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Abstract

Objective: The aim of this study was to assess the effect
of low-level laser therapy on tissue repair in the rabbit
mandible after osteotomy and distraction osteogenesis,
through histological analysis of the area of bone neo-
formation and measurement of the amount of neofor-
med bone. Methods: Twenty-four male New Zealand
white rabbits were randomly allocated into one of two
groups: experiment (laser applied directly over the site
of fracture and distraction osteogenesis) or control (non-
-irradiated animals). Distraction osteogenesis was per-
formed according to the following protocol: 3 days of
latency, 7 days of activation (0.8 mm/day), and 10 days
of consolidation. In the experiment group, irradiation
was performed with an infrared laser (AlGaAs; wave-
length 830 nm, CW, time 101 seconds, 40mW), at a
dose of 10 Jlcm2 per session, every 48 hours during
the activation period. Twenty days after surgery, all ra-
bbits were sacrificed. Results: The amount of neofor-
med bone was significantly higher in the laser-treated
group (62.68%) than in the control group (43.09%) (p <
0.001). Conclusion: The application of low-level laser
therapy following the irradiation protocol used in this
study had a positive effect on the tissue repair process
in a rabbit model of mandibular fracture and distraction
osteogenesis, as shown by histological analysis.
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The concept of distraction osteogenesis (DO)
was introduced by G. A. Ilizarov in the 1950s and
knowledge of this method has added countless be-
nefits to the treatment of a variety of musculoskele-
tal disorders, enabling bone lengthening, correction
of angular deformities of the limbs, and correction
of pseudarthrosis, as well as a technique for alveo-
lar ridge augmentation®.

In the practice of dentistry and oral and ma-
xillofacial surgery, treatment of facial deformities
still poses a challenge, as it frequently involves
multiple, high-cost procedures that carry a high
morbidity and often produce unsatisfactory outco-
mes. Autogenous tissue is the ideal substrate for
bone augmentation, but harvesting procedures in-
crease operative time and cost and require a second
surgical field, which may increase postoperative
discomfort?. Furthermore, the process of obtaining
graft tissue in sufficient quantity for bone recons-
truction is fraught with difficulty, and is also often
associated with unsatisfactory results?.

In this context, DO constitutes a promising
and increasingly established alternative for bone
reconstruction that may be used in the treatment
of congenital deformity, trauma, or after oncologic
surgery. DO is based on the use of distraction devi-
ces, which are designed to enable growth of bone at
a deformed site*. Nevertheless, the long-term sta-
bility of the outcomes of DO has yet to be well do-
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cumented; instability and recurrence of deformity
have been reported*®.

Faced with this scenario, some researchers have
sought ways to speed the bone maturation process
and enhance the physical properties of tissue at the
elongated bone site®’. As any process involving tis-
sue repair, DO entails a series of metabolic activi-
ties. This process of neoformation of bone is amena-
ble to biomodulation through use of low-level laser
therapy (LLLT), which has been shown to benefit
the tissue repair process in soft tissue and bone and
has the potential to reduce treatment time®1°.

Laser radiation has been used for therapeutic
purposes since the 1960s, in view of its low power
intensity and wavelengths capable of tissue pene-
tration. Laser therapy exerts a major biomodula-
tory effect on the tissue repair process, and is wide-
ly used in a variety of healthcare fields. Dentistry
is one of the health sciences to use it most broadly,
for a wide range of clinical procedures; however, in-
formation on the combined use of laser therapy and
DO is still lacking.

In light of the various potential applications of
DO, particularly in the field of dentistry, there is a
need for more precise characterization of the histo-
logical features of bone tissue generated by means
of this method, especially when subjected to LLLT.

Materials and methods

This study was approved by the Pontificia Uni-
versidade Catdlica do Rio Grande do Sul (PUCRS)
Research Ethics Committee (CEP 0219/07 — CEUA
075/08) and was conducted in accordance with the
Ethical Principles for Experimental Research set
forth by the Brazilian Society for Laboratory Ani-

mal Science (SBCAL).

Animals

The study sample consisted of 24 male New
Zealand white rabbits (order Lagomorpha, genus
Oryctolagos, species O. cuniculus) of known adult
age and weight 3.5-4.5 kg. The animals were ran-
domly allocated into two groups of 12: control group
“C” (nonirradiated) and experiment group “L” (la-
ser-irradiated). Animals were weighed, placed into
individual cages, identified with cage cards, and
provided a commercially available solid diet (Puri-
na®, Nestlé Purina Petcare, St. Louis, MO) and wa-
ter ad lib. The vivarium was climate-controlled so
as to ensure normal lighting, relative humidity, and
temperature conditions. After one week of adapta-
tion and observation, animals were examined by
Universidade Federal de Pelotas (UFPel) vivarium
staff veterinarians and cleared for the study.
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Operative technique

All stages of anesthesia were performed by trai-
ned veterinarians, who were also responsible for
observing all animals in the pre-, intra-, and posto-
perative periods of the study.

Animals were anesthetized with 2% xylazine
hydrochloride (Anasedan®, Ceva Santé Animale,
Brazil) and tiletamine/zolazepam (Zoletil®, Virbac,
Brazil) IM. Xylazine is a muscle relaxant and anal-
gesic, whereas tiletamine/zolazepam is a combina-
tion dissociative anesthetic that exerts direct action
on the cerebral cortex to induce analgesia and loss
of consciousness. The combined action of these dru-
gs provides effective anesthesia for surgical proce-
dures involving moderate stimuli.

After induction of anesthesia, the left subman-
dibular region was shaved with an electric razor.
Animals were then taken to the operating theater,
placed in the right lateral recumbent position, and
tied to the operating table with restraints. The sur-
gical field was disinfected with an iodophor-in-alco-
hol solution (0.5% available iodine).

Sterile surgical drapes were used to isolate the
field. The planned incision site was further anes-
thetized with local infiltration of 1% lidocaine/epi-
nephrine 1:100000 into the subcutaneous space
(approximately 2 mL per specimen) to achieve ade-
quate vasoconstriction and enhance visibility du-
ring surgery. Antibiotic prophylaxis was provided
with a single dose of enrofloxacin (Flotril®, Schering
Plough, Brasil) IM.

A single, approximately 3 cm-long linear inci-
sion was made on the skin overlying the inferior
border of the mandible with a #15 disposable scal-
pel. Metzenbaum scissors were used to dissect down
to the periosteum, which, along with its muscle in-
sertions, was carefully elevated with Molt and Sel-
din periosteal elevators at the lateral and inferior
surfaces of the mandible.

Stay sutures (4-0 nylon monofilament) were
placed through the skin and deep muscle planes to
provide traction during placement of the DO device,
respecting the natural position of these tissues to
ensure correct repositioning at the conclusion of the
procedure.

After exposure of the body of the mandible, the
inferior alveolar nerve was identified at its emer-
gence from the mental foramen and dissected. A
vertical monocortical osteotomy was performed
on the vestibular surface of the mandible between
the premolar and mental foramen, using a 1.0-mm
straight-shank carbide bur, at low rotation, with
constant normal saline irrigation. Throughout the
procedure, skin and muscle tissue were retracted
using the stay sutures, whereas the lingual plate
and adjacent periosteum were kept intact.

The distraction device (PROMMP®, Brazil) was
installed with 5-mm monocortical screws, placed
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into three holes drilled through a miniplate at each
side of the osteotomy, below the mental foramen
and tooth roots. All six screws were placed equidis-
tant to the osteotomy. The distraction screw was
then placed and activated for two complete turns
or until frank resistance to activation was felt. The
osteotomy was then completed with application of
chisels in a lever motion.

The wound bed was irrigated copiously and
layered closure of the incision was performed with
4-0 nylon monofilament using simple interrupted

stitches.

Postoperative period

After the procedure, animals were returned to
the UFPel vivarium and remained under the care
of the investigators and staff veterinarians. Ani-
mals recovered from anesthesia in a heated room
to avoid hypothermia. Postoperative diet consisted
of green leaves and feed ground mixed with water.

During the first three postoperative days, me-
tamizole (Novalgina®) and enrofloxacin (50 mg/day)
were administered for analgesia and antibiotic co-
verage respectively.

Distraction osteogenesis

Latency period - 3 days (postoperative days
1 through 3): During the first three postoperative
days, the distractor was not activated, but merely
inspected and disinfected with a 1% iodophor-in-
-alcohol solution. Each animal were placed in an
Elizabethan collar to prevent displacement of the
distraction device. Diet consisted of commercially
available feed (Purina®, Nestlé Purina Petcare, St.
Louis, MO, USA), ground and mixed with water to
a semisolid consistency.

Activation period — 7 days (postoperative days 4
through 10): After the third postoperative day, the
distraction device was activated in daily 0.8-mm in-
crements over a total of 7 days (approximately 5.6
mm total).

Maturation period — 10 days (postoperative
days 11 through 20): After the latency and acti-
vation periods, the distraction device remained in
place for a further 10 days, serving as an external
fixator so that bone maturation could be achieved.

Laser irradiation

Infrared laser irradiation was performed with
an aluminum gallium arsenide diode laser (AlGa-
As). This procedure is painless, and therefore requi-
red no sedation or anesthesia.

In the experiment group, spot laser was applied
to three points overlying the site of DO, at an ener-
gy density of 4 J/cm2 per point, with the irradiation
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tip placed perpendicularly over the area, for a total
dose of 12 J/ecm2 per session. An AlGaAs infrared
laser (Thera Lase®, DMC Equipamentos, Sdo Car-
los, SP, Brazil) was used at a wavelength of 830 nm,
with 40 mW output power, and continuous wave
irradiation for a spot application time of 00:01:41
(101 seconds, automatically controlled by the laser
device as determined by other parameters). The ir-
radiation protocol was instituted immediately after
activation of the distractor and repeated every 48
hours thereafter, for a total of four sessions having
a total dose of 48 J/cm2. Nonirradiated animals
(control group) underwent sham irradiation: the
same procedure described above was performed,
but with the laser unit switched off.

Euthanasia
(postoperative day 20)

Twenty days after surgery, rabbits were anes-
thetized and sacrificed by a veterinarian using
a thiopental injection at 200 mg/kg, according to
the guidelines of the Brazilian Resolution no. 714,
issued on June 20 2002 by the Brazilian Federal
Council of Veterinary Medicine, regarding euthana-
sia procedures and methods for laboratory animals.

A specimen of the mandible corresponding to
the site of osteotomy and DO was obtained from
each animal and sent to the UFPel Oral Pathology
Lab for processing and histomorphometric analysis.

Histological and
histomorphometric analysis

Samples were fixated in 10% neutral buffered
formalin solution for no less than 24 and no more
than 72 hours. Shortly thereafter, samples were de-
calcified in 20% formic acid solution under agitation
at room temperature, rinsed in running water for a
few hours, dehydrated in a graded ethanol series
(80-100%), embedded in paraffin blocks, labeled,
and cut into 10 uym slices, which were then moun-
ted and stained with hematoxylin and eosin (H&E).
Slides were examined under a light microscope for
histological and histomorphometric analysis (Figu-
res 1 and 2).
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Figure 1 - Distraction gap in an experiment group animal. Photomi-
crograph showing bone tissue formation. Numerous large
osteocytes are present (arrows), as well as osteoblasts at
the trabecular periphery, indicating proliferative activity
(arrowhead), interspersed with dense connective tissue
and moderate vascularization. 40x magnification

Figure 2 - Distraction gap in a control group animal. Photomicrogra-
ph showing resorption lacunae on trabeculae (arrows), as
well as dense connective tissue with few cells and little
vascularization (star) and an area of bone neoformation
(arrowhead). 40x magnification.

Statistical analysis

Statistical analyses were performed in the
SPSS® 17.0 (Statistical Package for Social Scien-
ce) software environment (SPSS Inc, Chicago, IL,
USA). The Student t test was used for between-
-group comparison of the amount of bone neoforma-
tion in the distraction gap. The significance level
was set at 5% (o. = 0.05).

The mean percentage of bone formation was
significantly higher in the experiment than in the
control group (Table 1). Table 1 shows results of the
Shapiro-Wilk test for normality, proving that the
variable of interest followed a normal distribution.

Table 1 - Results of Shapiro-Wilk test

Group W Degrees of freedom p
Control (DO only) 0.934 12 0.429
Experiment (DO + LLLT) 0.953 12 0.680

DO, distraction osteogenesis; LLLT, low-level laser therapy; W, test statistic.
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Results

Histomorphometric analysis of the distracted
area in experimental group animals showed more
abundant bone neoformation in the laser therapy
groups. Laser had a demonstrably positive effect on
bone repair, as shown by the greater number of ac-
tive osteoblasts, secreting collagen matrix more in-
tensely, as well as the smaller areas of hemorrhage
and inflammatory infiltration (Figure 1).

The mean percentage of bone neoformation in
the distraction gap (the area between the edges of
the mandibular fracture) was significantly higher
in the experiment group — that is, animals subjec-
ted to LLLT performed during the activation period
in addition to DO — than in the control group of
animals subjected to DO alone (p < 0.001) (Table 2,
Figure 3).

Table 2 - Mean bone formation (%)

Group n | Mean S'td.' Std. error
deviation of mean

Control (DO only) 12 | 43.09 3.514 1.0014

Experiment (DO + LLLT) | 12 | 62.68 4.325 1.248

DO, distraction osteogenesis; LLLT, low-level laser therapy.

12345678 912345867809 10MH1R2
Experimental Group DO + LLLT Moans

Contrel Group - DO

Figure 3 - Between-group comparison of postdistraction bone neo-
formation in the area between the edges of the mandibu-
lar fracture (mean percentage). Control group (distraction
alone), 43.09 + 3.514%; experiment group (distraction +
LLLT), 62.68 + 4.325%. Results presented as mean and
standard deviation (SD). Error bars represent

Discussion

In this experiment, to create an initial clinical
condition for laser therapy, rabbits underwent os-
teotomy of the body of the mandible between the
premolar and mental foramen with subsequent DO.

LLLT has proved to be an effective and benefi-
cial adjunct to a wide range of oral and dental tre-
atments. Due to the wide use of laser therapy by
healthcare providers, the effects of LLLT on diffe-
rent anatomical structures and for a variety of cli-
nical applications have been the object of extensive
research?’.
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Promotion of faster and improved bone tissue
repair stands out among the countless indications
for LLLT reported in the literaturel->1%:11,

The objective of combining laser therapy and
DO was to ascertain whether LLLT has a positive
biomodulatory effect on — that is, whether it encou-
rages — maturation of the bone wound. DO can cau-
se exquisite patient discomfort, particularly when
performed with the use of external distraction devi-
ces, which can be associated with superficial infec-
tion, paresthesia, and keloid formation, in addition
to negative social impacts (as DO hinders participa-
tion in social activities) and instability and recur-
rence after the distraction process**'%12 Therefo-
re, we believe that the development of therapeutic
strategies capable of shortening the consolidation
stage of DO is a very important research objective.

We chose to perform LLLT with infrared laser
to speed tissue regeneration, as studies have shown
that wavelengths in the infrared range provide the
best outcomes in terms of positive biomodulation of
bone tissue healing4'".

An AlGaAs diode (A = 830 nm) was used in this
study due to its improved tissue penetration profile
as compared to that of helium-neon (HeNe) lasers,
which operate at a wavelength of 632.8 nm. Infra-
red lasers penetrate better into subcutaneous tis-
sue due to poor absorption of their energy by water
and skin pigments?®,

There is still no defined protocol as to the opti-
mal timing of LLLT as an adjuvant to distraction
osteogenesis. However, the biomodulatory effect
of laser therapy during the activation phase led to
higher bone neoformation rates in the distraction
zone as compared with laser irradiation during the
consolidation phase!®,

Several investigators have used histological
analysis to evaluate the process of bone neoforma-
tion®2"22, Although the events that occur during
bone lengthening by DO are well-established and
have been described in detail, we believe the pre-
sent study was justified as a means of proving the
occurrence of bone neoformation, describing its cha-
racteristics and, above all, assessing the percentage
difference in neoformation when the site of distrac-
tion is subjected to low-level laser irradiation??.

Descriptive analysis confirmed that bone neo-
formation occurred in both study groups, following
similar patterns of formation of trabecular bone in-
terspersed with fibrovascular tissue. In both groups,
trabecular bone was aligned with the direction of
distraction and regeneration of bone was sparser
in the central area, indicating that bone formation
began at the edges of the preexisting fractured bone
and became thinner toward the center of the gap.

Histological analysis also revealed bone forma-
tion in both groups (control and experiment). Bone
formation is directly associated with activation time
and the length of each increment of distraction. The
device was activated in daily increments of 0.8 mm,
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as, according to the literature, activation rates of
0.5 to 1 mm/day lead to bone formation, whereas
faster distraction (with larger increments) would
lead to fibrous union?®?4,

The consolidation period was defined as only 10
days, as we sought to assess the initial stages of
bone formation in the same animal model (rabbit)
used in other studies on the theme?*?1?% which em-
ployed fixation periods of 8 to 6 weeks.

In this study, LLLT had a positive biomodula-
tory effect when applied during the activation pe-
riod, increasing the amount of bone neoformation
in comparison to the control group. These findin-
gs are promising and similar to those reported in
the literature for studies in which laser therapy
was applied during the maturation period, where
authors also found increased bone neoformation in
irradiated animals®2%26,

Statistical testing revealed significantly grea-
ter neoformation of bone in the laser therapy group
(62.68%) as compared to the group of animals that
underwent DO alone (43.09%).

Conclusion

According to the irradiation protocol used in
this study, LLLT performed during the activation
period has a positive effect on the tissue repair pro-
cess in a rabbit model of DO of the mandible, as
shown by histological analysis.

Although the results of this study are encoura-
ging and reveal laser therapy as a viable adjunct
to DO, further studies using different sample si-
zes, doses, power settings, and treatment periods
are warranted, in order to provide a more in-depth
understanding of the effects of LLLT on the bone
neoformation process.
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Resumo

Objetivo: Avaliar o efeito do laser de baixa intensidade
no tecido de reparo em mandibula de coelhos, apos
ter sido provocada osteotomia e distracdo osteogénica
local, poar meio de analise histolégica da area de ne-
oformacgao ossea e mensuragao do percentual de osso
neoformado. Métodos: Vinte e quatro coelhos brancos
neozelandeses foram randomizados e distribuidos ale-
atoriamente em dois grupos: experimental (laser apli-
cado diretamente sobre o local da fratura e distracao
osteogénica) ou de controle (animais nao irradiados). A
distracao osteogénica foi realizada seguindo o seguinte
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protocolo: trés dias de laténcia, sete dias de ativagdo
(0.8 mm/dia) e dez dias de consolidagdo. No grupo ex-
perimental a irradiacdo foi feita com laser infraverme-
lho (AlGaAs; comprimento de onda de 830 nm, CW,
tempo de 101 segundos, 40 m W), com uma dose de 10
J/em2 por sessdo, a cada 48h durante o periodo de ati-
vagdo. Resultados: A quantidade de neoformagao éssea
foi significativamente mais alta no grupo que recebeu
o tratamento com laser (62,68%) em ralacdo ao grupo
de controle (43,09%) (p < 0.001). Conclusdo: A aplica-
¢do do laser de baixa intensidade seguindo o protocolo
de irradiagdo apresentado teve um efeito positivo no
processo de reparo tecidual da mandibula de coelhos
que foram submetidos a fratura e distracdo osteogénica,
como mostra a analise histologica.

Palavras-chave: Osteogénese por distracdo. Lasers. His-
tologia.
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