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Abstract

Introduction: The aim of the present study was to determine the effective transmission of
660 and 780 nm lasers through mandibular and maxillary alveolar bones in the buccal-
lingual/ palatal direction.

Methods: The laser probe was positioned in direct contact with the surface of the anterior,
middle and posterior regions of each bone (5 dried maxillae and 5 mandibles) and
the power meter was positioned on the bone wall opposite to the radiated wall for the
measure of the remaining energy passing through the bone tissue. Ten measurements were
performed with each laser at each irradiated point.

Results: Transmitted power was significantly higher in bones irradiated with 780 nm laser.
Tendencies toward greater average power transmitted in the anterior region of both bones
at both wavelengths were also observed.

Conclusion: Dosimetry and the choice of light source may be adjusted according to the
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Introduction

Low intensity laser therapy (LILT) has been used and
researched in health sciences in order to reduce signs
and symptoms related to inflammatory conditions and
both facilitate and accelerate repair of injured tissues.'”
Low-level therapeutic light (laser or LED) is normally ad-
ministered at wavelengths ranging from 600 to 1000 nm,
an energy density ranging from 1 to 20 J/cm?* and power
density ranging from 5 to 50 mW/cm? or higher when an
analgesic effect is desired."**

Despite the many positive reports regarding the results
of LILT in clinical trials, in vitro investigations and an-
imal studies, its use and indication remain controver-
sial."* This controversy is related to partial knowledge on
the mechanisms of action, the considerable variability in
dosimetric parameters, inappropriate parameter choices,
the biphasic or even triphasic nature of tissue and cell re-
sponses to light as well as the lack of information on in-
teractions between the different kinds of therapeutic light
and the target biological tissue.

The effect of light on a given tissue or cell depends on
photon absorption by molecular receptors, denominated
photoreceptors.> However, when light reaches a surface,
its energy is absorbed, reflected and scattered. Thus, only
part of the incident energy is transmitted.>” Light pene-

anatomic region of the alveolar bone to be treated.
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tration and distribution depend on the wavelength as well
as the biochemical composition and anatomy of the irra-
diated tissue.*’

The aim of the present study was to evaluate the effective
transmission of red (660 nm) and infrared (780 nm) low
intensity laser through the anterior, middle and posteri-
or regions of human maxillary and mandibular alveolar
bone (in the buccal-lingual/palatal direction) to gather
information that may help to determine more efficient
parameters for the use of LILT in postoperative oral sur-
gery involving bone tissue.

Methods

Five maxillary and five mandibular bones (without the
surrounding soft tissues) from the collection of anatom-
ic specimens of our university were used. In order to
measure the effective transmission of red (660 nm) and
infrared (780 nm) low intensity laser through the anteri-
or, middle and posterior regions of maxillary and man-
dibular alveolar bone, the lasers’ head were positioned
in direct contact with the surface of the anterior (incisor
area), middle (premolar area) and posterior (molar area)
regions of each bone (in the buccal-lingual/palatal di-
rection). In each site, the lasers were placed in the apical
region at the end of the dental alveoli, not reaching the
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roots. The sensor (area: 2,84 cm?, Coherent Inc., Portland,
Oregon, USA) of the power meter (Field Mate, Coherent
Inc.) was positioned in direct contact with the surface on
the bone wall opposite to the radiated wall to measure the
energy remaining after passing through the bone tissue
(Figure 1).

Red (A = 660 nm) and infrared (A = 780 nm) diode lasers
(MM Twin Laser Optics, Sao Paulo, SP, Brazil) were used
with an output power of 40 mW. A single operator per-
formed the irradiations in the same day. Each measure-
ment took approximately 10 seconds. Ten measurements
were performed with each laser at each irradiated point,
thus the overall irradiation duration was 100 seconds for
each site of each sample. All measurements were per-
formed in the dark to avoid interference from other light
sources. Table 1 shows in details the irradiation and spec-
tral parameter used in this work.

Statistical Analysis

The 10 measurements at the each site were used for the
statistical analysis. The Shapiro-Wilk test was used to
assess the normality of the data. Friedman’s analysis of
variance (ANOVA) and Wilcoxon signed-rank tests were
used to compare the results.

Results

The mandible (anterior and middle regions) and maxil-
la (middle and posterior regions) groups did not present
normal distribution. Thus, the data is presented using
median and quartile values (Figure 2).

In both the maxilla and mandible, the transmitted pow-
er (in buccal-lingual/palatal direction) was significant-
ly higher in the three anatomic regions studied (ante-
rior, middle and posterior) when irradiation was per-
formed with 780 nm laser in comparison to 660 nm laser
(P=0.0313 for all comparisons, Wilcoxon).

In the analysis of the three anatomic regions in the same
bone, the mean power transmitted was significantly high-
er in the anterior region (P<0.05) in comparison to the
posterior region at both wavelengths in both the maxilla
and mandible (Friedman’s ANOVA test). No significant
differences were found in the comparison of the other re-
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Figure 1. Laser Placed in the Apical Region at the End of the
Dental Alveoli and the Sensor Positioned in Direct Contact With
the Surface on the Bone Wall Opposite to the Radiated Wall.

gions. No statistically significant difference was observed
in the transmission between the maxillary and mandibu-
lar bones at both wavelengths.

Discussion

When light passes through biological tissues, it undergoes
five main processes: reflection, refraction, scattering, ab-
sorption and transmission. In reflection, the light is send
back to the incident medium (usually air). Refraction
and scattering, although different in nature, only change
de direction of the photon. Absorption is the only phe-
nomena that actually transfers the photon energy to the
medium and transmitted power is the remaining power
after the passage of the light through tissue and is related
to absorption, reflection and scattering phenomena.>”!
Transmitted power also depends on the wavelength em-
ployed; the morphology; as well as the target tissue and its
composition (its chromophores).** Thus, there is a need
to characterize the optical properties of different tissues
to gain a better understanding of the interaction with light
sources of different wavelengths.

However, due to intrinsic differences and the morpho-
logical variability of bones between individuals and even
anatomic regions of the same bone, the simple character-
ization of the optical properties of bone (absorption and
scattering coefficients) is not sufficient to determine the
depth of light penetration in these tissues. Studies on the

Table 1. Irradiation and Spectral Parameter Used in This Work

Parameter IR Red
Center wavelength (nm) 787 660
Spectral bandwidth (FWHM) (nm)  0.64 0.71
Operating mode Continuous wave
Average radiant power (mW) 40

Polarization Random

Beam profile Multimode

Beam spot size at target (cm?) 0.04

Irradiance at target (mW/cm?) 1000

Exposure duration (s) 100

Radiant exposure (J/cm?) 100

Radiant energy (J) 4

Number of sites irradiated 1

Contact, perpendicular to

Application techni
pplication technique the bone's surface
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Figure 2. Values of the Power (pW) Transmitted in All Groups.
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amount of light that is effectively transmitted through dif-
ferent regions of each bone carry information regarding
light penetration in the tissue.

It is therefore necessary to perform detailed studies on
the amount of light that is effectively transmitted through
different regions of each bone. The optical properties of
a number of soft tissues and human organs, such as skin,
subcutaneous, adipose and mucosal tissues''* as well as
some human and animal bones'>'¢ have been described.
However, the optical properties and effective transmis-
sion of different wavelengths of light have not previously
been described in alveolar bone. The alveolar tissue is a
ridge on the surfaces of the inferior maxillae and the su-
perior mandible, composed by compact and cancellous
bone (inner part) where teeth are lining in sockets called
alveoli. The present study characterized the transmission
of two lasers commonly used in dental clinics® through
the alveolar bone of human maxillae and mandibles.

The average transmitted power was 14-fold greater in the
three anatomic regions (anterior, middle and posterior)
of the bones studied when irradiation was performed
with 780 nm laser in comparison to 660 nm laser. This
is likely related to this greater penetration depth of infra-
red wavelengths in comparison to the red region of the
electromagnetic spectrum.”'®” Thus, by applying infra-
red light, more photons would reach deeper sites of the
bone, increasing the amount of energy available for the
deep tissue.

Comparing the three anatomic regions, deeper light pen-
etration was found in the anterior region, followed by the
middle and posterior regions, with a significant difference
between the anterior and posterior regions in both bones
evaluated. This phenomenon occurred independent-
ly of the light source and bone, and depends mainly on
the thickness of the tissue, regardless of its composition;
which modifies the behavior of light.'

Although trabecular is thicker in the posterior region in
comparison to the anterior region in both the maxilla and
mandible'® and bone being denser in the anterior mandi-
ble, followed by the anterior maxilla, posterior mandible,
and posterior maxilla,'* the bone thickness increases
from the region of the central incisors to molars region
in maxilla and mandible.??* It has been reported'® that
the average thickness of the edentulous maxilla is 1.69 mm
in the posterior region, 1.43 mm in middle and 1.04 mm
in the anterior maxilla. While the mandibule thickness
ranges from 2.06 mm in the posterior region, 1.78 mm
in the middle region and 1.36 mm in the anterior region,
corroborating the data of highest energy transmitted in
the anterior region of both bones.

Thus, it may be appropriate to adjust the power for treat-
ment with LLLT in the anterior and posterior regions of
alveolar bone and to choose infrared laser when the treat-
ment’s target is deep inside the bone.

Conclusion
The present findings provide initial information regarding
the behavior of red and infrared lasers on alveolar bone in

the buccal-lingual/palatal direction. Logically, these data
should be complemented with the characterization of the
optical properties of alveolar bone, blood and soft tissues.
However, one may assume that dosimetry and the choice
of light source should be adjusted according to the ana-
tomic region of the alveolar bone to be treated.

Ethical Considerations

This study was independently reviewed and approved by
our University Ethics Committee under process number
69 642 (Aug, 2012).

Conflict of Interests
Authors declare that they have no conflict of interests.

Acknowledgments

The authors would like to thank Professor Rosangela Itri
from the Applied Physics Department of the Physics In-
stitute of Universidade de Sao Paulo for the instrumental
support given to this work and the National Council of
Technological and Scientific Development (CNPq, grants
n° 311078/2015-0, 305905/2014-7 and 305739/2014-0).

References

1.  Huang YY, Sharma SK, Carroll J, Hamblin MR. Biphasic
dose response in low-level light therapy - an update.
Dose Response. 2011;9(4):602-618. doi:10.2203/dose-
response.11-009.hamblin.

2. Chung H, Dai T, Sharma SK, Huang YY, Carroll JD,
Hamblin MR. The nuts and bolts of low-level laser (light)
therapy. Ann Biomed Eng. 2012;40(2):516-533.

3. Brignardello-Petersen R, Carrasco-Labra A, Araya I,
Yanine N, Beyene ], Shah PS. Is adjuvant laser therapy
effective for preventing pain, swelling, and trismus after
surgical removal of impacted mandibular third molars? A
systematic review and meta-analysis. ] Oral Maxillofac Surg.
2012;70(8):1789-1801. doi:10.1016/j.joms.2012.01.008.

4. Caprioglio C, Olivi G, Genovese MD. Lasers in dental
traumatology and low-level laser therapy (LLLT). Eur Arch
Paediatr Dent. 2011;12(2):79-84. doi:10.1007/bf03262783.

5. Nammour S. Laser dentistry, current advantages, and
limits. Photomed Laser Surg. 2012;30(1):1-4. doi:10.1089/
pho.2012.9894.

6. Sutherland JC. Biological effects of polychromatic light.
Photochem Photobiol. 2002;76(2):164-170.

7. Silva DE Mesquita-Ferrari RA, Fernandes KP, Raele MP,
Wetter NU, Deana AM. Effective transmission of light
for media culture, plates and tubes. Photochem Photobiol.
2012;88:1211-1216. d0i:10.1111/§.1751-1097.2012.01166.x.

8. Cheong W, Prahl SA, Welch AJ. Review of the Optical
Properties of Biological Tissues. Quantum Electron IEEE ].
2004;26:1-20.

9. Sousa MV, Prates R, Kato IT. Laser scattering by
transcranial rat brain illumination. Proc SPIE. 2012;
8427;28: doi:10.1117/12.912616.

10. Enwemeka CS. Attenuation and penetration of visible
632.8nm and invisible infra-red 904nm light in soft tissues.
Laser Ther. 2003;13:95-101.

11. Germer CT, Roggan A, Ritz JP, et al. Optical properties
of native and coagulated human liver tissue and liver
metastases in the near infrared range. Lasers Surg Med.

Journal of Lasers in Medical Sciences Volume 7, Number 3, Summer 2016 | 161



Guiselini et al

12.

13.

14.

15.

16.

17.

1998;23:194-203.

Youn JI, Telenkov SA, Kim E, et al. Optical and thermal
properties of nasal septal cartilage. Lasers Surg Med. 2000;
27:119-128.

Bashkatov AN, Genina EA, Kochubey VI, Tuchin VV.
Optical properties of human skin, subcutaneous and
mucous tissues in the wavelength range from 400 to 2000
nm. ] Phys D: Appl Phys. 2005;38:2543-2555.

Holmer C, Lehmann KS, Risk J, et al. Colorectal tumors
and hepatic metastases differ in their optical properties-
relevance for dosimetry in laser-induced interstitial
thermotherapy. Lasers Surg Med. 2006;38:296-304.

Rossi VM, Gustafson SB, Jacques SL. Characterizing
light propagation in bone for photodynamic
therapy of osteosarcoma. Proc SPIE. 2009;7166:01:
doi:10.1117/12.809711.

Tauber S, Baumgartner R, Schorn K, Beyer W. Light
dosimetric quantitative analysis of the human petrous
bone: experimental study for laser irradiation of the
cochlea. Lasers Surg Med. 2001;28:18-26

Shackley DC, Whitehurst C, Moore JV, George NJ, Betts
CD, Clarke NW. Light penetration in bladder tissue:

18.

19.

20.

21.

22.

implications for the intravesical photodynamic therapy of
bladder tumours. BJU Int. 2000;86:638-643. do0i:10.1046/
j.1464-410x.2000.00872.x.

Katranji A, Misch K, Wang HL. Cortical bone thickness
in dentate and edentulous human cadavers. J Periodontol.
2007;78(5):874-878.

Turkyilmaz I, Tozum TF, Tumer C. Bone density
assessments of oral implant sites using computerized
tomography. J Oral Rehabil. 2007;34:267-272. doi:10.1111/
j.1365-2842.2006.01689.x.

Fuh LJ, Huang HL, Chen CS, et al. Variations in bone
density at dental implant sites in different regions of the
jawbone. ]| Oral Rehabil. 2010;37:346-351. doi:10.1111/
j.1365-2842.2010.02061.x.

Jonasson G, Kiliaridis S, Gunnarsson R. Cervical thickness
of the mandibular alveolar process and skeletal bone
mineral density. Acta Odontol Scand. 1999;57(3):155-161.
doi:10.1080/000163599428896.

Blok Y, Gravesteijn FA, van Ruijven L], Koolstra JH. Micro-
architecture and mineralization of the human alveolar bone
obtained with microCT. Arch Oral Biol. 2013;58(6):621-
627. doi:10.1016/j.archoralbio.2012.10.001.

162 |

Journal of Lasers in Medical Sciences Volume 7, Number 3, Summer 2016



