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Dentistry & Technology: Cad-Cam, Lasers & more!
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Rapid resolution of pain & associated loss of function N ol WY " 3 ricscOLLAGES
a — _} Rl T il v \ﬂm 1 N ‘
Minimal trauma associated with clinical interventions

Arrest & reverse effects of disease

Optimise outcome: reliable, simple, durable & inexpensive
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Laser & Light Tissue Interaction: What is Photobiomodulation (PBM)?

Migraine v Depression

. ™D | . Parkinson’s disease
m Bell's palsy \ Alzheimer’s

Chemotherapy associated

Mitigate post surgical
inflammation/pain

. . . . Trigeminal neuralgia il _— .
® Targeted application of light for therapeutic purposes Sinusitis e il 2 T e T
- .. Periodontitis
: Xe_z'ost(')mia ~ : Orthodontic pain
® Source can be a laser, an LED or another light source & et ' ,g Osseointegration & grafting

Oral mucositis
smus Dentinal sensitivity

® |Intensity & accumulated energy below threshold to damage Radiodermatits | Aphthous/herpetic ulceration

Mitigate trauma

Carpal tunnel | N, . - gt
proteins & fatty acids QTR s ; v g e T
Tendonitis j - Sciatic pain
. - . . . . Epicondylitis S—— Hip & joint arthritides
® Achieves beneficial directed changes in tissue healing, Acute injury Sports injuries
Perilp-iwral neuropathy .J\\-\\\ Bursitis | |
repair & regeneration nee T Sports optimizaion
Sports injuries - Fibromyalgia
Meniscus/ligament
® Mediated locally, regionally and systemically st
ACL/PCM injuries
® Promotes mitosis & production of matrix eg. Collagen, bone Shralnisperts ki
* Arthritis

® Enhanced vasculature & improve lymphatic drainage

® Reduce & Resolve inflammation

' ' Images reproduced courtesy © Dr Steven Parker
® Relieve pain

Cronshaw M, Mylona V. Photobiomodulation Therapy Within Clinical
® Pre-conditioning: increase cellular resistance to stress Dentistry: Theoretical and Applied Concepts. In: Lasers in Dentistry

Current Concepts 2024 Jan 9 (pp. 173-236). Springer International
eg. radiotherapy, chemotherapy Publishing. 0DR MaRK CroNSHAW




y ﬁg‘; * Cronshaw M, Parker S, Arany P. Feeling the heat: evolutionary and microbial
‘ ‘o101 a a g\\‘ e ST &N basis for the analgesic mechanisms of photobiomodulation therapy.

Receaarck

Expanded reading:

« Accepted published research

 Published literature reviews based on outcome
 Experimental studies: output power & photothermal

e Evolutionary & microbial basis of analgesia
mechanisms in PBM

 Orthodontics: pain control & tooth movement

e Pain, inflammation & PBM

« PBM & Periodontics

 Parameters: Quality Analysis of parameter reportage

 Parameters: Importance of optical spot size & relation
to target depth

e Oral mucositis

« Parameters: Power output variation between devices

« Parameters: Expanded analysis of delivery
techniques

« LED PBM & aPDT

 Cryotherapy/PBM

» .Parker S, Grzech-Lesniak K, Cronshaw M, Matys J, Nammour S. Full operating
parameter recording as an essential component of the reproducibility of laser-tissue
©DR MARK CRONSHAW Interaction and treatments. Advances in Clinical and Experimental Medicine.
2024:33(6):653-6.
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Obstacles to healing: Haxsen Vet al.. Relevance of laser irradiance threshold in the induction of alkaline

phosphatase in human osteoblast cultures. Lasers in medical science. 2008 Oct;23:381-4.
Pagin MT, et al.Laser and light-emitting diode effects on pre-osteoblast growth and
differentiation. Lasers in medical science. 2014 Jan;29:55-9.

Choi H, et al.Inflammatory cytokines are suppressed by light-emitting diode irradiation of P.
gingivalis LPS-treated human gingival fibroblasts: inflammatory cytokine changes by LED
irradiation. Lasers in medical science. 2012 Mar;27:459-67.

Pesevska S, Et al.The effect of low-level diode laser on COX-2 gene expression in chronic
periodontitis patients. Lasers in medical science. 2017 Sep;32:1463-8.

Cronshaw M, Parker S, Anaganostaki E, Bordin-Aykroyd S, Lynch E. Photobiomodulation
therapy and periodontitis: A discussion paper. EC Dental Sci. 2019;18:1791-7.
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Meta analysis and systematic
reviews support the efficacy of
PBM in the management of
some common orthopaedic
conditions eg. tennis elbow

Bjordal |, Rodrigo AB et al, BMC Musculoskeletal
Disorders 2008;9:75







Optimise tissue stress el
resistance i
(hot tap)

Increased production of ’ Severe burn
biomatrix

Eliminate infection

Minimise trauma

Mitigate & reduce post Rx pain

Reduce peak & duration of

acute inflammatory stage

Khan,l| et al. Accelerated burn wound healing with photobiomodulation
therapy involves activation of endogenous latent TGF-14

Scientific Reports 2021.11:13371




A 3 year old child was injured by a dog and sutures were placed. PBMT commenced at day 4
through the transparent wound dressing using a 940 nm Diode laser and a 7.1cm? area
applicator at an output power of 3.5W continuous wave (CW) to two adjacent areas with a
scanning movement for a total of 200s/session. Dose: 50 J/cm?.

Sutures were removed at day 8 and PBMT was repeated on a daily basis whilst acute
inflammation resolved up to day 10. After day 10 the treatment protocol was changed to a
lower setting at 1.4W CW using a contour handpiece with a surface area of 2.8cm? for 24s

total to two adjacent areas again with a scanning motion twice weekly. Dose 6 J/cm?.
Case: Dr Charlotte Van Belle



DT
aes In Dailv Practice:

e Pathogenic biofilms can be difficult to eradicate

e Elderly & medically compromised patients: high needs
limited capacity

e Complex multi-disciplinary treatments required

e Patient compliance issues: trust, cost, tolerance & time
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Healing& Pain Management: Preconditioning:?

" 40
Borzabadi-Farahani A, Cronshaw M, Lasers in 2 -
orthodontics. Lasers in dentistry —current concepts. $ .
2017 Sep 22:247-71.
Cronshaw M, Parker S, Anagnostaki E, Lynch E. =
Systematic review of orthodontic treatment management T [ 712 T2 | T36 | T8 ™ | 96
with photobiomodulation therapy. Photobiomodulation, Blwe | 2 | 03 | 3 | 3 | 38 | us | oas
=3l Placebo 3.5 14 34,5 25 21 14,5 9.15

photomedicine, and laser surgery. 2019 Dec —f=Control | 3 33 61 | 6 6 05 | 274
1;37(12):862-8.

Image adapted from: Marini et al.The effect of diode superpulsed low-level laser therapy on experimental orthodontic pain
caused by elastomeric separators: a randomized controlled clinical trial. Lasers Med Sci 2015;30:35-41.
M. A Cronshaw PhD Thesis: publication pending.



=<l dentistry j /
i dentistry journal mopy Means(Outcome S: 0-3) - Treatment

Review

Photobiomodulation and Oral Mucositis: 3 T
A Systematic Review
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Prophylaxis:

Review

Photobiomodulation and Oral Mucositis: Wavelengths: 650-980 nm

A Systematic Review Brgy Dioss: #-5 Jent®

Mark Cronshaw 2%, Steven Parker !, Eugenia Anagnostaki !'”, Valina Mylona 1",
Edward Lynch * and Martin Grootveld 130

Treatment Area: entire accessible oro-pharynx

Commence: before or synchronous to
chemoradiotherapy

Frequency: rec. daily, minimum of 2x weekly

Treatment of extant OM:

Healing
Wavelengths: 650-980 nm
Healing Energy Dose: 2-5 ]J/cm?

Treatment of extant OM:
Pain Relief
Wavelengths: 650-980 nm

Treatment Area: lesion plus all

other areas if coincident with

Energy Dose: 10-15 J/cm?

chemoradiotherapy

Treatment Area: affected area only
Use other adjuvant therapy
(disinfectants, analgesics preferably not
NSAIDs or steroids unless essential),

Once pain subsided, revert to healing as

above.

Figure 3. Proposed treatment decision tree—pain or healing? Outline of applied photobiomodulation
(PBM) dose parameters to address the needs of pain relief and healing.

Case: Sanae El hasnaoui (UK)




Possible Photon Transduction Pathways:

PhOtOChemical Intermembrane Space
Photothermal Het aHy 4H+  2H+ et
PhotOeleCtri C T,T,gl;epir:ng g)f;[c)loHréduubcltqauslgone dehydrogenase f::glrt:;heme zet g))(/itccl);::;ome C ATP synthase
Photofluorescent cI
- CI CI

Photomechanical i 1 ea
Photomagnetic I 1

NADH& H&AD+

succinate y fumarate O, H,O

‘ \ / ADP+pi T
ROS Matrix T

Jovaisaite V, Mouchiroud L, Auwerx, J. The mitochondprial unfolded protein response, a conserved stress pathway with
iImplications in health and disease. J Exp Biol 2014;217: 137-143.

Parker S, Anagnostaki E, Mylona V, Cronshaw M, Lynch E, Grootveld M. Systematic Review of Post-Surgical Laser-Assisted
Oral Soft Tissue Outcomes Using Surgical Wavelengths Outside the 650-1350 nm Optical Window.
Photobiomodulation, Photomedicine, and Laser Surgery. 2020 Oct 1;38(10):591-606. GDR MARK CRONSHAW




PBM Mechanisms- Stimulation & Inhibition:

2-8J/cm2 NIR:
T ATP TNO t1ROS

Dose Related Response High Dose:

Hormetic response to ROS & T AT
Mediated by HSP’s, ATF-4 & TRPV’s
Reduces apoptosis as Tcellular
resilience
THSP’s: Protects part formed proteins
1 1 1 Cellular activity
Translocation of mitochondria

e Stabilised axonal membranes

e Axonal varices

® Reduction in pro-inflammatory
mediators

10-30 J/cm2
++NIR:
TTROS

Onset of

Insufficient  therapeutic
for effect effect

Inhibition l ATP
onset T ATOC

Onset of
tissue
damage

Effect Threshold

Biological response

Optimal
biostimulation
effect

0 2 5 10 15 20 30

Radiant exposure (joules/cm?)




Tissue volume -

Simultaneous Effects:

e Surface layers-
Inhibition

e Deeper layers-
Stimulation

At surface:
Analgesia
Disinfection
Vasodilatation
(lymphatics & blood
vessels)
Y Apoptosis

At depth:

4+ Mitosis

4+ Matrix

¢ VEGF/TGF

/

S

PBM:
Bioinhibition

M. A Cronshaw PhD Thesis:

publication pending.



The Janus Effect:
Two faces of PBM induced conditioning

Inhibition:

Stimulation;
2-8J/cm2

10-30J/cm2

Increased cellular resilience:

T T ATP
NO
 Vasodilatation: ﬁOZ

* Anti-inflammatory gene transcription
Image adapted from:

https://www.researchgate.net/figure/
Janus-the-two-faced-Roman-God-
from-whose-name-Janiceps-derives-

Janus-is-the-god-of_fig2 27799030

. ﬁlmmune response
-lApoptosis (ROS/NFkB)

M. A Cronshaw PhD Thesis: publication pending.


https://www.researchgate.net/figure/Janus-the-two-faced-Roman-God-from-whose-name-Janiceps-derives-Janus-is-the-god-of_fig2_27799030
https://www.researchgate.net/figure/Janus-the-two-faced-Roman-God-from-whose-name-Janiceps-derives-Janus-is-the-god-of_fig2_27799030
https://www.researchgate.net/figure/Janus-the-two-faced-Roman-God-from-whose-name-Janiceps-derives-Janus-is-the-god-of_fig2_27799030
https://www.researchgate.net/figure/Janus-the-two-faced-Roman-God-from-whose-name-Janiceps-derives-Janus-is-the-god-of_fig2_27799030
http://www.MedFriendly.com

LED vs. Lasers?

e Laser >intensity cf. LED

» |aser best for delivery to depth
* | aser: optical hazard > risk
 (Cost laser ++££

 LED maybe OK for patient self
delivery?




Objective;

e | ogistical issues: PBM integration?

e Growing public awareness of the
potential benefits of PBMT

® |[nc. demand for access to Rx

Home therapy devices on sale

® No formal scientific assessments

Design?

Efficacy?

Safety?

Professional applications?

Dr Mark Cronshaw De Montfort University, Leicester, UK.
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Optical Penetration: Laser >> LED

Anatomy of Right Cheek with Open Surface Masieed Simulated Measured

Subiect Age i Mouth Obtained from MRI Power Percentage
) Gender 5 T 399mW/cm2 Tansmission,  Transmission, Transmission

Skin, mm Fat, mm Muscle, mm mW/cm? mW/cm?
M 25 7 047 0.41 0.12%
F 57 5 2.14 2.12 0.54%
F 25 3 238 2.07 A
M 6 0.83 0.82 0.6%

43

e~
LED S. Henderson TA, Morries LD. Near-infrared photonic energy
. L - penetration: can infrared phototherapy effectively reach the human
€SS eXpenSIVe brain?. Neuropsychiatric disease and treatment. 2015 Aug
21:2191-208.

e Patient self administer
Heiskanen V, Hamblin MR. Photobiomodulation: lasers vs. light

: Can be eﬁeCtlve ?? emitting diodes?. Photochemical & Photobiological Sciences.
* Optical penetration? 2

©DR MARK CRONSHAW




LASER
Single laser
large source
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Light Sensitive enzymes related to melanocyte photoresponse

phenyl alanine ryptamine

L

: uv I —_ IUV
A  Dopaoxidase NATHIOMT melatonin

o

melanin pigment

lyengar B “The melanocyte photosensory system in the human skin”

SpringerPlus 2013, 2:158 http://www.springerplus.com/content/2/1/158



Skin: Interactive network between cutaneous nerves, neuroendocrine axis & immune system:

® Serotonin:

Regulates mood, appetite & sleep.
Platelet bound (vasoconstriction)

® Noradrenaline:

Fear, fright & flight!
e |nc. HR, BP, glucose & blood to muscle

e Dopamine:
Reward motivated behaviour
e Basis of addiction & psychosis

e HGH:

Stimulates immune system

* osteoblasts, chondrocytes & muscle

e ACTH:

Stimulates adrenal gland- cortisol release

* VEGF by osteoblasts

® Prolactin:
milk production, angiogenesis,
haematopoiesis & anti apoptotic

lyengar B “The melanocyte photosensory system in the human skin”
SpringerPlus 2013, 2:158 http://www.springerplus.com/content/2/1/158

©DR MARK CRONSHAW



Entrainment, Melatonin & the Circadian Cycle:

Entrainment: _—

e EM radiation- oscillating source yar

® Two or more oscillating sources can interact )  IMSISoniE

e Can enhance or negate ' (#-\f’ineal gland

e Can synergise: greater amplitude (resonance) ".. | ’?SEN\__\ .
e Can become phase locked & stable (harmony) N\ | S
Melatonin:

e Synchronises biological clock MNeulang
e Affects ANS: activates parasympathetic NS , |

® Promotes sleep

e Powerful ROS scavenger (2x vit E)
® Regulates sex hormones

e Maybe strengthens immune system

Jimenez A, Lu Y, Jambhekar A, Lahav G. Principles, mechanisms and functions of entrainment in biological oscillators.
Interface Focus. 2022.12:20210088.

/Peripheral oscillators

https://creativecommons.org/licenses/by-sa/4.0/

Cavallini C, Olivi E, Tassinari R, Ventura C. Mechanotransduction, cellular biophotonic activity, and signaling patterns for
tissue regeneration. Journal of Biological Chemistry. 2024 Sep 30:107847
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Entrainment & Photobiomodulation Therapies:

Many light sensitive Y
Eye 1" o4 Cerebral cortex J
Retina Hippocampal formation l _

intracellular targets: \.5//

Basal ganglia

Transition metals in key proteins st W N Hypothalamus =i, s Y

Endocrine tissues / Midbrain /
Cerebellum

PY Thyroid gland f .. | _

Cytochromes el e, o | | | Lungtissues
. e : ; ! : Lung

® Cryptochromes St JIN '\ [Diestive/gastrointestinaltract \  Nasopharynx

Pituitary gland ' F: AR Oral mucosa
| | \ Bronchus

® FIaVInS = \ \ Salivary gland ’,‘ //",.‘

:
: | Oesophagus r -
® Nuclear chromatin 1\ Stomach (/7] (S } |
! \ Duodenum [/ /7 - |
i

Small intestine J//4
4 S

® |Inclusion bodies

~ Colon rectum  /

Other organs and tissues
Reproductive organs (female) | | Liver | \ Reproductive organs (male)
Vagina | J Gallbladder \ | | Testis
Ovary ' | Pancreas | | Epididymis
Fallopian tube ; Kidney | | | Seminal vesicle
Endometrium Pancreas | / ' Prostate
Cervix , Bladder | | |
Uterine | , \ Smooth muscle r’
Placenta | Skeletal muscle |
Breast | Cardiac muscle ,
Adipose tissue .\
| | Soft tissue \
Myelinated nerve sheaths: \ [ |/ ol
y - J Hair follicles

Appendix

Biophotons ] [0 Spleen

Tonsil

Optic transmission PBM? &) \& L SR

Distribution of opsins in the body.

Liebert A et al. A Perspective on the Potential of Opsins
as an Integral Mechanism of Photobiomodulation: It’s Not Just the Eyes

Photobiomodulation, Photomedicine, and Laser Surgery Volume 40, Number 2, 2022
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With thanks to my co-workers:
Eugenia Anagnostaki, Valina Mylona, Steven Parker
Special thanks to Prof. R-J Bensadoun

And my PhD supervisors:
Martin Grootveld, Ed Lynch(DMU)

Dr Mark Cronshaw :
T'hank you for your kind attention!
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