). The case
group had a mean age of 60.6 ± 9.8 years, whereas the
control group had a mean age of 55.8 ± 11.9 years. The
difference in age between both groups was not statisti-
cally significant (p. 0.05).

Intraobserver reproducibility and interobserver re-
liability were confirmed for the mandibular cortical index
assessment (kappa between 0.78 and 0.90; p5 0.001), as
well as for alveolar bone height measurements (intraclass
correlations coefficient between 0.82 and 0.94; p5 0.001).
In addition, perfect intraexaminer and interexaminer
agreements were found for detection of pulse strength on
ultrasound examinations (kappa5 1; p5 0.001).

Statistical analysis showed that edentulism (adjusted
odds ratio5 15.10; 95% confidence interval5 2.07–116.02;
p5 0.009) was significantly associated with weak/absent
mental artery pulse strength (Table 1). All other factors
were not significantly associated with mental artery pulse
strength (p. 0.05). In addition, there was a significant
difference in alveolar bone height between edentulous cases
(mean of 4.77 ±1.66mm) and controls (mean of 7.27 ±
3.72mm), according to the Student’s t-test (p5 0.036).

Discussion

The blood supply of the mandible comes mainly from
two sources: internally from the inferior alveolar artery
and externally from the periosteum, covering the man-
dible.12 However, the periosteum has been regarded as
responsible mainly for preventing mandibular ridge at-
rophy, owing to the cortical nature of the mandibular
bone.17 By contrast, our results indicate that internal
vascularization is also associated with mandibular ridge
atrophy, as suggested by a similar study.7 Furthermore,
as previously described,16 the assessment of the mental
artery flow, as performed in this study, is useful to predict
internal vascularization of the mandible, since the mental
artery is a continuation of the inferior alveolar artery.

Only elderly patients were included in our study sample;
therefore, our analyses could be initially adjusted to the
confounding factor of age. In addition, most of the elderly
dentulous patients analysed presented a strong ultrasound
signal of mental artery flow. This finding contrasts with
other studies7,8,18 suggesting an inverse relationship between
mental artery flow and the patients’ age. Furthermore, the
present study also strove to evaluate the association
between osteoporotic alterations and mental artery flow.
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Despite the relation between lack of bone marrow
perfusion and osteoporosis, described in the literature,19

no relation was found between low BMD and diminish-
ing mental artery flow, in agreement with another similar
study.8

On the other hand, one limitation of the present study is
that dual-energy X-ray absorptiometry values for BMD
were taken from the forearm, whereas the lumbar spine
is considered the gold standard method for obtaining
T-score (BMDmeasurement compared with a young adult
reference population) and Z-score (BMD measurement
compared with an age-matched reference population), in
accordance with the World Health Organization.20 Fur-
thermore, while the case–control design of the present
study allows for the assessment of risk associations, future
cohort studies with larger sample sizes are needed to de-
termine the causality of a decreasing mental artery flow
and mandibular ridge atrophy, as well as the biological
and genetic factors associated with these alterations.
Another limitation of this study is that the alveolar

bone height was measured with panoramic radiographs,
which are less accurate than CT scans for performing
linear measurements.21 Future research with CT scans

would be required to compare standardized measure-
ments on different sites of the mandible. On the other
hand, the rationale of using digital panoramic radio-
graphs was to provide data from a commonly available
examination used for general screening at the patients’
first visit,13 in accordance with the “as low as reason-
ably achievable” guidelines of radiation safety.22

Conclusions

In conclusion, within the limitations of this study, the
present results indicate that edentulism and mandibular
ridge atrophy are associated with diminished mental
artery flow.
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