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Effects of Low-Level Laser Therapy and Orthodontic Tooth Movement on
Dental Pulps in Rats
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ABSTRACT
Objectives: To describe the microscopic pulpal reactions resulting from orthodontically induced
tooth movement associated with low-level laser therapy (LLLT) in rats.
Materials and Methods: Forty-five young male Wistar rats were randomly assigned to three groups.
In group I (n � 20), the maxillary right first molars were submitted to orthodontic movement with
placement of a coil spring. In group II (n � 20), the teeth were submitted to orthodontic movement
plus LLLT at 4 seconds per point (buccal, palatal, and mesial) with a GaAlAs diode laser source (830
nm, 100 mW, 18 J/cm2). Group III (n � 5) served as a control (no orthodontic movement or LLLT).
Groups I and II were divided into four subgroups according to the time elapsed between the start of
tooth movement and sacrifice (12 hours, 24 hours, 3 days, and 7 days).
Results: Up until the 3-day period, the specimens in group I presented a thicker odontoblastic
layer, no cell-free zone of Weil, pulp core with differentiated mesenchymal and defense cells, and
a high concentration of blood vessels. In group II, at the 12- and 24-hour time points, the odon-
toblastic layer was disorganized and the cell-free zone of Weil was absent, presenting undiffer-
entiated cells, intensive vascularization with congested capillaries, and scarce defense cells in the
cell-rich zone. In groups I and II, pulpal responses to the stimuli were more intense in the area
underneath the region of application of the force or force/laser.
Conclusions: The orthodontic-induced tooth movement and LLLT association showed reversible
hyperemia as a tissue response to the stimulus. LLLT leads to a faster repair of the pulpal tissue
due to orthodontic movement. (Angle Orthod. 2010;80:116–122.)
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INTRODUCTION

Orthodontically induced tooth movement produces
alterations in periodontal tissues and in the pulp-den-
tinal complex.1–3 While some authors1 have suggested
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that the mechanical stimulus is permanent and that the
pulp loses its vitality, others2 have advocated that the
orthodontic force has no long-term significant effect on
the dental pulp. The vascular pulpal alterations caused
by the orthodontic movement are related to the breath-
ing rate, disturbances in the odontoblastic layer, pulpal
obliteration, root resorption, and pulp necrosis.4

Stenvik and Mjör5 have reported that intrusive forces
applied to human premolars result in vascular distur-
bances such as a disturbance in the odontoblastic lay-
er and root resorption. Root resorption can be revers-
ible or a degenerative process that could result in ne-
crosis, depending on the orthodontic force application.
Studies on tooth movement in rats have demonstrated
early pulp hyperemia6 and tissue alterations consistent
with inflammatory processes,7,8 which are, however,
reversible if the aggression does not exceed the phys-
iologic limit of tolerance of the pulp tissue.

Low-level laser therapy (LLLT) has shown positive
effects on bone remodeling, optimizing the orthodontic
treatment.9,10 LLLT has several biomodulating effects
on cell functions, such as fibroblast proliferation, col-
lagen synthesis, and organization of collagenous fi-
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Figure 1. Coil spring used for orthodontic movement.

bers.11–18 Furthermore, studies in vivo and in vitro have
demonstrated that laser increases ATP levels15 and
activates specific enzymes that accelerate tissue heal-
ing and repair, neovalcularization,11–15,18 and increases
in leukocyte phagocytic activity.12,15 In addition, the la-
ser effects are related to attenuation of painful symp-
toms in the diverse postoperative processes and mu-
cosal lesions.11,18

Cruz et al9 demonstrated clinically that LLLT accel-
erates the orthodontic movement in humans. Kawa-
saki and Shimizu19 investigated the effects of low-pow-
er laser irradiation on bone remodeling during experi-
mental tooth movement in rats and observed that the
amount of bone formation and cell proliferation rate in
the tension side as well as the number of osteoclasts
in the pressure side were all significantly increased in
the irradiated group when compared with the nonirra-
diated group. These findings suggest that LLLT can
accelerate tooth movement accompanied by alveolar
bone remodeling and thus reduce orthodontic treat-
ment duration.

The purpose of this study was to describe micro-
scopically the pulpal reactions resulting from orthodon-
tically induced tooth movement associated with LLLT
in rats.

MATERIALS AND METHODS

The research protocol was approved by the Institu-
tional Ethics in Animal Experimentation and Use Com-
mittee (CEUA 05.1.666.53.6). Forty-five young male
adult Wistar rats (Rattus norvegicus, albinus) weighing
approximately 300 g were obtained from the Animal
Care Facility of the School of Dentistry of Ribeirão
Preto, University of São Paulo, Brazil.

The animals were randomly assigned to three
groups according to the treatment protocol. In group I
(n � 20), the rats received a 5-mm-long closed nickel-
titanium coil spring (Dental Morelli, São Paulo, SP,
Brazil), which was placed from the maxillary right in-
cisor to the maxillary right first molar to provide ortho-
dontically induced mesial tipping of the molar (Figure
1). A force of approximately 0.4 N was applied. In
group II (n � 20), the teeth were submitted to ortho-

dontic movement associated with LLLT using a gallium
aluminum arsenide (GaAlAs) diode laser source (830
nm, 100 mW, 18 J/cm2; Thera Laser, DMC, Sao Car-
los, SP, Brazil). LLLT was standardized as related by
Saito and Shimizu20 at 4-second exposures per point
of the orthodontically moved tooth (buccal, palatal, and
mesial) and perpendicular to the tooth axis. Group III
(n � 5) served as a control (no orthodontic movement
or LLLT). Groups I and II were divided into four sub-
groups according to the time elapsed between the
start of tooth movement and euthanasia (12 hours, 24
hours, 3 days, and 7 days). The control animals were
sacrificed at the beginning of the experiment.

For installation of the orthodontic appliance and dai-
ly LLLT applications, the animals were anesthetized by
intramuscular injections of a combination of ketamine
hydrochloride (Ketamina�, Agener–União Quı́mica
Farmacêutica Nacional SA, São Paulo, SP, Brazil) and
xylazine hydrochloride (Coopazine�, Coopers Brazil,
São Paulo, SP, Brazil) at a ratio of 1:2 respectively (1
mL/kg body weight).

At the end of each period, the animals were sacri-
ficed by an intraperitoneal injection of a lethal dose of
sodium pentobarbital. After sacrifice, the anatomic
pieces were maintained in individual and sterilized re-
ceptacles and were fixed by formaldehyde 10% for 48
hours. The anatomic pieces were embedded in par-
affin, and serial longitudinal 5-�m-thick sections were
obtained and stained with hematoxylin and eosin for
histological analysis of tissue reactions. The speci-
mens were examined with a light microscope (Axio-
plan, Zeiss, Oberoken, Germany) at 200� and 400�,
and photomicrographs of representative areas were
made for qualitative analysis of pulpal structures, cells,
and blood vessels.

RESULTS

In group III (control), all specimens presented nor-
mal pulp tissue, with homogeneity of cell types, inter-
cellular substance, fibers, nerves, and blood vessels.
The pulp tissue exhibited all 4 structural layers iden-
tified at a histological level: odontoblastic layer, cell-
free zone of Weil, cell-rich zone, and pulp core (Figure
2).

The teeth that moved orthodontically in group I
(tooth movement) showed pulp structure alterations
consistent with an inflammatory process. In group II
(tooth movement plus LLLT), the pulpal structures pre-
sented significant alterations in their components in-
duced by laser irradiation, compared with groups I and
III (control). Pulp responses were significantly more
accentuated and seemed to be restricted to the area
underneath the region submitted to orthodontic force
and laser application.
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Figure 2. Group III (control). Photomicrograph showing (a) the odontoblastic layer, (b) the cell-free zone of Weil, (c) the cell-rich zone, and (d)
the pulp core (200�, HE).

Figure 3. Group I. Photomicrographs showing the odontoblastic layer maintaining its characteristic organization, exhibiting nuclei with extensive
and diffuse chromatin and a more basophilic cytoplasm, with more scattered cells (full arrows) and ramification of vessels full of erythrocytes,
also in the odontoblastic layer (empty arrows; 200�, HE).

In the earliest periods (up to 3 days), all specimens
in group I presented odontoblasts juxtaposed to each
other, presenting nuclei with extensive and diffused
chromatin (hypertrophic) with appearance of an active
cell and a more basophilic cytoplasm. Such charac-
teristics conferred a greater volume to the odontoblas-
tic layer and an apparently larger number of layers in
comparison to the control group (Figure 3). The cell-
free zone of Weil was absent, especially in the areas

where the odontoblastic layer presented more accen-
tuated alterations. In group II, the odontoblastic layer
was completely disorganized in the earliest periods
(12 hours and 24 hours; Figure 4). After 3 and 7 days,
the cell-free zone of Weil could be seen again in the
coronal pulp. The odontoblastic layer had a normal ap-
pearance.

The cell-rich zone was more pronounced at all pe-
riods in group I. It was possible to observe undiffer-
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Figure 4. Group II. Photomicrographs showing the disorganization of the odontoblastic layer (empty arrows) and hyperemic capillaries (full
arrows; 200�, HE).

Figure 5. Group I. Photomicrographs showing the cell-rich layer (empty arrows) and blood vessel proliferation (full arrows; 200� HE at left,
and 400� HE at right).

entiated mesenchymal cells, fibroblasts, and defense
cells. At the 12- and 24-hour periods, the fibroblast
nuclei were more distinguished from each other due
to the great amount of amorphous ground substance,
suggesting an accumulation of interstitial liquid and
edema, which made the pulp tissue less homogenous
when compared with group III. Another interesting
characteristic was the presence of small hemorrhagic
areas in the pulp core, mainly in the root pulp, char-
acterized by a large number of erythrocytes in this re-
gion (Figure 5). In group II, the fibroblast nuclei were
intensely stained and presented loose chromatin with
granules of different sizes. The presence of 1 or more
nucleoli was markedly evident. There were only few
defense cells.

Vascularization was concentrated in the coronal
pulp core in group I. A high concentration of blood

vessels was found close to the odontoblastic layer,
which were wider than those in group III. There were
a large number of blood cells, erythrocytes, and leu-
kocytes inside the vessels, greatest at the earliest pe-
riods. In the other groups, the number of erythrocytes
inside the vessels diminished. Defense cells, such as
neutrophils, eosinophils, and monocytes, were also
identified at all experimental periods close to the odon-
toblastic layer. The initial periods (12 and 24 hours) of
group II also exhibited a concentrated vascularization
in the coronal and root pulp cores; however, it was
characterized by blood vessels of greater diameter,
containing a large number of blood cells. Despite the
presence of hyperemic vessels in the pulp region un-
derlying the odontoblastic layer, there was no evi-
dence of large hemorrhagic areas.

One of the main differences between the lased and
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Figure 6. Group II. Photomicrographs after being subjected to orthodontic force and laser application, showing vessel proliferation with pulp
hyperemia (3 days) and vessel proliferation in the 7-day period (200�, HE).

nonlased groups was the presence of an intense vas-
cularization. In group II at 3 days, mild hemorrhage
was observed close to the odontoblastic layer, and
some erythrocytes were seen invading this layer (Fig-
ure 6). Inside the vessels, there were a smaller num-
ber of blood cells compared with the earlier evaluation
periods, but they were still congested with liquid sub-
stance.

Groups I and II exhibited characteristics of normality
at 7 days. All 4 structural layers were evident, with the
same arrangement as that observed in the control an-
imals (group III). The blood vessels of the pulp core
contained fewer blood cells as compared with the ini-
tial periods of tooth movement.

DISCUSSION

Since the introduction of low-power lasers to the
market, several studies have been conducted13,18,20,21

to evaluate their therapeutic effects. These effects in-
clude pain relief, acceleration of tissue healing and re-
pair, acceleration of new vascularization, wound clo-
sure, greater formation of granulation tissue, fibroblast
and collagen fiber proliferation, increase of ATP syn-
thesis, release of preformed histamine, decrease of in-
tracellular pH and changes in cell proliferation and mo-
tility, phagocytosis, and immune response.12,15–17

LLLT has yielded important outcomes in orthodon-
tics, with positive effects on bone remodeling. The
findings of an in vivo19 study in which an orthodontic
force was applied to rat molars to cause experimental
tooth movement demonstrated a greater amount of
newly formed bone, cell proliferation on the tension
side, and a large number of osteoclasts on the pres-
sure side. This indicates that low-power laser irradia-

tion can accelerate tooth movement. In humans, this
tissue response seems to be similar.9

The alterations occurring in the pulp tissue during
experimentally induced tooth movement have been
extensively investigated.1,2,5–8 However, the associa-
tion of orthodontic tooth movement with LLLT might
produce different effects on the pulp tissue, as the
LLLT has advantageous effects for orthodontics, es-
pecially those related to the relief of the painful symp-
toms triggered by force application to a tooth.13,14,18,20,21

The literature has shown controversial results with
respect to pulpal alterations caused by orthodontic
tooth movement, mainly those regarding revasculari-
zation, which may be explained by differences in the
methodological designs.1,5–8

The analysis of the results of group II was complex
because of the small number of studies addressing the
pulpal responses resulting from LLLT application. Most
studies refer to high-power laser irradiation, tempera-
ture changes,11,22 and the presence of free radicals in
the tooth pulp.22 It is acknowledged that laser wave-
length, total delivered energy, frequency, and dose, as
well as the optical properties of the irradiated tissues,
are all directly related to cell response to laser thera-
py.21 The histological findings of group II demonstrate
significant pulp alterations resulting from LLLT com-
pared with groups I and III. In orthodontic practice,
LLLT has been used to potentiate tooth movement9,19

and to relieve the pain associated with the application
of the orthodontic force.14,20

The alterations in the odontoblastic layer observed
in group I are consistent with the consensual out-
comes reported in previous studies.1,7,8 In the earliest
periods of group II, this layer was completely disor-
ganized, similar to group I. The pulp region that pre-
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sented the greatest alteration was the mesial surface,
accompanying the pressure side of the orthodontically
induced tooth movement.7,8

The cell-free zone of Weil was absent in the initial
periods of group I, which is in agreement with the re-
sults of previous studies,1,7,8 especially where there
were more accentuated alterations of the odontoblas-
tic layer. The cell-free zone of Weil was restored at the
7-day period with normalization of the odontoblastic
layer. In group II, this layer could be observed after
the third day.

For all periods of group I, the cell-rich zone toward
the pulp core was more intensive when compared with
that of group III, presenting fibroblasts, undifferentiated
mesenchymal cells, and defense cells. These findings
are consistent with those of earlier studies.7,8 Alter-
ations consistent with inflammatory process events
were found in all evaluation periods. The increase in
the number of blood cells, erythrocytes, and leuko-
cytes in the blood vessels and in the connective pulp
tissue7,8 reveals a chemotactic reaction and the pres-
ence of tissue-irritating agents in this area.23 Cell mi-
gration and liquid accumulation in the pulp tissue are
part of the inflammatory process, whose main trigger-
ing event is the alteration of pulpal blood flow.6–8 The
initial hyperemia (12 hours and 24 hours) decreased
gradually up to the 3-day period. This increase in pulp
vascularity and blood flow during orthodontic move-
ment are alterations ascribed to the start of the inflam-
matory process6–8 as defensive reactions due to the
alterations in tissue histophysiology arising from the
mechanical stimuli.8

In group II, the cell-rich layer was abundant and
thicker in comparison to groups I and III, presenting
fibroblasts and undifferentiated mesenchymal cells
with characteristics of high cellular activity. These find-
ings corroborate the reports on LLLT effects on fibro-
blast and collagen fiber proliferation.12,15–17 No defense
cells or edema were found in any specimen of group
II. The findings of group II may be explained by LLLT’s
capacity of promoting pain relief, faster tissue healing
and repair and new vascularization, wound closure,
greater formation of granulation tissue, and prolifera-
tion of fibroblasts and collagen fibers.15–17 During the
3-day period, the presence of some erythrocytes in-
dicated a mild hemorrhage, with congested vessels
containing plasmatic proteins. Hyperemia is the pulp
response to an irritating stimulus and is associated
with an attempt to avoid the establishment an inflam-
matory process and edema.23 The main difference be-
tween the laser-irradiated and nonirradiated groups
was the intense vascularization, which may be justified
by the acceleration of new vascularization induced by
LLLT.17

The results of this study show an optimization of the

orthodontic treatment when associated with the use of
LLLT. The results of the qualitative analysis suggest
that from a clinical standpoint, the pain usually asso-
ciated with the orthodontic treatment may be attenu-
ated by the LLLT’s biomodulating effects. In addition,
no inflammatory process was observed, and only an
initial hyperemia developed as a tissue reaction to the
mechanical stimulus, which indicates that the vital pulp
has defense capacity. Stereological studies are re-
quired to analyze these data quantitatively.

Although there have been several studies that have
addressed the action of LLLT therapy on bone repair
and osteogenesis, there are few reports on its effects
on the pulp tissue. Further research is required to de-
velop more solid scientific bases for the clinical use of
LLLT and to describe the mechanism action of low-
power lasers as there are only a few studies in this
field and different methodologies have been em-
ployed.

CONCLUSIONS

• Orthodontically induced tooth movement associated
with LLLT produced an increase in the vasculariza-
tion, and this factor could accelerate pulp tissue re-
pair.

• Laser therapy is beneficial to orthodontic movement.

ACKNOWLEDGMENT

This study was supported by a grant-in-aid from FAPESP.

REFERENCES

1. Anstendig HS, Kronman JH. A histological study of pulpal
reaction to orthodontic tooth movement in dogs. Angle Or-
thod. 1972;42:50–55.

2. Kvinnsland S, Heyeraas K, Flord ES. Effect of experimental
tooth movement on periodontal and pulpal blood flow. Eur
J Orthod. 1989;11:200–205.

3. Reitan K. Clinical and histological observation on tooth
movement during and after orthodontic treatment. Am J Or-
thod. 1967;53:721–745.

4. Baume LJ. The biology of pulp and dentine. Monogr Oral
Sci. 1980;8:1–246.

5. Stenvik A, Mjör A. A pulp and dentine reactions to experi-
mental tooth intrusion. Am J Orthod. 1970;57:370–385.

6. Nixon CE, Saviano JA, King GJ, Keeling SD. Histomorpho-
metric study of dental pulp during orthodontic tooth move-
ment. J Endod. 1993;19:13–16.

7. Santamaria M Jr, Milagres D, Stuani AS, Stuani MB, Ruel-
las AC. Initial changes in pulpal microvasculature during or-
thodontic tooth movement: a stereological study. Eur J Or-
thod. 2006;28:217–220.

8. Santamaria M Jr, Milagres D, Iyomasa MM, Stuani MBS,
Ruellas ACO. Initial pulp changes during orthodontic move-
ment: histomorphological evaluation. Braz Dent J. 2007;18:
34–39.

9. Cruz DR, Kohara EK, Ribeiro MS, Wetter NU. Effects of
low-intensity laser therapy on the orthodontic movement ve-

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



122 ABI-RAMIA, ANDREA STUANI, ADRIANA STUANI, M. STUANI, MENDES

Angle Orthodontist, Vol 80, No 1, 2010

locity of human teeth: a preliminary study. Laser Surg Med.
2004;35:117–120.

10. Kobayashi Y, Takagi H, Sakay H, Hashimoto F, Mataki S,
Kobayashi K, Kato Y. Effects of local administration of os-
teocalcin on experimental tooth movement. Angle Orthod.
1998;68:259–266.

11. Coluzzi DJ. An overview of laser wavelengths used in Den-
tistry. Dent Clin N Am. 2000;44:753–765.

12. Demir H, Yaray S, Kirnap M, Yaray K. Comparison of the
effects of laser and ultrasound treatments on experimental
wound healing in rats. J Rehabil Res Dev. 2004;41:721–
728.

13. Koichiro K, Shimizu N. Effect of low-energy laser irradiation
on bone remodeling during experimental tooth movement in
rats. Laser Surg Med. 2000;26:282–291.

14. Lim HM, Lew KK, Tay DK. A clinical investigation of the
efficacy of low level laser therapy in reducing orthodontic
postadjustment pain. Am J Orthod Dentofacial Orthop.
1995;108:614–622.

15. Lirani-Galvão AP, Jorgetti V, Silva OL. Comparative study
of low-level laser therapy and low-intensity pulsed ultra-
sound effect on bone in rats. Photomed Laser Surg. 2006;
24:735–740.

16. De Oliveira RF, Oliveira DA, Monteiro W, Zangaro RA, Ma-

gini M, Soares CP. Comparison between the effect of low-
level laser therapy and low-intensity pulsed ultrasonic irra-
diation in vitro. Photomed Laser Surg. 2008;26:6–9.

17. Sulewski JG. Historical survey of laser dentistry (lasers and
light amplification in dentistry). Dent Clin North Am. 2000;
44:717–765.

18. Ueda Y, Shimizu N. Effects of pulse frequency of low-level
laser therapy (LLLT) on bone nodule formation in rat cal-
varial cells. J Clin Laser Med Surg. 2003;21:271–277.

19. Kawasaki K, Shimizu N. Effects of low-energy laser irradi-
ation on bone remodeling during experimental tooth move-
ment in rats. Lasers Surg Med. 2000;26:282–291.

20. Saito S, Shimizu N. Stimulatory effects of low-power laser
irradiation on bone regeneration in midpalatal surface during
expansion in the rat. Am J Orthod Dentofacial Orthop. 1997;
111:525–532.

21. Takeda Y. Irradiation effect of low-energy laser on alveolar
bone after tooth extraction: experimental study in rats. Int J
Oral Maxillofac Surg. 1988;17:388–391.

22. Ma T, Marangoni RD, Flint W. In vitro comparison of de-
bonding force and intrapulpal temperature changes during
ceramic orthodontic bracket removal using a carbon dioxide
laser. Am J Orthod Dentofacial Orthop. 1997;111:203–210.

23. Ten Cate AR. Oral Histology: Development, Structure and
Function. St Louis, Mo: CV Mosby; 1991.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access


