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Abstract Lasers have been used for many years in oral  the CO; laser seems to be more of value than conventional

surgery and implant dentistry. In some indications, laser  methods, However, further studies are required to assess

treatment has become state of the art as compared to  standerd protocols. Over the past years, research identified

conventional techniques, This article is a comprehensive  some new indications for laser treatment in oral surgery and

review of new laser applications in oral surgery and implant  implant dentistry. Moreover, well-known laser applications

dentistry. One of the most interesting developments over  were defined as state of the art. Nevertheless, forther studies

the last years was the introduction of the 9.6-um CQ, laser. are required for laser treatment in oral surgery and implant

It has been shown in the recent literature that the use of this  dentistry.

new device can preserve tissue with almost no adverse

effects at the light microscopic level. In contrast, modifica-  Keywords Laser- Oral surgery - Implant dentistry

tions of approved CO, laser therapies of premalignant

lesions resultcd in higher recurrence rates than the

conventional defocused laser technique. However, several Introduction

studies indicate that other wavelengths such as Nd—-YAG

(A=1,064 nm) or diode lasers (A=810 nm) may be also of  ‘This acticle is a comprehensive review of recent laser

value in this field. In many other indications, the use of  applications in oral surgery and implant dentistry, providing

lasers is still experimental. Intraoperatively used photody-  information for dentists and oral and maxillofacial sur-

namic therapy or periimplant care of ailing implants with  geons. Therefore, the anthors focus on new laser techniques
in osteotomy, treatment of premalignant lesions, fluores-

- - cence spectroscopy and photodyvnamic therapy (PDT),
This work was presented in part as a keynote Jecture at the 10th Hmplant £ ailing implants. and local hemostasis
Anniversary Meeting of the Intemational Society for Lasers in periimplant care ol alimg mp ? D. . -
Dentistry, Berlin/Germany, May 18-20, 2006, To understand the use of laser surgery, it is necessary lo
know the fundamental principles of laser light. Unlike other
light sources, lasers emit coherent, monochromatic, and
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indications, within the last years, the latter seem to be of CO; laser. Th_c laser cz.m:sed an even jower temperature rige
increasing interest. ' than cox{ventxonal drilling when wusing this device for
Whether a laser system is suitable for incisions,  osteotomies on. larger bone segments compared to smal]
vaporization, or coagulation is determined by the wave- bqne sl%ce.s. Moreovar, the laser showed acceptable efficacy
length, the energy fluence, the optical characteristics of the ~ with drilling times comparable to a conventional drill,
tissues, and how the laser is operated. In continuous mode, In another study [1], bony osteotomies were produced in
the laser provides a constant and stable delivery of energy.  six patients “fith 60-1s pu]se.s of a pulsed 9.6-um CO, laser
Pulsed laser systems, in contrast, provide bursts of energy. and a scanning system. Histologic sections revealed ng
f.asers within the ultraviolet region (100 to 380 nm) are  chaming, but a very thin basophilic zone was seen nexi to
able to ionize fissues, a process known as photochemical  the cut surface. Cutting trabecular structures resulted in a
desorption. Lasers of longer wavelengths, especially those coagulation zone of 20—-150 pm. The author concluded that
within the infrared part of the spectrum (700 to 10,000 nm),  clinical use of a 9.6-um CO; laser as a cutting tool can be
cause significant tissue heating. Most of the surgical lasers  considered to preserve tissue with almost no adverse effects
are embedded in this group and comprised as thermal  at the light microscopic level.
lasers, The light of these lasers is rapidly converted to
thermal energy, ciusing denaturation of proteins, decom-
position of tissue, microexplosion of cell water, and  Lasexrs in premalignant lesions of the oral mucosa
chaming. However, recent studies showed that the CO,
laser at 9.6 pum made an important step foward replacing  According to the literature, malignant transformation of
conventional osteotomy technigues [1, 2). premalignancies such as oral leukoplakia and oral lichen
planus oceurs in up to 28% of these lesions [4]. Consequently,
due to the high rates of malignant transformation and

New laser applications in oral surgery and implant basically unchanged prognosis of head and neck cancer,
dentistry early treatment of premalignant lesions is mandated. Even

though there are some reporis in the lterature on laser-
Laser osteotomy assisted tumor treatment, surgery is mostly performed

conventionally. As an alternative to the scalpel, the CO,
For most patients, dsills and hand pieces are the most laser (A=10.6 um, continuous wave, defocused) is an
inconvenient components in oral surgery. Therefore, laser  established device which has been in use for more than
ostectomy could be an elegant aiternative [1-3). Research 20 years. It has been demonstrated histologically that thermal
was focused on most of the medically used laser systems.  laser energy carbonizes superficial parts of epithelium.
The major components of bone and dental hard tissues are  Consequently, reepithelization is delayed for more than
inorganic structures such as water and hydroxyapatite aswell 2 weeks. This technique has been proven very effective
as organic structures (collagen). Several authors described  being associated with recurrence rates of less than 20% [5].
the critical temperature for bone and noted that temperature However, a delay in healing caused by the thermal laser
elevation between 44 and 47°C may lead to osteonecrosis  energy is an encumbrance for the patient. Therefore, new
{3]- The laser light emitted by the CO, and the Er~-YAG laser  methods of applying laser energy, such as scanners or the use
are well absorbed by water. The wavelength of the E~-YAG  of very short laser pulses (the so-called super pulses, sp),
laser, moreover, is well absorbed by water and hydroxyap-  conld be of value. Scanners allow the focused CO, laser beam
atite. In addition to 2 high absorption coefficient for water  to sweep quickly over an area, thereby reducing the dwell
and for hydroxyapatite with phosphate, carbonate, and  time on each individual point to less than 1 ms which 15
hydroxyl groups, the energy emitted by the CO, laser at  shorter than the thermal relaxation of soft tissue (3.6 ms) [6).
9.6 um is also highly absorbed by collagen. Therefore, this Through the use of the sp-mode as well as the scanners,
wavelength seems to play an increasingly important role in  therrnal laser effects such as delays in healing can be reduced

———oral and -maxillofacial-surgery. but;—on-the-other-hand;—a—lesser-degree- of-destruction-of— —-
Eyrich [1] compared the super-pulsed CO, laser at dysplastic cells could lead to an increased recurrence rate.
9.6 um to the Er-YAG laser and the conventional drill Accordingly, the aim of a recent study was to evaluate

with regard to their respective thermal effects on humhan  the recumence rates resulting from different methods of
bone. Therefore, temperature rise during ablation of human ~ CO, laser surgery in a prospective clinical study. Therefore,
bone was measured. The results of the study suggested that  a total of 56 patients with a total of 68 premalignant lesions
a maximum rise of mean temperature to 1.88°C (well below  of the oral nucosa were treated with three different modes
the critical range of 7°C) demonstrated the safety and  of CO, laser surgery [S]. In the group with defocused
tissue-preserving capability of the super-pulsed 9.6-um  resection of oral leukoplakias, a recurrence rate of 23.1%

a Springer



Lasers Med Sci (2007 22:217-211

M

was seen, which is very similar o that found in the
literature [4, 7). In contrast, neither the application of
scanner plus ew-irradiation nor the scanner plus sp-moxde
yielded results superior to those of the classic defocused
technique. These resulls were explained by the pulsed mode
of laser beam delivery and. funthermore, the geometry of
the laser beam on the seanned area.

Oral lichen lesions were associated with very high
recurrence rates. According to the literature, oral lichen is
an autoimmune disease which is not amenable to healing by
means of resection. Consequenily. only erosive lesions
should be treated to achieve pain relief for the patient.

Tissue effects resulting from different scanning systems
were also assessed in an experimental siudy [R]. Therefore,
healing of skin wounds afier CO, laser resection was
evaluated with the use of two different scanners {Swiftlase®
and Silktouch®). Histologically and clinically, both scan-
ners yielded better results with regard to progress of wound
healing than those seen with the use of a defocused taser
beam. Newvertheless, these differences couid no longer he
detected at 2 weeks after surgery. Due to the digitally
generated mode of the laser beam on the irradiated area.
smoother skin surfaces were vielded with the Silktouch™
SCanner.

In recent studies, very low recurrence rates werg
observed with the Nd-YAG laser (L=1064 nm) [9] and a
diode laser (A=810 nm) [10]. At these wavelengths. laser
energy is not absorbed to any significant extent in water, As
a result, deleterious effects on sensitive structures such as
the mental nerve might occur. Nevertheless, the use of these
wavelengths for resection of premalignant lesions should be
evaluated in subsequent studies.

Lasers in fluorescence spectroscopy and PDT

Laser-induced fluorescence (LIF) spectroscopy i$ a noninva-
sive technique that has been used in various fields to
differentiate tissues and, therefore, might be an important tool
for cancer diagnostics. In a recent pilot study, the ability of LIF
spectroscopy to detect dysplasia or cancerous tissue was
validated [11]. Therefore, a 337.1-nm nitrogen laser with a
600-pum fiber optic was used to induce fluorescence in human
normal and pathological fissues. Fluorescence spectra were
obtained by means of a spectrograph and analyzed by a

_computer program. The results of this study indicated that

differentiation of benign and malignant tissues was possible

with a sensitivity above 80%. The authors concluded that this
method might be applicable for discrimination of benign and
malignant tissues. It was stated that LIF spectroscopy may
provide the clinician with a reliable technique for detecting
malignancies, Nevertheless, the authors recommended further
studies to verify the in vivo applicability of the method.

It has been shown in the past that PDT can optimize
conventional surgery in squamous cell carcinoma {12 -14].
In a recent animal study, PDT has also been performed
intraoperatively next to vital structures like the carotid
artery using # new photosensitizer meta-tetrahydroxyphe-
nylchlorin (in-THPC) [14. 15]. As a result of the imadia-
tion, complete necroses of muscles and connective tissue
were found, Nerve tissues demonstrated demyelination
{gbove T5%), however, withowt clinical symptoms.

Intraoperative PDT using m-THPC has also been
performed in 22 patients with malignancies of the brain
[16]. The authors concluded that m-THPC-mediated., intya-
operative fluorescence-guided resection followed by PDT is
a highly promising concept in improving the radicality of
tumor resection combined with a therapeulic approach,

Nevertheless, more studies are necessary before these
methods can be recommended as standard therapies in the
treatment of oral carcinema,

Periimplant care of ailing implants

A new indication of laser treatment might be the steriliza-
ton of exposed implant surfaces to rehabilitate ailing
implants. However, apparently not all laser systems
available in dentisiry are of value in this regard. Park et
al. {17] reported that the potential exists for Nd-YAG laser
irradiation (A=1064 nm) to melt the surface and even to
remove the surface layer from plasma-coated titanium
implants. From this study, it was concluded that the use

Fig. 1 Radiopraph indicating chromically progressive pentimplant
bone resorption
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Fig. 2 Surgical intervention: full ‘thickness flaps and granulation
tissue removal

of Nd-YAG lasers in implant-uncovering procedures or
periimplant gingival surgery should be considered inher-
ently unsafe for such procedures.

Better results were seen with the use of a CO; laser (A=
10.6 pm). The purpose of a study in a total of 16 patients
with 41 ailing implants was to assess the reliability of the
CO; laser-assisted implant decontamination vs a conven-
tional decontamination procedure [18]. The results of the
clinical study showed, 4 months after therapy, that implants
treated with laser decontamination and soft-tissue resection
exhibited statistically significant better clinical parameters
than conventicnally decontaminated implants followed by
soft-tissue resection. From these results, it was concluded
that treatment of periimplantitis can be optimized using a
CO; laser-assisted decontamination (Figs. 1,2, 3, 4, and 5).

There are several positive reports in the literature i
which laser decontamination has been recommended

Fig. 3 CO, laser-assisted implant decontamination and augmentation
with beta-TCP
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Fig. 4 Reeotry 4 months after therapy. Complete closure of the

including the use of diode lasers (A=810 and 206 num)
[19-21] and Er—YAG laser (A=2.94 pum) [22]. Application
of a diode laser (=810 pm) resulted in recurrence rates of
less than 7% [19]. In further studies, PDT with tcluidine
blue plus diode laser light (A=906 nm) was used [20, 23].
Haas and coworkers [20] reported on a mean bony
reapposition of 2 mm (*1.90 mm) after a 9.5-month
observation period. However, reosseointegrations were
demenstrated for the first time for the CO, laser [6]. Most

Fig. 5§ Radiographic result 10 months after surgery
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recent results from a study performed in beagle dogs have
indicated that reosseointegration also occurred after irredi-
ation with an Er-YAG laser [24]. Nevertheless, further
studies are required in this field.

Bare fiber technique in local hemostasis

In modern societies, there is an increasing number of
older patients, especially those treated with anticoagula-
tion because of cardiologic indications. Over the past
years, laser hemostasis has been established as an
alternative to conventional techniques. Due to a penetra-
tionn depth of more than 4 mm in soft tissue, cw Nd-—
YAG laser light (A=1064 nm) applied with a hand piece
has been very effective in this field [25].

However, if bleeding occurs massively from the apical
region of the socket, the use of the bare fiber can be of
interest. Therefore, in a clinical study in 44 patients, the
bare fiber technique was studied in this indication [4].
Moreover, to reduce the thermal effects, a pulsed laser was
used, It was concluded that intraalveolar application of
pulsed Nd—YAG laser energy can be considered safe. It was
demonstrated that optical characteristics of blood result in
scattering and dispersion of laser light, thereby reducing the
adverse effects on bony tissue.

Conclusion

Over the past years, rescarch identified some new indica-
tions and techniques for laser treatment in oral surgery and
implant dentistry. Moreover, well-known laser applications
were defined state of the art. Nevertheless, further studies
are required for laser treatment in oral surgery and implant
dentistry.

References

1. Eyrich G (2004) Hard-tissue drilling ond culting with a 9.6 pm
CO, iaser. Med Habilitationsschrift, Ziirich

2, Ivonenko M, Sader R, Afilal S, Werner M, Haristock M, von
Hanisch C, Milz S, Erhardt W, Zeilhofer H-F, Hering P (2005) In
vivo animal tdals with a scanning CO, laser osteotome. Lasers
Surg Med 37:144-148

o3, -Horch _H-H_(1983). Laser_Osteotomie_und_Anwendungsmdglich-

5. Deppe H, Hillemanns M, Hauck W (2004) Recurrence rates of
premalignant lesions after CO, laser vaporization. Med Laser
Appl 19:55-60

6. Deppe H, Horch H-H, Henke J, Donath K (2001) Peri-implant
care of ailing implants with the carbon dioxide laser. Int J Oral
Maxillofac Ymplants 16:659-667

7. Horch H-H, Deppe H (2005) Lasers in oral and maxillofacial
surgery. Med Lager Appl 20:47-59

8. Weibrich G, Wahlmann U, Kunkel M, Reichert T, Wagner W
{1999) Tissue damage and regeneration after laser surgery using
different scanning systems. Mund Kiefer Gesichtschir 3;200-204

Q. Maiorana C, Sslina S (2001) Oral soft tissue pathologies: long
lerm evaluation after laser treatment. J Oral Laser Appl 1:20

10. Crippa R {2001} Report on 103 cases of precancerous and other
oral lesions treated with a diode laser, J Oral Laser Appl £:26

11. Broer NM, Liesenhofl T, Horch H-H (2004} Laser-induced
fluorescence spectroscopy for real-time tissue differentiation.
Med Laser Appl 19:45-53

[2. Kiibler AC, Scheer M, Zoller JE (2001) Photodynamic therapy of
head and neck cancer. Onkolapie 24:230-237

13. Kuebler AC, de Carpentier }, Hopper C, Leonard AG, Putnam G
(2001) Treatment of sguamous celf carcinoma of the lip using
Fogean-mediated photodynamic therapy. int I Oml Maxillofac
Swrg 30:504-509

14. Kuebler AC, Stenzel W, Ruhiling M, Meul B, Fizcher JH (2003)
Experimental evaluation of possible side effects of intra-operative
photodynamic therapy on rabbit blood vessels and nerves. Lasers
Swpg Med 33:247-255

15. Zimmermann A, Ritsch-Marte M, Kostron H (2002) In vitro
investigation of pH dependence of the absomption and fluores-
cence properties of the photosensitizer mTHPC, Photochem
Photebiol 75:335-338

16, Zimmennann A, Ritsch-Marte M, Kostron H (2001) MTHPC-
mediated photodynamnic diagnosis of malignant brain tumors.
Fhotochem: Photobiol 74:611-616

17. Park Ch-Y, Kim SG, Kim MD, Eom TG, Yoon JH, Ahn 8G
{2005) Surface properties of endosseous dental implants after
NAYAG and CO- laser treatment at varous energies. J Oral
Maxillofac Surg 63:1522-1531

18. Deppe H, Horeh H-H, Wagenpfeil S (2003) CO,-Laser-assistierte
versus konventionelle Implantat-Dekontamination-Eine klinische
Dreijahresstudie. Z Zahnirztl ITmpl 19:73-81

19. Bach G, Neckel C, Mall Ch, Krekeler G (2000) Conventional
versus laser-assisted therapy of peri-implantitis: a five-year
corparative study, hnplant Dent 9:247-251

20. Haas R, Baron M, Dortbudak O, Watzek G (2000) Lethal
photosensitization, autogenons bone, and e-PTFE membrane for
the treabment of peri-implantitis: prelimingry results, Int J Oral
Maxillofac Implants 15:374-382

21. Romanos GE, Everis H, Mentwig GH (2000) Effects of diode and
Nd:YAG laser iradiation on titanium discs: a scapning electron
microscope examination, ] Periedoniol 71:810-815

22. Schwarz F, Sculean A, Rothamel D, Schwenzer K, Georg T,
Becker J (2005) Clinical evalvation of an Er:YAG laser for
nonsurgical treatment of peri-implantitis: a pilot study. Clin Oral
Immplants Res 16:44—52

23. Neugebauer § (2005) Using photodynamic therapy to treat peri-
implantitis. Interview. Dent Implantol Update 16:9-16

keiten des Lasers in der oralen Weichteilchirurgie. Eine ticrexper-
imentelle und klinische Studie. Berlin, Quintessenz

4, Horch H-H, Peppe H (2004) Laser in der Zahniieztlichen
Chirurgie und Mund-, Kiefer-und Gesichtschirurgie. In: Berlien
H-B, Miiller G (Mrsg.): Angew. Lasermedizin, Lehr- und Hand-
buch fiir Peaxis und Klinik. Losebl.-Ausg. Landsberg, Ecomed,
m. 33.1,8 1-28

Schwarz F, Jepsen S, Herten M, Sager M, Rothamel D, Becker I™
(2006) Influence of different treatment approaches on nunsub-
merged and submerged healing of ligature induced peri-implant
lesions. An experimental study in dogs. J Clin Periodontol
33:584--595

25. Ackermann K (1984) Neodym-YAG-Laser in der Zshnmedizin,
Miinch Med Wschr 126:1119-1121

24

By

@ Springer



