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Abstract

Objective: The purpose of this study was to assess the systemic effects of low-level laser therapy (LLLT) on
thyroid gland function and, consequently, calcium regulation — as measured by serum triiodothyronine (T3),
thyroxine (T4), and free calcium levels — when administered after dental implant placement in a rabbit model.
Background data: Protocols for the use of laser therapy in several clinical procedures are currently under
investigation, as not all of the actions and systemic effects of laser irradiation have been clearly established.
Materials and methods: Forty male adult New Zealand rabbits were distributed across five groups of eight
animals each: two control groups (C-I and C-II) of unirradiated animals, and three experimental groups (E-5, E-
10, and E-20), each exposed to a distinct dose of gallium-aluminum-arsenide (GaAlAs) laser [1=830 nm
50mW, contlnuous wave (CW)] eve 2/ 48 h for a total of seven sessions. The total dose per session was 5 J/em?
in E-5, 10 J/cm? in E-10, and 20 J/cm® in E-20. Animals in C-II and all experimental groups underwent surgical
extractlon of the mandlbular left incisor followed by immediate placement of an osseointegrated implant
(Nanotite®, Biomet 3i™™) into the socket. Animals in group C-I served as an absolute control for T3, T4, and
calcium measurements. The level of significance was set at 5% (p <0.05). Results: ANOVA with Tukey’s post-
hoc test revealed significant differences in T3 and calcium levels among experimental groups, as well as
significant within-group differences in T3, T4, and calcium levels over time. Conclusions: Although not
reaching abnormal values, LLLT applied to the mandible influenced thyroid function in this model.

Introduction

ASER-EMITTING DEVICES ARE MORE COMMONLY USED by

health professionals, mostly for therapeutic and diag-
nostic purposes. In dentistry, the use of lasers of different
wavelengths for distinct indications in the field of oral health
has enabled incorporation of laser technology into a wide
range of clinical and surgical procedures,'? even though the
levels of evidence to support their clinical application are
low.

Indication for low-level laser therapy (LLLT) is based on
the stimulating effects on the molecular and biochemical
processes during tissue repair at the cellular level. Previous
studies have evaluated the irradiation of extraction socke:ts,3
modulation of skin wound healing,*® regeneration of ner-

vous tissue,” enhancement of peri-implant tissue repair after
implant placement,”’~'® and modulation of postoperative
pain.>7-17-24 Other in vivo and in vitro studies have reported
the positive effects of LLLT on the repair process in animal
models and tissue cultures.*?>% However, there are large
variations in laser doses,”'>?% even though dose is con-
sidered an important parameter in laser therapy,?’ especially
when some specific biomodulatory effects are expected.
These biomodulatory effects of laser may also occur re-
motely from the site of irradiation.>2%3¢ Therefore, LLLT
may lead to effects on organs and tissues far from the actual
site of application (systemic effects). The literature suggests
that LLLT may have repercussions on endocrine function
because of potential effects on the secretory glands,3l in-
cluding the thyroid gland. Studies on the effect of infrared
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FIG. 1. Surgical proce-
dure: (A) Extraction with #5
pediatric extraction forceps.
(B) Freshly extracted man-
dibular left incisor.

laser irradiation directly on the thyroid gland have shown
increased mitotic activity in follicular cells, transient hyper-
activity of some thyroid follicles,*** and changes in circu-
lating serum levels of the hormones secreted by the thyroid
gland, triiodothyronine (T3) and thyroxine (T4).3¢

These findings prompted the present study, as the thyroid
gland is located near the mandibular region, a frequent site
of irradiation after dental procedures. The objective of this
study was to assess the side effects or systemic effects of
LLLT used after mandibular dental implant insertion to
improve osseointegration through a systematic assessment
of circulating serum levels of T3, T4, and calcium in a rabbit
model after three different protocols of low-level laser ir-
radiation of the area of implantation of the osseointegrated
implant placed immediately into the fresh extraction socket
of the mandibular left incisor.

Materials and Methods

This study was approved by the Pontificia Universidade
Catolica do Rio Grande do Sul (PUCRS), Animal Experi-
mentation Ethics Committee with protocol no. 11/00235.
All study procedures were conducted so as to minimize pain
or discomfort, and all were in compliance with the Brazilian
Ethical Principles for Animal Experimentation, as set forth
in Law 11.794 (October 8, 2008) and the Ethical Principles
of Experimental Research set forth by the Brazilian Society
for Laboratory Animal Science (formerly the Brazilian
College of Animal Testing).

The study sample comprised 40 male adult New Zealand
rabbits (Oryctolagus cuniculus), 3 months of age, weighing
3—4kg. Animals were allocated randomly into five distinct
groups of eight rabbits each: three experiment groups, E-5,
E-10, and E-20, and two control groups, C-I and C-II. An-
imals were fed solid chow (Purina®) and water ad libitum,

FIG. 2. Surgical proce-
dure: (A) Placement of a
3.25¢x11.5mm osseointe-
grated implant (NanoTite®).
(B) Occlusal view after im-
plant placement.
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and were kept in a climate-controlled environment, under
normal lighting, humidity, and temperature conditions. All
animals (except those in group C-I) underwent surgical
extraction of the mandibular left incisor and immediate
placement of an osseointegrated implant, creating a condi-
tion of equality between groups at baseline.

General anesthesia was induced, the mandibular left inci-
sor region was disinfected and anesthetized by local infiltra-
tion, and the tooth was extracted (Fig. 1). After gradual,
intermittent, and precise preparation of the implant socket
with sequentially sized drills, according to manufacturer in-
structions, a 3.25¢x11.5mm NanoTite® osseointegrated
implant (Biomet3i, Palm Beach Gardens, FL)) was placed into
the socket (Fig. 2). The surgical wound was closed with 4-0
monofilament (Ethicon®, Johnson & Johnson). While animals
were still under general anesthesia, those in the experimental
groups were shaved and tattooed with a surgical marker
(Codman®) over the region corresponding to the long axis of
the dental implant, creating a target for gallium-aluminum-
arsenide (GaAlAs) laser irradiation (Fig. 3). At the end of the
procedure, all animals were placed on a 3 day course (once a
day) of analgesia (tramadol, 5 mg/kg IM) and antimicrobial
prophylaxis (enrofloxacin, 5 mg/kg IM).

Laser therapy was performed with a GaAlAs infrared diode
laser, wavelength 830nm, power 50mW, in continuous
emission mode (Thera Lase®, DMC Equipamentos, Sdo
Carlos, SP, Brazil). In the experimental groups, the irradiation
protocol was started immediately after extraction of the
mandibular left incisor and placement of the osseointegrated
implant. Unirradiated animals (control groups) underwent
sham irradiation with the laser device unpowered; all other
procedures were performed as in the other groups. During
laser and sham treatments, the animals were restrained in a
box (suitable to their sizes), and a gauze pad was placed over
their eyes for protection and to ensure that the animals would
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FIG. 3. Low-level laser
therapy (LLLT): (A) Long
axis _of the implant (Nano-
Tite®) tattooed onto the skin.
(B) Application of low-level
laser with the handpiece
perpendicular to, but not di-
rectly over, the long axis of
the implant.

e

remain calm (Supplementary Fig. S1; Supplementary data are
available online at www.liebertonline.com/pho).

Animals in group E-5 received two spot doses of 2.5 J/cm?,
applied over two points: one medial and one lateral to the
long axis of the implant as previously marked on the skin
(Fig. 3). Application was performed with the laser hand-
piece held perpendicular to the basal bone of the mandible,
for a total dose of 5J/cm> per session, over an irradiation
time of 51 sec (irradiation time was adjusted automatically
by the laser unit after the other parameters were set). Ani-
mals in group E-10 received double the dose administered to
group E-5 (5J/cm? per spot), over an irradiation time of
1 min 41 sec, for a total dose of 10J/cm? per session. Group
E-20 received quadruple the initial dose: 10 J/cm? for a total
of 20J)/cm? per session, over an irradiation time of 3 min
21 sec.

In all experimental groups, irradiation was performed
every 48, for a total of seven sessions over 13 days, with
total cumulative doses of 35 J/cm? for group E-5, 70 J/cm?
for group E-10, and 140 J/cm? for group E-20 (Table 1).

Using methods similar to those of Mebis et al.*’ and
Fronza et al.,38 levels of T3, T4, and calcium were measured
in all animals at four points in time: before dental extraction/
implant placement; immediately after surgery; after the first
LLLT session; and after the last LLLT session. Blood sam-
ples (3mL per collection) were obtained by venipuncture of
the jugular vein. Blood was collected into anticoagulant-free
Vacutainer® tubes (BD—Vacutainer®, Pediatric Systems,
Becton & Dickinson Co), which were centrifuged in an ap-
propriate apparatus (Excelsa®3 Model 280 benchtop centri-
fuge; FANEM Ltda., Sdo Paulo, SP, Brazil) for 15min at
3000rpm, at constant temperature and pressure. Serum was
then separated and pipetted into Eppendorf® (Eppendorf®

3810X standard; Eppendorf do Brasil Ltda., Sao Paulo, SP,
Brazil) tubes, which were sent under refrigeration to the
Veterinary Clinical Chemistry Laboratory, Universidade
Federal do Rio Grande do Sul (LacVet — UFRGS, Porto
Alegre, Brazil), for measurement of T3, T4, and calcium
levels.

Statistical analyses were performed in SPSS® 17.0 (Sta-
tistical Package for the Social Sciences, SPSS Inc., Chicago,
IL) and SAS® 8.0 (Statistical Analysis System, SAS In-
stitute Inc., Cary, NC). The level of significance was set at
5% (p<0.05). Repeated measures analysis of variance
(ANOVA) with Tukey’s post-hoc multiple comparisons test
was used for between-subject and between-group compari-
sons of laboratory values.

Results

The baseline levels for all animals (time point 1) and the
results of serum T3, T4, and calcium measurements during
LLLT (time points 2 and 3) and after LLLT (time point 4)
are described in Table 2.

Separate assessment of each of the laboratory parameters
of interest showed that T3, T4, and calcium levels were
significantly altered between study groups in relation to
LLLT therapy.

Analysis of the behavior of calcium levels showed that, in
addition to within-group differences over time for experi-
mental groups (E-5, E-10, and E-20), significant differences
also occurred between the control and experimental (LLLT)
groups at the first and last time points of collection. Be-
tween-group comparisons showed a significant difference in
calcium levels at time points 1 and 4 between LLLT groups
and control groups (C-I and C-II) (Table 2).

TABLE 1. STUDY PARAMETERS

CI and CII control groups E-5 group E-10 group E-20 group
(n=16) (n =8) (n=3§) (n=8§)
Light source type — Laser (AlGaAs) Laser (AlGaAs) Laser (AlGaAs)
Average power (mW) — 50 50 50
Wavelength (nm) — 830 830 830
Pulse parameters — CcwW Ccw CwW
Irradiation points 0 2 2 2
No. applications per point 0 1 1 1
Energy per point (J/cm?) 0 2.5 5 10
Total energy density per session (J/cm?) 0 5 10 20
Irradiation time per point (sec) 0 51 101 201
Total dose (J/cm®) 0 35 70 140
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TABLE 2. STATISTICAL ANALYSIS: RESULTS OF SERUM T3, T4, AND CALCIUM MEASUREMENT

Group  Energy

Time 1

Time 2

Time 3

Time 4

13.82+0.624*
13.63+0.7542
14.41+0.5542
13.95+0.5548%
14.39+0.2842
151.97+15.304%

168.98 +23.19AB

13.67 +£0.7242
13.53+0.19%2
13.91+0.31482
13.79+0.278¢2
13.43+0.308%
151.89+22.414%

181.57 +23.63"B*

13.72+0.7047®
13.65+0.62473°
13.59+0.704B=b
14.46+£0.474°
13.41+0.738°
165.04 +20.434
198.64 +52.624740

Calcium C-1 0J/cm?  14.01+1.0242
C-I 0J/cm?>  12.82+0.274°
E-5 5J/cm?  13.47+0.348%°
E-10  10J/cm®>  13.05+0.32¢%
E-20 20J/cm?  13.81+0.26%B%

Triiodothyronine T3 C-I 0J/cm?  162.07+30.0422
C-1I 0J/cm? 143.07+17.42B%
E-5 5J/cm? 144.32+13.344%
E-10  10J/cm?® 163.42+26.865*
E-20 20J/cm? 166.72+39.6842

Thyroxine T4 C-1 0J/ecm?  2.56+0.71°B
c-11 0J/em®>  2.30£0.565%
E-5 5J/cm?  2.19+0.73B%
E-10  10J/cm?  2.40+0.83%?
E-20 20J/cm?  2.75+0.824%?

175.64425.15%%  179.23+40.07%*  163.02+22.854

193.90+28.6248%  165.68+43.815%  223.86+40.26"*

182.80+19.05%*  185.94+38.77%%  196.96+52.354%
2.29+0.358% 2.98+0.67482 3.294+0.1942
3.03+0.56"B2 2.69+0.66°8% 3.18£0.65
3.05+0.794% 3.29+0.9242 3.07+0.4742
2.73+0.8542 2.75+0.7942 3.12+0.844
3.294(.934% 3.39+1.20M° 3.37+0.7142

Baseline levels expressed as mean + standard deviations. Means followed by different uppercase superscript letters across the same row
denote significant differences. Means followed by different lowercase superscript letters across the same column denote significant
differences on repeated measures. Analysis of variance (ANOVA) with Tukey’s multiple comparisons test, for a significance level of 5%

(p<0.05).

Significant differences in the behavior of T3 levels were
detected over time in groups C-II and E-10 and between
groups at time point 4, that is, at the end of the experiment
(72h after the last LLLT session) (Table 2).

Assessment of the five study groups over time revealed
significant differences in T4 levels in groups C-I, C-II, and
E-5. Within-group comparisons showed no statistically
significant or clinically relevant changes that could be at-
tributed to laser therapy or surgical intervention.

Discussion

Indications for use of LLLT are increasing in dental
procedures, despite the low evidence levels supporting its
application. It has been proven a safe therapy, from a local
point of view, and most studies report no harmful effects for
the target tissues, as well as positive effects on healing.
Unfortunately, this given safety invites the overindication of
LLLT, as well as the lack of evidence-based support for
indications and delivering protocols. Researchers should be
aware of the possible systemic and cumulative effects of
LLLT on health, as well as of systemically affected patients.

The present investigation is part of a more comprehensive
project evaluating the effects of LLLT on osseointegration.
Any other surgical or nonsurgical model applying LLLT
could be used to investigate systemic effects, as LLLT is
increasingly used in clinical settings. The main issue dis-
cussed here is the anatomical proximity between the irra-
diated structures of the lower face and the thyroid gland,
which is the nearest hormonal secretory gland to the oral
tissues. Fronza et al.>® have recently described a similar
experiment after mandibular incisive extraction, using 6 J/cm?
per session applied to the socket.

The best laser aimed at improving bone healing seems to
be the GaAlAs diode laser (A=830nm), because of its
greater tissue penetration and cell influence. Other wave-
lengths without this property have shown no effects on bone
healing.'> We assumed that LLLT applied to the lower face
could lead to indirect exposure of the thyroid gland, as

830 nm wavelength lasers can reach deeper planes and exert
both local and systemic effects.>6-28-30.36,38

The rabbit model was chosen because of the previously
reported ease of handling, surgical preparation, and post-
operative follow-up.828:3438 Moreover, the size of these
animals enabled the use of conventional implants available
for clinical use in humans. As for implant placement in fresh
tooth extraction sockets, we chose this method of implant
placement, rather than the tibia (which is the most common
site reported in the literature), in order to provide the closest
possible simulation of a clinical situation. This method is
also more reliable, as the mandibular alveolar bone is sub-
jected to different forces than the rabbit tibia®®. The size of
animals also enabled the collection of blood samples in
volumes required for laboratory analysis. These procedures
would not be possible in rats or mice.”'***? In accordance
with the most recent literature, LLLT was delivered b?/ an
infrared laser’ '>26-28:353% of 830nm wavelength”'%'*1
and 50 mW output power in two sites near the mandibular
implant, in seven sessions”'""'*!> every 48h, using three
different doses. The use of a sham surgery and sham LLLT
control group (C-I), as well as a baseline surgery but sham
LLLT group (C-II), enabled us to isolate both the influence
of baseline surgery and the systemic effects of LLLT. This
design eliminated potential bias in laboratory values that
could be attributed to surgical intervention. Although these
animals did not receive any treatment, they provided a ref-
erence standard against which laboratory values from ex-
perimental animals (operated, irradiated, and unirradiated)
could be compared.

The type of comparison that we presented here would not
have been possible with a split-mouth design® or a subject-
as-own-control design."* Moreover, the C-I group was as an
absolute control for T3, T4, and calcium levels, as these
animals were not subjected to surgical intervention or laser
therapy, only to blood collection.

Thyroid function is usually assessed by measurement of
baseline serum levels of thyroid hormones. Radio-
immunoassay (RIA) is one of several methods available for
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hormone measurement, and has been used by some inves-
tigators for determination of circulating T3 and T4 con-
centrations.* Its advantages include high sensitivity and
greater ease of batch testing, as the tubes provided in most
RIA kits are coated with the specific antibody required for
the assay, thus cutting down on manual operations, facili-
tating the separation process and reducing the odds of er-
ror.*T Variations in T3 and T4 levels would trigger a cascade
of events that would, in turn, lead to changes in circulating
calcium levels, which justifies their measurement. In the
present experimental model, LLLT did lead to changes in
T3, T4, and calcium levels. There were significant between-
group differences in T3 and calcium levels, whereas the
other parameters remained essentially similar between
groups. Therefore, LLLT had an influence on thyroid hor-
mone levels, in addition to variations occurring over time
during the experimental period.

We found significant differences in thyroid hormone
levels after LLLT, from time points 1-4. These findings
differed from those reported by Lerma et al.*° after helium-
neon (HeNe) LLLT in the thyroid gland of Wistar rats, who
found no difference in serum levels of thyroid hormones.
Likewise, Fronza et al.*® found no significant differences in
serum T3 and T4 levels after 6 J/cm” GaAlAs LLLT applied
to a rabbit fresh incisor socket experimental model. How-
ever, our findings do corroborate those of Azevedo et al.,*’
who administered three doses of 4J/cm” GaAlAs 780nm
LLLT directly over the thyroid gland in mice. Those authors
found significant differences in T3 and T4 levels between
the baseline and after the last session of LLLT.

Notably, the use of different LLLT protocols hinders in-
terpretation of the effects of laser on thyroid gland function,
as well as comparison of the values of other variables among
studies. It is known that better-defined protocols are needed to
improve the reliability of comparisons, thus enabling proper
conduction of studies that can ascertain the true effects of
laser radiation on living tissues, organs, and systems.'

Although the results of this study are encouraging and
indicative of the feasibility of safe nonablative laser irradi-
ation of regions near the thyroid gland, further studies using
different laser dosages, power settings, and periods of irra-
diation are warranted to provide a better understanding of
the effects of LLLT on thyroid function. It is also important
to consider samples composed of subjects with thyroid co-
morbidities, such as hyperthyroidism or hypothyroidism.>’

Conclusions

The objective of this study was to assess the side effects
or systemic effects of LLLT used to improve osseointegra-
tion after mandibular dental implant insertion, through a
systematic assessment of circulating serum levels of T3, T4,
and calcium in a rabbit model after three different protocols
of low-level laser irradiation of the area of implantation of
the osseointegrated implant placed immediately into the
fresh extraction socket of the mandibular left incisor. De-
spite a significant impact on serum T3, T4, and calcium
levels, the LLLT protocols tested herein did not lead to
permanent impairment of thyroid function.

In conclusion, the results presented herein show that the
different laser irradiation protocols used to speed the os-
seointegration process of titanium dental implants in an

WEBER ET AL.

experimental rabbit model were associated with changes in
systemic levels of thyroid hormones. However, although not
reaching abnormal values, LLLT applied to the mandible
(near a secretory gland) influenced thyroid function in this
model.
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