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The aim of this study was to compare the peripheral bone damage induced by different cutting systems. Four devices were tested:
Er:YAG laser (2.94 um), Piezosurgery, high-speed drill and low-speed drill. Forty-five bone sections, divided into 9 groups accord-
ing to different parameters, were taken from pig mandibles within 1 h post mortem. Specimens were fixed in 10% buffered formalin,
decalcified and cut in thin sections. Four different parameters were analyzed: cut precision, depth of incision, peripheral carbonization
and presence of bone fragments. For statistical analysis, the Kruskal-Wallis test was applied to assess equality of sample medians among
groups. All sections obtained with the Er:YAG laser showed poor peripheral carbonization. The edges of the incisions were always
well-shaped and regular, no melting was observed. Piezosurgery specimens revealed superficial incisions without thermal damage
but with irregular edges. The sections obtained by traditional drilling showed poor peripheral carbonization, especially if obtained at
lower speed. There was statistically significant differences (p<0.01) among the cutting systems for all analyzed parameters. Er:YAG
laser, gave poor peripheral carbonization, and may be considered an effective method in oral bone biopsies and permits to obtain clear
and readable tissue specimens.
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INTRODUCTION

Biopsy is a histological procedure made to ana-
lyze and to confirm a clinical diagnosis. Incisional biopsy
removes one or more pathological samples to start an
adequate therapy after observing the histopathological
response. Excisional biopsy is the complete removal of
the lesion and it is both a diagnostic and a therapeutic
procedure. In a biopsy, safety of edges of the tissue
specimen is essential to prevent mistakes, especially in
potentially dysplastic or neoplastic lesions (1).

Several cutting instruments can be used in bone
surgery, namely drills, piezosurgery and lasers. Drillers
are the most common bone cutting instruments and until
few years ago, they were the sole devices used to cut

bone tissue. In recent years, Piezosurgery and erbium
lasers were introduced in bone surgery.

Piezoelectric bone surgery, also simply known
as piezosurgery, is a new technique for osteotomy and
osteoplasty created by Tommaso Vercellotti utilizing
an innovative ultrasonic surgical apparatus, known as
the Mectron piezosurgery device (2). Piezosurgery was
developed in response to the need to reach major levels
ofprecision and intraoperative safety in bone surgery, as
compared to that available by the traditional manual and
motorized bone cutting instruments. Itis claimed as ideal
to perform osteotomies in thin and fragile bones. The
application of ultrasound is precise and easily handled,
and the microvibrations allow a selective cut of only
mineralized structures, creating minimal damage to
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adjacent soft tissues (3). A previous study (4) has found
no differences between Piezosurgery and conventional
instruments in some applications, as maxillary sinus
augmentation, and the piezoelectric device has also
been shown very useful in surgical procedures requiring
a particular caution, such as mental nerve transposition
(5). In contrast to the macrovibration and extreme noise
produced by drilling procedures, Piezosurgery produces
microvibration and little noise, which minimize patient’s
psychological stress and fear during osteotomy under
local anesthesia (6).

The Er:YAG laser was approved by the US Food
and Drug Administration in 1997 for the treatment of oral
hard tissues and has shown several potential applications
in Periodontology, Oral Surgery, Restorative Dentistry
and Implantology. It has an infrared emission (2.94 um
wavelength), is entirely absorbed by water, and works
on all hydrated oral tissues (bone, tooth, oral mucosa).
The high biological interaction with hard tissues de-
pends on a particular thermo-induced mechanical effect
creating sharp and well circumscribed superficial inci-
sions. Er:YAG laser ablates tissues effectively without
burning, melting, or altering the calcium-to-phosphorus
(Ca/P) ratio of the irradiated bone (7,8). This bone abla-
tion technique, using short pulses and water spray, has
been shown to produce good clinical results in bone
surgery procedures without any impairment to wound
healing (9). However, thermal damage at the margins
of the ostectomies has been reported, if cooling is not
adequate (10). Moreover, the longer time required to
perform osteotomy in impacted tooth surgery limits
routine clinical application of Er:YAG laser (9), while
the need of carefully handling the laser beam position
and its angulation and the lack of depth control (11),
adjustable with sensor controlled systems, limit the use
of Er:YAG laser devices to regions where a safe and
fixed guidance of the laser beam is feasible.

The aim of the present study was to compare,
by histological examination, the structure of bone sec-
tions performed with Er:YAG laser, high-speed and
low-speed drills and Piezosurgery in order to evaluate
which device performs bone biopsies safely and without
instrumental artifacts.

MATERIAL AND METHODS

The following instruments were evaluated in
this study: an Er:YAG laser (2.94 pm Delight, Sweden

Martina, Italy) device set at 2 parameter settings; a
piezoelectric device (Mectron, Vicenza Italy) set at 2
parameter settings; a high-speed handpiece (Bien Air,
Dental SA, Bienne, Switzerland) using Lindemann burs
(Komet, Lemgo, Germany) and round diamond burs
(Diatech Dental AG, Heerbrugg, Switzerland); and a
low-speed handpiece (W&H Dentalwerk Burmoos
GmbH, Austria) using round stainless steel burs (Hager
& Meisinger GmbH, Neuss, Germany).

The study was performed on pig cadaver bone,
which was chosen due to its physiological structure simi-
lar to that of human bone. In two fresh pig mandibles,
45 bone sections were practiced, divided into 9 groups
of 5 sections each, as follows:

Er:YAG laser groups (A1 and A2): The specimens
in the A1 group were prepared with laser settings of 3
W, 30 Hz, 100 mJ and 35 J/cm?, and in the A2 group the
laser settings were 6 W, 30 Hz, 200 mJ and 70 J/ cm?.
In both groups, fiber tip with diameter of 600 um was
used in noncontact mode and with water spray cooling.

Piezosurgery groups: The B1, B2 and B3 groups
included specimens cut with the piezoelectric device at
quality 1, 2 and 3 parameters, respectively. An OT7 tip
was used with modulated functional working frequency
of 24-29 KHz, gentle scratching movements, and very
little pressure.

High-speed handpiece groups: The specimens in
the C1 and C2 groups were prepared with a high-speed
handpiece (400,000 rpm) using a Lindemann bur (ISO
diameter 016) and a diamond round bur (ISO diameter
016), respectively. Bone cuts were always performed
under water cooling and using an intermittent pressure
on bone in order to cause the least thermal damages.

Low-speed handpiece group.: The specimens in
the D1 and D2 groups were prepared with a low-speed
handpiece set at 20,000 and 40,000 rpm, respectively,
using a stainless steel round bur (ISO diameter 018) in
both cases. Bone cuts were always performed under
water cooling and using an intermittent pressure on bone
in order to cause the least thermal damages.

All bone sections were prepared by the same oral
surgeon, while a second operator placed the specimens
in sterile test tubes labeled with the alpha-numeric code,
containing a 10% buffered formalin solution. The bone
sections were immersed in a decalcifying solution (New
Decalc, Medite GmbH, Burgdorf, Switzerland) for 72 h.
Samples were taken from cortical incisions, dehydrated,
cleared and embedded in paraffin. The inclusions were
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cut with a rotary microtome into 5-pm-thick sections,
which were stained with hematoxylin and eosin, and
examined with an optical microscope (Primo Star, Zeiss,
Oberkochen, Germany) at x25 and x40 magnifications,
by 2 pathologists to avoid any personal bias. The examin-
ers analyzed cut precision (sharpness), depth of incision
(depth), peripheral thermal damages (carbonization)
and presence of bone debris (bone fragments), which
are essential parameters to assess the reliability of a
biological sample, and attributed scores from 0 (low
grade) to 3 (high grade). For each group, the scores were
averaged to obtain a single value per group. The ratings
of evaluations are summarized in Figure 1. All samples
were treated at the Regina Elena Institute of Rome, Italy.

For statistical analysis, the non-parametric
Kruskal-Wallis test was applied to test equality of sample
medians among groups (Epi Info software 3.4.3; Centers
for Disease Control and Prevention, Atlanta, GA, USA).
Then all parameters (sharpness, depth, carbonization and

SHARPNESS

bone fragments) were analyzed separately in a linear
regression model, examining laser groups in comparison
to the other groups.

RESULTS
Quantitative Analysis

There were statistically significant differences
(p<0.01) among the groups for all the analyzed pa-
rameters (sharpness, depth, carbonization and bone
fragments).

The statistical analysis showed that according to
the adopted criteria in the linear regression, Sharpness
was inversely proportional in B1 and B2. Bone fragments
were inverse to sharpness (r>=0.80). Bone fragments
were directly related to all the groups except for the A
groups (r>=0.86). Carbonization was directly related to
D1 and D2 (1>=0.60). Moreover depth was in inverse

DEPTH

A1 A2 B1 B2 B3 C1 C2 D1 D2

CARBONIZATION

2.5

1.5

0 .
A1 A2 B1 B2 B3 C1 C2 D1 D2

A1 A2 B1 B2 B3 C1 C2 D1 D2

BONE FRAGMENTS

A1 A2 B1 B2 B3 C1 C2 D1 D2

Figure 1. Scores (0-3) attributed to each group for the parameters sharpness, depth, carbonization and bone fragments.
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proportion to B groups (r>=0.68).
Qualitative Analysis

Al and A2 groups (Er:YAG laser). Generally,
Er:YAG laser gave excellent results for all parameters.
Clear sharp edges, good depth of incision, low melt-
ing and carbonization were observed almost in all the
analyzed samples. The extent of thermal damage was
always no more than a few microns as it is visible in
the reported sample of A1 group (Fig. 2). In A2 group,
in which doubled parameters were applied, a very low
thermal artifact was present and it is clearly visible the
sharp cut edge and the poor thermal alterations of the
intertrabecular connective tissue; even the osteocytes
close to the incision are lacking alterations.

Bl, B2 and B3 groups (Piezosurgery). Piezo-
surgery incisions showed superficial incisions without
thermal signs but with irregular margins. The absence
of thermal damage is obvious since the own cutting
properties of the device. However, in all the samples cut
with the piezoelectric device the histological sharpness
of the incision was not generally satisfactory (Fig. 3).

C1 and C2 groups (high-speed handpiece): The
Lindemann bur cut (group C1), was generally irregular in
depth and shape. The edges were full of bone fragments
and a low grade thermal damage was clearly visible (Fig.
4). The diamond bur (group C2), created clear and deep
edges, very high grade of bone fragments but no signs

Figure 2. Image of'a specimen of A1 group (Er:YAG laser, 30 Hz,
100 mJ, 35 J/ecm?) showing a very precise cut without thermal
damage (%25 magnification).

of thermal damage (Fig. 5).

D1 and D2 groups (low-speed handpiece): At
20,000 rpm (group D1), with steel burs, deep and clear
incisions were generally observed. The margins were
fragmented and low grade of thermal signs on the corti-
cal surface were often present (Fig. 6). In the specimens
obtained at 40,000 rpm (group D2), the cut was gener-
ally sharp and deep. The cortical surface showed signs
of thermal damage and many bone fragments were
generally present.

DISCUSSION

Biopsy is a surgical diagnostic procedure per-
formed to establish a clear diagnosis ofa lesion to confirm
or not the clinical diagnostic hypothesis. Performing a
biopsy it is fundamental to keep cut margins safe and
readable to permit the pathologist a clear vision about
the possible marginal infiltration and malignant trans-
formation of dysplastic or neoplastic lesions. In Oral
Pathology, it is fundamental for a clear histological
diagnosis that the whole biopsied specimen was intact
and clearly readable, especially in suspected neoplastic
or dysplastic lesions. The peripheral cellular layers of
specimen are extremely important for the evaluation
of the infiltrating potential of the lesion. Therefore,
any surgical device that creates thermal or mechanical
damage on surrounding tissues during a biopsy is not
safe to perform this procedure (1).

Figure 3. Image of'a specimen of B2 group (Piezosurgery, Quality
2) showing a very superficial incision, irregular edges, but no
significant thermal damage (%25 magnification).
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Oral osteotomies can be achieved by several
methods, most frequently by low- and high-speed bur
drilling. For other specific procedures, chisels and
bone saws are used. Recently, high-energy lasers have
been introduced. Lasers have been used in medical ap-
plications since the early sixties. Some of the medical
specialities in which the lasers are used include Otolar-
yngology, Orthopedics, Dermatology, Ophthalmology,
Neurology, Cardiology, Gastroenterology, Urology, and
Nephrology (10).

Figure 4. Image ofa specimen of C1 group (Lindemann bur) showing
irregular deep cut with irregular margins (%25 magnification).

Figure 5. Image of a specimen of C2 group (diamond bur) showing
clear and deep cut margins. Many bone fragments and no signs
of thermal damage (*x25 magnification).
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The Er:YAG laser has an infrared emission that
is totally absorbed by water and works on all hydrated
oral tissues. The high biological interaction with hard
tissues depends by a particular thermo-induced mechani-
cal effect. The Er:YAG radiation is absorbed by water
that explodes and evaporates, creating sharp and well
circumscribed superficial incisions; this laser can be
used in pulsed or super pulsed mode, with or without
air/water cooling, with the possibility of changing the
power frequency and energy settings. Optic fibers of
different diameters, from large size to small, about 200
um provide to light transmission. The Er:YAG laser
can be successfully applied in many operative fields,
as Restorative Dentistry (tooth decay treatment, enamel
etching, etc.) (12-14), Endodontics (root canal disinfec-
tion) (15), Periodontology (disinfection of periodontal
defects, periodontal surgery) (16) and oral soft tissue
surgery (17). The advantages of the employment of
the Er:YAG laser in oral osteotomies are the high cut
capability, the sharpness of cut edges and the minimal
thermal damage of surrounding tissues thanks to the
water microexplosion ablation mechanism (7-9). How-
ever, the laser procedure is longer than conventional bur
technique (8) and some patients objected to the sound
and smell of the laser surgical procedure, finding it
unpleasant (9).

In the present study, the Er:YAG laser showed
the highest level of bone cut precision at various depths,
especially if compared with traditional bur methods, and

Figure 6. Image of a specimen of D1 group (20,000 rpm stainless
steel bur) showing deep and precise cut, with irregular edges and
no significant thermal damage on the cut area (%25 magnification).
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the total lack of bone fragments that is fundamental for
a good healing. In fact, all the examined samples were
safe with minimal thermal damage always limited to
a few micrometers close to the incision. These results
confirm those obtained by other authors (18,19). In fact
in a recent study of Sasaki et al. (19), the irradiated site
presented a groove of approximately 630 pm width
and 240 pm depth with precise boundaries and even
safe osteocytes nuclei could be observed approximately
30 um apart from the irradiated surface. Also, the thin
laser-altered layer presented 2 distinct layers: a superfi-
cial layer, where numerous micro-cracks gave a porous
appearance and a dark, less affected deep layer, which
had less micro-cracks. In fact, the deeper layer, which
receives less energy, suffers mainly from the effects of
energy accumulation. In the directly irradiated surface,
which receives more energy, cracks and micro-fractures
are formed after micro-explosions, leading to mechani-
cal tissue removal, and the consequent loss of Ca and P
from the irradiated bone surface (19).

Lewandrowski et al. (20) reported that the healing
rate, following Er: YAG laser irradiation, may be similar
or even faster than the one of bur drilling. Besides, the
lack of smear layer and the typical irregular pattern
presented by the irradiated tissue may potentially en-
hance the adhesion of blood elements at the start of the
healing process.

According to our experience, Piezosurgery pre-
sented a low grade cut precision. Cut edges showed poor
histological sharpness with irregular cut lines. However,
in all samples, no thermal damage was present. Piezo-
surgery is largely the less traumatic device in our series,
however it presents poor depth of incision and several
bone debris in the surgical cut margin. The Piezosurgery
creates an effective osteotomy, producing less vibration
and noise because it uses microvibration, in contrast to
the macrovibration and extreme noise that occur with a
surgical saw or bur as seen by Sohn et al. (6).

At last, both high- and low-speed rotating instru-
ments presented as the main feature, a large number of
bone fragments in almost every sample. In particular,
the low-speed handpiece at lower speed showed poor
results in all the tested parameters.

Traditional rotating instruments gave generally
good results, however their action is always more trau-
matic than laser and Piezosurgery; moreover their action
is strictly related to the surgeon’s capability, giving less
predictable results over the treated surfaces. This is in

accordance with the results of Sasaki (19), who showed
that bur-treated bone also exhibited a groove of approxi-
mately 730 um width and 290 um depth. The surface
of the groove was covered with a thin smear layer with
a regular border and, under transmission electron mi-
croscopy, the bur-drilled surface showed cracking and
roughness that was not observed under light microscopy.

Both the statistical and histological analyses
revealed that the Er: YAG laser is a very helpful device
in bone oral surgery as largely shown in literature
(7,8,10,11,19,20); in fact, its particular interaction with
biological tissues containing water and hydroxyapatite
allows extremely precise bone cuts. Moreover, the air/
water cooling prevents the thermal increase minimizing
the thermal damage in peripheral cut margins.

The duration of bone cutting procedures was not
an object of this study. The time needed to complete a
laser osteotomy is a clear limit for the application of this
device in clinical practice (8). Nevertheless, the lower
speed of execution of laser incision is largely balanced
by the high quality of results obtained with this device.
In contrast, laser requires a long learning period to avoid
the possibility of causing tissue damages. It is reasonable
to suggest to inexperienced operators to start with lower
parameters, increasing them during the procedure if the
requested effect is not achieved.

In conclusion, Er:YAG laser gives clear advan-
tages to surgeons in the treatment of maxillary bone
lesions. Standardized depth, sharp edges and no bone
fragments are the cornerstones of this technique. All
these benefits are strictly related to the parameters ap-
plied, so it is necessary to have an adequate knowledge
of both the device and the biological tissues response
in order to operate a safe surgery.

RESUMO

O objetivo deste estudo foi comparar o dano dsseo periférico
produzido por diversos sistemas de corte. Foram avaliados 4
dispositivos: laser Er:YAG (2,94 mm), Piezo-cirurgia, broca
em alta rotagdo e broca em baixa rotacdo. Para isto, foram
utilizadas 45 secdes Osseas retiradas de mandibulas de suinos,
até 1 h post-mortem, divididas em 9 grupos de acordo com
diversos parametros. As amostras foram fixadas em formalina
a 10% tamponada, descalcificadas e cortadas em laminas finas.
Foram analisados 4 pardmetros diferentes: a precisdo do corte,
a profundidade da incisdo, a carbonizagao periférica e presencga
de fragmentos Osseos. A analise estatistica empregou o teste de
Kruskal-Wallis para avaliar a similaridade das medianas entre os
grupos. Todas as segdes feitas com o laser Er: YAG exibiram pouca
carbonizag@o. As margens das incisdes foram todas bem acabadas
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e regulares, sem apresentar pontos de fusdo. As amostras obtidas
por piezo-cirurgia apresentaram incisdes superficiais sem danos
térmicos, mas com margens irregulares. As se¢des obtidas pelas
brocas convencionais apresentaram pouca carbonizagao marginal,
particularmente as feitas em baixa rotagdo. Foram observadas
diferencas estatisticamente significantes (p<0,01) entre todos os
sistemas de corte para cada um dos pardmetros analisados. O laser
Er:YAG apresentou pouca carbonizagdo e pode ser considerado
como um método eficaz para bidpsias de ossos bucais, produzindo
amostras de tecido limpas e faceis de analisar.
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