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A B S T R A C T

Introduction: Obesity is characterized by extreme body fat accumulation related to lean body mass. The low–-
grade systemic inflammation induced by weight gain may influence wound healing. This study assessed the
association between obesity and alveoli repair after tooth extraction.
Methods: Forty-two male Wistar rats were randomly divided into two groups: weight gain (n=21), animals fed
with hyperlipidic cafeteria diet in order to gain weight; and control (non-obese; n=21) regularly fed rats. After
twelve weeks, the upper right central incisor was extracted and animals were sacrificed after 7, 14 and 28 days.
Slides were obtained for histological analysis. Bone formation and protein expression at the different periods
were compared using Kruskal-Wallis test and Dunn post-test.
Results: Bone area was higher in the control group all over the experiment with more TRAP-positive cells and
TRAP-positive labeling in the weight gain group. RANKL was homogeneously expressed along the experiment
with no differences among the groups; conversely OPG levels reduced in the weight gain groups 14 and 28 days
after tooth extraction. Osteocalcin labeling was higher in the control group after 7 days of extraction, with no
differences at later time points. VEGF labeling was higher in the control group after 14 days of tooth extraction
while the strongest immunolabeling in the weight gain group was observed 21 days post-extraction.
Conclusion: Weight gain induced a delay in bone repair after tooth extraction. The increase in the number of
TRAP-positive cells observed in the extraction site seems to be mediated by the reduction in the expression of
OPG rather than an overexpression of RANKL. In addition, the late expression of VEGF in the weight gain group
might have delayed osteoblast migration and differentiation.

1. Introduction

Obesity is a chronic disease in which the body excessively accu-
mulates fat [1], and a risk factor for many systemic diseases, such as
type II diabetes, cardiovascular disease and cancer [2]. Obesity rates
have risen considerably over the last decades becoming a global health
problem [3].

The literature has demonstrated that obesity is associated with low-
grade chronic inflammation [4]. It has been hypothesized that the
white adipose tissue is responsible for secreting constantly non-specific
proinflammatory cytokines, such as interleukin (IL)-6, IL-1 beta and
tumor necrosis factor-alpha (TNF-alpha), so as specific adipokines
(leptin and adiponectin) [5]. Additionally, as a consequence of the
expansion of the adipose tissue during weight gain, macrophages

infiltrate the tissue, increasing the inflammatory load [5]. IL-1, IL-6 and
IL-8 can indirectly modulate the expression of the receptor activator of
NF-kappa B ligand (RANKL) and osteoprotegerin (OPG) which may
ultimately result in bone loss [6, 7].

Bone metabolism comprises the balance between resorption and
formation, induced by osteoclasts and osteoblasts, respectively [8].
Bone turnover is mainly regulated by the RANK/RANKL/OPG axis [8].
Essentially, RANKL expressed on the osteoblast cell surface binds to
RANK to stimulate osteoclast differentiation and maturation. On the
other hand, osteoprotegerin (OPG) acts as a decoy receptor for RANKL,
which in turn, prevents osteoclast differentiation and activation [9].
Thus, among the factors that may alter bone metabolism, chronic in-
flammation and increased inflammatory profile are responsible for in-
ducing osteoclast activation, and therefore, bone resorption [10].
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The relationship between obesity and bone metabolism is still
controversial within the literature. Initially, obesity was described as
beneficial to bone tissue, since mechanical loading conferred by body
weight would stimulate bone formation [11]. However, studies have
also identified detrimental effects of obesity on bone metabolism [12,
13]. According to the literature, the chronic inflammatory frame com-
bined with increased levels of proinflammatory cytokines induced by

excessive body weight might nullify potential beneficial effects of
obesity on bone turnover [8]. This detrimental impact of obesity on
bone metabolism may be more perceived in body locations that do not
experience the benefits of mechanical loading, such as the alveolar
bone. Studies have demonstrated that obesity may induce alveolar bone
loss in rats [14, 15], and in humans [16].

Even though studies have demonstrated the effects of excessive
body weight on bone loss, there is a lack of information about the in-
fluence of obesity on the mechanisms involved in bone healing, more
specifically in the alveolar bone. Given the existing gap in the re-
lationship between obesity and bone repair, and the risen prevalence of
obesity worldwide, it is of relevance to understand such relationship.
Accordingly, this study aimed to investigate whether obesity would
influence bone metabolism. Also, to explore mechanisms underlying
this association.

2. Methods

2.1. Animals

This study was approved by the Animal Research Ethics Committee

Table 1
Biometric and plasma values (mean ± standard deviation) after 28 days of
tooth extraction.

Control group Weight gain group P-value

Weight (g) 509.4 ± 40.7 665.5 ± 87.7 0.01*
Naso-anal measure (cm) 27.1 ± 0.32 27.4 ± 0.9 0.56
Lee index 294.1 ± 4.7 318.2 ± 11.9 0.01*
PWAT (g) 6.6 ± 0.5 26.8 ± 6.6 0.01*
RWAT (g) 6.1 ± 0.6 39.8 ± 16.1 0.01*
Glycaemia (mg/dL) 70.0 ± 3.5 93.8 ± 11.9 0.01*

PWAT – parametrial white adipose tissue, RWAT – retroperitoneal white adi-
pose tissue.

Fig. 1. Photomicrographs illustrating the chronology of alveolar bone repair at 7, 14 and 28 days post-extraction, from the control group (A, B, C) and weight gain
group (D, E, F) (HE, original magnification 100×).
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of the Araçatuba Dental School, UNESP, Brazil (Protocol number 2014/
00293). Experiment was conducted under Good Laboratory Practice
(GLP) conditions and in accordance with the guidelines of the USA
National Research Council and the Canadian Council on Animal Care
(CCAC).

Forty-two male Wistar rats with approximately 60 days of age and
weighting approximately 250 g were used in this study. The sample size
calculation considered the variability of measurements of alveolar bone
repair, and acceptance as significant differences between experimental
groups of 2mm, with alpha and beta errors of 0.05 and 0.2, respectively
[17]. The number of animals in each group was estimated in six. Based
on attrition rates observed in our previous studies, seven animals were
included in each group.

Animals were allocated into two groups according to body weight. A
stratified randomization strategy comprising tertiles of body weight
was used in order to minimize possible group impairment at baseline.
The control group received a standardized rat chow (Nuvilab, Curitiba,
PR, Brazil), which consisted of 58% carbohydrates, 20% protein, 5% fat
and 5% of other constituents (vitamins, minerals and preservatives).
The weight gain group received a high fat and hypercaloric diet, also
known as CAF diet. This hypercaloric diet, also known as cafeteria
(CAF) diet or Western diet, consisted of commercial rat chow
(Hiperlipídica M 42%, Rhoster, Araçoiaba da Serra, SP, Brazil) plus
sausage and sweet biscuit in the proportion of 2:2:1. Diet consisted of
approximately 50% carbohydrates, 20% fat, 20% proteins and 5% of
other constituents, adapted from a hyperlipidic diet [14, 15]. All foods
were available ad libitum for both obesity and control groups.

The animals received the standard or hypercaloric diet for 12 weeks.
Weight and length according to the naso-anal measure were obtained
every two weeks, and allowed the calculation of the Lee index. The Lee
index consists of the ratio of the cube root of the weight in grams by the
naso-anal length in centimeters multiplied by 1000. Animals with Lee
index above 300 were considered obese [18]. Obesity was confirmed by
weighting the parametrial white adipose tissue (PWAT) and retro-
peritoneal white adipose tissue (RWAT) after euthanasia. A compre-
hensive study flowchart is presented in Supplemental Fig. 1.

2.2. Glycaemia monitoring

Blood glucose levels were measured by an automatic monitoring
system at preoperative and postoperative time periods (7, 14 and
28 days) (Accu-Check® Performa; Roche-Diagnostics Corporation,
Indianapolis, IN, USA).

2.3. Surgery

After 12 weeks of diet exposure, animals were anesthetized by in-
tramuscular administration of a solution of ketamine chloride (50mg/
kg, Vetbrands, Jacareí, SP, Brazil) and xylazine chloride (10mg/kg,
Coopers Brasil LTDA, São Paulo, SP, Brazil). Anterior maxilla antisepsis
was performed using iodized polyvinylpyrrolidone and extraction of the
upper right incisor was done using specially adapted tools, as pre-
viously described [19]. The margins of the wound were sutured with
nylon wires (Vicryl 5–0, Ethycon, São Paulo, SP, Brazil).

The alveolar bone repair in rat incisors area has been studied for the
past five decades [19]. Because the chronology and the cellular re-
sponses of the bone repair are well characterized, this model became
interesting to evaluate systemic factors that may interfere in the pro-
cess. In addition, in comparison to the molar area, the incisor region is
of easier access to identify postsurgical complications, and to avoid
damages to nearby teeth during the extraction procedure.

2.4. Sample collection

Animals were euthanized after 7, 14 and 28 days of tooth extraction
in chamber saturated with halothane vapor. White adipose tissue from
retroperitoneal (RWAT) and parametrial (PWAT) regions were col-
lected and weighed to assure weight gain due to fat accumulation. Next,
the upper maxilla was split in two by means of median sagittal incision
following the intermaxillary suture. Alveolar bone samples were ob-
tained through tangential cuts to the molar distal faces using surgical
scissors. Samples were immersed in 10% buffered formalin solution
(pH 7.0) for 48 h for histological processing.

2.5. Histomorphometric analysis

Samples were decalcified in buffered (pH 8) 17% EDTA (Sigma
Chemical Co; St Louis, MO, USA) and embedded in paraffin. Semiserial
longitudinal 6 μm-thick sections were stained with hematoxylin and
eosin (H&E). The histomorphometric analysis of the bone area in the
middle thirds of the rat alveolus was performed in three sections from
each animal. Standardization of analysis was determined by splitting
the length of the alveolus into thirds. Alveolus walls were recognized by
their regular contour in the early time points and by reversal lines when
trabecular fill-in was present [20]. Upper and lower alveolar walls were
determined by drawing a virtual line connecting the buccal and lingual
alveolar crests to the most superior and occlusal points of the alveolar
base, respectively [20]. Subsequently, the lines were equally split in
three and the corresponding points from upper and lower lines con-
nected [21] (Supplemental Fig. 2). Two digital photomicrographs were

Table 2
Mean and standard deviation data regarding bone area formation and the
number of TRAP positive cells.

Control group Weight gain group P-value

Bone area 7 days (mm2) 35.0 ± 6.6 15.8 ± 5.5 0.01*
Bone area 14 days (mm2) 47.1 ± 5.7 31.8 ± 8.0 0.01*
Bone area 28 days (mm2) 57.2 ± 6.9 40.4 ± 16.4 0.05*
TRAP positive cells 7 days 111.2 ± 24.9 120.6 ± 53.8 0.73
TRAP positive cells 14 days 216.4 ± 54.8 261.0 ± 115.4 0.46
TRAP positive cells 28 days 156.4 ± 49.2 237.4 ± 70.6 0.05*

TRAP - tartrate-resistant acid phosphatase.

Table 3
Median and range data regarding immunohistochemistry labelling scores.

Control group Weight gain group P-value

OPG 7 days 2 [2–2] 2 [2–2] 1.00
OPG 14 days 3 [3–3] 2 [2–3] 0.01*
OPG 28 days 3 [3–3] 1 [1–2] 0.01*
RANKL 7 days 3 [3–3] 3 [2–3] 0.13
RANKL 14 days 3 [2–3] 3 [2–3] 0.51
RANKL 28 days 3 [2–3] 3 [2–3] 1.00
TRAP 7 days 1 [1–1] 1 [1–2] 0.13
TRAP 14 days 2 [1–2] 2 [2–3] 0.05*
TRAP 28 days 2 [1–2] 3 [3–3] 0.01*
OC 7 days 3 [3–3] 2 [2–3] 0.01*
OC 14 days 3 [2–3] 2 [2–3] 0.22
OC 28 days 3 [2–3] 2 [2–3] 0.22
VEGF 7 days 1 [1–2] 1 [1–2] 0.51
VEGF 14 days 2 [2–3] 2 [1–2] 0.05*
VEGF 28 days 1 [1–2] 2 [2–3] 0.01*

OPG – osteoprotegerin, RANKL - receptor activator of NF-kappa B ligand, TRAP
- tartrate-resistant acid phosphatase, OC - osteocalcin, VEGF - vascular en-
dothelial growth factor.
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captured at the center of the delimited area with the field of view
touching the anterior and posterior delimitation lines. The analysis was
performed with an optical microscope Leica Aristoplan Microsystems
(Leitz, Benshein, Germany) with a magnification objective of 10×,
coupled to an image-capturing camera (Leica DFC 300FX, Leica Mi-
crosystems, Heerbrugg, Switzerland). Digitized images were analyzed
in a specific software (Leica Camera Software Box, Leica Imaging
Manager 50). An examiner under blinded conditions performed the
analysis.

2.6. Immunohistochemical analysis

The sections next to the H&E-stained section were used for im-
munohistochemical staining to verify the expression of OPG, RANKL,
osteocalcin (OC), tartrate-resistant acid phosphatase (TRAP) and vas-
cular endothelial growth factor (VEGF) in the tissues during the healing
process. After deparaffinization, the slides were washed in phosphate-
buffered saline, blocked with 0.03% hydrogen peroxide (Merck,
Darmstadt, Germany) and submitted to antigen recovery. Nonfat milk

was used to block endogen biotin. Goat polyclonal anti-OPG, anti-
RANKL, anti-osteocalcin, anti-TRAP and anti-VEGF antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) were used. The secondary
antibody was biotinylated anti-goat antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA).

Reactions were amplified using avidin-biotin immunoperoxidase
(Dako Corp., Carpinteria, CA, USA) and developed by diaminobenzi-
dine (Dako Corp.). Sections were counterstained with hematoxylin
(Merck), dehydrated, and coverslips were mounted using Permount
(Fisher Scientific Co., NJ, USA). Analysis was performed to identify the
labelling characteristics of each protein.

Three slides of each specimen were selected for analysis of OPG,
RANKL, osteocalcin, TRAP and VEGF expression. The area corre-
sponding to the extraction socket was examined. The immunostaining
intensity was categorized by a blinded calibrated examiner according to
a scale from 1 to 4 attributed to absent/negligible, weak, moderate, and
strong staining, respectively [22].

Fig. 2. Illustrative images of tartrate-resistant acid phosphatase (TRAP) immunolabeling after 7, 14 and 28 of tooth extraction in control group (A, B, C) and weight
gain group (D, E, F) (original magnification ×400).
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2.7. Statistical analysis

Normality was tested by Shapiro–Wilk test. Mean body weight and
Lee Index were calculated for control and weight gain groups and
compared by independent samples t-test. Bone formation and protein
expression at the different periods were compared using the nonpara-
metric Kruskal-Wallis test and Dunn post-test, employing StataSE 14.1
software (StataSoft, College Station, TX, US). The significant level was
set at 5%.

3. Results

At baseline, before the animals were allocated to different feeding
groups, no statistical differences were observed in weight and length
between the control and the weight gain groups (data not shown).
Animals in the weight gain group increased weight by the accumulation
of abdominal adipose tissue. Glycaemia levels among obese rats were
higher than in control animals (Table 1).

After 7 days of tooth extraction, both groups showed an initial

repair of the extraction socket. The onset of alveolar bone repair was
characterized by the presence, mainly in the periphery of the alveolus,
of some trabeculae of osteoid material and immature bone tissue, with
numerous osteocytes and irregular basophilic apposition lines, per-
meated by densely cellularized connective tissue still presenting he-
morrhagic areas.

At 14 days, the bone tissue trabeculae started to show anastomosis
and filled most of the alveolus. The connective tissue was still well
densely cellularized and some smaller hemorrhagic areas could still be
observed. After 28 days of tooth extraction, the anastomosed bone
trabeculae were thicker, although still immature, and there was less
osteoid material. The connective tissue was more scarce and mature,
showing a more fibrous characteristic with less cellularity.

Small differences were observed between the specimens of the
control group and the weight gain group, with the latter always
showing a more delayed repair. The Fig. 1 illustrates the overall evo-
lution of tissue repair.

Bone area was higher in the control group all over the experiment
with more TRAP-positive cells and TRAP-positive labeling in the weight

Fig. 3. Illustrative images of the receptor activator of NF-kappa B ligand (RANKL) immunolabeling after 7, 14 and 28 of tooth extraction in control group (A, B, C)
and weight gain group (D, E, F) (original magnification ×200).
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gain group (Tables 2 and 3 and Fig. 2). RANKL was homogeneously
expressed along the experiment with no differences among the groups
(Fig. 3), conversely OPG levels reduced in the weight gain groups 14
and 28 days after tooth extraction (Table 3 and Fig. 4). Osteocalcin
labeling was higher in the control than the weight gain group after
7 days of tooth extraction, with no differences at later time points
(Table 3 and Fig. 5). VEGF expression was higher in the control group
after 14 days of tooth extraction while the strongest immunolabeling in
the weight gain group was observed 21 days post-extraction (Table 3
and Fig. 6).

4. Discussion

Even though obesity was thought to be a protecting factor for the
skeleton due to its association with increased bone mineral density
[23], it has been recently shown that obesity is associated with in-
creased prevalence of bone fractures [24]. A recent prospective cohort
study using data from 56,492 fractures of Medicare patients identified
obesity as a risk factor for fracture nonunion [25]. The reduced bone

turnover seems to be related with progressive insulin resistance induced
by weight gain [26].

In our study, CAF diet-induced obesity was associated with a delay
in bone repair after tooth extraction in Wistar rats. Obesity might affect
bone metabolism by different mechanisms. Osteoblastogenesis is in-
versely related with adipogenesis since adipocytes and osteoblasts have
a common mesenchymal stem cell origin [27]. Moreover, adipocyte
proliferation constrains blood vessels compromising cellular nutrition,
which may cause foci of necrosis in the adipose tissue [28]. Macro-
phages are recruited to necrosis sites releasing in the bloodstream
proinflammatory cytokines release, e.g. IL-6 and TNF-α [28, 29].

These proinflammatory cytokines stimulate osteoclast differentia-
tion and activity through the modulation of the RANKL/RANK/OPG
pathway [6, 7]. Increased RANKL:OPG ratios determine osteoclasto-
genesis and bone resorption through the nuclear factor κB and protein
kinase B-mediated signaling pathways [6, 7]; whereas reduced RANK-
L:OPG ratios favor bone formation. In our study, the RANKL:OPG ratio
was increased in the weight gain group and as a result, bone repair was
delayed. Our results corroborate with a previous study [30], which

Fig. 4. Illustrative images of osteoprotegerin (OPG) immunolabeling after 7, 14 and 28 of tooth extraction in control group (A, B, C) and weight gain group (D, E, F)
(original magnification ×200).
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reported a decrease in OPG secretion in a model of obesity simulation,
even though other studies [30–32] identified an increase in RANKL
level. Regardless of the RANKL:OPG ratio component affected, results
point out that the reduced number of trabecular bone formed in the
weight gain group might be explained by the elevated number of TRAP-
positive cells compared to the control group. TRAP has been used as a
marker of bone turnover since it participates in the degradation of
collagen intracellularly in osteoclasts [33, 34] and in the osteoclast
adhesion and migration when secreted in the extracellular matrix [35].
Based on that, we decided to count TRAP-positive cells and to score the
TRAP stained area. It is important to acknowledge the differences in the
methodologies. Scoring the stained area is less prone to errors than
isolating and counting TRAP positive cells. To avoid an overestimation
of cell number, when in doubt in the number of cells due to proximity
or overlap, only one was counted even though an underestimated result
can be obtained. It is important to highlight also that doubts occurred
more frequently in the weight gain than in the control group.

The delay in bone formation and maturation was also confirmed by
osteocalcin deposition. Osteocalcin is synthesized by osteoblasts along

bone formation and it is used as a biomarker for the bone remodeling
process [36]. Control group presented OC precipitated all over the new
bone matrix inside the extraction socket as expected. Conversely, in the
weight gain group even though labeling scores were still high due to
osteoblast labeling, the mineralized matrix was poorly impregnated.
New theories suggest that OC is a bone-derived hormone related with
the regulation of the metabolism [37]. OC may be used to control in-
sulin secretion, β-cell proliferation, and triglyceride levels in obesity
[37], which may explain OC reduced expression in bone matrix in our
rats. Furthermore, osteoblast chemotaxis, differentiation, and matrix
mineralization are stimulated by VEGF [38]. Given the late expression
of VEGF in the weight gain group, a delayed socket repair would be
expected among these animals.

Based on our results, obesity induced a delay in bone repair after
tooth extraction. The increase in the number of TRAP-positive cells in
the extraction site seems to be mediated by the reduction in the ex-
pression of OPG rather than an overexpression of RANKL. Furthermore,
the delayed expression of VEGF might have affected osteoblasts che-
motaxis and differentiation. Results must be explored in clinical trials to

Fig. 5. Illustrative images of osteocalcin (OC) immunolabeling after 7, 14 and 28 of tooth extraction in control group (A, B, C) and weight gain group (D, E, F)
(original magnification ×200).
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confirm the delay in alveolar bone healing and to determine a possible
impact of weight gain in dental treatments.
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