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Abstract

Osteoporosis is an age-related health problem involving estrogen deficiency and the hormone replacement therapy (HRT) is still widely used as an antiresorptive agent.
However, the effect on bone microarchitecture needs to be further investigated. To evaluate the effect of HRT on mandibular bone architecture in postmenopausal
women using fractal analysis on digital panoramic radiographs. Seventy-five digital panoramic images including 25 images of women aged 20-39 years (negative
control, G1), 25 images of women aged 40-59 years who were not taking HRT (positive control, G2) and 25 images of women aged 40-59 years who were taking
HRT (G3) were submitted to fractal analysis using Image] software to compare the bone density between the groups. Statistical differences were observed between
the fractal indexes in the 3 groups on both sides and the fractal dimension (FD) of group G3 was statistically greater than that of G1 and G2 on both sides. A
significant moderate positive correlation (0.3<(<0.49) was found between age and FD on the left mandible in G3. Postmenopausal women under HRT present

higher values for FD and these agents can affect the architecture of mandibular bone.

Introduction

Osteoporosis is a disease of the skeletal system characterized by
loss of bone mass and clear deterioration of bone microarchitecture
resulting in areas highly susceptible to spontaneous fractures [1,2]. In
postmenopausal women, the combined effects of estrogen deprivation,
increased production of follicle-stimulating hormone (FSH) and a
decrease in calcium absorption increases the risk of postmenopausal
osteoporosis [2,3]. Among the major pharmacological interventions,
hormone replacement therapy (HRT) is still widely available for the
prevention and treatment of postmenopausal osteoporosis to reduce
the rate of bone loss [2,4].

In the jaw bones, an apparent enhancement of the oblique line is
relatively common in intraoral and panoramic radiographs, especially
in patients aged more than 50 years, because there is an evident loss of
trabecular bone mass of the mandible body and low cortical bone loss
[1,2]: Moreover, resorption of the inferior mandibular cortex can be
detected by panoramic radiograph [5]. Thus, as panoramic radiographs
are often requested in the dental clinic, this imaging modality can be
used as a screening tool to assess the level of bone mineral density and
predict the presence of osteoporosis, so that patients can be referred for
more complex tests such as bone densitometry [2,6].

Fractal analysis is an effective and useful quantitative method to
analyze the trabecular bone pattern through complex measurements
of geometric structures throughout the image [7]. Dental radiographs,
such as periapical radiographs, provide an efficient method for
determining the fractal dimension (FD) by evaluating the changes in
bone porosity [2,6]. Nevertheless, only seven studies used panoramic
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radiographs for FD analysis in osteoporotic patients [1,7-12] and no
previous articles observed the bone architecture in patients under HRT.

Wehypothesize that HRT alters the jaw bone pattern and; therefore,
the purpose of the present study was to evaluate the effect of HRT on
the architecture of mandibular bone in postmenopausal women using
fractal analysis on digital panoramic radiographs.

Materials and methods

Patients

This study followed the guidelines of the Declaration of Helsinki
and Tokyo for research in humans and was approved by the local ethics
committee of Sdo José dos Campos Dental School - UNESP (protocol
number: 027/2011-PH/CEP). All patients received verbal information
and informed consent was obtained from all participants included in
the study. Digital panoramic radiographs of 75 women were distributed
into 3 groups as follows: G1, 25 images of women aged 20-39 years
(negative control); G2, 25 images of women aged 40-59 years who were
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not taking HRT with osteoporosis diagnosis (positive control); and
G3, 25 images of women aged 40-59 years who were taking HRT with
osteoporosis diagnosis. All images of patients were obtained with the
assistance of the oral radiology clinic at Sao José dos Campos Dental
School - UNESP and clinical data were collected retrospectively from
the patients’ charts.

Image collection

All radiographs were obtained using a digital panoramic unit
(ORTHOPHOS XG 5; Sirona, Bemsheim, Germany) operating at 64
kVp, 8 mA and 14.1 s exposure time. An expert radiologist with 5
years of technical experience performed all radiographic evaluation.
Distorted images were excluded.

Trabecular bone analysis

Morphological analysis was performed to study the trabecular
bone pattern according to White et al. [13] Digital radiographs were
saved in JPEG format (Joint Photographic Experts Group) with a
spatial resolution of 300 pixels and exported to Adobe Photoshop
CS5 software (Adobe Systems, San Jose, CA) to selection the region of
interest (ROI). Image ] software (http://rsb.info.nih.gov/ij/) was used
for the FD analysis and comparison of bone texture among groups.
The digital images were converted from 8 bits to 16 bits and a ROI
measuring 60 x 120 pixels was created between the lower premolars.
The digital images were segmented to binary images as described by
White and Rudolph [14] and the ROI was duplicated and obscured
with a Gaussian filter of 35 pixels in diameter according to Yassar et
al. [9] Figure 1 shows the sequence of procedures for fractal analysis of
the images. Figure 2 illustrates the position of Gaussian Blurred image
overlapped the skeletonized image of the same region showing the
correct selection of components encompassed ROI.

Statistical analysis

The Mann-Whitney test was performed to evaluate the differences
in the FD values between the right and left sides in each group. The
Kruskal-Wallis test followed by post hoc paired comparison was
conducted to compare the FD values on each side (right/left) as well as
age in each group. The Spearman correlation test was used to analyze
the correlation between age and FD on each side in each group. A P
value less than 0.05 was considered significant for all statistical tests.

Figure 1. Sequence of fractal analysis of the inferior premolar region. (A) The ROI (60
x 120 pixels) on a panoramic radiograph. (B) The raw image before processing. (C) A
Gaussian blurred image. (D) A subtraction image. (E) Added image. (F) A binary image.
(G) An eroded image. (H) A dilated image. (I) An inverted image. (J) A skeletonized image.
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Skeletonized Image

Gaussian Blurred Image Overlapped Image

Figure 2. Overlapped image including the original or Gaussian blurred image with the
skeletonized image. Note the encompassment of bony trabeculation supporting the correct
process of ROI selection.

Table 1. Age characteristics of the patients and comparison of ages between groups using
the Kruskal-Wallis test followed by post hoc comparison.

G1 G2 G3
Sample (n) 25 25 25
Minimum 20.00 40.00 40.00
Average + SD 24.84+4.10 46.56 +5.06 50.48 +£5.92
Maximum 34.00 57.00 58.00
P value (G1=G2=G3) 0.0000%**
Post hoc A B C

n, number; SD, standard deviation. **Statistically significant difference.

Results

The characteristics of the patients are showed in Table 1. The
average age of the patients in the negative control group (G1) and the
positive control group (G2) was 24.84 and 46.56 years, respectively. The
average age of the group under HRT (G3) was 50.48 years. Statistically
significant differences were observed between the ages of the 3 groups
(Table 1). No statistically significant differences were found between
the FD values for the right and left sides in each group (Table 2).

Statistically significant differences were observed in the FD between
the groups on both sides. Moreover, the FD in G3 was statistically
greater than in G1 and G2 on both sides (Table 3). A moderate positive
correlation (0.3<¢<0.49) was found between age and FD on the left
side of the mandible in G3 and the right side of the mandible in G2
group. However, only the first correlation was statistically significant.
The other correlations between age and FD were low and showed no
statistical significance (-0.29<¢<0.29). These results are showed in
Table 4.

Discussion

Panoramic radiographs are regularly requested as a complementary
diagnostic examination by dentists and, sometimes, important
manifestations of systemic diseases can be found in the gnathic bones
[15-19]. Among these, low bone mineral density and morphological
changes in trabecular bone reinforce the use of panoramic radiograph
together with some clinical parameters to identify patients with
osteoporosis [1,20,21]. Although HRT is prescribed as an antiresorptive
drug for the treatment of postmenopausal osteoporosis, the effect on
the microarchitecture of trabecular bone has been investigated only on
calcaneus radiographs showing that HRT interferes with the texture of
trabecular bone [22]. The present study provides interesting results by
applying a similar methodology to analyze trabecular mandible images
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Table 2. Fractal dimensions (FD) of the right and left sides in each group and P values using
the Mann Whitney test.

G1 G2 G3

RS LS RS LS RS LS
Patients (1) 25 25 25 25 25 25
Minimum 1.5447 | 15138 1.5445 1.3980 | 1.6507 | 1.6731
Average 1.6675 1.6730 | 1.6735 1.6742 | 1.7052 | 1.7074
SD 0.0465 | 0.0443 | 0.0398 | 0.0635 ' 0.0206 | 0.0171
Maximum 1.7441 1.7379 | 1.7192 | 1.7184 | 1.7462 1.7373
P value (RS =LS) 0.823 0.491 0.816

RS: right side; LS: left side; n: number; SD: standard deviation.

Table 3. Comparison of the FD of the right and left sides between the groups using the
Kruskal-Wallis test followed by post hoc comparison.

Right side Left side
Gl G2 G3 G1 G2 G3
Average 1.6675 1.6735 1.7052 1.6730 1.6742 1.7074
P value (G1=G2=G3) 0.0003** 0.0002**
Post hoc A A B A A B

**Statistically significant difference.

Table 4. Spearman coefficients (¢) and P values for the correlation between age and FD on
each side of the mandible in each group.

G1 G2 G3
RS LS RS LS RS LS
¢ 0.2340 0.2030 0.3350 0.2450 -0.1220 0.4070
P value 0.2610 0.3310 0.1020 0.2390 0.5620 0.0433

RS: right side; LS: left side. Moderate statistical significance of Spearman coefficient (0.3
<9<0.49).

on panoramic radiographs of postmenopausal women.

Our results indicate higher values in patients under HRT when
the FD of each side was compared between groups. Nevertheless,
no statistically significant differences were found between the FD of
the right and left sides in the same group of patients. These findings
suggest that trabecular bone modifications can occur simultaneously
in the same arch and reinforces that HRT interferes with the
microarchitecture of the mandible in postmenopausal women as was
found also in calcaneus bone [22]. Moreover, a positive correlation
between age and FD in the group under HRT and in the group not
under HRT (only the former correlation was statistically significant)
confirms the possible influence of hormonal therapy on FD values and,
consequently, on the architecture of mandible bone. Lespessailles et
al. [22] also found a positive correlation between HRT and trabecular
bone architecture on calcaneus radiographs.

On the other hand, the results suggest that age is a minor factor
with regard to microarchitecture of bone when the FD indexes are
compared between women in the same age range with or without
HRT. The absence of statistical significance for the positive correlation
between age and the negative control group is in agreement with this.
Furthermore, FD was significantly lower in a group of postmenopausal
women without HRT compared with a group of postmenopausal
women with HRT. Although decreased levels of estrogen are
considered the primary cause of osteoporosis and the classic HRT are
drugs commonly recommended for postmenopausal osteoporosis [22-
24]. The effect of this treatment modality on the architecture of the
jaw bone was not observed in previous studies. Moreover, among the
studies using fractal analysis to assess dental panoramic radiographs,
there are no evaluations of the architectural pattern of the jaw bone
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in patients under HRT. The present study has approached this topic
with challenging results obtained from an analysis of maxillofacial
bone through oral radiographs. Thus, this routine exam in the dental
practice can be useful to evaluation of antiresorptive drug effects upon
the bone tissue.

Nevertheless, the lack of a group of patients under treatment with
other antiresorptive drug classes such as bisphosphonates, calcitonin
and, more recently, selective estrogen receptor modulators (SERMs)
can be considered as a limitation of this study due to the possibility
of comparison of the effect of different agents upon the bone
microarchitecture.

Conclusion

Even so, we conclude that postmenopausal women under HRT
present higher FD values than women not under this treatment
protocol. Thus, it is highly likely that HRT alters the architecture
of mandibular bone, rendering with better bone mineral density.
Interestingly, postmenopausal women with osteoporosis taking HRT
have better bone mineral density than young healthy women without
osteoporosis. This intriguing finding was never reported in the English
Literature and we suggest the powerful effect of HRT therapy upon
the maxillofacial bone. Nevertheless, only further case-control studies
can clarify this assumption. In this context, the oral radiographic
examination can be used to screen the bone effects caused by HRT
drugs in osteoporotic patients. However, only further studies can
elucidate the possible mechanisms involved in the effect of these drugs
on bone architecture.
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