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Lasers and soft tissue: periodontal therapy
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Pertodontology exists as a major specialty within clinical dentistry that has developed through the extensive research
carried out into all parameters pertaining to a ‘best practice’ approach. With the advent of surgical lasers into clinical
dentistry, considerable interest has been shown in the possibie benefits that might be derived from the adjunctive effects
of bacterial control and haemostasis that are associated with laser use. Despite the number of publications on the subject,
there is still controversy over the use of tasers in periodontology. The following paper will outline the procedures that have
been advocated for laser use and provide a review of the literature.
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SURGICAL LASERS AND PERIODONTOLOGY

The use of surgical lasers in periodontology is

explored in three areas of treatment (Fig. 1):

& Removal of diseased pocket lining
epithelium

» Bactericidal effect of lasers on pocket
organisms

« Removal of calculus deposits and root
surface detoxification.

Whatever benefits that may exist through
the use of lasers, the prime responsibility of
the clinician is to diagnose the existence of
periodontal disease, establish and moedify
aggravating factors, treat the condition and
seek to maintain health. As such, the use of
lasers should be seen as adjunctive and sup-
plemental to established protocols.

When integrated into a sound approach to
pocket reduction, all current dental wave-
lengths have been advocated for the removal
of diseased epithelium (Table 1). Added to the
current wavelengths is the recent dewvelop-
ment of a frequency-doubled (wavelength-
halved) Nd:YAG laser at 532 nm, termed the
KTP laser, which has a range of action simi-
lar to that of the 810 nm diode. 'KTP’ denotes
potassium titanyl phosphate - the crystal used
to effect the frequency doubling of the 1,064
nm wavelength.

The haemostatic advantage of using laser
energy confers a controlling factor that is
beneficial to both clinician and patient. Con-
ceptually, in a periedontal pocket that is essen-
tially supra-bony, the removal of hyperplastic
soft tissue, together with a reduction in bac-
terial strains, renders the post-laser surgical
site amenable to healing within normal limits,
Where the pocket is infra-bony, a number of
procedures have been advocated, including
laser-ENAP! (excisional new attachment pro-
cedure), where the Nd:YAG (1,064 nm) laser is
used in a non-flap procedure to reduce pocket
depths of several millimetres, through a suc-
cession of treatment appointments.

A number of studies have been carried out
to support the action of laser energy on vari-
ous bacterial strains implicated in chronic
periodontal disease. Short wavelength lasers
interact with pigmented strains, whereas
longer wavelength laser energy is absorbed
by cellular water, leading to fragmentation of
cellular structure.

Calculus, being a non-uniform mixture of
inorganic salts, organic material, bacterial
strains and water, can be viewed as a ready
absorber of all wavelengths. However, the
close association of calculus deposits with
tooth and periodontal structures does pose
a potential risk of collateral damage. Of the
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Fig. 1 Areas of treatment where
laser use has been demonstrated
and investigated

Bacterlal contamination

Diseased epithelium

Caleulus deposits

wavelengths investigated, erbium YAG (2,940
nm), erbium Y5GG (2,780 nm) and frequency-
doubled alexandrite (FDA, 377 nm} have been
shown to interact and remove calculus selec-
tively, with unwanted effects of a magnitude
comparable with conventional techniques
involving hand-instruments.

RISK ANALYSIS OF LASER USE
Notwithstanding non-structural factors such
as local and systemic host susceptibility and
genetic and lifestyle influences, the diseased
pericdontal pocket remains a complicated
and’ potentially delicate structure fo treat
Added to this, most laser delivery systems
depend on an axial, end-on emission of light
energy, which renders the target tissue liable
to a potential build-up of direct and conduc-
tive heat effects. Consequently, there exists a
profound need to limit laser power values to
the minimum required to establish a desired
effect and to avold unwanted interaction,
both with the tooth and perjodental attach-
ment apparatus.

The lack of tactile feedback, together with
the ‘*blind' treatment of non-reflected peri-
odontal flaps, renders the need for caution as
paramount. A detailed and therough record of
the diseased periodentium must be obtained
prior to laser use as well as a respect for the
need for conventional debridement to co-
exist. In this way, only the proven benefits of
laser use can he employed as an adjunctive,
to maximise the outcome of the treatment
in general. The temptation merely to expose
a periodental pocket to any laser energy, in
the expectation that a magical resolution of
the condition would ensue, undermines the
professional approach to the patient and is to
be deprecated.

DE-EPITHELIALISATION OF THE PERIODONTAL
POCKET

The development of the quartz optic fibre
delivery system associated with the diode and
Nd:YAG group of lasers, with diameters of
200-320 pm, makes access into the periodontal
pocket extremely easy. Lenger wavelengths,
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where non-quartz deliveries are required, rely
on fine bore waveguide probes and sapphire
hand-piece tips, which are slightly wider, but
which have been designed for the purpose
{Figs 2-4).

Following the remaval of all hard and soft
deposits through scaling and/or root-planing,
the pocket architecture is re-assessed, espe-
cially the depth. The laser probe or fibre is
measured to a distance of one to two millime-
tres short of the pocket depth and is inserted
at an angle to maintain contact with the soft
tissue wall at all times. Using laser power val-
ues sufficient to ablate the epithelial lining
(approximately 0.8 W CW diode, 100 mJ{20
pps, 2.0 W Nd:YAG and Er:YAG/YSGG, 1.0 W
CW CO,), the laser probe isused in a light con-
tact, sweeping mode to cover the entire soft
tissue lining. Ablation should commence near
the base of the pocket and proceed upwards,
by slowly removing the probe (Fig. 5).

It is often seen that some bleeding of the
pocket site will occur. This may be due to
disruption of the fragile inflamed pocket
epithelium, but in terms of laser haemosta-
sis, the power levels employed are low and
designed to remove the epithelial surface and
decontaminate. Regular inspection should be
carried out to prevent the build-up of abla-
tion debris on the fibre or probe end, which
should be cleaned with damp sterile gauze.
Each pocket site should be treated for 20-30
seconds, amounting possibly to two minutes
per tooth site, with re-treatment at approxi-
mate weekly intervals during any maximum
four-week period. Gentle pocket probing and
measurement to establish benefits of treat-
ment should be resisted during this period.

Several laser-related studies have appeared
in the periodontal literature to date.*'* Case
reports have recommended the diede laser
(810 nm), along with the Nd:YAG (1,064
nm), for treatment of periodontal pockets by
laser sub-gingival curettage. However, these
reports offer no evidence that these proce-
dures are superior to conventional scaling and
root planing alone. The American Academy of
Perindontology, in its position statement on
lasers in ENAP'? states ‘The Academy is not
awgre of any published data that indicates that
the ENAPF laser procedure is any more ¢ffec-
tive for these purposes than traditional scaling
and planing’ 1%15-22 This is sharply contrasted
by reports by Gregg and McCarthy, reported
in later journals.?3-5 In 2004 in a study pre-
sented by Evans?® to review the new attach-
ment procedure on a sample of six cases,
evidence was given to show new cementum
and bone growth, including periodontal liga-
ment. What must be considered is the extent
to which such treatment can be empirically
assessed, when many deep periodontal lesions
often merit tooth stabilisation and ocelu-
sal guarding. Furthermore, there are [imited
evidence-based clinical trials to substantiate
the clinical benefits of laser-assisted sub-

gingival curettage and the presence of root
surface damage following this procedure has
been reported,?” The carbon dioxide laser has
been shown to enhance periodontal therapy
through a de-epithelial technique in conjunc-
tion with traditional flap surgery procedures.
It has been demonstrated that the CO, laser
can be used to de-epithelialise the flap dur-
ing surgery and it has enhanced reduction in
periodontal probing depths. %13 Several con-
trolled studies have assessed the use of laser
therapy combined with conventional scaling
and root planing, although these investiga-
tions demonstrated no benefit or only slightly
improved treatment outcomes.25-31

Fig. 2 Quartz fibre assembly for use
with eg dlode and Nd:YAG lasers

Fig. 3 Focussed waveguide tip for
use with CO,, laser wavelength

Fig. 4 Sapphire tip for use with
Er:YAG laser wavelength

Fig. & Ouartz fibre (diode {aser)
befng used in a periedontal pocket,
Some bleeding is expected, as
sufficient Jaser encrgy is used only
to remove the epithelial lining of
the pocket
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Fig. 6 (left) Angled tip for use with
Er:YAG lager in calculus removal

Fig. 7 (right) Quartz tip for usc
with frequency-doubled alexandrite
laser (377 nm)

Fig. B (left) Radiograph of infra-
hony pocket associated with LL
first molar

Fig. 9 {right) Mucoginglval flap
ralsed to show granulation tisste
within pocket

Fig. 10 (Ieft) Subgingival calculus
deposits being removed from infra-
bony pocket with Er:YAG laser

Fig. 11 (right) Defect filled with
atlograft bone matrix

Fig. 12 (left) Healing site at
three months

Fig. 13 {right) Radiograph showing
bony infill of defect

Fig. 14 (teft) Pre-operative crown
lengthening site (reproduced with
permission of Dr Donald Coluzzi,
Redwood City, CA, USA)

Fig. 15 {right) Flap ralsed, showing
lavel of alvealar bone (reproduced
with permission of Br Donald
Coluzzi, Redwood City, CA, USA}
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Conversely, a study in 2003 by Schwarz
et al32 using an erbium laser indicated that
non-surgical periodontal therapy with both
an Er:YAG laser plus scalingfroot planing
(SRP) and an Er:YAG laser alone, led to signif-
icant improvements in all clinical parameters
investigated; also, the combined treatment Er:
YAG laser plus SRP did not seem to addition-
ally improve the outcome of the therapy com-
pared to Er:YAG laser alone,

LASER BACTERIAL REDUCTION

Among the bacteria most implicated in peri-
odontal disease and bone loss are Actinobacil-
lus acrinomycetemcomitans, Porphyromonas
gingivalis and Bacteroides forsythus. Other
bacteria associated with periodontal diseage
are Treponema denticola, T. sokranskii and
Prevotella intermedia. These latter bacteria,
together with P. gingivalis, are frequently
present at the same sites and are associated
with deep periodontal pockets. Most studies
reported in the literature focus on the in vitro
action of varfous laser wavelengths on these
selected bacterial species.

The effectiveness of any laser wavelength
is dependant upon the absorption character-
istics of the target bacterial structure (water,
pigment} being matched by the incident beam.
In addition, in vive, the indeterminate exist-
ence of definable parameters of laser energy
dosage, concentration of bacterial colonies
and accuracy of exposure, may give rise to
some scepticism as to the predictability of
this therapy. However, the conjunctive use of
lasers within conventional periodontal ther-
apy, both in vitre and in vive, does supportthe
clinical picture of a beneficial role of lasers in
pocket decontamination.

Many studies have been carried out to dem-
onstrate the effectiveness of laser energy
on bacterial strains found in the diseased
pocket.33-36 Some studies have reported on the
additional role of laser use in conjunction with
scaling and root planing and locally-applied
antibiotic preparations. ¥ It is evident from
the numerous studies undertaken in this field
that the levels of incident energy employed
are essentially sufficient to ablate bacterial
cellular structure; what appears to be difficult
to quantify is the protocol required to render
any periodontal pocket ‘sterile’.

A recent study by Bornstein®® cites an inne-
vative use of a diode {810-830 nm]) laser, in
 conjunction with methylene blue, to address
some of the difficulties of using this wave-
length within the confines of the periodon-
tal pocket. All too often, the build-up of char
and de-natured protein material on the deliv-
ery fibre of the (emitting CW) diode laser,
results in the development of a carbonised
tip, with the temperature rising in excess
of 700°C. If not removed, this leads to an
attenuation of the subsequent laser beam,
replaced by the secondary emission of radiant
thermal energy from the carbonised deposits

{*hot-tip effect’). The conductive heat effects
that result lead to unwanted damage to the
delicate tissue structure. The use of a chemi-
cal mediator, such as methylene blue, serves
to act as a heat sink for the thermal energy
and to enhance bacteriocidal action. This
proposal, along with extension of the con-
cept of photo-activated disinfection in
cavity preparation, remains the subject of
further investigation.

LASERS AND CALCULUS REMOVAL

The predominance of Nd:YAG and CO, laser
wavelengths in dentistry until 1994 gave
good ground to the viewpoint that calculus
removal using laser energy was either incom-
plete or fraught with damage potential to
surrounding tisswes.234%-42 The development
of ErYAG and Er,CriYSGG, together with
innovative near~-UV wavelengths such as fre-
quency-doubled alexandrite (FDA, 377 am),
has given encouragement to the safe use of
these lasers in caleulus removal.

In orderto provide access to caleulus depos-
its, specific laser hand-piece tips have been
developed for use with the mid-infrared
erbium wavelengths (Fig. 6).

The shorter FDA wavelength is delivered
through an optic fibre (Fig. 7) and to date,
remains a developmental machine. How-
ever, further investigation is anticipated
into the use of diode-based lasers of wave-
lengths in the region of 400 nm, which would
still prove Interactive with caleulus,- but
avoid some claims that the 377 nm’ wave-
length might give rise to ionising effects in
target tissue.

‘The poorly-calcified deposits, together with
higher water content, has rendered supra- and
sub-gingival calculus susceptible to de-frag-
mentation through photo-mechanical abla-
tion with the erbium group.*?*% Potentially,
this enables deposits to be removed using
laser energy levels less than those required
for ablation of dental hard tissue {Figs 8-
13). This is borne out in a study by Aocki et
al.,*® where laser power levels as law as 0.3
‘Watts have been shown to be sufficient to
ablate calculus, Intriguingly, the same centre
reported that the efficiency of EriYAG in cal-
culus removal was less than that of ultrasonic
instrumentation 4

The advantage of using the 377 nm laser
is based on studies that have shown the dif-
ferential increased absorption of this laser
by calculus, as opposed to cementum and
dentine.48-50

In addition to the treatment of periodontal
disease, erbium YAG and erbium YSGG lasers
can be used to carry out bone remodelling,
Whilst the effectiveness of these wavelengths
on bone is discussed in greater detail in the
later article on lasers and hard tissue, the
clinical results obtained within the manage-
ment of the alveolus/periodontium complex
are most promising (Figs 14-18).
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Fig. 16 Erblum YAG laser being

used with water spray to remove
unwanted bone. Note the angulation
of tip te aveld damage to the root
surface (reproduced with permission
of Dr Donald Celuzzi, Redwood City,
CA, USA)

Fig. 17 Healed surgical slte at one
month (reproduced with permission
of Dr Denald Coluzzi, Redwood City,
CA, USA)

Fig. 18 Final restoratien in place
(reproduced with permission of Dr
Donald Coluzzi, Redwood City,
CA, USA)

CONCLUSION

Considerable debate continues as to the effec-
tiveness and/for efficiency of lasers in the field
of periodontology. In those geographical areas
of the world where hygienists and other aux-
iliaries are able to carry out surgical pocket
debridement, there is considerable enthusi-
asm for use. Generally, conventional opinion
remains unequivocal as to laser usage, despite
the number of studies carried out. The many
anecdotal reports as to beneficial use of lasers
serve only to establish an opinion as to laser
effectiveness and certainly there is agreement
amongst protagonists as to the improvement

in tissue health following laser treatment. The

difficulties in establishing a series of proto-
cols, addressing differences in periodontal
pocket architecture, presence and extent of
disease and deposits, laser power parameters
and which laser wavelength is at all superior,
will only serve to allow the debate to con-
tinue. What is quite evident is that, whilst any
‘closed’ procedure within the pocket demands
skill and consideration, the use of any laser
should be adjunctive and thorough knowledge
of potential damaging factors appreciated.

Perhaps nowhere else is the maxim ‘mini-
mal power to achieve the desired effect’ more
appropriate that in this field of dentistzy.
From the review of the literature, it is person-
ally felt that there is 2 need for greater contral
of studies that reflect objectivity and reduce
subjectivity, In order to provide confidence
for practitioners in maximising the benefits
of lasers. Through this approach, laser use can
be anticipated to gain greater acceptance in
the field of periodontology.

Perntission granred by Dr Donald Coluzzi, Redwood City,
California, USA 1o reproduce his clinical phorographs of
crotwn lengrhentng treatmens is acknowledged.
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