Journal of

Lasers

in Medical Sciences

J Lasers Med Sci 2023;14:e28 Original Article

http://journals.sbmu.ac.ir/jims @ 10.34172/jlms.2023.28

Comparison of Wavelength-Dependent Penetration
Depth of 532 nm and 660 nm Lasers in Different
Tissue Types

Ali A. Aldalawi'*™, Nursakinah Suardi" ', Naser Mahmoud Ahmed'
Ali Dheyab'# ™, Wisam I. Jebur?, Faisal J. Kadhim?

CrossMark
Clckfor updates

, Mahdi A. S. Al-Farawn®*~, Mohammed

'School of Physics, Universiti Sains Malaysia, Gelugor Penang, Malaysia

’Department of Vocational, Ministry of Education, Hilla, Iraq

*Department of Dentistry, Al-Amal University College for Medical Sciences, Karbala, Iraq
*Department of Physics, College of Science, University of Anbar, Ramadi, Iraq

*Correspondence to
Nursakinah Suardi,
Email: nsakinahsuardi@usm.my

Abstract

Introduction: The depth of laser light penetration into tissue is a critical factor in determining the
effectiveness of photodynamic therapy (PDT). However, the optimal laser light penetration depth
necessary for achieving maximum therapeutic outcomes in PDT remains unclear. This study aimed
to assess the effectiveness of laser light penetration depth at two specific wavelengths, 532 nm
and 660 mm.

Methods: Chicken and beef of different thicknesses (1, 3, 5, 10, and 20 mm+0.2 mm) were used
as in vitro tissue models. The samples were subjected to irradiation by a low-level laser diode of
532 and 660 nm in continuous mode for 10 minutes. with power densities of 167 and 142 J/cm?,
respectively. Laser light transmission through the tissue was measured using a power meter.
Results: For beef samples, the 660 nm wavelength achieved a maximum transmission intensity of
30.7% at 1 cm thickness, while the 532 nm laser had a transmission intensity of 6.5%. Similarly, in
chicken breast samples, the maximum transmission occurred at 1 cm thickness with 68.1% for the
660 nm wavelength and 18.2% for the 532 nm laser.

Conclusion: Results consistently demonstrated a significant correlation (P<0.05) between tissue
thickness and laser light penetration. Thicker tissues exhibited faster declines in light transmission
intensity compared to thinner tissues within 10 minutes. These findings highlight the importance
of further research to enhance light delivery in thicker tissues and improve the efficacy of PDT in
various medical conditions.
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Introduction skin due to variations in tissue chromophores, resulting

Photodynamic therapy (PDT) is a promising and unique
method that uses a photosensitizer (PS) combined with
a specific wavelength of visible light to produce reactive
oxygen species (ROS) and eliminate both cancerous and
non-cancerous diseases.! Human skin is the primary
interface between humans and their surroundings, and
it is the organ most exposed to medical laser applications
such as PDT, as it provides the highest relative proportion
of incident light energy to a given volume of tissue.?’
When photons enter tissues, they are quickly absorbed
into the mitochondria and the cell membrane, where
they are converted into chemical energy in the form of
adenosine triphosphate (ATP), which in turn restores
cell function, eases pain, and so on.>* Several limitations
have been identified in photomedicine applications
involving living tissues, including challenges in
accurately predicting the delivery of light dose to the

in lower energy density as the optical depth increases.*’
Additionally, the penetration depth of laser light into
biological tissues is influenced by numerous factors,
such as laser beam properties, tissue composition,
and data interpretation. However, there is significant
variability in this information across different studies,
making it difficult to compare penetration depths.® On
the basis of these considerations, a simulation study
was deemed crucial for accurately assessing the role of
penetration depth and light transmission in different
tissue pathologies, thereby facilitating the development
and standardization of PDT in clinical practice.
Moreover, it should be noted that higher doses of laser
light can impact tissues and induce various biological
effects, influenced by the absorption spectrum of both
endogenous and exogenous cutaneous chromophores,
as well as indirect DNA damage through the generation
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of ROS.” Since different tissue types exhibit varying
penetration depths for different wavelengths of light,
understanding the optimal wavelength for specific
tumors or lesions becomes essential.® As a result, the
objective of this study is to investigate how lasers with
wavelengths of 532 nm and 660 nm interact with different
types of tissue to determine the ideal wavelength for
treating specific cancers or lesions. With this newfound
knowledge, medical professionals and researchers will
be better equipped to determine the most effective light
source and treatment parameters for PDT, ultimately
leading to enhanced treatment efficacy and improved
patient outcomes.

Materials and Methods
Details of the tests performed to measure optical
penetration depth for this study are shown in Figure 1.

Different meat samples, specifically chicken breast and
beef muscle, were employed as representative models of
different types of human tissues. The appearance of these
samples can be observed in Figure 2. It is important to
note that the tissue layers consist of diverse components,
including proteins, lipids, fibroblasts, cells, fluids, blood
vessels, and other constituents.

Chicken breast tissue exhibits similarities to connective
tissue found between bones and muscles. Its composition
closely resembles that of human tissue, containing
significant amounts of lipids, proteins, fibroblasts, fluids,
and other components.” On the other hand, beef tissue is
similar to human epithelial tissue, the muscle tissue that
covers the edges of the body from the outside and defines
its cavities from the inside. The cells within these tissues
are densely packed, adhered closely to one another, and
abundant in fats, proteins, collagen fibers, and various
fluids.'!! For each of these tissue types, five thicknesses
were replicated in triplicate, ranging from 1 to 20 mm

(1 mm, 3 mm, 5 mm, 10 mm, and 20 mm +0.2 mm), to
investigate the impact of their biological properties on
absorption and laser penetration depth.

To assess laser beam transmission, the laser source
was positioned perpendicular to the surface of the tissue
layers. To ensure controlled conditions and minimize
optical scattering or reflection, a custom-made dark
aluminum box was utilized."” Inside the box is a wooden
sampler platform with baffles for tuning the laser beam
and a slot at the bottom for the laser power meter probe
sensor (Figure 3). The power meter automatically
measured multiple laser powers, such as 40 pW, 400 pW,
4 mW, and 40 mW. Correction factors were applied to
the power meter readings for each wavelength ranging
from 400 nm to 1100 nm. The correction factor for the
660 nm readout was 0.95, while the correction factor for
the 530 nm readout was 1.71. These correction factors
represented the power generated by the laser radiation,"
as indicated in equation 1.

Conversion readings (W)=Reading (W)x Correction
coefficient (1)

Each tissue thickness was exposed to two different
single-mode diode laser sources operating at either 532
nm or 660 nm, with output powers of 34 mW and 28 mW.
These lasers were selected because they emitted coherent
light and had consistent beam angles and diameters across
all sources.">"

In this study, the Beer-Lambert rule was employed to
determine the optical penetration depth, which describes
the relationship between light attenuation in a substance or
tissue.'>' This rule allows the calculation of transmittance
(T) by evaluating the ratio of transmitted light intensity
(I) to the incident light intensity (I,) within the tissue. The
incident light intensity (I,) is directly proportional to both
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Figure 1. Experimental Setup of Light Transmittance Measurements
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the tissue thickness and the absorption coefficient. This
relationship is expressed by equation 2:

T=1/I,=e )

Where (T) is the light transmission, (I) is the
transmission intensity (W/cm?) at the surface of the tissue,
(I,) is the intensity of the incident or transmitted through
the tissue samples, p is expressed as the attenuation
modulus, and d is the thickness of the tissue sample. In
this study, the transmitted light intensity through the
tissue was recorded using a power meter at different
thicknesses. The transmittance percentage of light was
then calculated using equation 3:

T=1/I,x 100 % ©)

e .
(a) Beef tissue (b) Chicken tissue

Figure 2. Tissue Samples Used in This Study

Laser position window

(a) Platform inside box

Results
The results presented in Figure 4 illustrate the measured
transmission spectra of two visible wavelength bands
(660 nm and 532 nm) across varying thicknesses of
beef tissue, ranging from 1 mm to 20 mm. Statistical
analysis revealed significant differences (P<0.05) in the
average optical transmission values among the different
penetration depths. Additionally, Figure 5 compares
the average optical transmission of different chicken
breast tissue thicknesses, showing statistically significant
differences (P <0.05) between the two laser wavelengths.
These findings highlight notable variations in optical
transmission and penetration depths of laser beams
within both beef and chicken breast tissues. The observed
statistical

significance emphasizes the importance

of considering tissue thickness and its impact on the
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Figure 4. The Transmittance Rates of 532 and 660 nm Laser Light of Beef
Tissue at Different Depths
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Figure 3. Experimental Setup Box
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Figure 5. The Transmittance Rates of 532 and 660 nm Laser Light of
Chicken Breast Tissue at Different Depths

effectiveness of laser penetration during PDT.

Discussion

The penetration depth results are influenced by both the
characteristics of the laser beam and the composition
of the tissue. The observed differences in penetration
depth are directly linked to tissue composition and
wavelength." In the case of chicken breast tissue, the
660 nm laser exhibited deeper penetration compared
to the 532 nm laser. Similarly, in beef muscle tissue, the
penetration depth of the 660 nm laser was greater than
that of the 532 nm laser. The deeper penetration achieved
with the 660 nm laser can be attributed to its wavelength
which is near the infrared wavelength. Studies have
shown that near-infrared light can penetrate biological
tissues more effectively than visible light.'®" Existing
interpretations suggest that light energy emitted by laser
therapy devices is predominantly absorbed within the
first 10 mm of biological tissue. This finding aligns with
previous research indicating that laser light can penetrate
several millimeters into biological tissues.****!

The penetration of laser light into biological tissues
is influenced by various factors, including laser beam
parameters, tissue sample preparation,and data processing.
The substantial variation in these characteristics across
different studies makes it challenging to directly compare
penetration depths.® Additionally, the ability of light to
pass through tissues is primarily determined by scattering
and reflection phenomena. Some photons are absorbed
by the tissues, while others undergo scattering and may
be detected at a certain distance from the initial light
source.”? Many studies investigating penetration depths
have overlooked the losses caused by reflection.?*

Understanding the interactions between lasers and
optics in PDT is crucial for assessing the relationship
between the numerous spectral measurements that are
anticipated to be obtained.”” While PDT is an effective
treatment method, the evaluation of penetration depth
has broader applications across both clinical and non-
clinical settings. This knowledge allows for the repeated
utilization of the therapy at the same location, enabling

targeted treatment of tissues within the body with minimal
or no damage.?® By comprehending the intricacies of laser-
optical interactions, the benefits of PDT can be maximized
and harnessed for various therapeutic purposes.

Conclusion

In conclusion, this study highlights the critical role of
laser light penetration depth in PDT. The choice of laser
wavelength has a significant impact on the depth of
penetration into biological tissues during PDT. Our results
clearly demonstrate that the 660 nm laser achieves much
greater penetration depths (up to 20.0 mm) compared to
the 532 nm laser (up to 10.0 mm) in both chicken and
beef tissue examined. This finding suggests that the 660
nm laser may be more effective for treating deep-seated
tumors, while the 532 nm laser could be better suited
for superficial lesions. However, further investigation
is required to gain a comprehensive understanding of
the factors influencing laser light penetration depth in
biological tissues and to optimize PDT as a therapeutic
modality. Continued research efforts will contribute to
the development and refinement of PDT techniques,
enhancing their efficacy and expanding their applications
in clinical practice.
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