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ABSTRACT  
Introduction and aim. Osteotomy procedures play a crucial role in achieving the desired osseous contour and elimination of the 
pocket. Traditional instruments such as chisels, files, and rotating burs have limitations including heat generation and tissue dam-
age. Novel instruments like piezoelectric and hard tissue lasers offer potential advantages in terms of precision and reduced tissue 
trauma. The aim of this study was to compare the chemical and morphological characteristics of bone surfaces after osteotomy 
procedures performed with three different instruments: piezoelectric, hard tissue laser, and low-speed handpiece.
Material and methods. Fifteen fresh cadaver bone specimens were randomly assigned to three groups: group A (piezoelectric), 
group B (hard tissue laser) and group C (low-speed handpiece). Osteotomy procedures were performed according to standard-
ized protocols. The specimens were determined under an energy-dispersive X-ray spectroscopy.
Results. Analysis of morphological and chemical characteristics revealed significant differences in bone surface characteristics 
between groups. Groups A and B exhibited the smoothest surface with minimal tissue damage and microfractures. Group C 
showed the roughest surface with prominent microfractures and tissue damage.
Conclusion. Hard tissue laser and piezosurgery have shown better results due to greater precision as they preserved the bone mor-
phology, with less microfracture and chemical demineralization after osteotomy preparation compared with low-speed handpiece.
Keywords. hard tissue laser, osteotomy, piezoelectric device

Introduction
Osseous surgery, particularly in periodontics, involves 
osteotomy and osteoplasty to remove periodontal pockets 
and reshape the bone to achieve a more physiological os-
seous contour. Traditional methods employ tools such as 
rongeurs, files, chisels, and rotating instruments such as 
steel bursts, diamond bursts, and carbide burs. However, 

despite their widespread use, these methods present sig-
nificant challenges, including excessive heat generation, 
mechanical stress, and the potential for tissue necrosis, 
which can compromise clinical outcomes.1,2

The generation of heat during bone cutting with ro-
tary instruments is a major concern, as it can lead to 
thermal injury of bone tissue. This risk persists even 
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with the incorporation of internal cooling mechanisms 
into these instruments. Several studies have shown that 
elevated temperatures during osseous surgery can cause 
irreversible damage to the bone, leading to delayed heal-
ing, bone resorption, and, in some cases, implant fail-
ure.3,4 Furthermore, the mechanical forces exerted by 
these tools can increase the risk of microfractures in the 
bone, particularly in situations involving brittle or com-
promised bone structures.5

In addition to thermal and mechanical challeng-
es, conventional osseous surgery techniques carry the 
risk of injuring critical anatomical structures. For ex-
ample, inadvertent damage to the Schneiderian mem-
brane during maxillary sinus procedures or the inferior 
alveolar nerve during mandibular surgery can result in 
significant complications, such as chronic pain, altered 
sensation, or even permanent nerve damage.6,7

To address these limitations, advanced technologies 
such as piezoelectric devices and hard tissue lasers have 
been introduced into dental surgery. Piezoelectric sur-
gery, first introduced by Vercellotti in the early 2000s, 
has gained popularity due to its ability to perform pre-
cise bone cuts with minimal damage to surrounding soft 
tissues. This technique operates through the ultrason-
ic vibration of a piezoelectric crystal, which generates 
micro-movements at the surgical tip, enabling selec-
tive bone cutting while sparing vital structures.8 Studies 
have shown that piezoelectric surgery not only reduc-
es the risk of thermal injury, but also enhances surgical 
precision, reduces postoperative pain, and accelerates 
healing compared to traditional methods.9,10

Laser technology has also revolutionized dental 
surgery and offers several advantages over convention-
al methods. Since the development of the ruby laser by 
Theodore Maiman in 1960, lasers have been increasing-
ly used in various dental applications, including osseous 
surgery. Lasers provide improved visibility, hemostasis, 
and a relatively dry surgical field, which are particular-
ly beneficial in periodontal procedures. The interaction 
of laser energy with biological tissues is wavelength-de-
pendent, with specific tissue components, known as 
chromophores, absorbing wavelengths more efficient-
ly. For example, carbon dioxide (CO2) lasers, which op-
erate in the infrared spectrum, are highly absorbed by 
water, making them effective for soft tissue procedures. 
However, its application in hard tissue surgery, such as 
bone, is limited due to the risk of excessive heat genera-
tion and subsequent thermal damage.11,12

Erbium-doped lasers such as the Er: Cr: YSGG la-
sers have emerged as viable alternatives for hard tissue 
applications. These lasers operate at wavelengths that 
are highly absorbed by both water and hydroxyapatite, 
the primary mineral component of bone. This selective 
absorption allows for precise ablation of bone tissue 
with minimal thermal damage, making them suitable 

for procedures such as osteotomy and osteoplasty. Re-
search has shown that erbium lasers can effectively cut 
bone with less collateral damage, reduced postoperative 
inflammation, and faster healing times compared to tra-
ditional rotary instruments.13,14

Despite the advantages of piezoelectric devices and 
lasers, further research is still needed to fully under-
stand their effects on bone morphology and chemical 
characteristics after osteotomy. Previous studies have 
focused primarily on clinical outcomes, such as heal-
ing times and complication rates, but there is a lack of 
comprehensive data on the microscopic and chemical 
changes that occur in bone tissue after these advanced 
surgical techniques.15 Understanding these changes is 
crucial to optimize surgical protocols and improve pa-
tient outcomes in periodontal osseous surgery. 

Aim
This study aims to address this gap in the literature by 
conducting a comparative evaluation of the morpholog-
ical and chemical characteristics of bone surfaces fol-
lowing osteotomy using a low-speed handpiece, a hard 
tissue laser, and a piezoelectric device. By analyzing dif-
ferences in bone surface morphology and mineral con-
tent, this research will provide valuable information on 
the effectiveness of these advanced technologies in pre-
serving bone quality and promoting successful peri-
odontal regeneration.

Material and methods 
The experimental analysis was conducted on 15 newly 
obtained sternal sections of porcine ribs (Fig. 1), which 
were divided into 2 halves with sagittal osteotomy. Por-
cine bone is frequently utilized as a biomechanics model 
due to its cancellous density and cortical thickness com-
parable to human bone. The outer section of these bone 
blocks is densely cortical, while the interior portion is 
mainly composed of medium-density (D2–D3) trabec-
ular bone. Before the osteotomy procedures, the bone 
blocks were cut into the desired size of the measurement 
using a hard tissue microtome (Isomet®1000 Precision 
Saw) with a speed of 150 Rpm (Fig. 2).

After the initial preparation of the porcine bone, 
they are divided into three groups for osteotomy proce-
dures. Each group consists of 5 samples, which will be 
split into two halves. 

	– Piezosurgery: The Piezosurgery system with insert 
tip B1 (WandH Piezomed). The cuts were made in 
a horizontal direction in the bone blocks (Fig. 3A).

	– Hard tissue laser: Er:Cr: YSGG (Waterlase – iPlus) 
was the hard tissue laser system that was used. The 
laser parameters were as follows: Wavelength (λ): 
2780nm; Power: 3W; Frequency: 30Hz; Air: 80%; Wa-
ter: 70%; Handpiece: Turbo Mx7 with a spot diameter 
of 700 µm and the mode used was H mode (hard tis-
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sue mode) and the Waterlase turbo handpiece func-
tioned in a non – contact mode at an optimal distance 
between 3 to 5 mm from the bone block (Fig. 3B).

	– Low-speed handpiece: The low-speed handpiece 
system was used with 702 carbide burs with an rpm 
of 35,000 with the appropriate coolant (Fig. 3C).

Fig. 1. Freshly obtained sternal sections of porcine ribs

Fig. 2. Isomet® Precision saw

Fig. 3. A: WandH piezomed with B1 tip, B: Waterlase – iPlus 
(Turbo Mx7 handpiece with a spot diameter of 700 µm), C: 
Low–Speed Handpiece with 702 carbide bur

For every sample, a cross-sectional surface was se-

lected. Scanning electron microscopy (SEM) was used 
in this study to analyze the surface morphology of 
bone tissues after osteotomy. SEM is highly effective 
in providing high-resolution images that reveal micro-
structural details of bone, such as surface roughness, po-
rosity, and the impact of different surgical instruments 
on bone integrity. The technique allows for detailed vi-
sualization of how osteotomy methods alter bone sur-
faces, thus contributing valuable insights into the effects 
of surgical interventions on bone morphology. SEM has 
been widely used in similar studies to examine the mi-
crostructure of bone and other mineralized tissues, al-
lowing for a complete understanding of the material’s 
properties of the material at the microscopic level.16

Energy SEM combined with energy-dispersive 
X-ray spectroscopy (EDS) is a powerful analytical tech-
nique used to examine the surface morphology and el-
emental composition of materials at high resolution. 
When applied to bone tissue, this method allows for a 
precise analysis of calcium and phosphate, the primary 
components of hydroxyapatite, which is the mineralized 
matrix of bone. By detecting the characteristic X-rays 
emitted from these elements during SEM imaging, EDS 
provides quantitative and qualitative data on their dis-
tribution, enabling a detailed study of bone mineraliza-
tion and composition.17 Calcium and phosphate analysis 
was performed. All statistical procedures were per-
formed using the Statistical Package for Social Sciences 
(SPSS, IBM< Armonk, NY, USA) 20.0. Statistical anal-
ysis was performed using one-way ANOVA test. Ethi-
cal approval was acquired from the institutional ethical 
committee of Vinayaka Mission Sankarachariyar Dental 
College IRC/24062022/S/1.

Results 
Figure 4 presents the SEM images.

Fig. 4. SEM images of A: group I (piezoelectric), B: group II 
(hard tissue laser), C: group III (low-speed handpiece)

There are no morphological changes in group I 
(piezoelectric) and group II (hard tissue laser); group III 
(low-speed handpiece) shows significant changes in the 
bone morphology. Figure 5 shows SEM with EDS.
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Fig. 5. EDS of A: group I, B: group II, C: group III

Table 1 denotes that the calcium particles were sig-
nificantly decreased in group III (mean value=21.46) 
than in other groups, which signifies more calcium de-
struction. Both groups I and II do not have a significant 
reduction in calcium levels after osseous preparation.

Table 1. Comparison of calcium levels among group 
I(piezoelectric), group II (hard tissue laser), and group III 
(low-speed handpiece)

Group n
Calcium analysis

ANOVA p
Mean SD SE

Group I 10 24.94 0.542 0.171

232.99 0.001Group II 10 25.02 0.315 0.100

Group III 10 21.46 0.373 0.118

Total 30 23.81 1.736 0.317

Table 2 denotes that phosphate levels were signifi-
cantly decreased in group III (mean value=12.51) com-
pared to group I and II. Both groups I and II do not 
have a significant reduction in calcium levels after osse-
ous preparation. 

Table 2. Comparison of phosphate levels among group 
I (piezoelectric), group II (hard tissue laser) and group III 
(low-speed handpiece)

n
Phosphate analysis

ANOVA p
Mean SD SE

Group I 10 17.20 0.495 0.157

223.61 0.001Group II 10 17.27 0.624 0.197

Group III 10 12.51 0.602 0.190

Total 30 15.66 2.331 0.426

Discussion
This in vitro analysis assessed the ultrastructural and 
morphological properties of bone tissue after perform-
ing osteotomy with a piezoelectric device, hard tissue 
laser, and low-speed handpiece. Bone is composed of 
apatite crystals surrounded by an organic matrix. The 
EDX-SEM study exhibited that Er:Cr: YSGG (“Wa-
terlase – iPlus”) with parameters -Wavelength (λ): 
2780nm; Power: 3W; frequency: 30Hz; Air: 80%; Wa-

ter: 70%; handle: The 700 µm spot diameter of Turbo 
Mx7 is precise, with regular boundaries and sharp edg-
es that are clearly defined for the surrounding tissue. It 
also shows no signs of thermal degradation. The same 
results were noted by Sasaki et al.18 Furthermore, when 
exposing bone tissue to radiation using the Er:Cr:YSGG 
(Waterlase – iPlus) laser, they did not discover any re-
gions of melting or carbonization. The microirregulari-
ties on the surface and the absence of a smear layer are 
the consequence of thermomechanical ablation, which 
is highly dependent on the energy used during radia-
tion. Dental or bone tissues absorb nearly all the energy 
applied due to the ‘high absorption coefficient of the Er: 
Cr: YSGG wavelength (2940 nm) in water along with 
hydroxyl ions of hydroxyapatite.19,20 This results in an in-
stantaneous increase in local temperature.

Water is vaporized by heat, and tissue ablation and 
microexplosions are produced by internal positive pres-
sure.

Safer osteotomies and several other treatments, in-
cluding ridge splitting, bone harvesting, and orthog-
nathic and neurological surgeries, can now be carried 
out with the help of piezosurgery. It cuts bone selectively 
and does not harm soft tissue.21 The piezosurgery device 
is made up of a unique piezoelectric ultrasonic trans-
ducer that can drive a variety of resonant cutting inserts. 
It is powered by an ultrasonic generator. With control 
over surgical operations in all anatomical scenarios, the 
piezoelectric drill’s cutting action is the consequence of 
linear microvibrations of an ultrasonic nature, with a 
range between 60 µm to 200 µm in a longitudinal di-
rection. Panduric et al. conducted a study to analyze 
morphological, chemical, and crystallographic chang-
es in bone tissue after osteotomy performed with an er-
bium:yttrium-aluminum-garnet (Er:YAG) laser and a 
low-speed pilot drill. They concluded that the Er:YAG 
laser ablation did not cause any chemical or crystallo-
graphic changes of the bone tissue. Compared to the 
drill, Er:YAG laser created well-defined edges of the 
preparations, and the cortical bone had no smear layer.22

Many studies have been performed that compare the 
results of osteotomy performed using conventional drill 
systems and piezoelectric systems. Esteves et al. stud-
ied the variations between osteotomies performed with 
piezosurgery and a traditional drill in terms of “histo-
morphometrical, immunohistochemical and molecu-
lar analysis” and found that aside from a slightly greater 
amount of recently formed bone found 30 days after 
the use of the piezosurgery device, there were no differ-
ences between the bone healing from a histological and 
histomorphometric perspective.23 However, in different 
research, Esteves et al. compared the effectiveness of a 
piezoelectric device with a frequently used diamond bur 
(DB) or carbide bur (CB), showing the healing rate of a 
postoperative wound in a dog model after osteoplasty 
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and osteotomy.24 The surgical sites treated with CB or 
DB showed a loss of bone relative to baseline measures, 
while the surgical sites treated by PS showed a degree 
of bone growth by the 14th day. Ercoli et al. examined 
the wear, heat production, durability, and cutting effi-
ciency of implant drills in environments that simulate 
implant placement.25 They concluded that cutting dura-
bility and efficiency are highly influenced by the design, 
material, and mechanical characteristics of drills. Im-
plant drills can be used repeatedly without raising bone 
temperature to potentially dangerous levels. Deep oste-
otomies can develop localized temperatures that could 
be detrimental to the bone if the drilling is carried out 
continuously. Rashad et al. conducted research to assess 
metal attrition residues inside irrigation fluid and the 
structural integrity of the bone.26 Newer sonic and ul-
trasonic techniques challenge traditional bur reduction. 
They concluded that an improvement in bone architec-
ture was observed in sono and piezo surgery, while met-
al attrition was inconclusive. Piezo and sono surgery 
turned out to be less invasive, whereas attrition features 
remained the same.

In this study, it was shown that there was no signifi-
cant reduction in bone calcium and phosphate levels of 
bone after osteotomy with piezosurgery. It is not feasible 
to avoid heat injury to surrounding bone tissue, even if 
mechanically rotating tools are equipped with an inter-
nal cooling mechanism during the process. In this study, 
it has been shown that the amount of calcium and phos-
phate is reduced in the samples in which osteotomy has 
been performed using a low-speed handpiece.

Conclusion
The bone did not undergo any chemical or crystallo-
graphic alterations as a result of the “Er:Cr: YSGG” la-
ser after osteotomy. In contrast to the drill, Er:Cr: The 
YSGG laser produced precisely defined preparation 
boundaries, and the cortical bone lacked a smear lay-
er. A relatively new surgical method called piezosurgery 
could be used in many different surgical procedures to 
supplement traditional oral surgical techniques and, 
in certain situations, to replace traditional procedures. 
It does not lead to a loss of calcium and phosphorous 
compared to conventional drill systems. Future research 
should focus on long-term healing, integration, and ad-
vanced imaging to further validate these findings. These 
techniques offer promising alternatives for safer and 
more precise bone surgery.
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