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1. Introduction
The inferior alveolar nerve (IAN) is at risk of damage 

during various surgical procedures such as mandibular 
osteotomies for the correction of dentofacial deformities, 
nerve lateralization for the facilitation of implant place-
ment, graft harvest from the ramus or chin area, and dis-
traction osteogenesis [1]. Bilateral sagittal split osteotomy 
(BSSO) is the most common mandibular corrective opera-
tion for skeletal malocclusion, during which there is a risk 
of postoperative neurosensory deficit of the IAN [2]. Inju-
ry to the IAN may occur during various stages of surgery, 
including soft tissue dissection, osteotomy, or bone remo-
val with cutting instruments [3].

In mandibular surgery, osteotomy and bone removal 
are routinely performed with the help of rotating instru-
ments or oscillating saws. These traditional tools are high-
ly effective in cutting bone tissue but are not selective for 
bone. Using these devices speeds up the surgical process, 
but it poses the risk of damaging the neurovascular bundle 

that runs within the bone [4].
Only a few evidence-based studies with different re-

sults have evaluated traumatic nerve injury after maxillo-
facial surgery using piezoelectric devices [5]. The signi-
ficant advantage of piezosurgery is its selective cutting 
of mineralized bone. Frequencies higher than 50 kHz are 
needed to cut soft tissues. The piezoelectric device is desi-
gned to produce ultrasonic micro-vibrations of 60-210μm 
at a frequency of 25-30 kHz [6].

Piezoelectric surgery uses ultrasonic vibration for 
osteotomy and selectively removes the bone, which al-
lows operations to be done with the minimum involve-
ment of the soft tissues, such as blood vessels and nerves 
[7]. However, the previous literature has yet to report any 
evidence of scientific experiments to examine the possible 
nerve injury by the piezoelectric device [8].

The major disadvantage of piezosurgery is that it re-
quires a short learning curve to attain maximum efficacy, 
which could be frustrating to the operator [9]. The concept 
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of digital pressure the surgeon applies during cutting by 
traditional instruments is significantly different from that 
of piezoelectric surgery. The latter do not need pressure for 
cutting efficiency. In case more digital pressure is applied, 
it may lead to a decrease in micro-vibrations of the piezo 
tip or even stop it at all. When the micro-vibrations are 
prevented due to excessive pressure on the working tip, 
energy not used for cutting will be transformed into heat, 
which, if it continues enough, may damage the tissue [10].

The main goal of this experiment was to evaluate the 
structural abnormalities of the inferior alveolar nerve after 
osteotomy of the buccal cortex of the sheep’s mandible.

2. Materials and methods
This interventional histological study was conducted 

on sheep at the research center of the University of Sulai-
mani from January 2023 to September 2023. 

This research protocol was reviewed and approved by 
the Scientific Ethics Committee of the Kurdistan Higher 
Council for Medical Specialties (approval number 1995, 
date 2/11/2022).

The sample of this study was ten healthy, two-year-old, 
mature female Hamdani Sheep, weighing 50-70 kg, which 
were obtained from the Qaragol slaughterhouse of the Su-
laimani Province/Iraq. Immediately after the decapitation 
of the animal, the mandible was cut from the head and split 
at the midline into two halves, right and left. The man-
dible of sheep underwent an experiment within 3 hours 
of the slaughtering. The surgical field was prepared and 
draped. Using scalpel No.15, the mucoperiosteal flap is 
harvested from the bone, taking care not to cut the nerve 
at the mental foramen. For osteotomy, the piezo device 
(NSK VarioSurg3 piezo Ultrasonic devices) was set on its 
highest setting for all cuts. A jet of the physiological saline 
solution was on maximum provided constant cooling. For 
cutting reason (tip SG1) was used. A nerve probe was used 
to carefully raise the nerve from the canal.

Two experiments were done on each side of the man-
dible: On one side, direct application was used on the 
nerve that comes out of the mental foramen, and the se-
cond inside the inferior alveolar canal. 

For the first one, a pen was used to mark the nerve 1cm 
away from the mental foramen. The activated Piezo tip 
was applied to the nerve by touching it with determined 
pressure and for a determined duration.

For the second experiment, the first careful decortica-
tion and canal unroofing was carried out at the anterior 
part of the mandible using applied protocols of IAN late-
ralization or distalisation on humans. The IAN was protec-
ted by a thin bent spatula inserted in the mental foramen. 
When the nerve became visible to the naked eye, the acti-
vated piezo tip was applied to the IAN at one cm posterior 
from the mental foramen. A total of 40 samples were used 
in this study: twenty pieces of the nerve treated outside of 
the bony canal and 20 inside the bony canal. The nerve 
segments were cut, labeled, and allocated into four groups 
as follows:
Group 1: n=10, treated or exposed at the mental foramen 
where the nerve comes out and exposed to activated piezo 
tip for 10 seconds for the left side.
Group 2: n=10, treated or exposed at the mental foramen 
where the nerve comes out and exposed to activated piezo 
tip for 30 seconds for the right side.
Group 3: n=10, treated or exposed the nerve inside the 

bone in the mandibular canal just 1cm posterior to the 
mental foramen exposed to activated piezo tip for 10 se-
conds for the left side.
Group 4: n=10, treated or exposed the nerve inside the 
bone in the mandibular canal just 1cm posterior to the 
mental foramen exposed to activated piezo tip for 30 se-
conds for the right side.

2.1. Histopathological Examinations
All the nerve samples were sliced and fixed for 24 

hours in a 10% paraformaldehyde solution in 0.1 M phos-
phate buffer (PB, pH 7.0-7.5) before being rinsed in PB. 
Serial sections of 4μm thickness were produced after the 
tissues were soaked in paraffin wax and stained with H&E. 
The slides were inspected using an eyepiece grid under a 
microscope at 20-400 magnification by two pathologists 
blind to the study. The samples were evaluated manually 
with a conventional light microscope (Leica, Germany) 
via computer-assisted image analysis software to examine 
slices (Am ScopeTM, Japan). In the present investigation, 
IAN damage was scored using the grading system pro-
posed by Schaeren et al. [11], which was modified by the 
authors of the present study to the following scoring sys-
tem: Grade 0, intact connective tissue organization with 
no nerve damage; Grade 1= damage of perineurium with 
intact nerve fiber; Grade 2= 20-25% of axonal degenera-
tion; Grade 3,= 26-50% of axonal degenerations; Grade 4= 
≥75% of axonal degeneration; Grade 5= complete disrup-
tion of the axon (axonotmesis) and also partial injury to 
the endoneurium.

2.2. Statistical Analysis
Statistical analysis was performed using SPSS statistics 

version 24 (IBM, SPSS Inc, Chicago, USA). A P-value < 
0.05 was considered statistically significant. Data were 
analyzed by two-way ANOVA evaluating the effect of the 
piezo tip in/on both the canals or the bone, respectively. 

3. Results
The microscopic longitudinal section of nerve fiber 

showed various histopathologic features, for example the 
group one, in which at the mental foramen where the nerve 
comes out and exposed to activated piezo tip for 10 second 
showed mild abnormality including disruption of peri-
neurium that cover the bundle of nerve fibers, while the 
endoneurium that surrounded the individual nerve fiber or 
axon still intact, each nerve fiber showed normal histolo-
gic structure (Fig. 1) recorded by Grade 1 vs. to the second 
group at the mental foramen where the nerve comes out 
and exposed to activated piezo tip for 30 seconds showed 
Grade 3 and had moderate injury as in (Fig. 2) displayed 
destruction of perineurium and unorganized arrangement 
in nerve fiber (Fig. 2b), moderate degeneration of nerve 
fiber that described by clear vacuole with intact centrally 
located Schwan cells, also the endoneurium remain conti-
nuous with normal morphologic feature for node of Ran-
vier (Fig. 2c,d), while severe lesion and high grade seen 
in third groups in which the nerve inside the bone in the 
mandibular canal just 1cm posterior to mental foramen 
exposed to activated piezo tip for 10 seconds showed da-
mage or sloughing of perineurium completely with severe 
vacuolar degeneration of nerve fiber (Fig. 3a-d), also par-
tially disruption of endoneurium buts the axon still remain 
intact histologically and recorded as Grade 4, (Fig. 4c,d) 
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showed the nerve degeneration in G1 had a significant mi-
nimum degree (38.83±2.24) vs. the other groups (P=0.000), 
while the G4 recorded the highest level (87.50±2.40) in 
nerve abnormality significantly (P=0.001), whereas G3 
showed non-significant (P=0.07) decreasing in nerve de-
generation vs. to the G4. 

Regarding the epineurium and endoneurium distur-
bance, the minimum damage (3.83±0.5 and 01.33±0.49) 

in comparison to the fourth groups that exposed for 30 
seconds that revealed completely destruction of perineu-
rium, marked vacuolar degeneration of nerve fiber (Fig. 
4a-d) with focal damage of axon and loss of endoneurium 
(axonotmesis) marked as Grade 5, (Fig. 4c,d).

Table 1 described the statistical analysis of histopatho-
logic abnormalities that were detected in each group and 

Fig. 1. Light microscopic longitudinal section of nerve fiber in sheep 
of the G1 revealed Grade 1; a and b: Sloughing of perineurium (P) 
with well-organized nerve fibers, c, and d: Normal architectures of 
individual nerve fiber that surrounded by intact endoneurium with 
normal features of axon and node of Ranvier (yellow arrows) with 
Schwan cells as indicated by black arrows, (H&E stain).

Fig. 2. Light microscopic longitudinal section of nerve fiber in sheep 
of the G2 revealed Grade 3; a and b: Disruption of perineurium (P) 
and disorganized nerve fiber in section (b), c and d: Moderate degene-
ration of nerve fiber that characterized by clear vacuole with normal 
features of Schwan cells (black arrows) surrounded by intact endo-
neurium with normal morphology node of Ranvier and as indicated 
by yellow arrows, (H&E stain).

Lesions G1 G2 G3 G4
Nerve degeneration 38.83±2.24*** 64.83±2.89** 80.00±4.46 87.50±2.40***

Epineurium damage 3.83±0.5*** 59.16±7.89** 90.83±1.40 97.00±1.63***

Endoneurium damage 01.33±0.49*** 8.10±1.77** 69.66±6.61 81.33±4.25***

Axonal damage 01.00±0.51*** 1.83±0.94** 7.83±0.94*** 74.16±4.36***

Within each row, values expressed by Mean ±SE, the symbol *** regarded as P ≤0.05 considered significant.

Table 1. The average score of IAN and mental nerve damage of the four groups.

Fig. 3. Light microscopic longitudinal section of nerve fiber in sheep 
of the G3 that revealed Grade 4; a and b: Damage of perineurium 
completely (P), b-d: Marked vacuolar degeneration of nerve fiber with 
normal histological features of Schwan cells (black arrows) and node 
of Ranvier (yellow arrows), partial damage of endoneurium (E) and 
intact axon, (H&E stain).

Fig. 4. Light microscopic longitudinal section of nerve fiber in sheep 
of the G4 revealed Grade 5; a and b: Disruption of perineurium com-
pletely (P), b-d: Severe degeneration or vacuolization of the nerve 
fiber with intact Schwan cells (black arrows) and node of Ranvier 
(yellow arrows), focal damage or loss of endoneurium and axon as 
indicated by red dash line, (H&E stain).
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respectively found in the G1 in comparison to the other 
groups by a significant degree (P=0.001 and P=0.000), 
whereas, the maximum damage was found in the G4 si-
gnificantly (97.00±1.63 and 81.33±4.25) correspondingly, 
while, in G3 the sloughing of the epineurium and endoneu-
rium less than G4 by non-significant value (P=0.07 and 
P=0.12).

 The axonal damage showed variable value; in G1 si-
gnificant (P=0.00), no damage was observed vs. to the G3 
and G4 that arranged from mild-severe damage as in G4, 
even the significant value (P=0.00) seen in comparing G3 
to G4 (P ≤0.05), while non-significant relation (P=0.17) 
was found between G1 and G2.

4. Discussion
Postoperative pain, facial swelling, and trismus are 

stressful conditions that are faced after impacted mandi-
bular molar surgery. Thus, oral surgeons try to decrease 
postoperative complications via different approaches, in-
cluding piezosurgery [12]. Piezosurgery is a novel tech-
nology that uses piezoelectric vibration in the application 
of cutting bone tissue [13]. The manufacturer claims that 
bone tissue may be cut selectively without injurious ef-
fects on all soft tissues, including nerves, blood vessels, 
Schniederian membrane, and Dura matter [14].

In the current study, injury to IAN by Piezo tip has been 
assured in both methods: inside and outside the bony ca-
nal. In this way, the study raises the question of the safety 
of soft tissue during piezosurgery. The mechanism of inju-
ry is not clear yet, but direct trauma by traction, crushing, 
heat, and possibly vibration are among the suggested 
causes. Disagreement with the previous studies, which 
examined the neurosensory impairments following oral 
and maxillofacial surgery by using piezoelectric devices 
with varying outcomes. All of them mentioned no neural 
deficit [15, 16]. 

The amount of injury depends on the power applied; 
in the current study, the same power was used for dif-
ferent periods and gave two different parameters of injury. 
Hence, the theory of traction force may lose its applicabi-
lity in the current situation [17]. Another fact that does not 
support the traction injury theory is the presence of injury 
not only in the first group, where the nerve was out of the 
canal but even inside the bony canal, there is injury, which 
is much more severe than in the first group. 

In our data, by histopathologic utilization, the amount 
of injury in the G1 and G2 was less compared to the G3 
and G4. This finding can be explained by, first, the pres-
ence of flexibility of the nerve tissue that gives some ab-
sorption effect; second, the absence of hard ground (bony 
tissue) under the nerve that prevents crushing injury; and 
third, the lack of cutting that minimizes the heat generation 
[18]. Another possible factor of damage is the heat genera-
ted during piezosurgery. The amount of heat generated is 
directly proportional to the amount of force applied. The 
application of pressure can be considered habitual for sur-
geons who use rotary instruments for bone cutting [19]. 
We can expect some heat generation in the third and fourth 
groups where the nerve is in the bony canal, but the theory 
is not applicable in the first and second groups where the 
nerve is out of the bony canal. Also, the other hypothesis 
is that the IAN has a fixed location inside the mandibular 
canal and may undergo minimum or no movement when 
contacted by the piezoelectric tip. The nerve is vulnerable 

to traumatic injury in groups 3 and 4, where the nerve was 
severely injured. The longer an active piezoelectric tip 
remains on a nerve, the more damage it does; hence, time 
is a crucial component in nerve injury. Accidental slippage 
of the triggered piezo tip might result in direct mechanical 
nerve structure damage.

This study focused on the duration of the application 
of the piezo tip exposed to the tissues. The histological 
findings confirmed the effect of duration on the amount 
of injury to be expected. The amount of injury in group 
4 was the maximum that showed axonal damage vs. cor-
responding groups. Any surgery around IAN takes much 
more than 30 seconds (the maximum duration used in 
the experiment); it may take 10 to 30 minutes, so we can 
imagine how much damage the nerve may have during 
such procedures [20]. Similar to the previous studies, the 
current results showed the disruption or sloughing in the 
epineurium in most groups. This is a minimum level of 
injury due to piezo application. According to Pencek et 
al. [21], the disruption of perineurium alone is enough 
to make the conduction velocity to be lower by 30-40%. 
Based on Sunderland’s classification of peripheral nerve 
injury, even the first degree of injury clinically may lead to 
functional loss at least for some time [22]. While the fol-
lowing studies did go along with our results, Spinelli et al. 
found that piezosurgical tools result in less blood loss and 
a lower incidence of postoperative hematoma, edema, and 
nerve damage following bimaxillary orthognathic surgery 
than standard saws [23]. The study done by Brockmeyer et 
al. exhibited a reduction in somatosensory impairment and 
a faster recovery of somatosensory function following or-
thognathic surgery of the mandible utilizing piezosurgery 
as compared to conventional saws [24]. Also, in disagree-
ment with our data, the former studies proved that the 
sequelae following the removal of third molars impacted 
the jaw using piezo tomes or a standard handpiece. Com-
paring these trials found that the piezosurgery group expe-
rienced reduced postoperative pain and a higher quality of 
life assessment. Still, there were no changes in the inci-
dence of paraesthesia or changed nerve sensitivity across 
groups [25-27].

The different results of previous studies evaluating 
neurosensory impairment after osteotomy with piezosur-
gery may be due to several factors, including the diversity 
of surgical procedures with the variety of bone-cutting ins-
truments and the use of surgical procedures such as BSSO 
and impacted tooth removal that have confounding effects. 
The danger of neurosensory impairment following BSSO 
is intrinsically high, and it may conceal the underlying 
relationship between nerve injury and the bone-cutting 
mechanism [28]. On the other hand, the risk of IAN injury 
following impacted tooth extraction is low, and a large 
sample size is required to detect the actual difference in the 
rate of neurosensory disturbance between the two types of 
bone-cutting systems [24]. The other factor is the subjec-
tive assessment of the neurosensory disturbances, which 
can be influenced by the patient's experiences, prejudices, 
and memories. It has been claimed that somatosensory 
perception is a complicated system comprised of several 
distinct sensory properties, none of which can be assessed 
by most clinically utilized sensitivity tests [29].

Postoperative pain, facial swelling, and trismus are 
stressful conditions that are faced after impacted mandi-
bular molar surgery. Thus, oral surgeons try to decrease 
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postoperative complications via different approaches in-
cluding piezosurgery [12]. Piezosurgery is a novel tech-
nology that uses piezoelectric vibration in the application 
of cutting bone tissue [13]. The manufacturer claims that 
bone tissue may be cut selectively without injurious effects 
on nearby all soft tissues including nerves, blood vessels, 
Schniederian membrane, and Dura matter [14]. 

In the current study, injury to IAN by Piezo tip has been 
assured in both methods: inside and outside the bony ca-
nal. In this way, the study raises the question of the safety 
of soft tissue during piezosurgery. The mechanism of inju-
ry is not clear yet, but direct trauma by traction, crushing, 
heat, and possibly vibration are among the suggested 
causes. Disagreement with the previous studies, which 
examined the neurosensory impairments following oral 
and maxillofacial surgery by using piezoelectric devices 
with varying outcomes. All of them mentioned no neural 
deficit [15, 16]. 

The fact that the amount of injury depends on the power 
applied, in the current study the same power applied for 
different periods and gave two different parameters of in-
jury. Hence the theory of traction force may lose its appli-
cability in the current situation [17]. Another fact that does 
not support the traction injury theory is the presence of 
injury not only in the first group where the nerve was out 
of the canal but even inside the bony canal there is injury 
and it is much more serious than in the first group. 

In our data, by histopathologic utilization the amount of 
injury in the G1 and G2 was less compared to the G3 and 
G4. This finding can be explained by first, the presence of 
flexibility of the nerve tissue that gives some absorption 
effect, second, the absence of hard ground (bony tissue) 
under the nerve that prevents crushing injury, and third, 
the absence of cutting that minimizes the heat generation 
[18]. Another possible factor of injury is the heat genera-
ted during piezosurgery. The amount of heat generated is 
directly proportional to the amount of force applied. The 
application of pressure can be considered habitual for sur-
geons who use rotary instruments for bone cutting [19]. 
We can expect some heat generation in the third and fourth 
groups where the nerve is in the bony canal, but the theory 
is not applicable in the first and second groups where the 
nerve is out of the bony canal. Also, the other hypothesis 
is that the IAN has a fixed location inside the mandibular 
canal and may undergo minimum or no movement when 
contacted by the piezoelectric tip, the nerve is vulnerable 
to traumatic injury in groups 3 and 4, where the nerve was 
severely injured. The longer an active piezoelectric tip 
remains on a nerve, the more damage it does; hence, time 
is a crucial component in nerve injury. Accidental slippage 
of the triggered piezo tip might result in direct mechanical 
nerve structure damage.

This study focused on the duration of the application 
of the piezo tip exposed to the tissues. The histological 
findings confirmed the effect of duration on the amount 
of injury to be expected. Amount of injury in the group 4 
is maximum that showed axonal damage vs. correspon-
ding groups. Any surgery around IAN takes much more 
than 30 seconds (the maximum duration of time used in 
the experiment), it may take from 10 to 30 minutes, so we 
can imagine how much damage the nerve may have during 
such procedures [20]. Similar to the previous studies, the 
current results showed the disruption or sloughing in the 
epineurium in the majority of groups. This is a minimum 

level of injury due to piezo application. According to the 
work of Pencek et al. [21] the disruption of perineurium 
alone is enough to make the conduction velocity to be 
lower by 30-40%. Based on Sunderland’s classification of 
peripheral nerve injury, even the first degree of injury cli-
nically may lead to functional loss at least for some time 
[22]. While the following studies did go along with our 
results; Spinelli et al. found that piezosurgical tools result 
in less blood loss and a lower incidence of postoperative 
hematoma, edema, and nerve damage following bimaxil-
lary orthognathic surgery than standard saws [23]. The 
study done by Brockmeyer et al. exhibited a reduction in 
somatosensory impairment and a faster recovery of soma-
tosensory function following orthognathic surgery of the 
mandible utilizing piezosurgery as compared to conven-
tional saws [24]. Also, in disagreement with our data, the 
former studies proved that the sequelae following removal 
of third molars impacted the jaw using either piezotomes 
or a standard handpiece comparing, these trials found that 
the piezosurgery group experienced reduced post-opera-
tive pain and a higher assessment of the quality of life, but 
there were no changes in the incidence of paraesthesia or 
changed nerve sensitivity across groups [25-27].

The different results of previous studies evaluating neu-
rosensory impairment after osteotomy with piezosurgery 
may be due to a number of factors, including the diversity 
of surgical procedures with the diversity of bone cutting 
instruments, and the use of surgical procedures such as 
BSSO and impacted tooth removal that have confounding 
effects. The danger of neurosensory impairment following 
BSSO is intrinsically high, and it may conceal the under-
lying relationship between nerve injury and the bone-cut-
ting mechanism [28]. On the other hand, the risk of IAN 
injury following impacted tooth extraction is low, and a 
large sample size is required to detect the actual difference 
in the rate of neurosensory disturbance between the two 
types of bone-cutting systems [24]. The other factor is the 
subjective assessment of the neurosensory disturbances, 
which can be influenced by the patient's experiences, pre-
judices, and memories. It has been claimed that somato-
sensory perception is a complicated system comprised of 
several distinct sensory properties, none of which can be 
assessed by the majority of clinically utilized sensitivity 
tests [29]. 

5. Conclusion
The present study showed that piezosurgery devices 

had the potential to cause severe damage to the inferior 
alveolar nerve and moderate damage to the mental nerve 
during surgery and should be used very carefully.

Acknowledgments
The authors are grateful to Kurdistan Higher Council of 
Medical Specialties and maxillofacial surgery program in 
Kurdistan Higher Council of Medical Specialties.

Authors’ contributions
 SHQ and KAK developed the project idea. SHO perfor-
med the experiment and surgery. SMAH examined the 
data and double-checked the Histopathological results. 
The work has been read and approved by all authors. 

Funding
No funding was received. 



49

Histological assessment of potential IAN injury.            Cell. Mol. Biol. 2024, 70(9): 44-49

Conflicts of Interest
The authors declare no conflict of interest.

Availability of data and materials
The datasets used and analyzed during the current study 
are available from the corresponding author upon reaso-
nable request.

References 

1.  Kim YK, Kim SG, Kim JH (2011) Altered sensation after ortho-
gnathic surgery. J Oral Maxillofac Surg (3):893-8. doi: 10.1016/j.
joms.2010.10.025. 

2.  Labanca M, Azzola F, Vinci R, Rodella LF (2008) Piezoelec-
tric surgery: twenty years of use. Br J Oral Maxillofac Surg. 
46(4):265-9. doi: 10.1016/j.bjoms.2007.12.007. 

3.  Schaeren S, Jaquiéry C, Heberer M, Tolnay M, Vercellotti T, Mar-
tin I (2008) Assessment of nerve damage using a novel ultrasonic 
device for bone cutting. J Oral Maxillofac Surg. 66(3):593-6. doi: 
10.1016/j.joms.2007.03.025. 

4.  Gümrükçü Z (2019) The effects of piezosurgery and submucosal 
dexamethasone injection on post-operative complications after 
third molar surgery. J Stomatol Oral Maxillofac Surg. 120(3):182-
187. doi: 10.1016/j.jormas.2018.10.012. 

5.  Eggers G, Klein J, Blank J, Hassfeld S (2004) Piezosurgery: an 
ultrasound device for cutting bone and its use and limitations in 
maxillofacial surgery. Br J Oral Maxillofac Surg. 42(5):451-3. 
doi: 10.1016/j.bjoms.2004.04.006. 

6.  Shirota T, Kamatani T, Yamaguchi T, Ogura H, Maki K, Shin-
tani S (2014) Effectiveness of piezoelectric surgery in redu-
cing surgical complications after bilateral sagittal split osteo-
tomy. Br J Oral Maxillofac Surg. 52(3):219-22. doi: 10.1016/j.
bjoms.2013.11.015. 

7.  Robiony M, Polini F, Costa F, Vercellotti T, Politi M (2004) Pie-
zoelectric bone cutting in multipiece maxillary osteotomies. J Oral 
Maxillofac Surg. 62(6):759-61. doi: 10.1016/j.joms.2004.01.010. 

8.  Rashad A, Sadr-Eshkevari P, Heiland M, Smeets R, Hanken H, 
Gröbe A, Assaf AT, Köhnke RH, Mehryar P, Riecke B, Wikner J 
(2015) Intraosseous heat generation during sonic, ultrasonic and 
conventional osteotomy. J Craniomaxillofac Surg. 43(7):1072-7. 
doi: 10.1016/j.jcms.2015.05.018. 

9.  Yaman Z, Suer BT (2013) Clinical comparison of ultrasonic sur-
gery and conventional surgical techniques for enucleating jaw 
cysts. Int J Oral Maxillofac Surg. 42(11):1462-8. doi: 10.1016/j.
ijom.2013.05.003. 

10.  Vercellotti T (2004) Technological characteristics and clinical 
indications of piezoelectric bone surgery. Minerva Stomatol. 
53(5):207-14. English, Italian. PMID: 15263877.

11.  Michalak, M., et al (2020) Comparison of piezosurgery apparatus: 
temperature rise and incision depth–preliminary studies. EJMT, 4: 
p. 29.19

12.  Ow A, Cheung LK (2009) Skeletal stability and complications 
of bilateral sagittal split osteotomies and mandibular distraction 
osteogenesis: an evidence-based review. J Oral Maxillofac Surg. 
67(11):2344-53. doi: 10.1016/j.joms.2008.07.003. 

13.  Chehata, I. and G.M. Abdelmonim (2021) Piezosurgery versus 
conventional rotary instrument for Inferior Alveolar Nerve latera-
lization prior to implant placement:(Comparative Clinical Study). 
Egyp Dent J 67(3): p. 2061-2073.20

14.  Pencek TL, Schauf CL, Low PA, Eisenberg BR, Davis FA 
(1980) Disruption of the perineurium in amphibian peripheral 
nerve: morphology and physiology. Neurology 30(6):593-9. doi: 

10.1212/wnl.30.6.593. 
15.  Chhabra A, Ahlawat S, Belzberg A, Andreseik G (2014) Periphe-

ral nerve injury grading simplified on MR neurography: As refe-
renced to Seddon and Sunderland classifications. Indian J Radiol 
Imaging 24(3):217-24. doi: 10.4103/0971-3026.137025. 

16.  Spinelli G, Lazzeri D, Conti M, Agostini T, Mannelli G (2014) 
Comparison of piezosurgery and traditional saw in bimaxillary 
orthognathic surgery. J Craniomaxillofac Surg 42(7):1211-20. 
doi: 10.1016/j.jcms.2014.02.011. 

17.  Brockmeyer P, Hahn W, Fenge S, Moser N, Schliephake H, Gru-
ber RM (2015) Reduced somatosensory impairment by piezosur-
gery during orthognathic surgery of the mandible. Oral Maxillo-
fac Surg 19(3):301-7. doi: 10.1007/s10006-015-0499-0. 

18.  Piersanti L, Dilorenzo M, Monaco G, Marchetti C (2014) Pie-
zosurgery or conventional rotatory instruments for inferior third 
molar extractions? J Oral Maxillofac Surg 72(9):1647-52. doi: 
10.1016/j.joms.2014.04.032. 

19.  Mantovani E, Arduino PG, Schierano G, Ferrero L, Gallesio G, 
Mozzati M, Russo A, Scully C, Carossa S (2014) A split-mouth 
randomized clinical trial to evaluate the performance of piezosur-
gery compared with traditional technique in lower wisdom tooth 
removal. J Oral Maxillofac Surg 72(10):1890-7. doi: 10.1016/j.
joms.2014.05.002. 

20.  Goyal M, Marya K, Jhamb A, Chawla S, Sonoo PR, Singh V, 
Aggarwal A (2012) Comparative evaluation of surgical outcome 
after removal of impacted mandibular third molars using a Piezo-
tome or a conventional handpiece: a prospective study. Br J Oral 
Maxillofac Surg 50(6):556-61. doi: 10.1016/j.bjoms.2011.10.010. 

21.  Widar, F (2015) On factors influencing the clinical outcome in or-
thognathic surgery.28. https://gupea.ub.gu.se/handle/2077/38462.

22.  D'Agostino A, Favero V, Lanaro L, Zanini M, Nocini PF, Tre-
visiol L (2019) Does Piezosurgery Influence the Severity of 
Neurosensory Disturbance Following Bilateral Sagittal Split 
Osteotomy? J Craniofac Surg 30(4):1154-1162. doi: 10.1097/
SCS.0000000000005251. 

23.  Teerijoki-Oksa T, Jääskeläinen SK, Forssell K, Forssell H, Vähä-
talo K, Tammisalo T, Virtanen A (2002) Risk factors of nerve in-
jury during mandibular sagittal split osteotomy. Int J Oral Maxil-
lofac Surg 31(1):33-9. doi: 10.1054/ijom.2001.0157. 

24.  Nocini PF, Turra M, Valsecchi S, Blandamura S, Bedogni A (2011) 
Microvascular free bone flap harvest with piezosurgery. J Oral 
Maxillofac Surg 69(5):1485-92. doi: 10.1016/j.joms.2009.10.016. 

25.  Stübinger S, Stricker A, Berg BI (2015) Piezosurgery in implant 
dentistry. Clin Cosmet Investig Dent 11;7:115-24. doi: 10.2147/
CCIDE.S63466. 

26. Magrin GL, Sigua-Rodriguez EA, Goulart DR, Asprino L (2015) 
Piezosurgery in Bone Augmentation Procedures Previous to Den-
tal Implant Surgery: A Review of the Literature. Open Dent J 
22;9:426-30. doi: 10.2174/1874210601509010426. 

27. Zandi M, Heidari A, Jamshidi S, Aminzadeh A, Rajaei S, Mousavi 
M, Mohammad Gholi Mezerji N (2021) Histological evaluation 
of inferior alveolar nerve injury after osteotomy of mandibular 
buccal cortex using piezoelectric versus conventional rotary de-
vices: a split-mouth randomised study in rabbits. Br J Oral Maxil-
lofac Surg 59(5):561-566. doi: 10.1016/j.bjoms.2020.08.106. 

28. Pavlíková G, Foltán R, Horká M, Hanzelka T, Borunská H, Sedý J 
(2011) Piezosurgery in oral and maxillofacial surgery. Int J Oral 
Maxillofac Surg 40(5):451-7. doi: 10.1016/j.ijom.2010.11.013. 

29. Salami A, Mora R, Mora F, Guastini L, Salzano FA, Dellepiane 
M (2010) Learning curve for Piezosurgery in well-trained otolo-
gical surgeons. Otolaryngol Head Neck Surg 142(1):120-5. doi: 
10.1016/j.otohns.2009.10.013.


