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Abstract

Aim: Previous studies have demonstrated that orthodontic forces may injure dental pulp tissue via the
apical foramen. The purpose of this study was to investigate the expression of various cytokines in pulp
tissues of root apex after orthodontic tooth movement and compare the amount of internal root
resorption in vital and pulp less rat teeth.
Methods: Upper right first molars of 7-week Wistar rats were subjected to pulpectomy and root canal
filling. Both upper first molars were moved medially for 28 days (10 and 50 g force). The amount of
internal root resorption and number of TRAP positive cells around the root apex were determined and
expression of Interleukin-1β (IL-1β), Tumor Necrosis Factor-α (TNF-α), Receptor Activator of Nuclear
Factor Kappa-B Ligand (RANKL) and Macrophage Colony-Stimulating Factor (M-CSF) in pulp tissue
of root apex was examined by immunohistochemistry.
Results: The expression of these factors in 50 g force groups was significantly higher in vital tooth than
in the 10 g groups. However, expression of these factors was not detected in the control group. The
number of odontoclasts around root apex in vital teeth was significantly more than in the pulpectomized
teeth (p<0.05). The number of odontoclasts and the amount of internal root resorption in vital teeth were
significantly more than in pulpectomized teeth (p<0.05).
Conclusions: This study demonstrates that during orthodontic tooth movement, injured pulp cells
express these bones resorbing cytokines; as a result, internal apical root resorption may occur because of
derived odontoclasts.

Keywords: Orthodontic tooth movement, Pulp tissue, Root resorption, Interleukin-1β, Tumor necrosis factor-α,
Receptor activator of nuclear factor kappa-B ligand, Macrophage colony-stimulating factor.

Accepted on November 7, 2016

Introduction
Orthodontic treatment is necessary for improvement of
malocclusion; however, it may also cause root resorption
which is a serious clinical problem. Massler et al. found that
root resorption occurred in 86.4 per cent of orthodontic patients
[1]. In addition, Weltman et al. reported that after orthodontic
treatment, severe root resorption was observed in 1-5 per cent
of incisors [2]. According to Marques et al. the incidence of
severe External Apical Root Resorption (EARR) of the incisors
after orthodontic treatment was 14.5 per cent [3]. Root
resorption associated with orthodontic treatment is related to
many factors such as orthodontic force [4-6], orthodontic
period [7-10], patient’s gender [5], patient’s age [4,11-13], root
shape [7,13,14], and overjet and overbite [5]. However, the
essential cause of severe root resorption has not been clearly

solved yet. Orthodontic root resorption progresses with cell
reactions by odontoclasts, which are similar to osteoclasts in
morphology, activity, functions and features [15].
Osteoclastogenesis is mainly regulated by two cytokines,
Receptor Activator of Nuclear Factor Kappa-B Ligand
(RANKL) and Macrophage Colony Stimulating Factor (M-
CSF) [16,17]. RANKL expressed in the plasma membranes of
osteoblasts/stromal cells is a member of the membrane-
associated Tumor Necrosis Factor (TNF) ligand family and
induced osteoclast formation from osteoclast progenitors
[18,19]. M-CSF is also essential for the survival and
proliferation of osteoclast progenitors. M-CSF is a secreted
cytokine that directs hematopoietic progenitor cells along the
macrophage and osteoclast lineage by binding to its receptor c-
fms (CD115). M-CSF is produced by monocytes, endothelial
cells, and granulocytes where its production is stimulated by
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IL-1, Platelet Derived Growth Factor (PDGF), Interferon
gamma (IFNγ) and Granulocyte Macrophage Colony-
Stimulating Factor (GM-CSF) [20]. Thus, M-CSF and RANKL
are considered indispensable to odontoclast differentiation for
root resorption. Besides, inflammatory cytokines produced by
monocytes/macrophages such as Interleukin-1β (IL-1β) and
Tumor Necrosis Factor-α (TNF-α) also exhibited bone-
resorbing activity [21,22]. From early days, it has been
recognized that orthodontic force may have an effect on apical
dental pulp during orthodontic tooth movement. It was
reported that circulatory disorders in pulp depend on the
amount of orthodontic force [23]. Spector et al. demonstrated
that orthodontic treatment may cause pulp necrosis, which was
a non-infectious reaction similar to tooth trauma [24]. Spurrier
et al. stated that vital teeth showed severe root resorption in
contrast with teeth with endodontic treatment under
orthodontic force [25]. However, the relationship between root
resorption and pulp reaction during orthodontic tooth
movement has not been proved yet. Although most reports
about orthodontic root resorption focused on periodontal tissue,
Kaku et al. suggested that root canal treatment is effective for
managing progressive severe root resorption during tooth
movement [26]. It was shown that IL-1β, TNF-α, RANKL and
M-CSF were highly expressed when human pulp cells were
subjected to excessive mechanical stimuli. Based on these
findings, we hypothesized that the dental pulp tissue under
orthodontic force may express inflammatory cytokines and
osteoclast related factors. As a result, internal apical root
resorption occurs because of derived odontoclasts. In this
study, we examined the expression of inflammatory cytokines
IL-1β and TNF-α, and osteoclast differentiation inducing
factors RANKL, M-CSF during experimental tooth movement
using immunohistochemical analysis. We also investigated
whether the existence of pulp tissue influences the degree of
root resorption under orthodontic force in rats.

Figure 1. An experimental orthodontic appliance. A closed-coil
spring was set on the maxillary molars and incisors and both molars
were subjected to mesial movement for 28 days to exert an initial
force of 10 and 50 g.

Subjects and Methods

Animals
The animal experimental protocol in this study was approved
by the Ethics Committee for Animal Experiments at Hiroshima
University. A total of 12 male, 7-week-old, Wistar strain rats

(Charles River Laboratories International, Inc., Tokyo, Japan)
weighting 200 ± 10 g were used for this experiment. The rats
were divided into three groups (four rats in each group). (1)
Right first molar was subjected to pulpectomy and tooth
movement (10 g pulp less group, the number of teeth=4) and
left first molar was subjected to mesial movement by 10 g
force application (10 g vital group, the number of teeth=4). (2)
Right first molar was subjected pulpectomy and tooth
movement (50 g pulp less group, the number of teeth=4) and
left first molar was subjected to mesial movement by 50 g
force application (50 g vital group, the number of teeth=4). (3)
Right first molar was subjected pulpectomy without tooth
movement (pulp less NT, the number of teeth=4) and left first
molar was served as control (vital NT, the number of teeth=4).

The rats were kept in the animal center of Hiroshima
University in separate cages, in a 12 hour light/dark
environment at a constant temperature of 23°C, and provided
with food and water ad libitum.

Figure 2. The amount of root resorption and TRAP findings in teeth
with and without root canal treatment. (A and B). Tooth with or
without root canal treatment was subjected to experimental tooth
movement with 10 g or 50 g force. The amount of internal root
resorption around the apex area was measured after 28 days. (C).
With both 10 g force and 50 g force, dentin was more markedly
resorbed in the vital group than in the pulp less group. Compared
with the 10 g vital group, the 50 g vital group showed larger amount
of root resorption. Data is presented as mean ± S.D. (D, E, F and G).
Histologic examination and number of odontclasts. Quantitative
evaluation showed that number of TRAP-positive odontclasts was
significantly increased in the vital group as compared with the pulp
less group (P<0.05). Data was presented as mean ± S.D.
Odontoclasts were indicated by arrows and counted. n=4, **P<0.01.
NS: Not Significant; R: Root; P: Pulp; PC: Pulp Cavity. Bar denotes
50 µm.

Pulpectomy and root canal treatment
Pulpectomy and root canal filling of the right maxillary first
molar tooth were performed. By using a #1/2 round bur drilled
to the depth of pulp, followed by instrumentation of the mesial,
mid-buccal and distopalatal canals with #25 K-file endodontic
instrument, pulp was extracted and the root canals were
irrigated with sterilized saline solution 0.85%. The root canals
were dried with absorbing paper points (Zipperer, Munich,
Germany) and filled with gutta-percha points (Dentsply
Sankin, Tokyo, Japan) and sealer (Shofu Inc., Kyoto, Japan).
The condition of root canal filling was evaluated by dental
radiographic imaging.
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Application of orthodontic devices
An experimental appliance with a closed-coil spring was
bonded onto the upper first molars and incisors. A closed-coil
spring (wire size: 0.009 × 0.030 inch, Rocky mountain morita
Co., Tokyo, Japan) was ligated to the maxillary molar and
incisors with a 0.008 inch stainless steel ligature wire (Figure
1, Tomy International Inc., Tokyo, Japan). Both molars were
subjected to mesial movement for 28 days. The force
magnitude was calibrated by a tension gauge (YDM Co.,
Tokyo, Japan) to exert an initial force of 10 and 50 g.

Tissue preparation
After 28 days, rats were sacrificed under general anaesthesia
with sodium pentobarbital. Specimens were fixed in 4%
paraformaldehyde, were decalcified in 14% EDTA (pH 7.4) for
28 days, and were embedded in paraffin. Pre-maxillary bones,
including the upper molars, were cut into frontal sections of 5
µm in thickness in the sagittal direction.

The amount of root resorption and the number of
TRAP positive cells
For evaluating the amount of internal root resorption at the
apex area (measuring range: 700 × 1200 µm2), five sections
from each sample were used. Digitized photomicrographs were
captured using software on a computer (NIH Image, Bethesda,
MD). The histological sections were stained with tartrate-
resistant acid phosphatase (TRAP) and counterstained with
haematoxylin. Odontoclasts were identified as TRAP-positive
and multi-nucleated cells. The odontoclasts that appeared at the
root apex were counted on five sections at 35 µm intervals for
each specimen. Because it is difficult to distinguish pulp tissue
from Periodontal Ligament (PDL), the measuring area was
defined as the part among internal wall of the root (measuring
range: 700 × 1200 µm2). The amount of mesial movement of
the first molar was measured using an orthodontic calliper
(Dentech Co. Tokyo, Japan) in each group after 28 days of
tooth movement.

Immunohistochemistry
Immunohistochemical staining was performed as follows: the
sections were deparaffinised and endogenous peroxidase
activity was quenched by incubation in 3% H2O2 in methanol
for 30 minutes at room temperature. After washing in
Phosphate Buffered Saline (PBS), the sections were incubated
with polyclonal rabbit-anti-human IL-1β (abcam; working
dilution, 1:50), polyclonal goat-anti-human TNF-α (R & D
systems, Inc.; working dilution: 1:50), polyclonal rabbit-anti-
human RANKL (abcam; working dilution, 1:100), and
polyclonal goat-anti-human M-CSF (Santa Cruz
Biotechnology; working dilution: 1:50) overnight at 4°C.
IL-1β, TNF-α, RANKL and M-CSF were stained using
Histofine Simple Stain MAX-Po kits (Nichirei, Tokyo, Japan)
according to the manufacturer's protocol.

The sections were rinsed with PBS and final color reactions
were performed using the substrate reagent 3, 3’-

diaminobenzidine tetra-hydrochloride and aminoethylcarbazole
and then counter-stained with haematoxylin. The number of
positive cells that appeared at the root apex was determined to
be the same as the number of TRAP positive cells (measuring
range: 700 × 1200 µm2).

Statistical analysis
Data were expressed as mean ± standard error of the mean. We
used Student’s t-test to evaluate statistical differences in the
amount of root resorption and the number of odontoclasts. For
quantification of IL-1β, TNF-α, RANKL and M-CSF positive
cells, statistical significance was evaluated using analysis of
variance followed by Fisher’s procedure. A confidence level of
p<0.05 was defined as statistically significant.

Figure 3. IL-1β immunohistochemical findings in vital teeth. Left
molars with or without tooth movement were stained for detection of
IL-1β. (A). IL-1β positive cells were not observed in vital NT. (B and
C). More immunoreactivity of IL-1β was seen in the apex area of 50 g
group than the 10 g group. (D). Quantitative evaluation showed that
the number of IL-1β positive cells was significantly increased in the
10 and 50 g groups as compared with the vital NT group. The 50 g
group showed more IL-1β positive cells compared with the 10 g
group. (*p<0.05, **<0.01). Data was presented as mean ± S.D. R:
Root; P: Pulp. Bar denotes 50 µm.

Results

The amount of root resorption
After experimental tooth movement for 28 days, internal root
resorption at the apex area was observed both in vital and pulp
less teeth. In both the 10 g force group and 50 g force group,
dentin was more markedly resorbed in the vital group than in
the pulp less group. The internal root resorption area in the 10
g vital group was around 4500 µm2, but was around 2000 µm2

in the 10 g pulp less group, showing a significant difference.
The internal root resorption area in the 50 g vital group was
around 10000 µm2, whereas it was around 2000 µm2 in the 50
g pulp less group. There was a significant difference between
these two groups. The 50 g vital group showed larger amount
of internal root resorption compared with the 10 g vital group.
There was no significant difference in the amount of root
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resorption between the 50 g pulp less group and the 10 g pulp
less group (p<0.05, Figures 2A-2C). The internal root
resorption area was around 0 µm2 in the vital NT group and
pulp less NT group. The amount of tooth movement was
around 0.6 mm, with no significant difference between the
vital and pulp less group, irrespective of force magnitude.

Figure 4. TNF-α immunohistochemical finding in vital teeth. Left
molars with or without tooth movement were stained for detection of
TNF-α. (A). TNF-α positive cell were not observed in vital NT. (B and
C). More immunoreactivity of TNF-α was seen in the apex area of 50
g group than 10 g group. (D). Quantitative evaluation showed that
the number of TNF-α positive cells was significantly increased in the
10 and 50 g groups as compared with the vital NT group. The 50 g
group showed more TNF-α positive cells compared with the 10 g
group. (**P<0.01). Data was presented as mean ± S.D. R: Root; P:
Pulp. Bar denotes 50 µm.

TRAP-positive cells on the root apex
In the 10 g and 50 g force groups, some resorption lacunae
with TRAP-positive multinucleated odontoclasts appeared at
the root apex (Figures 2D and 2E). Quantitative evaluation
showed that the number of TRAP-positive odontoclasts was
significantly larger in the vital group as compared with the
pulp less group (p<0.05, Figures 2F and 2G). More
odontoclasts were observed in the 50 g vital group compared to
the 10 g vital group.

Immunohistochemical staining of IL-1β, TNF-α,
RANKL and M-CSF in vital teeth
Immunohistochemical activity of IL-1β, TNF-α, RANKL and
M-CSF was investigated 28 days after tooth movement in the
vital group. In both 10 g group and 50 g group, immune-
reactivity of IL-1β (Figures 3B and 3C), TNF-α (Figures 4B
and 4C), RANKL (Figures 5B and 5C) and M-CSF (Figures
6B and 6C) was localized in the root apex. Meanwhile, IL-1β,
TNF-α, RANKL and M-CSF positive cells were not observed
at any part of vital NT group (Figures 3A, 4A, 5A and 6A).
Quantitative evaluation showed that the number of IL-1β,
TNF-α and RANKL positive cells increased as orthodontic
force become strong. The number of IL-1β, TNF-α and
RANKL positive cells were significantly larger in the 10 and

50 g groups as compared with the vital NT group. There were
significantly more M-CSF positive cells in the 50 g group as
compared with the vital NT group (*p<0.05, **<0.01, Figures
3D, 4D, 5D and 6D).

Figure 5. RANKL immunohistochemical findings in vital teeth. Left
molars with or without tooth movement were stained for detection of
RANKL. (A). RANKL positive cells were not observed in vital NT. (B
and C). More immunoreactivity of RANKL was seen in the apex area
of 50 g group than 10 g group. (D). Quantitative evaluation showed
that the number of RANKL positive cells was significantly increased
in the 10 and 50 g groups as compared with the vital NT group. The
50 g group showed more RANKL positive cells compared with the 10
g group. (*P<0.05, **P<0.01). Data was presented as mean ± S.D. R:
Root; P: Pulp. Bar denotes 50 µm.

Discussion
Many previous reports have investigated the relationship
between force magnitude and amount of tooth movement. It is
generally considered that light orthodontic force produces
more tooth movement [27]. When subjected to orthodontic
force, tooth movement occurs in three distinct phases. The
initial phase is viscoelastic deformation of the periodontal
ligament and alveolar bone. This is followed by a lag phase in
which stagnation of the movement of the teeth occurs due to
the advent of glass-like degeneration organization. The final
phase is tooth movement due to the loss of the modified
organization and bone remodeling [28]. It is suggested that
compression of the PDL, existence of hyalinised tissue, as well
as direct or undermining bone resorption on the pressure side
may regulate the rate of tooth displacement [29]. On the other
hand, orthodontic force is indicated as a cause of root
resorption. It is thought that external root resorption during
orthodontic treatment occurs by direct contact of root and
alveolar bone. Many researchers reported that root resorption is
worsened with an increase of force magnitude [30,31].
Gonzales et al. showed that with a light force application of 10
g, the movement of significantly larger teeth showed notable
less root absorption over a period of 28 days compared to
heavy force application in rats [27]. The optimal force for
movement of the rat upper molars has been reported to be less
than 10 g [29]. Therefore, we examined the molar mesial
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movement by 10 and 50 g force application, and observed that
50 g force induced larger number of odontoclasts and more
internal root resorption at the root apex area. On the other
hand, some authors investigated the relation between pulp
tissue and root resorption. After orthodontic treatment, it was
reported that root resorption in pulpectomized tooth was less
than that of vital teeth [25,32], although the mechanism was
not clear. Graber [33] stated that severe orthodontic force can
impair the apical vessels, and Salzmann [34] also reported that
orthodontic force may cause pulpal disturbance as a result of
tipping of the teeth with stretched apical blood vessels.
McDonald et al. stated that continuous application of tipping
force reduced pulpal blood vessels [35]. It was also suggested
that continuous heavy orthodontic forces lead to pulp necrosis
by the rupture of blood vessels at the apical part of the root
[36]. Thus, it is easy to speculate that inflammatory reactions
occur in the apical pulp during orthodontic treatment.
Odontoclasts induce resorption of the cementum and dentin
through an acidization/degradation-associated pathway and the
mechanisms of root resorption are similar to those of bone
resorption by osteoclasts. Kodama indicated that the number of
osteoclasts in osteopetrotic (op/op) mice can be increased by
injections of recombinant human M-CSF, which cured
osteopetrosis [37]. Therefore, it was indicated that M-CSF has
an important role in osteoclast differentiation. RANKL is also
crucial not only for osteoclast differentiation but also for
osteoclast activation [38]. It was confirmed that M-CSF
supports osteoclast differentiation in cooperation with RANKL
[19]. Moreover, some cytokines can promote inflammation by
enhancing osteoclast differentiation. A previous study showed
that IL-1 stimulates osteoclast differentiation and bone-
resorbing activity [39]. It was reported that the fusion of
monocytes into osteoclasts is regulated by TNF-α, although it
inhibits osteoblast differentiation from progenitor cells [40].
Kaku et al. showed that after cyclic tensile force application in
human pulp cells for 48 hours, gene expression and protein
concentration of M-CSF, RANKL, IL-1β and TNF-α peaked
with loading at 10 kPa tensile force [26]. The role of the
Stretch-Activated channel (S-A) channel was also evaluated by
gadolinium (Gd3+) treatment and it was observed that Gd3+

reduced the expression of these cytokine mRNAs and protein
concentrations. Moreover, they showed that the amount of
inflammatory root resorption was significantly larger in control
teeth than pulpectomized teeth in rats followed by mesial
movement for 6 months. These results suggested that tensile
forces in the pulp cells enhance the expression of various
cytokines via the S-A channel, which may lead to
inflammatory root resorption during tooth movement and root
canal treatment is effective for managing progressive severe
inflammatory root resorption during tooth movement. Apical
root resorption during orthodontic treatment is an unfavourable
phenomenon and it is crucial to clear out the etiology. In the
present study, we demonstrated the new theory that dental pulp
tissue plays an important role in the process of root resorption
during orthodontic tooth movement. Rustem et al.
demonstrated that few inflammatory cells in human pulp tissue
were detected 10 and 40 days after extrusion [41]. However,
the authors did not focus on pulp tissue in the root apex. This

may explain the difference in the results of our study. In this
study, immunoreactivity of IL-1β, TNF-α, RANKL and M-
CSF was localized at the root apex both in 10 and 50 g groups,
although positive cells of these factors were not observed in the
non-tooth movement group. The numbers of IL-1β, TNF-α,
RANKL and M-CSF positive cells were significantly larger in
the 50 g group as compared with the control group (non-tooth
movement group). Furthermore, the number of TRAP-positive
odontoclasts was significantly larger in the vital group as
compared with the pulp less group and the amount of internal
root resorption at the apex area was larger in the vital group
than in the pulp less group after experimental tooth movement.
In the present study, we did not set a non-tooth movement for
pulp less group. Mutoh et al. observed root apex tissue after
root canal filling [42]. On day 7, moderate infiltration of
inflammatory cells was observed in dense fibrous tissues with
numerous blood vessels and amorphous materials were
recognizable in the periodontal ligament. However, by day 14,
inflammatory cells disappeared, and the periapical tissue
showed normal periodontal tissue. According to these findings,
it can be suspected that there is no difference between pulp less
groups with or without tooth movement. Our findings in this
study strongly suggest that stretched and injured pulp tissues in
the root apex express IL-1β, TNF-α, RANKL and M-CSF
during orthodontic treatment. As a result, internal apical root
resorption may occur because of derived odontoclasts during
clinical orthodontic tooth movement. Furthermore, our results
indicated that light orthodontic forces should be applied to
prevent severe orthodontically induced inflammatory root
resorption.

Figure 6. M-CSF immunohistochemical findings in vital teeth. Left
molars with or without tooth movement were stained for detection of
M-CSF. (A) M-CSF positive cells were not observed in vital NT. (B
and C). More immunoreactivity of M-CSF was seen in the apex area
of 50 g group than 10 g group. (D). Quantitative evaluation showed
that the number of M-CSF positive cells was significantly increased
in the 50 g group as compared with the vital NT group. The 50 g
group showed more M-CSF positive cells compared with the 10 g
group. (*P<0.05, **P<0.01). Data was presented as mean ± S.D. R:
Root, P: Pulp. Bar denotes 50 µm
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Conclusion
In this study, we showed that the number of TRAP-positive
odontoclasts was significantly larger in the vital group as
compared with the pulp less group. The amount of internal root
resorption was significantly larger in the vital group than in the
pulp less group. Furthermore, during orthodontic tooth
movement, pulp tissue in the root apex express IL-1β, TNF-α,
RANKL and M-CSF. Therefore, during orthodontic tooth
movement, injured pulp cells express these bones resorbing
cytokines; as a result, internal apical root resorption may occur
because of derived odontoclasts.
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