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Abstract
Diabetes mellitus impairs angiogenesis and tissue reorganization during orthodontic tooth movement (OTM). Thus, this 
study evaluated pulpal outcomes in orthodontic tooth movement through metabolic changes in diabetes. Male Wistar rats 
were used, and the in vivo study design consisted of four groups (n = 10/group): C—non-diabetic animals not subjected to 
orthodontic tooth movement; D—diabetic animals not subjected to orthodontic tooth movement; OTM—non-diabetic ani-
mals subjected to orthodontic tooth movement; and D + OTM—diabetic animals subjected to orthodontic tooth movement. 
In addition, the pulps of the distovestibular root (DV) and mesiovestibular root (MV) were assessed by histomorphometric 
analyses and immunoexpression of the RANKL/OPG system. Pulpal analysis of the MV root showed an increase in blood 
vessels in diabetic animals. Inflammatory infiltrate and fibroblastic cells were elevated in diabetic animals with tooth move-
ment in the DV and MV roots. In the DV and MV roots, diabetic rats with OTM showed a reduction in birefringent collagen 
fibers. The immunostaining for RANKL was higher in the pulp tissue of OTM in diabetic and non-diabetic animals. It was 
concluded that the pulp tissue has less adaptive and repair capacity during OTM in diabetes. Orthodontic strength can alter 
the inflammatory processes in the pulp.
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Introduction

Metabolic-compromised patients have been seeking ortho-
dontic treatments for esthetic and functional improvements, 
changing the reality in the offices, and increasing the profes-
sional challenges for safe care [1]. Diabetic patients should 
not be treated orthodontically until they have this metabolic 
disease under control [2], as they may have a lower density 
and greater propensity for bone loss [3]. Type 1 diabetes is 
related to the destruction of pancreatic β cells and is respon-
sible for 5–10% of diabetics. Conversely, type 2 diabetes is 
characterized by peripheral insulin resistance [4]. Despite 
having different origins, their consequences are similar, 
altering the inflammatory response and vasculogenesis, 
making tissue repair difficult [5, 6].

Osteoprotegerin (OPG), nuclear factor-kappa B ligand 
(RANKL), and nuclear factor-kappa B receptor (RANK) 
are some of the main mediators expressed in the bone 
remodeling process and are involved in orthodontic move-
ment [7]. The RANK/RANKL/OPG system is responsible 
for bone remodeling through the activation of osteoclasts 
and participates in the modulation of the activity of cells 
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that make up the extracellular matrix, such as fibroblasts 
and osteoblasts. These proteins also regulate the activity of 
odontoblasts during odontogenesis [8, 9], and their activity 
may be altered by metabolic changes, such as diabetes.

Patients with diabetes exhibit intense collagenase 
activity and a decrease in fibroblastic collagen synthesis 
in gingival tissue [10]. In addition, the inflammatory pro-
cess stimulates the production of VEGF, one of the most 
important proangiogenic factors involved in bone angio-
genesis, osteoblast differentiation, osteoclast recruitment, 
and RANKL expression in the periodontal ligament [11]. 
Inflammatory disorders in diabetes cause vascular and 
cell differentiation and migration impairment in the early 
stages of tissue repair [12]. Thus, diabetes may promote 
poor bone remodeling and pulpal reaction outcomes in 
orthodontic tooth movement.

Diabetes negatively affects bone remodeling during the 
application of orthodontic forces [2, 13, 14] and the force 
application reversibly alters the pulp blood flow under nor-
mal metabolic conditions [15, 16]. Metabolic changes in 
diabetes alter the inflammatory response during orthodon-
tic movement [17]. Root anatomy and orthodontic strength 
can affect the reactions in the periodontal ligament [18] 
and can change the pulp response. Due to the negative 
repercussions of diabetes on dental pulp physiology, we 
hypothesize that orthodontic tooth movement in experi-
mental diabetes can alter pulp tissue organization and 
expression of the RANKL/OPG system.

Materials and methods

Sample distribution

The study was approved by the institutional ethics com-
mittee (022/2014). Male Wistar rats (Rattus norvegicus), 
90 days old, weighing 300 g, were used for the in vivo anal-
ysis (n = 10/group): OTM group—non-diabetic animals 
submitted to OTM and D + OTM group—diabetic animals 
submitted to OTM. The contralateral side of both groups that 
were not subjected to OTM was also analyzed; thus, the con-
trol groups were established: C group—non-diabetic animals 
not subjected to OTM and D group—diabetic animals not 
subjected to OTM. The number of animals was determined 
according to a study by Santamaria-Jr [17] and adhered to 
the principles of replacement, reduction, and refinement (the 
three Rs in animal study) [19].

The diabetes induction procedures and subsequent instal-
lation of the orthodontic device were performed under intra-
peritoneal anesthesia with xylazine hydrochloride (20 mg/
kg) and ketamine hydrochloride (60 mg/kg). The experimen-
tal protocol is shown in Fig. 1.

Diabetes induction and orthodontic tooth 
movement protocol

Diabetes induction was performed with alloxan monohy-
drate at a single dose of 150 mg/kg (Sigma Chemical Co., 
St Louis, MO, USA) diluted in 0.9% saline. The solution 

Fig. 1  A timeline representation of procedures in the experimental period with histomorphometric and immunohistochemical analysis
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was administered intraperitoneally while fasting. After the 
induction of diabetes, the animals received a glucose solu-
tion (80%) orally for 24 h to prevent alloxanic hypoglyce-
mia [3]. Blood samples were collected weekly for 30 days 
(Accu-Chek Advantage, Boehringer Mannheim, IN, USA), 
and animals with a blood glucose level > 200 mg/dL were 
considered diabetic [3, 17].

Sixty days after diabetes induction, an orthodontic 
device was installed in the upper first molar, with a 4-mm 
nickel–titanium spring, releasing a force of 0.4 N [20, 21], 
for 10 days [22]. At the end of the experimental period, 
the animals were euthanized with a lethal dose of xylazine 
hydrochloride and ketamine hydrochloride, and the epithe-
lial and muscular components surrounding the maxilla were 
removed. The effect of orthodontic strength was analyzed on 
the larger sized mesiovestibular root (MV) and the smaller 
sized distovestibular root (DV) [18] (Fig. 1).

Histomorphometric analysis

The samples were fixed in a 10% formaldehyde-buffered 
solution for 72 h and demineralized in EDTA for 2 months. 
Transverse paraffin sections with a thickness of 5 µm were 
cut from the specimens to permit visualization of all roots 
of the first molars until the cervical region of the periodon-
tal tissue and roots were reached to visualize the pulp [21, 
22]. In the histomorphometric analysis, three pulp fields 
were made in the five sections obtained from each animal in 
which three images were captured (n = 15 images/animal) 
from the root cervical level. The measurements were made 
from the original image documented at 400× magnification 
by a single calibrated observer. The agreement from both 
assessments was tested using the intraclass correlation test 
(intra-rater consistency, IC = 0.8).

The histological sections were stained with 0.025% tolui-
dine blue (TB) solution (pH 4.0) for 30 min at room tem-
perature for fibroblast and blood vessel determination (n/104 
μm2). The inflammatory infiltrate (n/104 μm2) was quantified 
using the Dominici method (0.5% acid fuchsin, orange G, 
and toluidine blue) for 10 min. The percentage of the area 
of birefringent collagen fibers in the pulp and dentin tissue 
(% of the total area) was determined using Picrosirius-hema-
toxylin (PH) staining, with 0.1% Sirius red for 10 min and 
visualized in a bright field (TM) under polarized light (pol) 
[21, 22]. The images were obtained using a Leica DM2000 
photomicroscope.

Immunohistochemical analysis

For immunohistochemical staining, 5.0-μm sections were 
placed on silanized slides. The samples were incubated with 
primary antibodies: anti-OPG (sc-390518, 1:200) and anti-
RANKL (sc-377079, 1:200) (Santa Cruz Biotechnology, 

Dallas, USA), and the detection reaction was performed 
using DAB (Novolink™ Max Polymer Detection System, 
RE7280-K, Leica Biosystems Newcastle Ltd., UK), accord-
ing to the manufacturer’s specifications [23, 24]. The num-
ber of pulp cells that were positive for RANKL and OPG 
was determined in three fields of the pulp tissue in five cuts 
per animal (400×).

Statistical analysis

The results were expressed as mean ± standard deviation 
(SD). All data were subjected to the Kolmogorov–Smirnov 
normality test, adjusted to the normality curve. The different 
parameters were analyzed within the same MV or DV root, 
using ANOVA and Tukey’s post-test, with significance level 
set at *p < 0.05, **p < 0.01, and ***p < 0.001. Student’s t 
test was used to compare the same group in the two different 
roots, DV and MV (•p < 0.05).

Results

Pulp microstructural analysis

Figure 2a shows the pulp of the DV and MV roots of the first 
molar. In all the evaluated groups, the pulp cavity content 
was divided into an acellular region, which was in close 
contact with the dentin, a layer of odontoblasts, and the cen-
tral area, rich in fibroblastic cells and blood vessels. The 
acellular area showed no apparent differences between the 
groups. On the other hand, the odontoblast layer presented a 
more juxtaposed strata in the moved tooth groups that, with 
their nuclei presenting hypertrophic chromatin and more 
basophilic cytoplasm.

Pulp histomorphometric analysis

Distovestibular root

In the analysis of the pulp of the DV root, it was observed 
that the number of blood vessels during orthodontic move-
ment was equal (p > 0.05) in the OTM (1.8 ± 0.6) and 
D + OTM groups (2.1 ± 0.9) (Fig. 2b). The inflammatory 
infiltrate was higher (p < 0.01) in diabetic animals with 
movement in D + OTM (10.9 ± 1.5) in relation to the other 
groups, C (8.6 ± 1.7), D (8.8 ± 1.9), and OTM (8.8 ± 1.6) 
(Fig. 2c).

The number of fibroblastic cells present in the pulp area 
was higher (p < 0.001) in diabetics with and without move-
ment, D (20.2 ± 2.1) and D + OTM (22.9 ± 1.6), in relation 
to non-diabetic animals with and without orthodontic move-
ment, C (16.2 ± 2.8) and OTM (18.6 ± 2.4) (Fig. 3b). The 
area of birefringent collagen fibers was greater (p < 0.001) 
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in the OTM group (14.1 ± 1.6) than in the D + OTM group 
(11.7 ± 2.34) (Fig. 3a, c).

Mesiovestibular root

In the analysis of the pulp of the MV root, it was observed 
that the number of blood vessels in the D (4.2 ± 1.0) and 
D + OTM groups (4.4 ± 0.8) was higher (p < 0.001) in rela-
tion to the C (2.6 ± 0.7) OTM group (2.9 ± 0.7) (Fig. 2b). 
The inflammatory infiltrate was higher (p < 0.001) in dia-
betic animals with movement, D + OTM (9.1 ± 0.9), in rela-
tion to C (6.9 ± 0.2), D (7.3 ± 1.2), and OTM (7.4 ± 1.0) 
groups (Fig. 2c).

The number of fibroblasts in the D (38.2 ± 3.9) and 
D + OTM groups (37.2 ± 3.3) was higher (p < 0.001) than 
in the control groups C (29.2 ± 2.3) and OTM (30.1 ± 1.6) 
(Fig. 3b). The area of birefringent collagen fibers was 
greater (p < 0.001) in the C group (19.6 ± 1.6) than in the 
D + OTM group (17.6 ± 1.7) (Fig. 3c).

The number of blood vessels, fibroblasts, and collagen 
fibers was higher in the MV root than in the DV root; 
however, the inflammatory infiltrate was greater in the DV 
root (p < 0.05).

Fig. 2  Morphometric analysis of the dental pulp. a Photomicrographs 
of the transverse sections of the distovestibular and mesiovestibular 
root of the first molar. b Total number of blood vessels and c inflam-
matory cells. Force direction (F—arrow); D: dentin; (*) blood ves-

sels; (→) odontoblasts; (►) fibroblastic cells. Bar = 200  µm. Statis-
tical significance, *p < 0.05; **p < 0.01, ***p < 0.001, and •p < 0.05; 
difference in the same group in the different roots
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Pulp immunohistochemical analysis

Distovestibular root

In the analysis of the pulp of the DV root, an increase 
(p < 0.001) of the cells immunostained for RANKL was 
observed in D + OTM (3.5 ± 0.6) compared to D (2.1 ± 0.6) 
and C (2.0 ± 0.7). Significant differences (p < 0.05) were 
found between the OTM (2.9 ± 0.7), C (2.0 ± 0.7), and D 
(2.1 ± 0.6) groups (Fig. 4a, b). There was no difference 
in the expression of OPG in any of the groups analyzed 
(p > 0.05) (Fig. 4c).

Mesiovestibular root

In the analysis of the pulp of the MV root, a significant 
increase (p < 0.05) in cells immunostained for RANKL 
was observed in D + OTM (1.8 ± 0.7) compared to that 
in the C group (1.0 ± 0.8) (Fig. 4b). RANKL levels were 
higher in the DV root than in the MV root (p < 0.05). In 
addition, there was no significant difference in the OPG 
between the groups (p > 0.05) (Fig. 4c).

Fig. 3  Dental pulp tissue organization. a Picrosirius sections of the 
distovestibular root of the first molar of rats with 10 days of OTM. b 
Total number of fibroblastic cells and c area of birefringent collagen 
fibers in the pulp region of the distovestibular and mesiovestibular 
root. Force direction (F—arrow); D: dentin. The sections were treated 

by the picrosirius-hematoxylin method and analyzed in bright field 
and under polarized light (pol). (►) Collagen fibers. Bar = 200  µm. 
Statistical significance, *p < 0.05; **p < 0.01, ***p < 0.001, and 
•p < 0.05, difference in the same group in the different roots
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Discussion

Orthodontic movement promotes bone remodeling through 
resorption and apposition, activating inflammatory cells 
essential for the process [25]. As a modifying factor of the 
inflammatory response, diabetes mellitus negatively affects 
bone remodeling in orthodontic movement [14]. Diabetes 
is a metabolic disorder with a high incidence worldwide 
[26]. Symptoms of type 1 or 2 diabetes are similar [27, 28], 

causing major vascular and repair changes in the connec-
tive tissues [5, 6]. Therefore, as the dental pulp is a highly 
vascularized connective tissue, it can be directly affected 
by diabetes.

In vivo microscopic analysis has demonstrated orthodon-
tic movement in periodontal tissues [17, 18, 21, 22]. The 
presence of a hyaline area in the periodontal ligament [29] 
and root resorption indicates the application of inappropri-
ate forces [30, 31]. Moreover, the anatomy and size of the 

Fig. 4  RANKL/OPG expression in the dental pulp. a Transverse sec-
tions of the distovestibular root of the first molar of rats with 10 days 
of OTM. b Total number of pulp cells immunostained for RANKL 
and c OPG in the pulp region of the distovestibular and mesioves-

tibular root. Force direction (F—arrow); D: dentin. (►) Cells with 
positive reaction. Bar = 350  µm. Statistical significance, *p < 0.05; 
**p < 0.01, ***p < 0.001, and •p < 0.05, difference in the same group 
in the different roots
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roots have proven to be an important factor in the intensity 
of orthodontic strength [32], where the DV, due to its smaller 
dimensions, may be subjected to higher orthodontic force 
while the MV, because its larger size, may be subjected to a 
lower orthodontic force [18, 32]. In this study, we used an 
in vivo model to elucidate pulp changes after orthodontic 
movement in the presence of this metabolic disorder. Pupal 
analysis showed differences between the moved and non-
moved teeth. During orthodontic movement, the odonto-
blast layer presented more juxtaposed strata and nuclei 
with hypertrophic chromatin and more basophilic cyto-
plasm. Under these conditions, cells and blood vessels were 
clustered more and had larger diameters. In all groups, the 
extracellular matrix was predominantly fibrillar with sparse 
collagen fibers.

Under normal metabolic conditions, the dentinopulpar 
complex, when subjected to orthodontic movement, presents 
reversible pulp inflammation when its biological limit is not 
exceeded. In addition, after movement, no degeneration can 
be detected by optical microscopy [33, 34]. However, dia-
betes can lead to a pulp inflammatory process with a con-
sequent increase in the number of blood vessels [17]. The 
results of the present study reveal that this increase occurs, 
especially in the MV root, of greater volume and with a 
greater density of vessels.

In vivo studies indicate that after the first hours of the 
start of orthodontic movement, the pulp tissue presents an 
increase in vascular volume, returning to the initial values 
in the first 72 h [20]. The risk of irreversible pulp inflamma-
tion during orthodontic treatment is related to dental trauma 
[15], and these changes can be enhanced in diabetic patients 
who have less control of the inflammatory process [35–37]. 
In this study, the inflammatory infiltrate was greater in dia-
betic animals with orthodontic movement (D + OTM) than 
in the other groups (C, D, and OTM), both in the DV and 
MV root. In the distovestibular root, this process occurred 
more intensely because of its lower volume in relation to 
the mesiovestibular root, demonstrating that the inflamma-
tory process was more present in the application of higher 
orthodontic strength.

In diabetes, the pulp response is deficient in injuries [35] 
and its repair is impaired [36]. The pulp alterations caused 
by diabetes were evident because the entire organizational 
structure was affected, including the fibroblasts and col-
lagen fibers, as demonstrated in this study. This condition 
modifies all processes of defense and repair of pulp tissue 
[37]. Morphometric analysis revealed differences between 
the control and diabetic groups. The number of fibroblasts 
in diabetic rats with orthodontic movement (D + OTM) and 
without tooth movement (D) was similar and significantly 
higher than in the control group with OTM and without 
tooth movement (C), both in the distovestibular root and in 
the mesiovestibular root. Despite the increase in the number 

of fibroblasts in diabetes, when associated with orthodon-
tic movement, the area of birefringent collagen fibers was 
smaller in the pulp and dentin, demonstrating the difficulty 
in organizing and repairing the pulp. Tissue disorganization 
may have been aggravated by an increase in the inflamma-
tory process associated with tooth movement with metabolic 
alteration, independent of the intensity of the applied force.

The study showed a significant increase in RANKL in 
the moved tooth groups (OTM and D + OTM) compared to 
the non-moved groups (C and D). The greater expression of 
this marker indicates that odontoblastic cells showed less 
dentinogenesis [9, 38], signaling a down-regulation in pulp 
metabolism and its homeostasis process. We can conclude 
that orthodontic movement was a determining factor for this 
increase since the non-moved groups (C and D) presented 
similar results and were statistically smaller before the appli-
cation of the force. As a result of this increase, there was a 
compensatory increase in OPG levels in the same groups. 
Although the difference was not statistically significant, it 
could be a counter-regulatory mechanism for pulp homeosta-
sis. In addition, the entire process was greater in the action 
of higher orthodontic strength.

Although the results show evident metabolic changes in 
the face of orthodontic forces and diabetes, this study is an 
experimental protocol, in which animals have uncontrolled 
diabetes and the time to assess orthodontic movement has 
been limited. Further molecular and clinical studies are 
needed to better understand the pulp changes in metabolic 
disorders and orthodontic treatment.

Conclusion

The pulp tissue has a less adaptive and repair capacity dur-
ing orthodontic movement in diabetes mellitus. Higher 
orthodontic strength may promote a greater inflammatory 
process and disorganization of pulp tissue.
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