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Abstract Introduction: Periodontitis, a complex infectious disease that may lead to irreversible

loss of periodontium, is considered a predisposing agent for developing insulin resistance due to

the release of inflammatory mediators, showing a bilateral relationship with diabetes mellitus.

The investigation of periodontal disease requires a clinical approach and complete intraoral radio-

graphs, even with increasing concerns about radiation exposure. Thus, this study assesses pixel

linear analysis accuracy using digital radiography via Digora� in detecting alveolar bone destruc-

tion in diabetic rats with periodontal disease.
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Methodology: 40 rats were divided into groups (n = 10): control (C), rats with periodontal dis-

ease (PD), experimental diabetic rats (ED), experimental diabetic rats with periodontal disease (ED-

PD). Diabetes was induced by streptozotocin and periodontal disease by periodontal ligature. After

30 days, maxillae bone destruction was obtained by linear analysis of vertical bone loss using digital

radiography and then assessed by micro-CT and histology. Data were analyzed by ANOVA and

Tukey’s test (p < 0.05).

Results: Radiographic, micro-CT and histological analysis presented accurate and similar

results. PD and ED-PD groups showed higher bone destruction than C and ED groups

(p < 0.05). Moreover, the ED-PD group had higher bone loss than the PD group (p < 0.05).

Conclusion: The pixel linear analysis via digital radiography was an accurate, low-cost alterna-

tive in detecting alveolar bone loss in this rat model. Micro-CT and histological analysis may also

be used to obtain linear measures to assess and compare periodontal bone destruction in diabetic

rats.

� 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Periodontitis is considered a complex infectious disease with
several etiologic factors(Meyle and Chapple, 2015), resulted

from bacterial-induced chronic inflammation that may lead
to irreversible loss of periodontium supporting tissue (Nazir,
2017). Previous reports evidenced an association between peri-

odontitis and systemic disorders, including diabetes (Genco
et al., 2005).

Diabetes Mellitus is one of the most common endocrine dis-

orders, characterized by chronic hyperglycemia resulting from
depletion of insulin secretion, insulin action or both, estimated
to affect nearly 439 million people by 2030 (Shaw et al., 2010;
American Diabetes Association, 2014). Diagnosis of two main

types of diabetes may be observed: type 1 diabetes (autoim-
mune destruction of the insulin-producing pancreatic beta
cells) and type 2 diabetes (insulin resistance and failure of

the beta cell to compensate), commonly observed in middle-
aged adults (King, 2012).

The beginning of obesity in type 2 diabetes is mainly trig-

gered by inflammation of the adipose tissue, which leads to
increased lipolysis and contributes to the synthesis of cytokines
and adipocytokines. During a low-intensity chronic inflamma-
tion of the adipose tissue, immunoinflammatory mediators are

released, such as tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) (Gomes and Accardo, 2019). The constant
release of inflammatory mediators in a chronic situation as

bacterial or viral infections increases insulin resistance, even
in people without diabetes (Genco et al., 2005; Mealey and
Oates, 2006).

Periodontal diseases like periodontitis may act as a predis-
posing condition for the development of insulin resistance
because the same inflammatory cytokines are released contin-

uously, increasing the possibility of worsening the glycemia
(Mealey and Oates, 2006).

Previous studies showed evidence between these two patho-
logical conditions as a bilateral relationship (Cintra et al.,

2014a), especially regarding prevalence, severity and progres-
sion of periodontal disease in diabetic individuals (Cintra
et al., 2014a; Duarte et al., 2014). The bilateral relationship

reports, on the one hand, that periodontal treatment improves
diabetes outcomes, acting on glycemic control by reducing gly-
cated hemoglobin in diabetic individuals (Teshome and
Yitayeh, 2016). On the other, diabetes influences periodontitis
progression by altering the subgingival bacterial community,
offering a favorable environment for pathogens’ development

(Sakallıoğlu et al., 2008), besides the increased periodontal
destruction by reducing the proliferating capability and acti-
vating osteoclastic resorptive signals due to local acidosis
(Duarte et al., 2014).

The influence of diabetes in alveolar bone destruction is
related to an unbalance of osteoclast and osteoblasts by
increasing the expression of inflammatory cytokines and

RANKL/osteoprotegerin (OPG) ratios, which results in a
reduction of osteoblast formation and an increase of osteoclast
formation in inflamed areas, enhancing bone resorption.

Hence, those bone markers and other inflammatory cytokines,
such as TNF, are critical mediators of the increased bone
resorption in people with diabetes with periodontal disease

(Pacios et al., 2012; Lappin et al., 2009; Wu et al., 2015).
The assessment of periodontal disease diagnoses, stage and

progression is provided by the association between clinical
examination and imaging techniques, as intraoral and/or

panoramic radiographs, to determine bone loss (Lang and
Bartold, 2018; Machado et al., 2020). Even with the possibility
of using superior imaging technique as micro-tomography,

radiography is still considered a reliable tool for periodontitis
detection (Machado et al., 2020).

Linear measurements between the cementoenamel junction

and the alveolar crest are used to analyze bone defects to deter-
mine possible therapy outcomes and periodontal risk assess-
ment (Mol, 2004), with a positive correlation between clinical
bone sounding and bone height via analysis of dental radio-

graphs (Zybutz et al., 2000). Moreover, automated systems
such as computer software could allow more accurate assess-
ments of periodontal bone loss on dental radiographs (Krois

et al., 2019; Machado et al., 2020). However, the inconsistency
in maintaining nearly identical alignment in successive radio-
graphic images may reduce reliability (Rawlinson et al.,

2005; Vijay and Raghavan, 2013).
Micro-computed tomography (micro-CT) is another digital

technology that assesses bone morphometry characteristics as

an alternative to conventional histological analyses when con-
sidering tridimensional volume over a two-dimensional histo-
logic section (Irie et al., 2018). The wide use in dentistry is
due to the possibility of in vivo imaging, making it possible
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Accuracy of radiographic pixel linear analysis in detecting bone loss 989
to assess bone tissue repair in human or even in animal sam-
ples (Balto et al., 2000; Irie et al., 2018).

Thus, this study aimed to assess the accuracy of a linear

pixel analysis using digital radiography (via Digora� his-
togram pixel computer software) in detecting alveolar bone
loss in diabetic rats with periodontal disease, compared with

micro-CT and histologic analysis. The null hypothesis was that
there would be no difference between the three methodologies
used to assess bone loss.

2. Material and methods

Forty male Wistar rats weighing 250–280 g and aged three

months were used in the study. The animals were housed in
temperature-controlled rooms (25 ± 2 �C, 70% humidity)
and kept under a 12-/12-hour light/dark cycle, with food and

water available ad libitum for 48 h before the beginning of
the experiment, for an acclimation period. The general health
condition of the animals was observed throughout the experi-
mental period. The experimental protocol was approved by

and conducted under the guidelines of the institutional ethics
committee (protocols CEUA #00582 and #00357). The rats
were divided into four groups (n = 10): control (C), rats with

periodontal disease (PD), experimental diabetic rats (ED), and
experimental diabetic rats with periodontal disease (ED-PD).

2.1. Sample size

The sample size estimates were based on a previous study
(Cintra et al., 2014a), supported by statistical software (Sigma-
Plot V.12.0, Systat Software, Inc. CA, USA), which calculated

the power sample with the following parameters: adopting an
alpha error of 0.05, and a 90% power for a significant differ-
ence when using four groups, a minimum of 8 animals/group

was indicated. Due to possible animal death, two more animals
were added to each group.

2.2. Diabetes induction

Diabetes was induced according to previous protocols (Cintra
et al., 2013; Cintra et al., 2014b). The rats were fasted over-

night (Day 0), and tail-tip blood was used to measure the fast-
ing blood glucose levels (Day 1) with an automatic blood
glucose monitoring system (Accu-Check� Performa; Roche
Diagnostics Corporation, Indianapolis, IN, USA). Subse-

quently, the rats were intramuscularly anesthetized with keta-
mine (87 mg/kg; Francotar; Virbac do Brasil Ind. e Com.
Ltda., Roseira, Brazil) and xylazine (13 mg/kg; Rompun;

Bayer S. A., São Paulo, Brazil).
Then, animals were randomly assigned into groups and

endovenously injected in the penile vein with citrate buffer

solution 0.01 mol/L with a pH of 4.5 (C and PD) for normo-
glycemic rats or streptozotocin (Sigma Aldrich Corp., St.
Louis, MO, USA) dissolved in citrate buffer solution at

35 mg/kg body weight for experimental induction of diabetes
groups (ED and ED-PD) (Cintra et al., 2013; Cintra et al.,
2014a; Cintra et al., 2014b).

Three days after diabetes was induced, blood samples were

collected from each animal to determine their blood glucose
levels. The rats with blood glucose levels over 200 mg/dL were
used in the Diabetes groups (Cintra et al., 2013; Cintra et al.,
2014b), totaling 20 rats considered diabetics and 20 rats as nor-
moglycemic (not diabetic). Blood glucose concentration was
measured again at day 33 (end of experimental period).

2.3. Periodontal disease induction

After blood confirmation of hyperglycemia on day 3, animals

were anesthetized to induce periodontal disease with the anes-
thetic protocol previously described. The periodontal disease
was induced in rats from groups PD and ED-PD with sterile

4/0 silk ligatures (Ethicon Johnson & Johnson, São Paulo,
SP, Brazil), tied around the maxillary left second molar
(Cintra et al., 2013; Cintra et al., 2014a; Cintra et al., 2014b).

The placement of ligatures in the gingival sulcus around the
molar teeth acts by increasing biofilm accumulation and dis-
rupting the gingival epithelium, leading to osteoclastogenesis
and bone loss (Cai et al., 2008).

2.4. Digital radiographic analysis

After 30 days of periodontal disease induction, the animals

were killed with an overdose of Thiopental anesthetic
(240 mg/kg; Thiopentax, Cristália – Produtos Quı́micos Far-
macêuticos Ltda, Itapira, SP, Brazil). The maxillae were surgi-

cally removed, separated, dissected and fixed in a solution of
4% buffered formaldehyde for 24 h. Images were evaluated
to assess bone loss using the Digora� (Soredex, Orion Corpo-
ration, Helsinki, Finland) digital radiographic system

(Fig. 1a).
The radiographs were taken by placing the specimen on the

sensor (phosphorous board) of 30 mm � 40 mm (size and

active area), similar to a periapical radiographic film. Its
matrix (image size) measures 416 � 560 pixels, with a pixel size
of 71 � 71 mm and a 6.1p/mm resolution. The exposition was

performed as follows: 65 KV and 10 mA, with a source-to-film
distance set at 50 cm and 0.2 s exposure time, as instructed by
the manufacturer for digital radiography of phosphor plates.

The hemi-maxillas of all groups were radiographed using
X-ray apparatus GE (General Electric Company, Milwaukee,
Wisconsin, USA), model GE 1000, and analyzed using Dig-
ora� (Soredex, Orion Corporation, Helsinki, Finland), total-

ing 40 digital radiographic images. The capture was obtained
employing activated phosphorus plates with an incorporated
aluminum step wedge with variable thickness (ranging from

1 to 8 mm, in 1-mm increments), serving as a radiographic den-
sity reference. The same phosphor plate was used for all expo-
sures to avoid possible differences between plates, reducing

bias.
Radiographic evaluation was performed in a blind manner

regarding the groups by a single calibrated operator and con-

ducted according to Teixeira et al. (2011): to quantify the bone
loss area in pixel, a region of interest (ROI/252 pixels) was
opened in the lateral periodontium of every tooth, at the site
corresponding to the height loss of alveolar bone of each sam-

ple. Pixel values were calibrated on the aluminum step wedge
to enable normalization of the ROI pixel measurements. This
standard image technique is essential for controlling of day-

to-day variations in the sensitivity of the detector array. The
pixel values of the ROI were established using the histogram
tool. The normalized pixel values of the images (NPI) were

obtained using the following equation: NPI = PI/CR, where



Fig. 1 a) Histogram and bone density evaluation using the digital radiographic analysis (Digora� software); (b) Linear bone loss

measure using the Micro-CT analysis with Data Viewer software; (c) Linear bone distance measure using histologic analysis with Leica

Qwin V3 software.
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PI is the ROI mean pixel value and CR is the ROI pixel value
of the standard aluminum step wedge. The pixel value of zero
corresponded to black and the pixel value of 255 to white.

2.5. Micro-CT analysis

The maxillae were scanned using the micro-CT 1174 (SkyScan-

Kontich, Belgium). The source of x-ray was operated at 50 kV,
180-degree rotation with 0.8-degree angular increment, pro-
ducing three-dimensional images on a voxel size of 16 mm
and size of 1024 pixels. The images were analyzed by Data

Viewer software (SkyScan- Kontich, Belgium).
A single calibrated operator blinded to the groups

obtained linear measurements (in micrometer) from the

cementoenamel junction (CEJ) to the alveolar crest (AC) in
the interdental region between the first and second molars
and the second and third molars to determine the vertical

bone loss. All images were reoriented, so the CEJ and the
root apex appeared on the micro-CT slice while analyzed.
Measurements of root lengths (mm) from the apex to the

CEJ were also tabulated to assess the remaining vertical bone
(Fig. 1b).

2.6. Histologic analysis

After radiographic and tomographic analysis, the maxillae
were decalcified in buffered (pH 8.0) 17% EDTA (Sigma
Chemical Co, St Louis, MO). After the decalcification period,

samples were histologically processed for paraffin embedding.
Serial sections (6 mm) were cut and stained with hematoxylin
and eosin for analysis under an optical microscope (DM

4000B, Leica, Wetzlar, Germany).
For each sample, the central histologic section containing

the CEJ, periodontal tissues, and the alveolar bone were histo-

metrically measured by a single calibrated histologist, blinded
to the groups, using an image processing system, which con-
sisted of a light microscope (DM 4000B, Leica, Wetzlar, Ger-
many), a color camera (DFC 500, Leica), a color image

processor (Leica Qwin V3 software, Leica) and a personal
computer (Intel Corel i7, 3.4 GHz, Windows 7 Ultimate).
The alveolar bone loss was assessed by measuring the linear

distance between the CEJ and the buccal alveolar bone crest,
in the central histologic sections from the side of the maxilla
(Fig. 1c).
2.7. Statistical analysis

The obtained values were tabulated for each experimental
group, and a single calibrated operator analyzed the data in
a blinded manner concerning the different groups. After the
Shapiro-Wilk normality test, one-way analysis of variance

(ANOVA) followed by Tukey test were performed for para-
metric data with a significance level of 5%.

3. Results

We observed the health conditions of the animals during the
experimental period. From our vivarium experience, diabetic

rats demonstrated intense thirst, polyuria and apathy, in
accordance with their systemic condition. No animal loss
occurred during the experiment.

3.1. Diabetes monitoring: blood glucose levels

The animals’ blood glucose levels were measured on the first

(Day 1), third (Day 3) and last day of the experiment (Day
33). The results showed that diabetic rats (groups ED and
ED-PD) have higher blood glucose levels at third and last
day after diabetes induction than normoglycemic rats (groups

N and PD), as shown in Table 1.

3.2. Radiographic analysis

The radiographic analysis showed that rats with periodontal
disease (PD and ED-PD) presented lower bone density when
compared to rats without periodontal disease (N and ED)

(p < 0.05). Besides, diabetic rats with periodontal disease
(ED-PD) have lower bone density when compared to normo-
glycemic rats with periodontal disease (PD) (p < 0.05). No

statistical difference was found among the groups without
periodontal disease (N and ED) (p > 0.05) (Table 2, Fig. 2).

3.3. Tomographic analysis

The tomographic analysis also evidenced that rats with peri-
odontal disease (PD and ED-PD) have higher bone loss than
rats without periodontal disease (N and ED) (p < 0.05). We

also verified greater bone loss (p < 0.05) in diabetic rats with



Table 1 Mean and standard deviation (SD) of blood glucose levels (mg / dL), according to each group.

Blood glucose levels (mg/dL) ± SD*

Group Day1 Day 3 Day 33 N

N 75.2 ± 11.2a 104.8 ± 9.9a 101.3 ± 10.1a 10

N-PD 76.2 ± 9.2a 103.5 ± 12.1a 94.5 ± 7.9a 10

D 77.7 ± 8.8a 328.2 ± 37.8b 361.8 ± 42.9b 10

D-PD 78.4 ± 7.6a 316.9 ± 38.4b 376.5 ± 44.7b 10

* Same superscript letters indicate no statistical difference (p > 0.05).

Table 2 Mean and standard deviation (SD) of bone loss in radiographic, tomographic, and histologic analysis, according to each

group.

Group Bone loss measurement n

Radiographic (pixel values) Tomographic (mm) Histologic (mm)

N 143.4 ± 8,4a 225,2 ± 23,6a 151,1 ± 56,1a 10

N-PD 123,2 ± 7,0b 1019,9 ± 248,6b 1012,5 ± 151.8b 10

ED 138,4 ± 20,1a 242,0 ± 24,4a 200,2 ± 60,3a 10

ED-PD 101,5 ± 20,1c 1414,0 ± 443,2c 1186,9 ± 138.6c 10

*Different superscript letters represent significant difference (p < 0.05).

Fig. 2 Radiographs of representative images of N, PD, ED and ED-PD groups. N and ED: radiographic images of the maxillae showing

a normal aspect and the area of the bone density measurement (arrows). PD: radiographic image of the maxillae showing a radiolucent

area in the periodontal region (arrows). ED-PD: radiographic image showing an extensive radiolucent area in the periodontal region

(arrows).

Accuracy of radiographic pixel linear analysis in detecting bone loss 991



Fig. 3 Tomographic of representative images of N, PD, ED, and ED-PD groups. N and ED: tomographic images of the maxillae

showing a normal aspect and the area of the linear measurement (red dotted trace). PD: tomographic image of the maxillae showing a

linear bone loss (red dotted trace). ED-PD: tomographic image showing an extensive linear bone loss (red dotted trace).
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periodontal disease group (ED-PD) in comparison with nor-
moglycemic rats with periodontal disease (PD) via tomo-
graphic evaluation.

We found no statistical difference between the groups with-
out periodontal disease (N and ED) (p > 0.05) (Table 2,
Fig. 3).

3.4. Histologic analysis

The histologic evaluation also exhibited the higher bone loss of

rats with periodontal disease (PD and ED-PD) when com-
pared to rats without periodontal disease (N and ED)
(p < 0.05). Diabetic rats with periodontal disease (ED-PD)
have a higher bone loss when compared to normoglycemic rats

with periodontal disease (PD) (p < 0.05).
No statistical difference was found between the groups

without periodontal disease (N and ED) (p > 0.05) (Table 2,

Fig. 4).
4. Discussion

This study investigated the accuracy of linear pixel analysis
regarding quantification of alveolar bone loss, whether in
normal or diabetic rats with periodontal disease, compared

with micro-CT images and histologic analysis. According to
our results, the three methods allowed us to observe the same
differences in bone loss between groups, confirming that a lin-

ear pixel analysis via digital radiographic is a reliable technique
to assess the bone loss progression. Thus, the null hypothesis
was accepted.

The use of animal species is a common practice in dental

research, with a predominance of rodents, mainly due to phys-
iological characteristics that may mimic human behavior.
Because of the often superiority to in vitro research, a high-

quality designed animal model supports future clinical trials
in humans (Bernardino et al., 2014; Nokhbatolfoghahaei
et al., 2020).

Studies in rats have been previously used in different mod-
els to assess tissue response in subcutaneous (Bueno et al.,
2016; Bueno et al., 2019), apical periodontitis (Barcelos
et al., 2020; Cosme-Silva et al., 2020), dental alveolus (Bueno

et al., 2017), or periodontal (Cintra et al., 2013), whether in
normal or under systemic conditions, such as diabetic
(Cintra et al., 2013; Cintra et al., 2014b), hypertensive

(Martins et al., 2016) or even under alcohol consumption
(Dal-Fabbro et al., 2019).

The choice of using normoglycemic and diabetic rats with

periodontal disease was mainly because bone loss would be
promptly observed and distinguished, as expected in the ED-
PD group, and would validate or discard the pixel analysis
when the following micro-CT and histologic sections were

analyzed.
The diabetes model used was streptozotocin induction, as

conducted by previous studies (Cintra et al., 2013; Cintra

et al., 2014a; Cintra et al., 2014b), which resembles type 1 dia-
betes, and, therefore, our results may not accurately be applied
to other forms of diabetes. The glucose levels in diabetic rats



Fig. 4 Histologic of representative images of N, PD, ED, and ED-PD groups. N and ED: histologic images of the periodontal region

showing a normal aspect and the area of the histometric measurement (red dotted trace). PD: histologic image of the periodontal region

showing a linear bone loss (red dotted trace). ED-PD: histologic image of the periodontal region showing an extensive linear bone loss (red

dotted trace).
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were approximately four times higher than those observed in
normoglycemic rats. The blood glucose levels were higher in
the rats of diabetic groups during all experimental periods,

indicating that the method of diabetic induction was effective,
corroborating results of a previous blood profile study in dia-
betic rats with periodontal disease, conducted by Cintra et al.

(2014b).
On day 1, all rats had similar glycemic levels (p > 0.05).

Three days after induction of Diabetes Mellitus, blood glucose

levels were higher than they were in rats without diabetes
(p < 0.05). At the end of the experimental period, we mea-
sured the glycemic levels again, showing similar glycemic alter-
ations to day 3, evidencing the hyperglycemic condition

(Table 1).
The process of periodontal disease induction by placing a

ligature was extensively used in animal studies (Cintra et al.,

2013; Cintra et al., 2014a; Cintra et al., 2014b; Colombo
et al., 2012). The presence of ligature around teeth favors the
formation of bacterial plaques and induces an inflammatory

response, reproducing periodontal diseases in humans
(Colombo et al., 2012). Diabetic rats with periodontal disease
showed higher bone loss in all analyzed methodologies than
nondiabetic rats with periodontal disease. This result is consis-

tent with previous findings (Cintra et al., 2014b; Duarte et al.,
2014) because diabetes enhances periodontal destruction by
increasing osteoclastic activity, due to an intense inflammatory

response observed in hyperglycemic condition.
As stated, the release of inflammatory mediators, such as

TNF- a when affected by periodontal disease, may lead to

insulin resistance (Mealey and Oates, 2006): this chemical
mediator decreases tyrosine phosphorylation of the insulin
receptor substrate (IRS-1) on serine, altering the insulin signal

transduction and making this molecule inhibitory to the insu-
lin receptor signaling ability (Kroder et al., 1996).

The bilateral relationship between DM and periodontitis
stems from the link between the degree of hyperglycemia and

the severity of periodontitis. Diabetes directly affects osteo-
blast (reducing differentiation and turnover rate) and osteo-
clast (elevating its formation in inflamed areas), potentiating
the severity of periodontitis and accelerating bone resorption
by increasing the expression of inflammatory mediators and

receptor activator of NF-jB ligand (RANKL)/osteoprotegerin
(OPG) ratios. After inflammation initiates, inflammatory
cytokines and activate cells related to bone resorption start

alveolar bone demineralization. Active osteoclasts (tartrate-
resistant acid phosphatase – TRAP) stimulate bone resorption
through an imbalance in the RANK/RANKL/OPG equilib-

rium. In bone, RANKL stimulates osteoclastic differentiation,
while OPG protects the bone tissue from excessive resorption
by binding to RANKL, thus preventing it from binding to
RANK (Dal-Fabbro et al., 2019; Cosme-Silva et al., 2020).

Diabetic patients with severe periodontitis have six times
more insufficient glycemic control (hyperglycemia) than
patients with healthy periodontium, leading to exaggerated

immune-inflammatory responses induced by periodontal
pathogens. However, improved glycemic control reduces the
severity of periodontal disease (Badiger et al., 2019; Wu

et al., 2015).
Concerning the use of imaging techniques to assess bone

defects in periodontal disease, besides the advantages of
three-dimensional (3D) imaging information provided by

micro-CT over two-dimensional (2D) histological sections,
the micro-CT allows non-destructive imaging easy to perform.
Another advantage of the micro-CT is that the same sample

can later be prepared for histologic analysis, enabling comple-
mentary information of the same tissue from different areas,
unrestricted to the sections provided by histology images

(Bouxsein et al., 2010). However, the routine use of 3D images
for periodontal diagnosis does not appear to be justified due to
radiation exposure and cost-effectiveness (Kim and Bassir,

2017).
Digital measurement techniques have been proposed to

assess bone density by determining shades of gray, measured
in pixels, and generating values (Shrout et al., 2003). The use

of Digora� system to assess radiopacity of dental materials
by pixel gray values associated with an aluminum step wedge
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has been previously reported (Borges et al., 2011; Teixeira
et al., 2011). When using digital radiographs to analyze bone
density, Nackaerts et al. (2007) stated that the assessment of

bone density was far more accurate when associating an alu-
minum step wedge consisting of at least three steps as a ref-
erence. The study by Teixeira et al. (2011) also used the

radiographic pixel analysis to confirm the presence and inten-
sity of bone resorption in rat’s mandible, observed in a histo-
logical section, via histogram tool by establishing pixel values

of the ROIs, overcoming a conventional visual analysis. Also,
results by Shrout et al. (2003), Jett et al. (2004), Bozzo et al.
(2004), and Goes et al. (2010) also confirmed the possibility
of bone loss detection by analyzing pixel values or density,

even if it was not yet visible radiographically, corroborating
our results.

Regarding the methodologies used to evaluate bone loss,

there are no studies in the literature comparing the images
obtained by digital radiography with micro-CT and histologi-
cal findings. The present research highlighted this comparison,

showing that low-cost imaging methodologies may still be a
valid and reliable technique to linearly quantify bone loss, with
a valuable benefit-cost and a lower time required to obtain the

results. Although histology remains the most indicated method
to evaluate the inflammatory infiltrate, histologic analysis is
laborious, time-consuming, costly, and sample destructive,
besides the unfeasibility of performing in clinical routine

(Balto et al., 2000; Von Knebel Doeberitz and Wentzensen,
2008).

However, Machado et al. (2020) highlighted limitations of

radiographic assessment, such as the inability to reproduce
the bone structure three-dimensionally, which may decrease
accuracy. Also, lack of standardization in radiography may

show milder bone destruction than observed (Vijay and
Raghavan, 2013).

Although intraoral radiographs may be less accurate than

other techniques, recent studies focus on computer-assisted
radiography to overcome human visual limitations in detecting
bone loss. Recent studies suggested that automated systems
could allow more reliable and accurate assessments of peri-

odontal bone loss on panoramic dental radiographs, and the
development of automated prediction systems could enhance
periodontitis surveillance (Krois et al., 2019; Machado et al.,

2020).
According to the results, due to the low cost and easy prac-

ticability in clinical routine, the use of this radiographic pixel

analysis could be extrapolated to clinical research with digital
radiographs aided by computer tools, after initial periodontics
investigation with a periodontal probe in pocket depths and
before a costlier exam as the micro-CT. Further tests with

human digital radiographs may validate this as a preliminary
exam to verify the presence/progression of bone loss in peri-
odontal disease.

5. Conclusion

In conclusion, based on the compared methodologies,

although micro-CT and histological analysis are reliable/gold
standard methods to assess bone loss, the presented
radiographic technique using pixel analysis showed to be an

accurate, low-cost, and easy-access alternative to detect alveo-
lar bone loss in diabetic rats with periodontal disease.
Nevertheless, all techniques showed that diabetes provides
increased bone loss in rats with periodontal disease.
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