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12.1 Applications of Lasers in Orthodontics
for Soft Tissue Procedures

and Photobiomodulation

Core Message

Scientific literature reports an exponential growth in the
number and variety of laser applications in orthodontics. This
paper reviews the available laser wavelengths and will dis-
cuss some adjunct application of diode lasers for soft tissue
procedures. These include photobiomodulation, laser gingi-
vectomy to improve oral hygiene or bracket positioning, aes-
thetic laser gingival recontouring and laser exposure of the
superficially impacted teeth. Selected treated cases will be
presented throughout.

Ali Borzabadi-Farahani

12.1.1 Soft Tissue Procedures Introduction

The healthy gingival margin is located 1-2 mm coronal to the
cemento-enamel junction [1]. However, this gingival archi-
tecture does not always present smile aesthetics during or
after orthodontic treatment. Mucogingival surgery on the
other hand, is a periodontal treatment to correct the defects in
the morphology, position and/or amount of soft tissue and
underlying bone support around teeth and implants. Laser
incision/excision definitely has a place in modern mucogingi-
val surgery [2]. Compared with a scalpel, a laser beam or the
initiated fiberoptic tip of laser device can more easily cut,
ablate and reshape the oral soft tissues in the oral cavity, with
no or reduced bleeding and less pain, as well as with no or less
need for suturing [2]. This represents a range of tissue interac-
tions, such as tissue warming, welding, coagulation, protein
denaturation, drying and finally vaporisation (ablation) and
carbonisation, where soft tissues are evaporated or incised
[2-7]. This process also provides haemostasis, microbial inhi-
bition and destruction and photobiomodulation (PBM) [2-
7]. In particular, there is increasing evidence that the
appropriate use of lasers is associated with reduced intraop-
erative and post-operative pain and enhanced wound healing
or tissue regeneration, compared to conventional use of scal-
pel or electrosurgery [2-4]. Electrosurgery can be used for
incising soft tissues with good haemostasis [2-4], but comes
with a risk of delayed wound healing due to unwanted ther-
mal damage [2, 6] and necrosis of the underlying periosteum
and alveolar bone.

12.1.2 Advantages of Laser Excision vs.
Scalpel Surgery

Dental lasers have been widely used for soft tissue proce-
dures, such as gingivectomy, gingivoplasty and frenectomy,
and, in particular, for aesthetic gingival procedures, such as

recontouring or reshaping of gingiva, crown lengthening and
depigmentation [2]. For instance, compared to conventional
scalpel surgery, the diode laser cut is more precise and more
visible due to the laser ability to seal off blood vessels and
lymphatics, leaving a clear dry field [2, 7]. The laser also con-
tributes to significant pathogen reduction as it cuts; and
residual bacteria are evaporated, destroyed or denatured by
laser irradiation [2]. Laser incision with high-level laser ther-
apy (HLLT) excises (ablates) the diseased tissues, with simul-
taneous provision of low-level laser therapy (LLLT) that
penetrates or scatters into the surrounding tissues during
high-level laser treatment and stimulates tissues and cells
without producing irreversible changes (8 Fig. 12.1).

LLLT promotes periodontal wound healing of the adja-
cent tissues as a desired effect [2, 8, 9], a process known as
photobiomodulation (PBM) of tissues and cells following
laser irradiation [2]. LLLT generates an array of extremely
transient biochemical intermediates that result in cascading
biological reactions in favour of tissue healing [10-12]. This
process works by altering the cellular redox state [10] and
production of reactive oxygen species (ROS) in mitochon-
dria, such as superoxide (O,"”) and hydrogen peroxide
(H,0,), which mainly affect and stimulate cells in a low redox
state [12]. Cells in a low redox state are acidic, but after laser
irradiation, the cells become more alkaline and are able to
perform optimally, inducing the activation of numerous
intracellular signalling pathways [12]. Photoabsorption by
mitochondrial chromophores, in particular cytochrome c oxi-
dase, leads to dissociation of the binding between nitric oxide
(NO) and cytochrome c¢ oxidase, allowing mitochondria to
increase ATP production and nitric oxide (NO) release
[10-12]. The produced ATP modulates a wide range of bio-
logical responses, including activation or synthesis of DNA,
RNA, enzymes and other cellular components necessary for
optimal performance and repair/regeneration of tissues [11].
The LLLT-mediated NO release leads to vasodilatation,
involving cGMP-mediated activation of Ca-sensitive K (Kc)
channels [11], as well as promotes keratinocyte and tenocyte
proliferation, endothelial migration and lumenisation, mac-
rophage function, angiogenesis in ischemic limb injuries and
stem cell differentiation [11]. Overall, PTM positively affects
each of the four phases of wound healing [11, 13]
(B Table 12.1).

Within the progressive stages of wound stabilisation and
healing, the many cellular and biochemical pathways are
potential recipients of sub-ablative (low-level) laser photonic
energy between approximately 600 and 1,400 nm wavelength.
Outside this range, similar induced effects may be attribut-
able to low thermal rise and consequent tissue stimulation.

PBM can promote changes at the cell level and expression
of cytokines that can collectively promote wound healing, by
increasing collagen production, reduction of inflammation
and pain relief [2, 10-53]. LLLT has been effective in pain
reduction [15, 18], wound healing [19-24], bone repair and
remodelling [25-33], nerve repair [34-39], angiogenesis [40,
41], as well as increased cell proliferation and biomodulation
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O Fig. 12.1 Diagram showing
the simultaneous work of
high-level laser therapy (HLLT)
and low-level laser therapy (LLLT).
HLLT initiates various thermal
effects on tissues, such as
carbonisation, vaporisation,
coagulation and ablation of soft
tissue, as well as sometimes
removal of the hard tissue
(erbium lasers). Simultaneously, a
low level of energy (LLLT)
penetrates or scatters into the
surrounding tissues during
high-level laser treatment, which
stimulates tissues and cells
without producing irreversible
thermal changes in the tissues,
resulting in activation or
stimulation (photobiomodula-
tion, PTM) of wound healing in
the surrounding tissues (Partially
adopted from Aoki et al. [2])

Dissociation of the binding between nitric oxide (NO) and Cytochrome C Oxidase,
allowing mitochondria to resume ATP production.
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B Table 12.1 Effects of photobiomodulation (PTM) on four
phases of wound healing [11, 13]

Four phases of
wound healing

Effects of PTM on wound healing

Haemostatic Promotes platelet aggregation and

phase activation
Inflammatory Promotes proliferation and degranulation
phase of mast cells

Proliferative Promotes proliferation of fibroblasts,

phase keratinocytes, osteoblasts and chondro-
cytes as well as induces matrix synthesis

Maturation Improves reorganisation and remodelling

phase of wounds, aids improved tensile strength

and restoring functional architecture of the
repaired tissues

for cell lines such as fibroblasts [20, 42], keratinocytes
[43, 44] and osteoblasts [45]. LLLT predominantly stimulates
macrophages and fibroblasts [46-48] and collectively modu-
lates secretion of vascular endothelial growth factor (VEGEF),
platelet-derived growth factor (PDGF), fibroblast growth fac-
tor (FGF) and tumour necrosis factor alpha (TNF-a) by mac-
rophages, neutrophils, endothelial cells and fibroblasts,
stimulating cell proliferation, cell differentiation and neoan-

giogenesis, as well as synthesis of extracellular matrix compo-
nents such as types I and III collagen fibres [46-53]. Less
wound contraction and oedema also occur during mucosal
healing; scars tend not to develop as less damage occurs to
adjacent tissues, and there is rarely a need for periodontal
dressing [7, 54]. This phenomenon can be attributed to the
low-power (PBM) zones that surround the high-power surgi-
cal laser site [11].

These qualities allow faster or more favourable wound
healing, needing less pain medication, as well as less post-
operative discomfort, compared to usual scalpel surgery [2].
This can lead to reduction in the orthodontic treatment time,
when there is a need for soft tissue procedures that otherwise
need referral to other specialties such as periodontist or oral
surgeon, in particular for fee-paying patients who demand
optimal results with minimal effort as quickly as possible [55].

12.1.3 Overview of Lasers Used for Soft
Tissue Procedures

Various laser systems have been used for soft tissue proce-
dures, which work by ablating, incising and excising the soft
tissue, as well as providing the much-needed coagulating
effect. The frequently used soft tissue lasers include the car-
bon dioxide laser (10,600 nm), erbium lasers [erbium-doped
yttrium-aluminium-garnet (Er:YAG) laser (2,940 nm) and

12
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erbium chromium-doped yttrium-scandium-gallium-garnet
(Er,Cr:YSGG) laser (2,780 nm)], neodymium-doped
yttrium-aluminium-garnet (Nd:YAG) laser (1,064 nm), the
diode group of lasers (800-980 nm) and, the potassium, tita-
nium and phosphate (KTiOPO " KTP) laser (532 nm) [2, 3].

12.1.4 The Shallow or Deeply Penetrating
Lasers and Haemostasis

The soft tissue lasers can be categorised into two broadly act-
ing types: the deeply penetrating-type lasers (visible and
near-infrared spectrum, 532-1,100 nm) that are essentially
transmitted through water, showing a lower absorption coef-
ficient in water [56] such as KTP green laser. This explains
their deep penetration into healthy soft tissue, such as
Nd:YAG and diode lasers, in which the laser light penetrates
and scatters deeply into tissue [56]. However, they are selec-
tively absorbed in areas of inflammation by blood compo-
nents and tissue pigment [56]. There is also minimal to no
interaction of Nd:YAG and diode lasers with healthy (not
covered by calculus) dental hard tissue, which makes them
suitable for soft tissue procedures [56]. The Nd:YAG laser is
often used in free-running pulsed mode, with very-short-
duration pulses and an emission cycle (ratio of “on” time to
total treatment time) of <1% and very high peak power per
pulse (100-1,000 W) [56]. The Nd:YAG laser is a deeply pen-
etrating type of laser and produces a relatively thick coagula-
tion layer on the lased soft tissue surface, exhibiting strong
haemostasis. Therefore, the Nd:YAG laser is effective for
ablation of potentially haemorrhagic soft tissue. Diode lasers
represent a shallower penetration depth compared to
Nd:YAG lasers and are less likely to cause pulpal damage after
use [55]. The diode lasers can be used in a continuous-wave
or gated-CW mode [7] and are the ideal choice for the use in
orthodontic set-up because of the smaller size (“footprint”)
of the laser device and relatively lower cost involved [57] .
The second category highlights the superficially absorbed
lasers (CO,, Er:YAG and Er,Cr:YSGG lasers), in which the
laser beam is absorbed in the superficial layer and does not
penetrate or scatter deeply [2, 58, 59]. These lasers have
higher absorption coefficient in water, and due to the high
water content of oral mucosa (>90%), they are very effective
soft tissue lasers [55]. However, what make them unattractive
for the orthodontic set-up are the relatively high cost and the
portability and movement issues [55]. Soft tissue penetration
depth for CO, laser is approximately 0.2 mm [56, 60] and for
erbium lasers (Er:YAG and Er,Cr:YSGG lasers) can be as
shallow as 5 pm [56, 58]. CO, lasers have the highest absorp-
tion in hydroxyapatite and calcium phosphate and must be
used with care during soft tissue procedures to avoid direct
contact with hard tissue [56]. The CO, laser beam is absorbed
at the tissue surface with very little scatter or penetration [2]
and is associated with relatively thin layer of coagulation
around the ablated site. The ablation for CO, laser is basically
caused by heat generation (carbonisation) [2]. Erbium lasers

have the highest absorption into water and target molecular
water or the hydroxide ion as primary targets and mineral as
a secondary target and therefore are used for ablation of both
hard and soft tissues [56]. Erbium lasers provide the most
rapid, favourable and uneventful wound healing due to their
precise ablation with minimal thermal effects as well as low
inflammatory response [60]. However, haemostasis is less
effective with the erbium lasers because of the minimal tissue
denaturation, which guarantees subsequent sufficient bleed-
ing and blood clot formation in the ablated defects and
thereby induces favourable wound healing [6]. Overall,
erbium lasers provide the highest absorption into water,
minimizing the thermal effects on the surrounding tissues
during irradiation, but the cost, laser portability and move-
ment and less clear-cut incision morphology compared to
CO, and diode lasers [60] are the potential drawbacks in
orthodontic practice.

12.1.5 Tissue Ablation: Non-contact
or Contact Cutting Mode

As has been seen elsewhere (» Chap. 3), laser-tissue interac-
tion is the result of electromagnetic (photonic) energy being
absorbed and converted into other (predominately thermal)
energy. Three forms of energy transfer can be observed:

o Radiation
Where the photon stream is delivered through a short
air space with no contact between delivery tip and
target tissue. This may be commonly referred to a
“non-contact mode”.

© Conduction
Where enhancement of the energy conversion can be
achieved through direct contact between the delivery
tip and the tissue. This may be commonly referred to a
“contact mode”.

o Convection
Transfer of energy within the body of the tissue
through fluid movement or circulation. This may occur
regardless of either contact or non-contact modes.

Most surgical lasers produce a photothermal effect on soft
tissue, evaporating soft tissues through rapid thermal rise.
The non-contact lasers such as CO, or erbium lasers (Er:YAG
and Er,Cr:YSGQG) directly and easily evaporate soft tissues by
photothermal effects that vaporise interstitial water. However,
the non-contact mode is associated with less precise cut and
lack of proprioceptive feedback compared to contact mode
lasers.

When lasers are used in contact mode to make an inci-
sion or excise soft tissue, they often need “initiation” of the
laser tip end. In this process, part of the emitting light in the
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O Fig. 12.2 A typical initiated fibre-optic laser tip will be used for
laser excision

Nd:YAG and diode lasers is converted into heat by refraction
or diffused reflection at the tip end, or in simple terms the
laser tip end gets initiated, creating a condition called “hot
tip”. This initiation produces secondary thermal effects at the
heated tip end that can cut or incise soft tissue as well as offer
coagulation of the tissue as a result of contact with the over-
heated tip rather than by the laser energy itself [2, 3].
O Figure 12.2 shows an initiated fibre-optic tip prior to laser
exposure of an ectopic lower left canine. Diode and Nd:YAG
lasers produce a relatively thicker coagulation layer on the
treated surface than superficially absorbed lasers [4]. Diode
lasers are considered to be ideal for daily practice of orth-
odontic soft tissue procedures owing to sufficient haemosta-
sis and precise incision margins [61, 62]. For the purpose of
this paper, the use of diode lasers for soft tissue procedures
will be discussed in more detail due to their ease of use in
orthodontics and lower operating cost.

12.1.6 SoftTissue Diode Lasers
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occasionally, indium (In) [55, 68, 69]. Examples are gallium-
aluminium-arsenic (Ga-Al-As), arsenic-gallium (As-Ga) and
indium-gallium-aluminium-phosphorus (In-Ga-Al-P) lasers.
The diode lasers are portable (<5 kg), small, relatively inex-
pensive and simple to use [68]. There is also a stable power
output, long lifetime and low installation and maintenance
costs [68].

12.1.7 Fibre-Optic Tip Size, Power Output
and Continuous/Gated-CW Mode
for Diode Lasers

The soft tissue diode lasers usually work in a ‘contact mode’
and the laser beam is delivered by a fine glass optic fibre, with
a fibre system tip that can be angled, so that the dentist holds
it in a pencil-like holder for accurate manipulation of the
areas that are difficult to handle [68]. For surgical incisions
and excision, a 400-pm diameter fibre-optic tip is recom-
mended, as smaller diameter fibres tend to be more friable
and liable to fracture [69]. The fibre-optic tip needs initiation
prior to performing surgical excision, often by tapping the
initiated tip on a thick blue articulating paper and use of
black ink, a solid colour in a magazine page or a piece of
cork — each with varying degrees of success [55, 70]. Diode
lasers with power outputs of <500 mW are used in low-level
laser therapy (LLLT) to provide photobiomodulation (PBM)
and associated wound repair and pain relief [55]. However,
for excision there is often a need for a continuous power out-
put of 1.0-1.5 W [70], depending on the fibrotic nature of the
tissue. In order to decrease the carbonisation and thermal
damage and allow for thermal recovery of the tissue, a gated-
CW mode (with repetitive “on-oft” cycles of varying length
and frequency depending on the make of the laser) has been
suggested and implemented in many contemporary diode
laser units [69, 71].

12.1.8 Provision of Anaesthesia and Basic
Soft Tissue Guidelines

Since their introduction in 1962 [63, 64], the diode laser fam-
ily has grown considerably and diode lasers with wavelengths
in the range of 445-2200 nm have been used for treatment of
various medical conditions [55,57,65-67]. However, reports
on the use of the 810-830 nm, 940 nm, 980 nm and 1,064 nm
wavelengths are more frequent in the literature [55, 57, 69].
They have high absorption coefficients in water and haemo-
globin and particularly in oxyhaemoglobin, therefore render-
ing different soft tissue effects. However, diode laser light is
poorly absorbed by the hydroxyapatite and enamel [54, 55],
and therefore, it is an excellent soft tissue surgical laser for
incising, excising and coagulating gingiva and mucosa. The
active media of semiconductor (diode) lasers are varied and
can include aluminium (Al), gallium arsenide (GaAs) and,

Lower pain sensation and less need for analgesia have been
reported when diode laser with superpulsed mode [72] or
with gated-CW of one millisecond pulse duration (on/off
cycle of 50/50) [73] was used for soft tissue surgery, as com-
pared to continuous wave diode laser. Diode laser soft tissue
surgery is often performed using local infiltration (e.g. 2%
lidocaine) approximately 5 min before procedure, but litera-
ture also reports using topical lignocaine anaesthetic gel,
applied for 3 min, particularly with the gated-CW mode [69,
74], or compound topical anaesthetics such as TAC Alternate
for 3 min (20% lidocaine, 4% tetracaine and 2% phenyleph-
rine) [69, 70, 75]. Given enough time, topical anaesthetics
often provide enough analgesia for laser exposure of buccally
superficially impacted teeth; if enough analgesia is not
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achieved, additional topical dosage can be applied [69].
Palatal mucosa; however, is thicker and local infiltration is
often necessary [69]. In order to confirm adequate anaesthe-
sia prior to laser soft tissue surgery, gently probing the soft
tissue will confirm that the patient feels pressure only or feels
anything sharp that indicates the need for added dose oflocal
anaesthesia.

During laser ablation, vaporised tissue, water, bacteria
and organic chemical residues are liberated; this is known as
the “laser plume”, and the use of a high-speed suction is rec-
ommended to remove this plume and objectionable charred
odour, as well as provide a degree of safety against inhalation
by patient and attending clinicians [69, 70]. Following the
surgical excision, the soft tissue margins can appear dark and
charred (carbonised), and the remnants of carbonised tissue
at the surgical margins can be removed using sterile gauze
dampened with saline [74] or a micro-applicator brush
soaked in 3% hydrogen peroxide solution [70].

Various manufacturers present different arrangements
for diode laser with respect to output power, diameter of fibre
and wavelength. Although these parameters may influence
collateral tissue damage, there is currently lack of standardi-
sation in setting the best operating parameters of diode laser
for orthodontic soft tissue procedures, which needs to be
investigated in future studies [76].

Diode lasers are useful in recontouring the gingiva to
gain access to the clinical crown, where there is gingival
overgrowth or in case of partially erupted teeth, which pre-
vent the proper positioning of a bracket. When planning
laser soft tissue procedures, the general guideline is to
leave at least 1.0 mm of pocket depth and to preserve at
least 2.0 mm of keratinised tissue to avoid further soft tis-
sue complications such as gingival recession [55]. The
aforementioned guidelines are based on the “biologic
width” concept, as measured from the free gingival margin
to the crestal bone, which is approximately 3 mm, consist-
ing of, on average, 1 mm of junctional epithelium, 1 mm of
connective tissue attachment, as well as a gingival sulcus
depth of approximately 1 mm [55, 69]. In order to decide
between the conventional flap approach and laser gingi-
vectomy, the gingivectomy location should be probed, and
the amount of attached gingiva, the location of the crest of
bone and the desired amount of crown lengthening should
be looked into based on the limitations of the biologic
width. In general, an average of 3 mm of soft tissue will
rebound (regrow) coronal to the alveolar crest in about
3 months [77].

12.1.9 Laser Gingivectomy to Improve Oral
Hygiene or Bracket Positioning

Difficulties in cleaning approximal tooth surfaces and
reduction in aerobe/anaerobe ratio of sub- and supra-gingi-
val flora [78, 79] may contribute to the gingival hyperplasia

and pseudo-pocketing. This is common following fixed
orthodontic therapy and can be seen in about 10% of orth-
odontic patients [76, 80]. Gingival enlargement often
impedes the maintenance of oral hygiene, causing aesthetic
and functional problems, and has been reported to compro-
mise orthodontic tooth movement [76,81,82]. Conventional
treatment for gingival enlargement often includes oral
hygiene instruction, scaling, root planing and prophylaxis,
but extensive and often fibrotic gingival enlargement com-
promises the self-care and may necessitate gingivectomy to
maintain oral health [76, 83]. The adjunct use of diode laser
gingivectomy can produce a greater and faster improve-
ment in gingival health of patient with gingival enlarge-
ment [76].

In addition, laser gingivectomy can be performed to
remove excess soft tissue and expose the crown of the par-
tially erupted teeth, allowing brackets to be placed properly,
ideally in the centre of the teeth, allowing maintenance of an
improved level of hygiene during treatment [55, 84].

12.1.10 Aesthetic Laser Gingival

Recontouring

Following active orthodontic treatment, it is not unusual to
“debond” - remove - adherent orthodontic brackets and
come across unsightly gingival margins not conforming to
the principles of smile aesthetics, presenting with short or
uneven crown heights, disproportionate tooth proportion-
ality ratios and unaesthetic enlarged and fibrotic interden-
tal papillae and gingival margins [7]. Aesthetic procedures
such as aesthetic crown lengthening or papilla flattening
can be technically demanding tasks in that the gingival
margins sometimes need very minor recontouring that
needs a higher degree of precision than that achieved with
a scalpel blade, regardless of the operator’s skill level [85].
Diode lasers offer the precise incision control because of
less bleeding and a clear dry field during surgery.
O Figures 12.3a-c show a patient who has undergone gingi-
val recontouring of the maxillary left central incisor and
lateral incisor.

12.1.11  Laser Exposure of the Superficially

Impacted Teeth

One of the most interesting applications of diode laser is for
exposure of superficially impacted teeth, in particular for
maxillary permanent canines, which are the most frequently
impacted teeth after third molars (0.92-4.3%) [86, 87]. The
conventional approach is to wait for the tooth to erupt,
which could delay treatment for months and affect treat-
ment efficacy adversely, or to refer for the placement of an
apically positioned flap or mucoperiosteal flap [70]. The flap
procedures are relatively aggressive in nature. Accurate
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O Fig. 12.3
hyperplasia at the maxillary left lateral incisor (UL2) region. (b)
Immediate post-operative appearance following local infiltration (2%
lidocaine). Laser operating parameters used were the continuous-wave
940 nm diode (InGaAsP) laser (Epic 10, Biolase, Irvine, CA), with a

(a) A preoperative image of a patient with gingival

localisation of the impacted tooth prior to laser exposure is
vital to establish if the impacted tooth is positioned superfi-
cially and not covered completely by bone, or needs referral
to an oral surgeon or periodontist for surgical exposure. The
presence of a labial bulge does not guarantee access to crown
after soft tissue exposure as clinical crown might be fully
covered by alveolar bone. The localisation should be based
on both clinical (blanching of tissue with finger pressure)
and, if in doubt, by radiographic examination [88].
Approximately, 85% of canine impactions occur palatally
and 15% buccally [88-90].

Diode laser exposure is not applicable in cases of full
impaction of teeth covered by cortical bone. In such cases, a
conventional full-thickness mucoperiosteal flap (palatal
impaction) or an apically positioned flap (buccal impaction)
and removal of cortical bone until the crown portion of the
retained tooth is exposed are recommended. When superfi-
cially impacted teeth are present, it is recommended to create
sufficient space before the surgical laser exposure to facilitate

400-pm diameter fibre-optic tip, in a contact mode after initiation
(power output = 1 W). Some carbonisation is evident at the laser
gingivectomy site. (c) Immediate post-operative close-up view after
gingivectomy

bonding an eyelet or bracket and apply orthodontic forces
right after laser exposure.

@ Figures 12.4a—c demonstrate a male patient with a buc-
cally impacted maxillary right canine, which has undergone
laser exposure right after exposure and at 24 h follow-up. Note
that the amount of post-operative inflammation is minimal.

O Figure 12.5a shows a buccally impacted maxillary left
canine, right after laser exposure (8 Fig. 12.5b), bonding
(B Fig. 12.5¢) and applying orthodontic force (B Fig. 12.5d)
as well as at 2 weeks (B Fig. 12.5e) and 11 months follow up
(8 Fig. 12.5f).

O Figures 12.6a—d illustrate the remarkable healing pro-
cess in a male patient with a palatally impacted maxillary
right canine, after palatal laser exposure.

O Figures 12.7a-j show another patient with a buccally
impacted maxillary right canine and a partially erupted
maxillary left canine. The gated-CW mode and pulse
duration of 1m second was used, which led to minimum
post-operative discomfort and excellent healing at
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B Fig. 12.4 (a) A male patient with a buccally impacted maxillary
right canine. (b) Immediate post-operative view of laser-assisted
exposure through soft tissue ablation. The bloodless field facilitates the
bonding process and placement of orthodontic brackets. Laser
operating parameters were the 940 nm diode laser (Epic 10, Biolase,
Irvine, CA), with an initiated 400-pm diameter fibre-optic tip, in a

subsequent follow-ups. The diode laser in this case clearly
provided bloodless site that allowed immediate orthodon-
tic bonding of the maxillary canines and reducing the
treatment time.

Compared to laser tooth exposure, a patient with a simi-
lar superficially palatally impacted canine usually is usually
referred for full-thickness mucoperiosteal flap, which can be
very aggressive and often needs placement of a protective
dressing (pack) over the surgical site whilst it heals [91]. The
use of scalpel usually involves suturing with stitches during
surgical procedure that need to be removed 1-2 weeks post-
operatively. [92] All demonstrated cases were performed
using the 940 nm diode (InGaAsP) laser (maximum power
output = 10 W, Epic 10, Biolase, Irvine, CA), using a 400-um
diameter fibre-optic tip, in a contact mode and after
initiation.

contact mode (gated-CW mode, average power output =1 W, pulse
duration = 1 ms, time on/time off = 50%). Time spent for the laser
exposure was approximately 10 mins. (c) Appearance at 24 h follow-up.
Note that the amount of inflammation is minimal. The patient reported
very minimal pain and discomfort during the first 24 h

12.1.12 Other Applications of the Laser Soft

Tissue Procedures in Orthodontics

Diode lasers have been used to uncover temporary anchor-
age devices (TADs), in frenectomy where highly attached
frenum impedes tooth movement in diastema cases, in
removal of operculum on mandibular second molars that
prevents banding, or to improve healing of minor aphthous
ulceration following placement of fixed orthodontic braces
[7,55,70].

12.1.13 Post-op Instruction

Literature review indicates suggestions such as keeping the area
clean, using soft-bristle toothbrush (or cotton swab), rinsing the
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O Fig. 12.5 (a) A female patient with a buccally impacted maxillary
left canine. (b) Immediately after laser-assisted exposure. A 940 nm
diode laser (Epic 10, Biolase, Irvine, CA) with an initiated 400-um
diameter fibre-optic tip, in a contact mode, was used (gated-CW mode,
average power output = 1 W, pulse duration = 1 ms, time on/time

off = 50%). Time spent for the laser exposure was approximately

mouth with salt water three or four times daily for several days
and removing any remaining tissue with a wet cotton swab [7,
55], rubbing vitamin E gel over the healing area (to aid in heal-
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10 min. (c) After bonding the bracket, please note that the bloodless
exposure site facilitates immediate placement of orthodontic bracket.
(d) Applying orthodontic force immediately after exposure reduces the
treatment time. (e) At 2 weeks follow-up. (f) at 11 month follow-up,
note the adequate amount of keratinised tissue at the maxillary left
canine buccal aspects

ing and keeping the treated area moist), as well as taking over-
the-counter analgesics such as acetaminophen (500-mg tablet
qid prn 3 3/7) that have been suggested for pain control [55, 76].
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O Fig.12.6
the safety protective glasses. The palatal canine bulge is clinically
evident. (b) Palatal view. (c) Immediately after palatal laser
exposure. Laser operating parameters were the 940 nm diode laser
(Epic 10, Biolase, Irvine, CA), with an initiated 400-um diameter
fibre-optic tip, in a contact mode (gated-CW mode, average power
output =1W, pulse duration = 1 ms, time on/time off = 50%). Time

(a) Preoperative appearance with the patient wearing

Laser Photobiomodulation
in Orthodontics

12.1.14

As previously mentioned, lasers with power outputs of
<500 mW are used in low-level laser therapy (LLLT) to pro-
vide biomodulation, wound repair and pain relief [55]. This
application involves two main uses including the acceleration
of orthodontic tooth movement and the reduction of orth-
odontic pain.

Lasers for Orthodontic Pain
Reduction

12.1.15

There is body of evidence confirming that placement of
orthodontic separators and initial aligning archwires
induce pain that reaches peak intensity at approximately

spent for the laser exposure was approximately 15 min. An
aggressive conventional full-thickness mucoperiosteal flap often
needs placement of a protective dressing (pack) over the surgical
site whilst it heals and is associated with significant bleeding in the
exposure site that can compromise the bonding process. (d) At

2 weeks follow-up. Please note the excellent healing without signs
of inflammation

24 h [91, 93, 94-97]. This pain caused by orthodontic treat-
ment can affect patient’s compliance and even force them to
terminate treatments prematurely [98].

Two recent systematic reviews that included meta-
analysis of the previous randomised controlled trials (RCTs)
investigated the effects of diode LLLT on orthodontic pain
[99, 100]. One stated that the comparison of laser versus pla-
cebo demonstrated that LLLT reduced the pain score signifi-
cantly compared with placebo groups (P < 0.00001) [99].
Furthermore, a trend of earlier pain termination in laser ver-
sus control and placebo groups was detected, but without
statistical significance (P > 0.05) [99]. The other study
revealed that diode LLLT significantly reduced orthodontic
pain by 39% in comparison with placebo groups (P = 0.02)
[91]. Diode LLLT was shown to significantly reduce the max-
imum pain intensity amongst parallel-design studies
(P = 0.003 versus placebo groups; P = 0.000 versus control
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O Fig. 12.7 (a, b) A male patient with a buccally impacted maxillary
right canine and a partially erupted maxillary left canine (c-f)
Immediate postoperative view after laser-assisted exposure and
bonding and following placement of orthodontic wire. Laser operating
parameters were the 940 nm diode laser (Epic 10, Biolase, Irvine, CA),

with an initiated 400-um diameter fiber-optic tip, in a contact mode
(gated-CW mode, average power output = 1 W, pulse duration = 1 ms,
time on/time off = 50%). Time spent for the laser exposure was
approximately 15 mins. Appearance at one week (g, h) and at 4 month
(i, j) follow- up
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groups) [100]. Authors of both systemic reviews concluded
that the use of diode LLLT for orthodontic pain appears
promising. However, due to methodological weaknesses,
there was insufficient evidence to support or refute LLLT’s
effectiveness [99, 100]. Therefore, RCTs with better designs
and appropriate sample power are required to provide stron-
ger evidence for diode LLLT’s clinical applications and iden-
tify the appropriate laser parameters such as irradiation dose,
power output, fluency and continuous/pulsed mode.

Lasers for Acceleration
of Orthodontic Tooth Movement

12.1.16

This area of investigation is quite recent, and new studies are
emerging. Receptor activator of nuclear factor kappa-B
ligand (RANKL) and its receptor RANK are members of the
tumour necrosis factor (TNF) and TNF receptor superfami-
lies and present a regulatory function in bone homoeostasis
[101]. The available limited evidence suggest that LLLT
increases the expression of RANK and RANKL [102] and
may have a rule in accelerating orthodontic tooth movement
[103-109]; however, identifying the ideal parameters of the
LLLT needs more investigations, such as the most effective
laser wavelength, power output, energy density, irradiation
dose and ideal time interval between them, as well as the
method of delivery.

Acknowledgment: The author (Ali Borzabadi-Farahani) is
grateful to AEGIS Communications for granting permission
to reprint excerpts from previously published material (Com-
pendium of Continuing Education in Dentistry 2017;38
(eBook 5):e18-e31).

Summary

The use of diode lasers for soft tissue procedures
and photobiomodulation introduced alternative
adjuncts for gingivectomy, to improve oral hygiene
or bracket positioning and gingival recontouring,
to enhance gingival aesthetics, and for laser
exposure of the superficially impacted teeth, to
reduce the treatment time as well as for reducing
the orthodontic pain or potentially decreasing
orthodontic treatment time. The diode laser
incision/excision is usually performed in a contact
mode, and the use of a 400-pm diameter fibre-
optic tip is recommended. Compared to scalpel
surgery, diode lasers offer a clean and bloodless
surgical site, with an added benefit of photobio-
modulation that enhances the wound healing and
reduces the patient discomfort. There is obviously
a strong argument for laser safety that can be
addressed with proper training. However, there is
paucity of data regarding the most effective
wavelength (810, 940 or 980 nm) for performing
diode laser gingivectomy or tooth exposure, as

well as other laser parameters such as continuous
or pulsed/gated mode of delivery, and the
optimum power output that requires further
research.

12.2 Photobiomodulation Concepts Within
Orthodontics
Mark Cronshaw

Lasers and LED phototherapy appliances have been the sub-
ject of many scientific in vitro, in vivo animal and more
recently clinical studies for a variety of non-surgical effects.
The possibility of applying photonic energy as a treatment
modality to biomodulate cellular, humoral, vascular and neu-
ronal tissue behaviour has been subject to many studies over
the past 45 years. The potential applications of lasers and LED
phototherapy for orthodontics include pain relief as well as
the possibility of shortening treatment time by accelerating
the rate of orthodontic tooth movement. Pain associated
with standard orthodontic treatment is a common problem,
and along with protracted treatment times, these issues rep-
resent a significant problem reducing patient compliance
and acceptance of treatment. Initial investigations studied
the observable effects of laser devices to influence pain and
discomfort experienced by patients associated with the
forces applied to teeth to achieve movement. The mecha-
nisms underlying orthodontic pain are discussed here along
with a discussion of the problem and an analysis of the cur-
rent literature.

12.2.1 Background

At present the consensus opinion is that further studies are
required to strengthen the evidence base and define the
optimum methodology; however, the published studies to
date are encouraging and indicate some positive clinical
benefits. In respect of the acceleration of orthodontic
tooth movement, there has been considerable interest as
reflected in the volume of published studies attempting to
use both in surgery laser devices and more recently the use
of patient home-use LED phototherapy appliances to
shorten treatment time. A description and discussion of
the various animal and clinical studies are presented here.
Due to the highly heterogeneous nature of the various
studies, there is at present no consensus on appropriate
treatment strategies, although this is clearly an area wor-
thy of continued investigation. The current evidence base
is inadequate. However, there are some interesting animal
and clinical studies which support this topic as worthy of
turther in-depth evaluation. The most recent clinical trials
use a patient home-LED therapy device which could
potentially represent an entirely new approach to shorten
treatment time and overcome a major obstacle to the
uptake of orthodontics.
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A variety of light sources have been investigated for
possible therapeutic gain in orthodontics for a range of
non-surgical applications. Of the optical sources investi-
gated, a variety have been applied, the majority of which
are diode semiconductor lasers or LED lights in the wave-
band range of 650-980 nm A variety of clinical applica-
tions have been proposed, for instance, as an adjunct to
the possibility of reducing the frequency of incidence,
duration and intensity of pain associated with standard
orthodontic therapies. Also, researchers have evaluated
the potential of phototherapy to accelerate orthodontic
tooth movement (OTM) or conversely enhance anchor-
age. Many of the published studies have used in-surgery
laser equipment, although more recently home applica-
tion devices for patient self-administration of home-based
phototherapy have been developed using transdermal or
intra-oral LED devices [110-112].

The potential clinical gain to treat orthodontic patients
taking advantage of the known physiological properties of
light is an intriguing area. There are many in vitro, in vivo
animal studies and some clinical trials and reports in the cur-
rent scientific literature. As a product of over 40 years of
research, quite a lot is known about how light can interact
with biological tissues which can result in a variety of possi-
ble beneficial effects. More bone, enhanced repairs, reduced
inflammation, vasodilatation and analgesia are amongst a
long list of possible effects [113, 114].

At the time of writing, there have been, within the past
3 years, over 10 systematic and narrative reviews on various
aspects of orthodontic phototherapy, assessing animal and
clinical studies that have been published during the preced-
ing 20 years. This high level of recent activity is indicative of
the considerable interest surrounding the claims of profi-
ciency in the literature. This is an area shrouded in confusion,
and notwithstanding the volume of publications, this is still a
subject with a developing scientific evidence base. It is the
intention here to offer an overview of the subject along with a
critical analysis and description of some of the various sug-
gested treatment strategies [110, 111, 115-122].

It is worthy of note to examine the reasons for the cur-
rent level of clinical interest and scientific endeavour. Every
year, many millions of children and adults worldwide
receive orthodontic treatment with a trend towards the
increasing uptake of this type of therapy by adults. A typical
course of orthodontic treatment can take between 12 and
24 months to complete with a variable amount of post-treat-
ment time for retention with appliances or fixed splints.
Orthodontic treatment can frequently be associated with a
variety of side effects, including variable degrees of pain and
discomfort, alveolar bone resorption, root resorption, caries
and a variety of periodontal issues. Due to the protracted
nature of orthodontic treatment and the various possible
associated complications, there can be a loss of patient
motivation. Also, extended treatment results in increased
costs, due to time away from school, work, extracurricular
and recreational activities. Particularly for adults the com-
mitment to time is a prime deterrent to patients to commit
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to this type of therapy. All of these issues result in a reduc-
tion in treatment uptake as well as failures in treatment
compliance. Any assistance that can improve patient com-
fort and shorten treatment length consequent to the accel-
eration of the rate of OTM can help to alleviate these risk
and challenges [123-130].

12.2.2 Pain Studies

It is accepted that orthodontic tooth movement involves a
complex cascade of processes consequent upon the cre-
ation of tensile and compressive areas in the periodontium.
An inflammatory response is essential in the remodelling
of alveolar bone and periodontal ligament during orth-
odontic tooth movement. As a response to the acute
inflammation, there is increased osteoclastogenesis and an
upregulation of matrix metalloproteinases associated with
tissue remodelling [131].

In response to the application of load, there is mechanical
stimulation as well as some damage of cells and tissues and
associated changes in blood flow. This is a trigger to a complex
pro-inflammatory cascade of cytokines including histamine,
bradykinin and prostaglandins amongst others. The nervous
system contributes to the physiology of the resultant periph-
eral inflammation mediated via neuropeptides such as sub-
stance P, neurokinin A and calcitonin gene-related peptide.
These potent mediators induce vasodilatation, increased vas-
cular permeability and the activation of nuclear factor kappa
B. The overall resulting biological response is to produce so-
called aseptic inflammation which results in the stimulation
of C-nerve and A-delta nerve fibres producing pain symp-
toms. These symptoms can vary in intensity and duration and
are most normally seen during the first hours after the appli-
cation of forces. Pain usually reaches a peak after around
18-36 h with a gradual decline over the following week. This
pain/discomfort experience is commonly associated with
fixed and removable appliances, separator and band place-
ment, bracket debonding and wire displacement. The conse-
quent deterioration in patient comfort can in prevalence
affect the majority of patients and is recognised as a key bar-
rier to the completion of orthodontic treatment [128-131].

Strategies to manage orthodontic pain have been pro-
posed, including the application of transcutaneous electrical
nerve stimulation, vibratory appliances and other methods
such as chewing gum or plastic wafers. The most common
option has been to prescribe non-steroidal anti-inflammatory
drugs (NSAIDS). These are effective in pain relief; however
they are associated with the hindering of osteoclastic activity
due to the inhibition of the production of prostaglandins via
COX2 suppression. Also, NSAIDs can be associated with
serious adverse effects such as gastric bleeding, ulcers and
allergy. Studies in experimental animals have demonstrated a
reduction in the rate of OTM in conditions where inflamma-
tion has been suppressed, and it is apparent that induced
acute inflammation is a necessary component associated
with OTM bone remodelling [115, 117, 118, 132-137].

12
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Laser phototherapy has been applied for the management
of acute and chronic pain for a wide variety of conditions,
including various arthropathies and neuropathies, as well as
to ameliorate the pain and discomfort associated with cancer
chemotherapy- and radiotherapy-induced oral mucositis.
The precise mode of operation of laser-induced analgesia is
still the subject of continued investigation. It is thought to
operate on a variety of local and systemic pathways including
the inhibition of axonal depolarisation; the selective
reduction of acute inflammatory mediators such as prosta-
glandins, IL1-B, IL-6 and TNF-o; vasodilatation and
improved lymphatic drainage; as well as systemic effects
mediated through humeral and peripheral neural pathways
[138-144].

A variety of laser wavelengths have been found to be use-
ful in producing analgesia including the helium-neon laser,
the diodelaser, the Nd:YAG laser, the Er:YAG and ErCr:YSGG
lasers as well as the CO, [114, 121, 138-140, 143, 145] (B see
also Table 12.2). Due to the potential for deep tissue penetra-
tion, consequent upon the low absorption of the incident
photonic energy by tissue chromophores such as water, the
wavelengths that may be best suited for this purpose are the
diode lasers as well as the Nd:YAG. Lasers differ from broader
spectrum light sources such as LEDs by virtue of narrow
waveband in comparison to the LEDs, as well as by being a
coherent light source, whereby all the photons are in the
same phase and space. This physical phenomenon can result
in the generation of areas of interference and amplification;
in turn, this can result in laser sources having deeper pene-
tration into tissues, compared to a noncoherent light source -
hence facilitating the delivery of an adequate dose. In
addition, a free-running pulsed laser such as the Nd:YAG can
have very high peak power (albeit for a very short pulse dura-
tion) which could, in principle, cumulatively permit suffi-
cient energy to reach deeper tissue layers to precipitate the
photochemical and photophysical changes associated with
analgesia. The choice of wavelength and type of laser applied,
however, has not been subject to a meta-analysis, and at this
stage, it is premature to make an evidence-based determina-
tion [114, 138, 159].

In respect of the orthodontic literature, two types of diode
laser have been used most frequently: the InGaAlAs laser (4
630-700 nm) and the GaAlAs laser (4 780-890 nm).

A recent review by Ren et al. [121] included a total of 14
eligible studies. It was noted that the output power and
energy delivered varied greatly between studies (0.18-9 J per
treatment point). There were marked differences in the
methodology of application as some studies used a single-
point method, whereas others used multiple points of appli-
cation along the root in contact with the mucosa. There was
also a range of application frequency from a single time
through to multiple additional irradiation within 1 week of
orthodontic treatment. Although the majority of studies
included supported the beneficial effects of laser irradiation,
it was a highly heterogeneous set of studies. Also, regrettably,

there was incomplete reporting of the parameters as impor-
tant information concerning beam size and energy density
was missing in some of the studies. In consequence, it was
not possible for the authors to draw conclusions as to the
merits of diode laser therapy for orthodontic pain control. It
was, however, noted that in respect of the prevalence of pain
that of a synthesis of two studies [150, 151] by meta-analysis,
the pain was reduced by 39% at a significant level compared
with the placebo. The time course of pain was investigated in
two studies which revealed that pain subsided significantly
earlier in the laser-treated group compared to the placebo.
Also, this interesting review paper noted that in the parallel-
type studies, there was a marked reduction in pain severity,
whereas in the split-mouth studies, this was only slightly
reduced. This may be explained by the possibility of cross-
over effects and photo-contamination of the test sites as well
as the proposal that laser-induced analgesia may, in part, be
mediated systemically, hence the different outcomes between
the two types of study.

A more recent systematic review by Sonesson et al. [110]
reported that of the 13 studies included, all reported a sig-
nificant reduction in pain amongst the treated patients. This
outcome was consistent with two previous systematic
reviews. Sonesson’s group applied strict measures for inclu-
sion and a high level of assessment to score the clinical trials
following the guidelines of The Swedish Council on
Technology Assessment in Health Care [160]. Sonesson et al.
identified inconsistencies in design of the studies, reporting
and different outcome parameters (acute pain as opposed to
delayed pain). The overall quality of the evidence was
regarded as poor, largely consequent upon inconsistencies in
study design and conformity of laser method applied. The
fact remains, however, that notwithstanding strict guidelines,
it was accepted that this is an evidence-based approach; the
significance of the level of pain reduction compared to the
placebo/control group was questioned.

There is the need to further develop the scientific under-
standing of the mechanisms underlying laser-induced anal-
gesia which has been found clinically useful in restorative
dentistry as well as in a variety of unrelated pain studies. The
orthodontic modulation of pain by laser is clearly an emerg-
ing area which shows some promise, and perhaps as the evi-
dence base further matures, this may in time turn into a
useful management approach for a highly significant clinical
problem.

12.2.3 Acceleration of Orthodontic
Tooth Movement

Many methods to accelerate tooth movement have been
attempted, including surgical corticotomy, pulsed electro-
magnetic fields, ultrasound, electrical stimulation and the use
of a variety of drug injections. For example, increased rates of
OTM have been reported following the administration by



261
Lasers in Orthodontics

D Table 12.2 Summary of data from recent clinical studies on acute pain [146-158]
Study Subjects  Study design Pain Wavelength  Power Time Frequency Result

(laser/placebo/ measure

control)
Lim [146] 39/39 Double-blind VAS 830 nm 30 mW 15 s=5 min 1/d 5d Null
(1995) placebo RCT GaAsAl

(split mouth)
Harazaki 20/20/44 Single-blind NRS 632.8 nm 6 mW 30 5-24 min 1 1Onset
[147] RCT (1-5) He-Ne
(1997)
Harazaki 20/20 Single-blind NRS 632.8 6 mW 30 s-5 min 1 Pain 48.4%)
[148] CCcT (1-5) He-Ne
(1998)
Fujiyama 60/60/30  Single-blind CCT ~ VAS 10,600 2000 MW 30s-1 min One Pain
[149] (split mouth) cOo2 40%)
(2008)
Tortamano 20/20/20 Double-blind NRS 830 nm 30 mW 16 s—37min One TResolution
[150] RCT (1-5) GaAsAl
(2009)
Doshi- 20/20 Single-blind VAS 800 nm 0.7 mW 30 s-o0 Day 125% d3
Mehta [151] RCT AlGaAs 0/3/7/14 138% d30
(2012)
Kim [152] 28/30/30 Single-blind VAS 635 nm 6 mW 30s-28 min  2x/d Twk 145% av
(2012) RCT AlGalnP
Artés-Ribas 20/20 Single-blind VAS 830 nm 100 mW 20-300s One 145%
[153] RCT GaAlAs
(2012) (split mouth)
Dominguez ~ 60/60 Single-blind VAS 830 nm 100 mW 22-44 s One 152%
[154] RCT GaAlAs
(2013) (split mouth)
Eslamian 37/37 Single-blind VAS 810 nm 100 mW 20-300s Two LVAS
[155] RCT AlGaAs d3 122%
(2013) (split mouth)
Nobrega 30/30 Double-blind VAS 830 nm 40.6 mW 25-125s One 188%
[156] RCT AlGaAs
(2013)
Abtahi 29/29 Single-blind VAS 904 nm 200 mW 7.5-30's 1x/d, 5d 140%
[157] RCT GaAs
(2013) (split mouth)
Heravi [158]  20/20 Single-blind m 810 nm 200 mW 30-240s Day: Null
(2014) CCT GaAlAs 4/7/11/15/28

(split mouth) 32/35/39/43/56

Adapted from Sonesson et al. [110]

The majority of studies demonstrated a reduction in pain following orthodontic procedural visits

local injection of biomodulators such as prostaglandins,
vitamin D, corticosteroids, osteocalcin or parathyroid hor-
mone. However, these agents are rapidly flushed from the tis-
sues, and daily injections are required for the delivery of some
of the pharmacological agents, such as corticosteroids.
Although these methods may confer advantages in shorten-

ing treatment time, they also have some drawbacks as they
may call for the use of specialist apparatus. The application of
chemicals can have negative effects on bone metabolism or
contribute to root resorption, and surgery in the form of
corticotomy can be an unpleasant experience for the patient.
Surgical approaches are by nature invasive requiring some

12
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surgical skill, or the administration of frequent painful injec-
tions may be required with drug injections which may reduce
patient acceptance.

By contrast, phototherapy is not associated with any neg-
ative side effects. Other than the need for good optical pro-
tection whilst applying intense light sources, there are no
common complications or safety concerns in relation to pho-
totherapy. Indeed, should in future the technique become an
evidence-based standard, there is the possibility of supplying
the patient with an appropriate home therapy appliance
which, if proven effective, could significantly reduce the bur-
den on resources and improve patient compliance [117, 122,
132-136].

Orthodontic treatment consists of directed tooth move-
ment and an associated cycle of bone apposition and resorp-
tion. Forces applied to teeth produce areas of compression
and tensile pressure in the periodontal apparatus, which
results in a change in osteoblast and osteoclast activity. An
extended duration of orthodontic treatment is associated
with an increased risk of root resorption, periodontal disease
and caries [122, 161].

On the application of an orthodontic force, a rapid acute
inflammatory tissue response is elicited. The subsequent
application of phototherapy apparently optimises the cellular
response permitting an increase in bone metabolism. It is rec-
ognised, however, that higher doses of phototherapy can have
an inhibitory effect on cellular metabolism. However this will
not result in tissue damage, providing the applied energy is
kept below the level required to significantly heat the tissues
to the point of protein degradation [114, 162].

As OTM requires the trigger to bone remodelling of
acute inflammation, it would appear counterproductive to
apply lasers which have been found to have selective anti-
inflammatory properties. Cytokines associated with the
acute inflammatory response such as TNF-a, IL-1 and IL-6
are known to be downregulated by red to near-infrared pho-
totherapy. Also, PGE2 is selectively downregulated along
with NFKB, and there is evidence of the selective apoptosis
of pro-inflammatory cells. However, there are many animal
studies demonstrating an increase in bone resorption and
apposition associated with the application of laser or LED
phototherapy. It is known that cellular physiology is signifi-
cantly affected by phototherapy, and depending on dose, a
variety of effects can be seen. For example, there is a change
in the redox status of the cells such that there is a strong
increase in the manufacture of ATP by mitochondria. In
addition, there is the release and increased production of
nitric oxide which is a potent vasodilator. There is a small
but significant increase in the production of reactive oxygen
species (ROS) which are recognised as being a potent trigger
for mitosis at low levels, whereas at higher levels ROS can be
associated with the activation of the heat stress protein
(HSP) cascade which can slow cellular metabolism. At even
higher levels, ROS can trigger cellular toxicity and apoptosis
[162-165].

Downstream effects of phototherapy include signs of
increased cellular activity such as increased motility, migra-
tion, differentiation and phagocytosis plus there is a consid-
erable increase in the rate of cell division (mitosis). Studies in
bone metabolism have found a sustained increase post irra-
diation in alkaline phosphatase, which is a key enzyme
involved in bone deposition as well as an increase in platelet-
derived growth factor (PDGF) [166, 167].

Studies conducted in animal models using rats, dogs and
rabbits have shown promise that laser and LED photother-
apy can improve OTM. Measures applied in the animal stud-
ies have included histology assessing bone density and
volume, the proliferation of osteoclasts and osteoblasts, the
number of capillaries and changes in the number of inflam-
matory cells. By using monoclonal antibodies, there have
been immunohistochemical measures for important cyto-
kines involved in bone remodelling, such as osteoprotegerin
(OPG) and the receptor activator of nuclear factor kappa-B
ligand (RANKL). Animal studies have used metrics on
movement of the adult first molar in rats and dogs, although
perhaps controversially a few of the studies used movement
of the rat incisor as the experimental model. There are stud-
ies looking at the effects on the mid-maxillary suture in rapid
macxillary expansion augmented with laser or LED photo-
therapy. Animal studies showed that the application of lasers
in the wavelengths of 650-940 nm increased the rate of tooth
movement 2-3x compared to control groups. In addition,
this outcome was supported by histological evidence of
increased cellular activity and significant signs of an increase
in bone remodelling compared to control [168-176].

In a recent animal study by Suzuki et al. [177], laser pho-
totherapy was found to increase the number of osteoclasts
present on the pressure side, whilst there was a correspond-
ing increase in the number of osteoblasts on the tension
side. Aside from the histomorphometric analysis, this inter-
esting study applied an immunohistochemistry analysis of
RANKL/OPG and tartrate-resistant acid phosphatase
(TRAP) activity. This further correlated the histological
findings of increased osteoclast activity in the test group on
the pressure side (elevated levels of RANKL and TRAP) and
increased bone apposition and osteoblast activity on the
tension side (an increase in OPG). Furthermore, the rate of
OTM was found to be increased by around 40% compared
to the control.

Animal studies represent a substantial body of evidence-
based research [111]; however, there is no agreement on
laser or LED wavelength, duration of treatment, frequency
of treatment, energy density applied or total dose (fluence).
Faced with a heterogeneous set of experimental studies
based on a variety of animal models ranging from rats, to
dogs, to rabbits, it is not possible to extrapolate the results to
human subjects. The animal studies are, however, highly
supportive of a possible future role for photobiomodulation
as an effective tool in accelerated bone metabolism in rela-
tion to OTM.
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12.2.4 Clinical Trials
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12.2.5 Current Trends

In respect of clinical trials, there are published anecdotal case
reports, case series, pilot studies and at present a relatively
few well-constructed randomised controlled trials.

The table below (B Table 12.3) summarises the clinical
trials that have been included amongst the many recent
reviews and systematic reviews on phototherapy and OTM.

As can be seen from the table of clinical studies [151,
158, 178-182], there is no agreement in respect of choice
of wavelength, parameters or frequency of application. It
is, however, apparent that in the studies with a positive
outcome, there is a trend towards a dose in the range of
2-8 J/cm? and that frequent applications of phototherapy
are required. Also studies which used high doses returned
a null result (Herravi, Limpanichkul [158, 179]). The
issue of standardised therapy delivery is a key problem
yet to be properly overcome as effective phototherapy
requires the administration of photonic energy within a
narrow range. Too little energy results in a zero response
as does an excessive dose, perhaps consequent to photo-
bioinhibition, as higher doses are associated with cellu-
lar stasis rather than stimulation of cellular metabolism
[162].

Conventional wisdom suggests that the therapeutic tar-
get for the beneficial effects of photobiostimulation falls in a
therapeutic dose delivered at tissue level of around 2-8 J/cm?
[183]. There are, however, many compounding factors which
may affect tissue penetration, not least of which is the depth
at which the target rests. Incident visible red to near-infrared
wavelength photonic energy is absorbed by a variety of tis-
sue chromophores including protein, haemoglobin and
melanin. At a target depth of 5-10 mm from the surface of
the tissues, the amount of light that penetrates can range
from 2 to 10% depending on the wavelength chosen as well
as local tissue characteristics, such as the presence of pig-
ments or dense layers of highly keratinised epithelium.
Further complicating factors that can make accurate dosim-
etry difficult include beam divergence (distance from the
surface), beam profile (typically it is Gaussian in distribu-
tion) and spot size at the tissue surface (which may have a
marked effect on energy density). As the very many laser and
LED devices are not the same, it is not at present possible to
make anything but highly tentative proposals on treatment
and management practices [113, 114](8 Fig. 12.8).

Amongst the significant drawbacks to the use of laser
phototherapy for accelerated OTM is that the equipment is
expensive to purchase and training is required to develop the
necessary clinical skills. There are also safety implications as,
due to the potential for serious optical damage, appropriate
eye protection is required. A further problem is that the
treatment strategies adopted to date require frequent re-care
attendance by patients, which has important implications for
the logistics of the availability of appropriately trained per-
sonnel.

More recently, clinical studies have tested the use of LED
phototherapy as an alternative to lasers to modulate the rate
of OTM [184-187]. LED devices are relatively inexpensive
compared to laser equipment. In addition, the output power
and the absence of optical coherence which is inherent to
lasers reduce the potential optical hazards. Finally, in a
departure from previous surgery-based equipment, devices
have become available which are intended for self-
administration at home. This has important advantages over
office-based systems, as it can reasonably be anticipated to
improve patient access to treatment. Potentially this may
have an impact on compliance whilst reducing the need for
repeated visits to the operatory over a period of many
months. The use of a handheld laser by a skilled operator is
time-consuming and requires frequent applications.

The first of this type of appliance was a transdermal
device which used a near-infrared wavelength of 850 nm.
The initial reports on a retrospective cohort study by Kau,
Kantarci and Shaughnessy et al. [184] assessed a treatment
time of 20 or 30 min on a daily basis or a single 60 min
treatment (B Fig. 12.9), once a week by the patients at
home. The surface of the cheek was irradiated at a power
density of 60 mW/cm?, and the 73 test subjects were com-
pared to a control group treated by another centre without
the intervention. Tooth movement was assessed by Little’s
Irregularity Index (LII) which is a quantitative measure of
five contact points. The technique involves measurement
directly from the mandibular cast with a calliper (cali-
brated to at least tenths of a millimetre), held parallel to
the occlusal plane. The linear displacement of the adjacent
anatomic contact points of the mandibular incisors is
determined, the sum of the five measurements represent-
ing the Irregularity Index value of the case. Assessments
were conducted at baseline, then every 2 weeks for a
6-week period and then every 4 weeks until alignment was
achieved. The average results appeared to demonstrate that
the mean rate of change in LII was 0.49 and 1.12 mm/week
for the control and test groups implying an increase in the
rate of OTM by two- to threefold. There are, however,
issues related to the design of this groundbreaking study,
as the intervention was not a randomised controlled or
blinded trial. In addition, different operators were involved
in placing the fixed appliances which may have used differ-
ent bracket systems. The test group is noted by the authors
to have at the outset a higher LII, and the authors acknowl-
edge that there was the need for a larger and longer clinical
trial to assess the long-term stability of the outcome. The
study was sponsored by the manufacturer of the appliance,
and this study can at best be viewed indicative of the need
for further independent and better designed studies.

The same appliance was subsequently subject to an inde-
pendent hospital-based controlled clinical trial by Chung
et al. [185]. This was a split-mouth randomised controlled

12
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B Table 12.3 Summary of clinical trials included in recent systematic reviews

No  First author N Laser Application Result
(publication velocity
year) Laser  Wave- Power, Dose Total Irradiation ~ Applied  Force

type length time (J/cm [2])  energy (j) interval tooth (9)

70  Cruz[178] 1 Diode 780 nm 20mW,10s 5/point 0.2/point 4 days of Canine 150 Increase

(2004) laser 0.04 cm? 50/ 2.0/session each 34%
session month (2
months)

71 Limpanichkul 12  Diode 860nm 100 mW, 25/point 2.3/point First 3days  Canine 150 No
[179] laser 23s 200/ 18.4/ of each effect
(2006) 0.09 cm? session session month (3

months)

72 Youssef [180] 15 Diode 809 nm 100 mW, No 8.0/session 0,3,7, Canine 150 2 X
(2008) laser 10/20/10s informa- 14 days Increase

tion (6
months)

73 Sousa [181] 13 Diode 780 nm 20 mW, 10s 5/point 0.2/point 0,3,7 days Canine 150 2x
(2011) laser 0.04 cm? 50/ 2.0/session of each Increase

session month (4
months)

74  Genc[182] 20 Diode 808nm 20mW,10s  0.71/ 0.2/point 0,3,7,14, Upper 80 20-40%
(2013) laser 0.28 cm? point 2.0/session 21,28 days lateral increase

7.1/ incisors (1
session month)

44 Doshi-Mehta 20 Diode 800nm  0.25mW, 8)J 2.5mJ/ 0,3,7,14, Canine 150 Increase
[151] laser 10s 10/ point 29,44 days 30%
(2012) 0.04 cm? session 8.0J/

session

51 Herravi [158] 20 Diode 810 nm 200 mW, 21.4) 6 J/point 04,711, Canine 150 No

(2014) laser 30s 10/ 60)J 15,28, 32, effect
0.28 cm? session 35,39,43,
56 days

Adapted from Kim et al. [110]

High-dose regimes were not beneficial, whereas low doses of 2-8 J/cm [2] increased movement by 20-40%

clinical trial, which assessed closure of single tooth extrac-
tion sites. LED phototherapy was applied to one side for
21 min/day, and the LED array was inactive on the
contralateral side which acted as the control. The output
power was set by the manufacturer at 150 mW/cm? (from
private correspondence to the authors) resulting in a sum
total of 189 J/cm? delivered daily. Measurements from casts
were taken by two independent and blinded assessors on a
sum total of 17 dental arches from 11 orthodontic partici-
pants — all of whom required bilateral symmetrical extrac-
tion of premolars. Three measurements were taken at the
outset (T0), at 3-7 weeks after the initiation of space closure
(T1) and again at a further 3-7 weeks (T3) after TI.
Compliance of home use was measured by the device as well
as a record maintained by the participants. The results were
that there was no discernible difference in outcome between

the test and control sites. It is worthy of note that the rate of
compliance by the subjects was reported at around 80% over
the study period. This well designed and conducted study fol-
lowed the CONSORT statement guidelines, and there were
no declared conflicts of interest. The authors recognise that
there was the potential for photo leakage to the contralateral
side. In private correspondence, the authors stated that they
sought in their analysis to detect any indication of either
stimulation in either or both the control and test sites.
However, both sites were found to be the same and also that
the outcome was comparable to patients treated with conven-
tional fixed appliance therapy.

The transdermal LED appliance required high output
power, to compensate for the high absorption and scatter
of the incoming photonic energy. It is debatable whether
a meaningful dose can be reliably delivered at depth to
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O Fig.12.8

Images illustrating points of application using in this case a 940 nm diode laser in contact with the mucosa at 5 points buccal and

palatal to the canine undergoing retraction (Courtesy of Dr Premila Suganthan)

O Fig. 12.9 Aninitial model of
the LED extra-oral transmucosal
phototherapy appliance for
patient home use. Reproduced
with permission from Biolux
Research Ltd.

O Fig. 12.10 The latest version
of the patient home-use LED
phototherapy device uses an
intra-oral tray lined with arrays of
850 nm LEDs. This appliance is
intended for daily home use, and
it meters frequency and duration
of use. Images reproduced by
permission of Biolux Research
Ltd.

the target tissues, as the administered light had to cross
three layers of highly keratinised epithelium to reach the
target tissues. Anatomical variations in cheek thickness
between individuals and issues, such as superficial skin
pigmentation, effectively prohibit a reliable and repro-
ducible protocol.

In a recent pilot clinical trial conducted by Shaughnessy,
Kantarci and Kau et al. [112], a further design of LED home-
use appliance was tested (B Fig. 12.10). This time, the device
was placed intra-orally, and the 850 nm LED arrays are built

into an intra-oral applicator tray with a declared output
power density of 42 mW/cm?, used for 3.8 min/day for each
arch treated. Nineteen patients were conscripted into the
study with the first eight patients being enrolled as the con-
trol group of ten arches (three upper and seven lower). The
next 11 patients were the test group who provided a total of
18 test arches (ten upper and three lower arches). As in the
previous study, the unit of measurement was Little’s
Irregularity Index, and measurements were taken from casts
by a blinded technician. Measures were taken from casts at
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the outset (T0) and at a second point at which by visual
assessment supported by photographs, LII was estimated to
have reached <1 mm. The outcome reported was that the
average period to achieve alignment was 48 and 104 days for
the test and control groups.

The authors recognise some limitations to the study as
there was no sham device used. The sample size was small,
and there were some inconsistencies in the type of bracket
applied. Again, this was a company-sponsored study, and it is
noteworthy that the control group had a preponderance of
lower arches compared to the test group. In addition, as rec-
ognised by Chung et al,, there can be differences in parallel-
type studies between participants; there can be variation in
jaw and tooth positions and growth patterns between indi-
viduals, which can make comparisons between test and con-
trol unreliable especially in small study group sizes.
Shaughnessy et al. conclude that overall treatment time in the
test groups was significantly reduced, although the authors
recognise the need for a larger randomised sham-control
clinical trial to further assess the effects of daily patient-
administered intra-oral phototherapy.

Most recently, Shaughnessy et al. [186] have published
anecdotal clinical reports appearing to support the value of
LED intra-oral phototherapy. There is a remarkable case
report from Ojima et al. which describes a patient treated
with the LED intra-oral appliance, Invisalign clear aligners
for upper and lower anterior crowding, an anterior open bite
and a lateral incisor crossbite with a v-shaped maxillary
arch. Usually a patient would require a new pair of upper
and lower aligners once every 2 weeks over a period forecast,
in this case to be 21 months. The device was used by the
patient for 5 min for each arch daily. Ojima et al. [187] report
that following the adjunctive daily use of the LED intra-oral
device, the aligners were changed every 3 days and that the
whole course of treatment was completed in 6 months.

However, clinical reports and poorly controlled non-
randomised case series, in the absence of adequate blinding,
are at the lowest level of evidence base and can at best only
be viewed as indicative of the need for further well-designed
assessments by controlled randomised clinical trials. It can
only be concluded that there is at present no adequate scien-
tific base to support the integration of this highly innovative
technique of patient self-administered therapy.

Conclusion

Based on in vitro, in vivo animal studies and a limited scientific
clinical evidence base, the prospects for the use of clinical pho-
totherapy in orthodontic case management look promising.
However, there is much that is still not known about the dosim-
etry of phototherapy and the consistent delivery of photonic
energy to the correct target tissue depth. Significant efforts are
needed to standardise the clinical dosing and delivery proto-
cols of phototherapy, to ensure the maximal efficacy to achieve
analgesia and manipulate the cellular and molecular processes
associated with bone remodelling. In addition, as in many
other areas of clinical practice, more high-quality research is

required, prior to general acceptance of this method as an evi-
dence-based approach.
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