
_Introduction

The laser has been used in the field of oral sur-
gery for a wide range of indications. In this article,
we focus on its surgical uses. The success of the sur-
gical treatment of lesions in the oral cavity depends
greatly on knowledge of the aetiology and histol-
ogy of the lesion. There are pathologies that can be
treated with laser, such as cancer sores and hyper-
keratosis. Others, like candidiasis, cannot be treated
with laser. Furthermore, laser has quickly become a
predictable and favourable treatment modality for
leukoplakia, haemangioma and epulis. 

_In vitro studies

There have been only few in vitro studies on the
application of laser in oral surgery. For example, the
study by Leco Berrocal et al.1 explored the power of
Er:YAG laser sterilisation on dental structures and
dental roots in particular. Microbiological cultures
indicated lower growth of bacteria after increased

energy irradiation, correlating higher energy irra-
diation with a greater sterilising effect of the
Er:YAG laser.

_In vivo studies on animals

One of the most important contributions to re-
search in the period studied is that by Silvestri et al.2

It describes the possibility of avoiding the develop-
ment of a third molar via laser treatment. The use of
a diode laser (20 W) in the development area of the
third molar in newborn rats was able to halt the de-
velopment of the tooth by 80 % with only few side-
effects. 

Silvestri et al.2 also applied this model to dogs.
They employed a diode laser at either 20 W or 
100 W in the formation area of the molar at the age
of six to seven weeks when it begins to form. In
those places where 20 W was applied, the molar
continued its development, but this development
was halted at 100 W. These findings indicate new
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avenues to be investigated with application to hu-
mans. 

Lasers have already been used satisfactorily for
the treatment of various diseases in animals. For
example, Lewis et al.3 addressed stomatitis in a cat
with a CO2 laser. Kovács et al.4 removed prolifera-
tive inflammatory eosinophilic granulomatosis
from a cat’s tongue with a diode laser. This helped
them to control bleeding, which had been impos-
sible before owing to the high number of blood
vessels in the area.

_In vivo studies on humans

Wound healing

Several new studies have added to the body of
recent research on surgical scarring owing to laser
treatment. Jin et al.,5 for example, analysed the
healing of incisions made by scalpels and diode
and Er,Cr:YSGG lasers in the mucosa of guinea pigs
from both a histological and immunohistochemi-

cal perspective. During the healing process, they
detected similar changes in the two groups in the
study overall. However, they identified TGF-� 1 as
lower in the scalpel wounds on the first post-op-
erative day than in the laser wounds. At seven
days, the TGF-� 1 level was high in the scalpel
group only. Therefore, they concluded that the
highest tissue damage occurred in the wounds
made by the diode laser, although they considered
it a good cutting device for oral mucosa.

Yamasaki et al.6 studied coagulative necrosis in
the gingiva of rats produced by irradiation with a
CO2 laser in pulsed mode and at low power. The
structural characteristics of the injury and the
subsequent healing process were examined in
terms of histology, immunohistochemistry and

electron microscopy. The study suggested that co-
agulative necrosis produced by the CO2 laser does
not alter healing, but it promotes its steady
progress and subsequent tissue remodelling.

A similar study was conducted by D'Arcangelo
et al.,7 who examined the effects of scalpel versus
diode laser treatment (808 nm, 4 and 6 W) with re-
gard to the expression of eNOS and iNOS from an
immunohistochemical perspective. At the histo-
logical level, the results partly agreed with the re-
sults of Jin et al.5 and partly with Yamasaki et al.,6

given that the group with the worst healing was
that treated with the diode laser (6 W). The results,
however, were also similar to those of the scalpel
and the diode (4 W) group. Immunohistochemi-
cally, the concentrations of eNOS and iNOS were
greater initially than seven days after the treat-
ment in the laser group. 

Demir et al.8 studied the influence of low-level
laser therapy (LLLT) on the healing of the oral mu-
cosa. They applied LLLT to wounds inflicted by
scalpel and laser, noting improved clinical scarring
in both of the groups when using LLLT. A histolog-
ical analysis showed an improvement in epitheli-
sation when LLLT was applied.

Finally, the study by Seoane et al.9 is notewor-
thy, in which the thermal damage and the histo-
logical types resulting from the use of laser are rel-
evant to decision-making regarding biopsies. This
study examined the wounds caused by the CO2

laser in 25 Sprague rats, assigned randomly to five
groups: four pilot groups in which glossectomies
were performed using a CO2 laser (3, 6, 9 and 
12 W); and one control group treated with a
scalpel. Samples were prepared, then stained and
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Fig. 1_Histological section of the

bone: very small zone of necrosis,

approximately 12 µm. Er:YAG 

application (200 mJ, 10 Hz, 400 µs,

pulse, with spray). 

Fig. 2_Histological section of the

bone: very small zone of necrosis,

approximately 11 µm, osteoblasts

are not altered. Er:YAG treatment

(200 mJ, 10 Hz, 100 µs, pulse, 

with spray). 

a double-blind study conducted on them by two
pathologists. Cellular and nuclear polymorphism,
nuclear aberration and the loss of intercellular ad-
hesion were identified, especially in the basal and
supra-basal layers of the oral epithelium, but no
differences between the experimental groups
were observed. No histological or structural
changes were observed in the control group. For all
these reasons, the CO2 laser (3–12 W) should be
considered to generate epithelial damage which
can simulate dysplasia. This, in turn, can lead to an
unsuccessful therapy. 

Bone studies

There are no larger studies that provide new ev-
idence for the results already mentioned in the
previous section. Pourzarandian et al.10 confirmed
that ostectomies carried out with Er:YAG laser, CO2

laser or a surgical bur resulted in greater revitali-
sation of osteoblasts and fibroblasts and more
pronounced revascularisation in the tissue
treated with the Er:YAG laser. The study by Martins
et al.11 found that the healing of an ostectomy in
the jaw is improved after Er:YAG laser treatment
compared with wounds inflicted by a mechanical
bur or CO2 laser. For this reason, long-term studies
of 60 to 90 days are needed in order to provide
more evidence to support these findings. Accord-
ingly, many studies on these issues have been pub-
lished in recent years. Other studies, such as
Rochkind et al.,12 have confirmed the positive ef-
fect of LLLT on the healing of bone tissue (see his-
tological sections, Figs. 1-3).

_Clinical studies

Soft-tissue surgery

Studies on soft-tissue surgery have investi-
gated heat damage in biopsies, the need for anaes-
thetic, post-operative pain, as well as intra- and
post-operative complications with regard to
scalpel versus laser treatment. Tuncer et al.13 con-
firmed that the CO2 laser produces less damage in
soft-tissue surgery than the scalpel. In particular,
they found a 50 % reduction in the need for use of
anaesthetic, as well as a 60 % reduction in the
number of patients who needed analgesic medica-
tion post-operatively. No complications were ob-
served for either of the two groups, and the authors
suggested that thermal changes had not affected
the histopathological results. The findings are in
agreement with other studies published recently,
for example Stübinger et al.14

The study by Matsumoto et al.15 provides further
findings concerning soft-tissue surgery. It com-
pared the emergence and importance of changes
at the margins of the biopsies taken by CO2 laser (in
continuous wave and pulsed mode) and through
electrocautery. Thermal changes associated with
the biopsy instrument were found in all of the sam-
ples, but these changes were more significant in
the electrocautery group and continuous-wave
laser group. Therefore, the authors recommend the
use of the CO2 laser in pulsed mode in order to min-
imise changes caused by thermal effects.

Vescovi et al.16 further explored the suitability of
various laser types for biopsies. They studied ther-
mal changes that can alter the pathological diag-
nosis and assessed resection margins in three
groups. Group I consisted of six specimens of hu-
man oral mucosa removed using an Nd:YAG laser
at a power of 3.5 W and frequency of 60 Hz. Group
II consisted of nine specimens removed via an
Nd:YAG laser at a power of 5 W and frequency of
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30 Hz. Lastly, group III consisted of 11 specimens
removed using a #15c Bard-Parker scalpel blade.
Their results indicated that the thermal effect of
laser on biopsies introduced slight changes at the
edges of the specimen When the laser was used for
incisions exceeding 7 mm and at a lower power and
high frequency, these results were improved
(group I, Nd:YAG—3.5 W, 60 Hz).

Kafka et al.17 explored the application of diode
lasers in the treatment of soft-tissue conditions
such as epulis fissuratum. These study found that
this kind of laser operates optimally. Similarly,
studies that evaluate the treatment of tongue le-
sions by diode laser, for example the study by Saleh
and Saafan,18 come to the same conclusion.

Cancer treatment via CO2 laser

Although mucoepidermoid carcinoma is pain-
less and usually does not produce metastases or
recur, it must be treated both surgically and with
post-operative radiotherapy. The study by Leong et
al.19 advanced the research done so far on the use
of laser for the treatment of cancer. They report on
the case of a patient with mucoepidermoid carci-
noma at the base of the tongue. The authors ap-
plied CO2 laser and achieved very good results.

The changes produced by laser during the sur-
gical excision of precancerous lesions and their
possible influence on accurate diagnosis have been
widely discussed. Goodson and Thomson present20

169 cases of oral premalignant lesions removed via
CO2 laser and their subsequent monitoring over
several years. A positive correlation was found be-
tween the results of the biopsies and those of the
histological studies of the tissue removed by laser.
Furthermore, hidden invasive carcinoma was iden-
tified in 15 patients and removed by laser.

In seeking to determine the recurrence of le-
sions removed by laser, Hamadah and Thomson21

followed 78 patients whose precancerous or dys-
plastic lesions were treated with a CO2 laser over a
period of at least two years. By the end of this pe-
riod, 64 % of the patients were free of the disease,
32 % developed recurrent local dysplasia or dys-
plasia in new sites and 4 % developed squamous
cell carcinoma at sites different from their initial
disease. The margins of the excisions were clear in
55 % of the cases. However, 19 % showed mild,
21 % moderate and 5 % severe dysplasia in the
histopathological examination. The authors rec-
ommend the CO2 laser for the excision of lesions,
stating that in their study it allowed for complete
histopathological evaluation and resulted in min-
imal post-operative morbidity and 64 % of pa-
tients free of the disease. 

Cancer treatment via photodynamic therapy

Photodynamic therapy (PDT) has demonstrated
efficacy in the treatment of dysplasia and early
forms of microinvasive oral cancer. Clinical studies
such as the study by Mang et al.22 support this view.
Mang et al.22 present a case of squamous cell car-
cinoma of the maxillary gingiva, which was suc-
cessfully treated with PDT, sparing the patient sur-
gery and radiation therapy. 

Similarly, Schweitzer and Somers23 evaluated
the efficacy of the Photofrin-mediated PDT for the
treatment of diffuse field cancerisation in 30 pa-
tients for whom conventional treatment had
failed. In 80 % of the patients, there was complete
remission, and the remaining 20 % showed partial
remission. After two years, 11 of the 24 patients
with complete remission were cancer free. PDT is
also a form of cancer treatment suitable for the
treatment of oropharyngeal tumours, either pri-
marily or in patients whose previous surgeries or
radiotherapies have failed._

Editorial note: To be continued with more treatment op-

tions and the final conclusion in the next issue of laser.

Fig. 3_Histological section of the 

gingiva: effect of heat accumulation

at the surface, necrosis of about 

45 µm. Er:YAG treatment (200 mJ, 

10 Hz, 1000 µs, pulse with no spray).
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