ctor: H. Hosseinkhani
ail: hosseinkhani@yahoo.com

Classroom: A209 Microsoft®

Time: Thursday; 13:20-16:10 PM v SI|V€I’|Ig ht

Office hour: Thur., 10:00-11:30 AM or by appointment






簡報者
簡報註解
Seminars cutaneous in Medicine and Surgery


Principle

Light Therapy History £z .

 Thousands of years ago - Used to treat skin diseases.

e 1903, Niels Ryberg Finsen (Nobel Prize) - Treatment of
diseases, notably lupus vulgaris.



簡報者
簡報註解
It can be traced to
Thousands of years ago in ancient Egypt, India, and China, light therapy have been used to treat  skin diseases.
Lupus  vulgaris  are painful cutaneous tuberculosis skin lesions with nodular appearance, most often on the face around nose, eyelids, lips, cheeks and ears.[2]:335 The lesions may ultimately develop into disfiguring skin ulcers if left untreated.

寻常性狼疮
多发生于儿童和青少年，好发于面部。大多是因為附近淋巴结或骨结核病灶经淋巴管传至皮肤，或结核杆菌通过皮肤损伤而感染。


Light Therapy History

e Late 1960s = Endre Mester

Low-level laser therapy (LLLT)
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regeneration

e 1993 = Nichia ‘ | \’
1. Producing blue LEDs

2. Producing white light LEDs (RGB)

@)
A
AT Principle
H W

LED
Therapy

(Light-emitting
Diodes)

LED
Industry
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簡報者
簡報註解
The LED consists of a chip of semiconducting material doped with impurities to create a p-n junction. As in other diodes, current flows easily from the p-side, or anode, to the n-side, or cathode, but not in the reverse direction. Charge-carriers — electrons and holes — flow into the junction from electrodes with different voltages. When an electron meets a hole, it falls into a lower energy level, and releases energy in the form of a photon.
LED是利用電能直接轉化為光能的原理，在半導體內正負極2個端子施加電壓，當電流通過，使電子與電洞相結合時，剩餘能量便以光的形式釋放，依其使用的材料的不同，其能階高低使光子能量產生不同波長的光，


http://en.wikipedia.org/wiki/Energy_level�
http://en.wikipedia.org/wiki/Energy�
http://en.wikipedia.org/wiki/Photon�

LED Structure

P-Contact (+)

Current Spreading Layer

N-Contact (-)

Supply electronic hole Doping |\/|g P-GaN
Electron Blocking Layer Doping Mg P-AlGaN
MOW InGaN/GaN (5 pairs)

Multiple Quantum Well
Supply electron Doping Si N-GaN

Buffer layer (AIN)
Sapphire Substrate (Al203)



簡報者
簡報註解
2. 緩衝層減少因晶格差異產生的應力，導致磊晶品質不佳的問題。
3. N極提供電子(Negative):  摻雜Si會部分取代Ga        N五價+Si四價=九多一顆電子
4. 五對InGaN/Gan    InGaN(7nm)/GaN(3nm)   厚度約50nm 使電子及電洞更容易侷限一起，進而增加光子產生機會。
5. 提供電洞(Positive)摻雜Mg會部分取代Ga    N五價+Mg二價=七 多一顆電洞
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簡報者
簡報註解
In this area, the energy level is higher, so the electron cannot pass through.

能隙較高為侷限層   能隙較低為活化層



LED Structure-Material

Ca:e ory ]

Prmf:lple
Hrstow

Purple  Blue

In0.25Ga0.75N/GaN

DopingS n-GaN

buffer layer

Sapphire



簡報者
簡報註解
300X300Mm2


Category

1. Packed LED

Epozy dome lens - ¢
Gold wite %
\ / LED chip
" @
Cathode — — Anode . @‘

2. Chip-on-board

Disadvantage :

1. No sufficiently
uniform lighting

2. Not Well
heat-sinked

b
.



簡報者
簡報註解
光源不一致, 散熱不好, 體積龐大


Mechanism of Action

History

LEDs can trigger natural intracellular photo-

biochemical reactions Optimal
parameter
Near infrared light 600-1000nm

)]
(« LED

~\

Hypothesis

Wound Healing |
Tissue Repair
Tissue Death

Prevention

1. Mitochondria Mechanism
2. NO Mechanism
3. Redox Mechanism
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9 July 2009, SPIE Newsroom. DOI: 10.1117/2.1200906.1669


簡報者
簡報註解
Reactive-oxygen species (ROS) can induce expression of several redox-sensitive transcription factors, such as nuclear-factor kappa B (NF-kB), that can then increase transcription of many gene products. The correct wavelengths and power of light delivered to cells for an appropriate period of time will be absorbed by a specific photoacceptor like cytochrome c oxidase. 
This photo-dissociates the inhibitory NO, thereby increasing enzyme activity, and boosting mitochondrial respiration and ATP production .
Proteins like hemoglobin and myoglobin may release additional NO, leading to downstream cell signaling. 

细胞粒腺体对低强度激光照射十分敏感，线粒体呼吸链上的细胞色素c、b等能選擇性地吸收红光和近红外光，使得电子傳遞鍊耦合加强，加速电子傳遞，從而促进ATP的合成，ATP增多後，细胞膜的离子泵活動增强，细胞内环磷腺苷濃度增加，從而引起一系列的生物效应。
他們由此認為低强度激光主要通过线粒体機制發揮作用。
低强度激光可以通过断开一氧化氮与细胞色素c氧化酶的结合而促进线粒体的呼吸功能
细胞内的某些生色团，如卟啉和黄素蛋白，可以吸收可见光波，低强度激光照射这些生色团时，细胞内会有活性氧产生

cAMP三磷酸腺苷（ATP）脱掉两个磷酸缩合而成的。
活性氧(Reactive Oxygen Species,ROS)
指含有氧離子、氧自由基、有機及無機的過氧化物的離子或很小分子群，含不成對的外璧電子極為活 躍。 這些分子的氧化能力比氧氣更強，這些分子就是活性氧。 例如臭氧Ｏ3、雙氧水H2O2、次氯酸HOCl、單態氧Δg等。 自由基當然也是活性氧，它們都破壞身體組織，所以也稱為『氧毒』。
發色團
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How to Use?

Pulsing or

Fluence Continuous | pradiation

(Dose) Position
Penetrating Optimal State of Cell
Wavelength LED and Tissue

Parameter



Optimal LED Parameter

600-1000 nm
1. Penetrating Wavelength o mwmd

Wavelength (nm) Penetrating = Optical State of Cell
Wavelength LED and Tissue
. Parameter !

200 300 400 500 600 700 800 900 1000 10600
| ] ] | | L | | [, » |

Stratum
Corneum

Epidermis

The longer the wavelength,
the deeper the penetration
into tissues.

Dermis

Collar Wavelength

Blue 400-470 nm

Green 470-550 nm

Hypodermis Red 630-700 nm
NIR 700-1200 nm

Penetration Depth (mm)



http://www.led-shop.com.tw/page38_image001.jpg�

Optimal LED Parameter
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簡報者
簡報註解
Hemoglobin 血紅蛋白   (Hb還原血紅蛋白 HbO2氧化血紅蛋白)
小於600血紅蛋白和黑色素呈現高度的吸收曲線


Optimal LED Parameter

1-4)/cm?

2. Fluence and Irradiance

Dose = Intensity X Time
J/icm?=W/cm?X S

Cell
activation

E

Cell

retardation

-y ==

i L

J/iem?
(dose or fluence)

Pulsing or
Contiiuous Irradiation
Position
Penetrating Optical State of Cell
Wavelength LED and Tissue

Parameter

Arndt-Schulz law

e Weak stimuli accelerate

physiologic activity

e Medium stimuli inhibit

physiologic activity

» Strong stimuli halt physiologic

activity



簡報者
簡報註解
Dose equal to intensity multiply time.
Cell: fibroblast     joules per square centimeters.
Arndt-Schulz law輕微的刺激可增強生物系統的功能，而強烈的刺激卻會適得其反


Opmical LED Parameter

Pulsing

3. Pulsing and Continuous Modes Fluence

and Tissue

Ultra-short pulses can travel
deeper into tissues than CW
radiation.

The first part of a powerful pulse may Contain
enough photons to take all chromophore molecules in
the upper tissue layer to excited states, thus literally
opening a road for itself into tissue.


簡報者
簡報註解
(proprietary pulsing mode with repeated sequences of short pulse trains followed by longer intervals) 間隔一段時間給予超短脈衝
This is because the first part of a powerful pulse may contain enough photons to take all chromophore molecules in the upper tissue layer to excited states, thus literally opening a road for itself into tissue. Moreover, too long a pulse may produce cellular exhaustion whereas too short a pulse may deliver insufficient energy for a biologic effect to occur.
超短脈衝可衝入較深的組織, 因為含足夠的光子可以讓組織上層發色團吸收足夠的光達到激發態, 替後來的光源開了一條通道.



Optical LED Parameter

Precise
4. Irradiation Positioning —
(Dose) Position
Amou nt Of energy mUSt be Penetrating Optical State of Cell
. Wavelength LED and Tissue
delivered to the target to parameter
trigger the expected cell
response.
Pulsing or
Fluence Continuous Irrad.ia.tion
compromised (Dose) Position
. enetratin Optical tate of Ce
5. State of Cells and Tissue e o

Parameter

Compromised cells and tissues respond more readily than

healthy cells or tissues to energy transfers that occur between
LED-emitted photons and the receptive chromophores.



簡報者
簡報註解
LED須被照射再精確的位置讓足夠的光子被傳送到需要治療的部位
受到損傷的細胞和組織比健康的細胞更易發生從LED的光子和發色團之間的能量轉移
有較多的進步空間


Optimal LED Parameter

Pulsing
1-4 J/cm?2 Pulsing or Precise
Fluence Continuous | pradiation
(Dose) Position
600-1000 nm Compromised
Penetrating Optimal State of Cell |
[ Wavelength LED and Tissue

Parameter
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The Appliance of LED e

1. Wound Healing

Control After CO2 ablative resurfacing After LED
Treatment 48 hours

Interval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Maode
Applications (nm) No. of Treatments mW/em?) (J/em?) (min;sec) (hours) (Pulsed/CW)
Wound healing 660 & 850 312 50 (minimal) 4 2:40 24.72 Sequential pulsing™*

romhinatinn


簡報者
簡報註解
LED treatments are also very useful after CO2 ablative resurfacing (cosmetic method)  in reducing the signs of the acute healing phase
Pictures of a 47-year-old caucasian patient before CO2 laser resurfacing, and 1 week and 3 weeks post procedure after 4 LED treatments given 48 hours apart.

Ablative剝離式:汽化破壞皮膚, 周圍組織再生填補空洞, 引起回春效應
非剝離式: 集中熱性應早成皮膚壞死, 再經皮膚排出


The Appliance of LED -

2. Anti-Inflammation

Typical skin reactions post-RT compared

with typical reaction post-RT+LED.

Standard

I B ™
»,

" { X
tv&i‘*" ‘

PIH Scar
Prevention
PDT
[ e

Treatment of Radiation-Induced
Dermatitis With Light-Emitting
Diode (LED) Photo-modulation.

JAAPA 2005, 11:54-62.

Grade 1

Grade

0

1

2 3

None Faint erythema or

Moderate to brisk erythema or Confluent moist

dry desquamation patchy moist desquamation,  desquamation, >10 em
mostly confined to skin folds ~ diameter, not confined to
and creases; moderate skin folds; pitting edema
Grade 2
edema
Grade 3 Grade 0
Interval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications (nm) Neo. of Treatments mW/em? (J/em?) (min;sec) (hours) (Pulsed/CW)
Inflammation/erythema/edema 630-660 312 50 (minimal) 4 2:40 48.72 Sequential pulsing


簡報者
簡報註解
It uses the photo-modulate to reduce the acute radiation dermatitis after Radiation therapy.
Radiation therapy (RT) is a key component in the treatment of breast cancer.
A common adverse effect associated with RT is acute radiation dermatitis.
Early and late effects occur within and after 90 days of the initiation of RT.

當身體受到刺激, 如: 外傷、感染, 會活化PEG(前列腺素)的導介物COX-2
635nmLED可以抑制COX-2, 因此可以減輕炎症疼痛症狀
635 nm irradiation inhibits PGE 2 synthesis like COX inhibitor and thus may be a useful anti-inflammatory tool.



The Appliance of LED =

3. Photorejuvenation

Interval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications (nm) Neo. of Treatments mW/em?)  (J/em?) (min;zec) (hours) (Pulsed/CW)

Photorejuvenation 630-660 12 50-100 4 2:40-16 48-712 Sequential pulsing


簡報者
簡報註解
Wrinkles

基質的金屬蛋白酵素(Matrix MetalloProteinase，簡稱MMP)是出現在皮膚的酵素，負責分解皮膚細胞胞外基質(ExtraCellular Matrix，簡稱ECM)裡的大型分子。
水解细胞外基质的蛋白裂解酶。包括基质中以及整合于质膜中的各种胶原酶和弹性蛋白酶等。 
LED can trigger skin collagen synthesis with concurrent reduction in MMP.


The Appliance of LED i

4. Sunburn Prevention

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

Wound Anti-
Healing Inflammation
Photo-
rejuvenation

Scar
Prevention

o p<0.05 3
120 : — T :
o 1| p<0.05 2 Figure 1. Pre-irradiation with near-IR protects human skin fibroblasts
o 100 [ ) .. )
= s T ] from solar UV cytotoxicity. The cells were exposed (or not) to 30 min of
8 80 - | 5 L radiation (810 k] per m?), washed two times with HBSS, and irradiated
%‘ [ p<0.05 ] immediately with UVA or UVB. After UV irradiations, the cells were washed
© 60 - I - I E again with HBSS and incubated in culture conditions with their original
: 40 F E medium for 24 h (UVA) or 72 h (UVB), before counting viable cells. The
o [ T ] columns represent the mean * SD of three independent experiments in
® 9o o L B triplicate. Student’s paired t test p values << 0.05 are statistically significant.
ok ]
{?‘ ‘ﬁ:’ R \Q‘
AN" \SQ
)
Interval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications (nm) No. of Treatments W/ em? (Jiem?) {min;sec) (hours) (Pulsed/CW)
Sunburn prevention®t 660-970 ad 7 50 4 2:40-15 24.48 Sequential pulsing or

cw


簡報者
簡報註解
It is commonly accepted that solar UV is responsible for almost all deleterious photo-induced effects on human skin.
In this figure, we can observe that if we treat of near-IR before the UV irradiation, the rate of viable cells are significant increased.
 
Possibly via the p53 cell signaling pathways  without the drawbacks and limitations of traditional sunscreens.
P53能活化DNA修復蛋白

UVA 320-400nm
UVB 290-320nm


Q Wound Anti-

The Appliance of LED

5. Post-inflammation Hyperpigment Prevention (PIH)

Sun Stimulator

SS— noSS

Control

The 7-day LED treatment before UV
insult appears to be the best regimen to
prevent PIH.

LED LED SS
X30d X7d
PRE PRE/POST PRE PRE/POST I )
Interval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications Cnim) No. of Treatments mW/em? (J/em?) (min;sec) thours) (Pulsed/CW)
PIH prevention*t 870-970 ad 8 50-80 45-96 15-20 24-48 Sequential pulsing or
P q P g

cw


簡報者
簡報註解
If the scar is stimulate by the sun, the scar will be pigmentation.


炎症後色素沉著的預防


Q Wound Anti-

The Appliance of LEDW

6. Scar Prevention

After Facelift

Facelift
12 month After

LED Treated No Treated

30days
Intarval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications Cnim) No. of Treatments mW/em? (J/em?) (min;sec) thours) (Pulsed/CW)

Scar prevention® 805-970 Multiple 50-80 45.72 15 24 cwW


簡報者
簡報註解
Patient after facelift preauricular scar revision (upper) and 12-month follow-up (lower). Left: LED-treated side X30 days postsurgery;
Right: control (no LED).

LED therapy has been shown to decrease IL-6 mRNA levels,42 it may potentially be preventing aberrant healing.
IL-6 stimulate hematopoietic cells involved in the inflammatory. (IL-6刺激造血幹細胞參與炎症)


The Appliance of LED = =

Photo-

Sunburn
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Prevention
PIH

Scar

7. Photodynamic Therapy(PDT)

HiLLL
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Device Parameters

Blu-U Omnilux Revive
Wavelength (nm) 417nm 633nm
BEFORE AFTER AFTER
Power Density (mW/cm2) 10 105
Working Distance Gauge No No
Treatment time (sec) 1000 1200-1800
BEFORE AFTER BEFORE AFTER
Intarval
Wavelength Irradiance Fluence Treatment Time  Treatment Time Mode
Applications Cnim) No. of Treatments mW/em? (J/em?) (min;sec) thours) (Pulsed/CW)
PDT 405-630 3+ 50k100 =50 13-45 3 weeks

CW or pulsed


簡報者
簡報註解
 Acne or whelk


The Advantages of LED

e Why do we use LED for therapy?
1. Low-Level Light (Much gentler)
2. Do not damage tissue and eyes
3. Safer
4. None-toxic
5. None-Invasive


簡報者
簡報註解
和雷射比的話LED的優點(低能量較溫和的光源、不傷害眼睛和組織、照射的區域比較廣泛


Is there another appliance of LED?
Why did author just use LED in dermatology?

,Q
*

A3

[t may the fast and the easiest method
to reflect the advantages of LED.



簡報者
簡報註解
作者之所以將LED應用在皮膚幾乎可以說是不得已的, 因為將LED使用在皮膚最快最能反映LED的優點, 為他提出強而有力的證據

http://www.presentermedia.com/index.php?target=category&id=115&maincat=animsp�

Title

The effects of low-level
light emitting diode on
the repair

process of Achilles
tendon therapy in rats.

Effect of light-emitting
diode (LED) therapy on
the development of
osteoarthritis (OA) in a
rabbit model.

Effect of near-infrared
light-emitting diodes on
nerve regeneration.

Reference 1
LED in Tissue Regeneration

Disease

tenotomy
—tissue
repairing

Osteoarthritis

injured optic
nerve

Color
Wavelength

Red
640+20 nm

high intensity
red 630 nm
and IR870 nm

NIR LED
660nm

Energy
(J/cm?)

20 J/cm?2
(120 s)

~2 Jlcm2
(red) and
2.5 J/cm2

(IR)

1lhr
total

energy
27(J/lcm?)

Model

Thirty
albino male
Wistar rats

14 female
New
Zealand
White
rabbits

Reference

Lasers Surg
Med. 2010
Aug

Biomed
Pharmacoth
er. 2011 Jun

J Orthop
Sci. 2010
Mar



Title

Photodynamic
Therapy-Induced
Apoptosis

of HelLa Cells.

Indocyanine green-
based photodynamic
therapy with 785nm
light emitting diode for
oral squamous cancer
cells.

Reference 2
LED in Tumor Therapy

Disease

kills cancer
cells

Kills oral
squamous
cancer cells

Color
Wavelength

Green
530 = 15 nm

Green
785nm

Energy
(J/cm?)

1.6
J/icm2

50mW/c
m2 at
0.5A

Model

HelLa Cells

oral
squamous
cancer cells

Reference

Ann NY
Acad Sci.
2009
Aug;1171:6
17-26.

Photodiagn
0Sis
Photodyn
Ther. 2011
Dec;8(4):33
7-42. Epub
2011 Jul 12.



Title

Increased mobility and
stem-cell proliferation rate
in Dugesia tigrina induced
by 880 nm light emitting
diode.

The effect of noncoherent
red light irradiation

on proliferation and
osteogenic differentiation
of bone marrow
mesenchymal stem cells

Effects of Red Light-
emitting Diode

Irradiation on Dental Pulp
Cells

Reference 3
LED in MSC Proliferation

Disease

Increased

mobility and

stem-cell

proliferation

rate

proliferation
and osteogenic
differentiation

of bone
marrow

mesenchymal

stem cells

Dental repair

Color
Wavelength

NIR
radiation
880 nm

red light
620 nm

red light
653nm

Energy
(J/cm?)

~0.01
J/cm2

0,1,2
and 4
J/icm2

0.149
J/icm?2
0.224
J/icm?2

Model

Planarian
Dugesia
tigrina

bone marrow

MSCs

dental pulp
cells

Reference

J
Photoche
m
Photobiol
B. 2011
Feb7

Lasers
Med Sci.
2012 May

J Dent
Res. 2012
Aug 9.



Why can’t LED be used widely ?

1. Penetrating
LED can’t reach deeper position.

2. Light Disperse a greater surface area.
It can not just focus on a point.

The technique of LED still need
to be improved .




LEDs in dermatology can treat
a variety of cutaneous
problems as a stand-alone
application or complementary
treatment modality or as one
of the best photodynamic
therapy light source.
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