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Abstract
Aim of the Study: The purpose of this study is to answer a clinical question whether the use of piezoelectric
alveolar ridge splitting (ARS) with simultaneous implant placement will enhance implant stability in
comparison with conventional motorized surgical disc and bur or not.
Materials and Methods: twenty four dental implants were placed in fourteen edentulous ridges and were
divided into 2 equal groups (Group I & Group II). Patients in both groups underwent ARS for narrow
edentulous posterior mandibular ridge with simultaneous implant placement. In Group I, 12 implants were
placed in 8 edentulous ridges after ARS performed using piezoelectric saws. In Group II, 12 implants were
placed in 6 edentulous ridges after ARS performed using conventional motor driven surgical disc and bur.
Implant stability was measured by means of Osstell TM device, first intraoperatively, then at 6 months and
9 months postoperatively. Moreover, radiographic assessment of marginal bone loss (MBL) was done at 6
months postoperatively. Bone width gain was calculated from pre and post-operative cone beam CT.
Results: Regarding implant stability, there was a statistically significant difference between the two groups
at all time intervals. Regarding MBL, and width gain, there was no statistically significant difference
between both groups.Conclusion: Piezosurgery enhanced implant stability but didn’t mitigate the bone loss
associated with ARS or increase amount of ridge width gain.
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Introduction
Alveolar ridge splitting (ARS) is a technique used to
treat small to moderate alveolar ridge with deficiency. It
was described by Simion as a longitudinal splitting of the
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ridge in two parts, provoking a greenstick fracture using
small chisels. The created 4 walled defect provides the
surface from which the osteogenic cells can be recruited
(1). But ARS has complications; like risk of buccal wall
fracture, and more pronounced MBL around implants
compared with those placed in pristine bone without
ARS.(2)
Conventional ARS utilizes rotating instruments,
such as bur, disc and saw. These motorized devices have
certain drawbacks that include: overheating of bone
and risk of soft tissue injury to important anatomical
structures(3). Moreover, the cutting action is the result

440

Indian Journal of Public Health Research & Development, July-September 2021, Vol. 12, No. 3

of macro or micromechanical shocks at different speeds.
which may cause bone trauma and damage that may
interfere with healing response (4).
Piezosurgery (PS) is performed by means of
a device that uses microvibration at a frequency
capable of cutting bone. PS has many benefits; due
to its selective cutting property, it is safe to use near
important soft tissue. Also, due to the cavitation effect,
the operative field in PS remains almost free of blood
during the cutting procedure. PS also possesses the
advantage of micrometric cutting which is achieved by
the microvibrations with limited amplitude. This offers
highly precise cutting (5).
Some authors have reported its positive effects
on the rate of bone repair and remodeling (6), and its
contribution to better osseointegration outcome when
drilling prior to implant placement (7)(8) (9).
The present study is to compare between PS and
conventional ARS with simultaneous implant placement
in enhancement of implant stability and mitigation of
MBL by time.

Materials and Methods
This study was conducted on 10 patients with 14
thin edentulous mandibular posterior ridges attending
the outpatient clinic in academic hospital of Faculty
of dentistry - Cairo University department of oral and
maxillofacial surgery.

Surgical phase:
· At the edentulous site, a full thickness crestal
incision was performed followed by two buccal vertical
releasing incisions at the mesial and distal ends of
the site located 2 mm away from the papillae of the
neighbouring teeth.
· Split thickness flap elevation using a
mucoperiosteal elevator was performed to expose the
bone buccally.
· A mid-crestal bony incision was done at least
1-2 mm from neighbouring teeth using a piezoelectric
US1 saw insert (US-ӏӏ LED Guilin Woodpecker Medical
Instrument Co.,Ltd.) for the study group and motorized
disc for the control group. Fig (1)
· Two vertical cuts were made with the
piezoelectric saw in the study group and conventional
fissure bur for the control group at both ends of the
midcrestal bony cut on the buccal surface of the alveolar
ridge, ending 2-3 mm short of the preplanned implant
length.
· Ridge splitting osteotomes were introduced
inside the crestal cut and gradually malleted to expand
the ridge in a lateral direction. Implants were inserted.
· Xenograft (OneXeno Graft®, Germany) was
used to fill the gap and PRF was used as a membrane to
promote healing.

Study group: 8 edentulous ridges received 12
implants simultaneously after ARS was performed using
piezoelectric saws.
Control group: 6 edentulous ridges received 12
implants simultaneously after ARS was performed using
motor driven disc and bur.
Eligibility criteria: Adult patients with thin
edentuolous ridges who had sufficient alveolar bone
height and were free from any systemic diseases that
may affect bone healing.
Preoperative patient assessment: Preoperative CT
was performed to determine the suitable implant size.
Study casts with wax-up were prepared for planning
for future implants placement and surgical guides’
fabrication.

Figure (1): Photograph showing mid crestal
osteotomy using piezoelectric saw in case no 10 in
the study group
Outcomes:
1- Implant stability was estimated by OsstellTM
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(Integration Diagnostics, Gӧteborg, Sweden), first intraoperative, 6months and 9 months postoperatively. The values
were expressed as numbers between 1-100 ISQ. Fig (2)

Figure (2): Photograph showing implant stability measuring using Osstell device in case no 10 in the study
group
2- Cone Beam assessment was done immediately, and 6 months postoperatively to evaluate the MBL and the
ridge width gain.

Figure (3): CBCT showing alveolar bone height measurements buccally and lingually in lower first molar
region in study group case no 8 immediately (a), and after 6 months postoperatively(b)
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Statistical Methods
Data were explored for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests, data showed parametric
(normal) distribution. Independent sample t-test was used to compare between two groups in non-related samples.
Paired sample t-test was used to compare between two groups in related samples. Statistical analysis was performed
with IBM® SPSS® Statistics Version 20 for Windows.

Results
Table (1) Shows comparison between the mean, standard deviation (SD) values of implant stability values
(ISQ) in both groups at different follow up times:
Group

Point of comparison

0 Mon

6 Mon

9 Mon

Mean

65.00

70.33

69.63

SD

8.283

5.29

5.88

Mean

68.69

75.79

74.98

SD

6.12

4.26

5.06

Standard error of
differences

2.97

1.96

2.241

Mean difference

3.68

5.45

-5.35

95% Confidence interval
of diff.

From -9.9673 to
2.6007

From -9.5534 to
-1.3633

From -9.99793552471 to
-0.70206447529

t-value

-1.23832

-2.77916

2.3871

p-value

0.114325

0.00547

0.0260

Control group

Study group

t-test

The result is significant at p <0.05.
Table (2) shows comparison between mean, standard deviation of MBL between the 2 groups:
Group
Control group

Study group
p-value

Point of comparison

0-6 m

Mean

-0.44 a

SD

0.53

Mean

-0.25 a

SD

0.58
0.495ns

Means with different small letters in the same column indicate significant differences; non-significant (p>0.05

Discussion
Piezosurgery (PS) was selected in the present
study to test the possible mitigation of bone loss and
enhancement of osseointegration; PS had showed

very promising results in studies on bone healing after
surgical drilling and on osseointegration after dental
implants(10). evaluated the level of alveolar bone crest
after osteotomy with piezosurgery and burs using a
model of dog alveolar ridges: histological analysis
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showed a bone level gain in the group treated with
piezosurgery, and bone loss in the diamond and carbide
bur groups. Also, in their study, Anesi et al,found out
that on making osteotomies in rabbits skulls, the cutting
of the piezosurgical tips produced double the amount of
bone inside the created gaps when compared with rotary
burs(11). As for implants, Garcıa-Moreno et al conducted
a systematic review to assess the primary and secondary
stability of dental implants placed at sites prepared with
PS and conventional drilling (CD), they deduced that
PS preparation improves secondary stability after 2 and
3 months in comparison to CD, with similar implant
survival rates(12).
RFA analysis was used as a reliable method to test
and monitor the quality of bone-implant interface and
consequently, provided clinical evidence of implant
stability. This agrees with Turkyilmaz et al, who found
statistically significant correlations between bone density
and ISQ values in a human cadaver study. A significant
influence of the peri-implant bone loss on ISQ values
was also observed(13).
All cases in the current study were successfully split
except one case in the control group that showed buccal
plate fracture and was excluded from the study. This
agrees with results of Sohn who reported malfracture of
the buccal segment in 5 out of 23 cases in immediate
splitting of the mandible. They recommended the
delayed technique in the mandible in patients with high
bone quality and a thick cortex and narrower ridge in
the mandible to avoid complete fracture of the buccal
segments(14)..However, Chauhan et al used conventional
drills for ARS in the mandible and reported 100%
success with immediate implant placement (15).
At 6 months postoperatively, the mean ISQ value in
the control group was 70.3, while in the study group was
75. This was similar to results obtained by El-Halawany
et al (68.7 for control group, 73.3 for study group) who
performed conventional cutting in their study(16). Also,
close results were obtained by Kamel et al who used PS
(17).
The results were slightly higher than those reported
by Altaweel et al(18).. These results are not very different
from ISQ values of implants placed in unsplit alveolar
ridges at 6 months postoperatively (mean 70); like those
reported by Nguyen et al (19).These ISQ scores indicate
that the implants placed after ARS are clinically stable
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and are near to implants placed in pristine bone.
The study group showed statistically significant
higher ISQ values than the control group at 6 months.
This could be explained by the positive effect of
piezosurgery on bone healing as proved by many studies.
This effect ranged at the molecular level from superior
osteoblastic activity and more osteoclasts indicating
faster remodeling, to increased expression of BMP-4
and TGF-b2 as well as reduction of proinflammatory
cytokines(7) .On the macro level, PS leaves thinner bone
gaps after osteotomy, which leads to easier and faster
recovery because the osteoblasts are closer to the blood
caplillaries, increasing the supply of growth factors. Also,
the less heat generation achieved by the better cooling
system contributes to the better healing in piezosurgery
cases(11)(9). Our results are also in accordance with Da
Silva Neto et al., who used resonance frequency analysis
to evaluate the implant stability quotient (ISQ) of dental
implants that were installed in sites prepared by either
conventional drilling or piezoelectric tips. The results
showed significant increases in the ISQ values for the
piezosurgery group immediately postoperatvely, at 9
days, and 150 days postoperatively(8).
However, Esteves et al, who evaluated bone healing
in rats’ tibiae after osteotomies with piezosurgery and
traditional bone drilling, analyzed the collected samples
histomorphometrically, immunohistochemically, and on
molecular basis at different time intervals. Histologically
and histomorphometrically, bone healing was similar
in both groups. Immunohistochemical analysis didn’t
detect significant differences in expression of all the
proteins and most of the genes tested (20).
The mean alveolar bone loss from time of insertion
till 6 months is (0.44mm) in the control group and
(0.25mm) in the study group. These results are similar to
those of kamel et al who reported bone loss of 0.3mm0.4mm over a period of 6 months from time of insertion.
Bassetti reported higher MBL of 1.19mm. This may be
explained by the less initial bone width in their study
(2.9) than that in our study (21), As Ella et al reported
more bone loss in in the narrow ridges, but was more
obvious in the non-grafted ridges than the grafted one
(22)
.
There was no statistically significant difference
between both groups regarding MBL. The use of bone
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graft and PRF may have interfered with evaluation of
the true effect of the piezosurgery in the initial healing
period considering that they can both affect bone healing
and remodeling.
The mean amount of gain in the study group was
(2.96 mm) which is higher than that of the control group
(2.54 mm), the difference of which was found statistically
non-significant. Our results were similar to Shahakbari
et al, who reported a mean gain in ridge width in the
conventional group of 2.72 mm and in the piezosurgery
group of 3.37mm(23).Nonetheless, PS facilitated the
splitting greatly. The micrometric precise cutting of the
tips allowed the cutting into very narrow alveolar ridges
with ease and without their fracturing. Therefore, it’s
preferred in the mandible where the splitting is harder.

Conclusion
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