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Comparison of conventional drill and piezoelectric devices in the preparation of

titanium screw sockets: An ex vivo study on chicken femur bones

Ertugrul Karanfil, = Erkan Yanmikoglu, = Siilleyman Mert Kilic*, ™ Metin Gorgii
Department of Plastic, Reconstructive and Aesthetic Surgery, Faculty of Medicine, Bolu Abant Izzet Baysal University, Tiirkiye

ABSTRACT

Aim: To compare the primary stability, assessed by axial pull-out strength, of intermaxillary fixation screws
placed in chicken femoral cortical bone prepared using conventional drilling versus piezosurgery.

Method: A paired design was applied using fifty fresh chicken femurs, with each bone randomly assigned to
the piezosurgery group on one side and the conventional drilling group on the contralateral side. In both groups,
5-mm deep holes were prepared, and 1.6-mm intermaxillary fixation screws were inserted. Primary stability
was evaluated using axial pull-out testing at a constant speed of 1 mm/min with a calibrated force measurement
device. Statistical analysis included the Shapiro—Wilk test, paired t-test, and Wilcoxon signed-rank test (p <
0.05).

Results: The mean pull-out strength was 5.199 =+ 1.108 kgf in the piezosurgery group and 4.621 + 1.104 kgf
in the conventional drilling group, representing a 12.5% higher value in the piezosurgery group. The difference
between groups was statistically significant (paired t-test: t(49) = 2.643, p = 0.011; Wilcoxon test: Z = 2.802,
p = 0.005). The effect size (Cohen’s d) was calculated as 0.374.

Conclusion: The findings of this study demonstrate that osteotomies prepared using piezosurgery provide
higher primary stability for intermaxillary fixation screws under press-fit conditions compared to conventional
drilling methods and may represent a reliable alternative in clinical practice.
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biomechanical outcomes, and clinical
reliability have been intensely researched for

years [1].

In maxillofacial surgery, conventional rotary
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1. Introduction

Bone drilling and cutting procedures are
among the fundamental steps in implantology,
fracture fixation, orthognathic surgery, and
maxillofacial reconstruction. The surgical
technique directly affects the primary stability
and long-term success of fixation materials.
Therefore, the interaction between bone
preparation methods and bone tissue, their

standard for osteotomy and implant bed

preparation. = However, = newer-generation
techniques such as small-diameter drills,
piezosurgery systems, laser-based
technologies, magneto-dynamic devices, and
self-drilling screws are attracting increasing
interest in terms of their effectiveness and
reliability [2]. The common goal of these
approaches is to enable more controlled cutting
during bone preparation, increase surgical

precision, and improve mechanical stability [2].
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Piezosurgery has come to the forefront in recent
years due to its potential for selective cutting in
mineralized tissues via ultrasonic vibrations
(typically 24-36 kHz), its ability to perform
controlled osteotomies, and its minimal harm to
surrounding soft tissues [3]. Thanks to these
features, it has been suggested as an alternative
to conventional rotary drills, especially in
anatomically critical areas and in cases
requiring precise bone preparation [4]. Various
studies have reported that osteotomy surfaces
prepared with piezosurgery display more
regular morphology, reduced microcrack
formation, and better preservation of trabecular
architecture [5].

The mechanical properties of bone tissue
(cortical thickness, density, and quality) are key
factors that determine screw stability and affect
the contact area at the screw—bone interface
regardless of the drilling technique [6]. In
regions where the cortical layer is thick, the
resistance of screws to axial loads increases,
whereas in cases of insufficient cortical
support, mechanical stability may decrease [7].
In the literature, the effects of bone preparation
techniques on screw stability are generally
evaluated wusing insertion torque, lateral
loading, or bending tests [1,8]. However, in
clinical  practice, elements such as
intermaxillary fixation screws are frequently
exposed to axial tensile forces. Therefore,
studies measuring axial pull-out strength (pull-
out test) are accepted as directly reflecting the
primary stability of the screw—bone interface
and as clinically meaningful parameters [9,23].
It is well recognized that reduced cortical bone
thickness compromises mechanical retention
and significantly decreases the pull-out strength
of fixation ex Vivo

screws. However,

investigations specifically comparing
conventional rotary drilling and piezosurgery in

terms of axial pull-out performance under thin
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cortical bone conditions remain scarce [10,11].
Although previous experimental studies have
evaluated implant stability following different
osteotomy techniques, a direct biomechanical
assessment focusing on axial pull-out behavior
in thin cortical models remains lacking [11].
This study aims to compare the mechanical
load of
intermaxillary fixation screws placed into holes

behavior under axial pull-out
prepared using conventional rotary drilling and
piezosurgery systems in an ex vivo chicken
femur model, and to evaluate the effects of
different bone preparation techniques on
primary mechanical stability in a matched
design. This study aims to address the lack of
mechanical comparisons in literature and to
reveal the potential advantages of piezosurgery

in thin cortical bone.

2. Materials and methods

2.1. Sample Preparation: In this ex vivo
experimental study, a total of 50 fresh chicken
thigh bones (femur) were used. The study was
designed as a paired model; one side of each
femur was assigned to the conventional drilling
(CD) group (n=50) while the other side was
assigned to the piezosurgery drilling (PD)
group (n=50). Right and left holes were
randomly assigned to the groups. All bone
samples were carefully cleaned of surrounding
soft tissues and stored in physiological saline at
4 °C to preserve physiological conditions until
mechanical testing. All tests were completed
within 24 hours after obtaining the bones.

2.2. Bone Drilling Protocol: Two drilling
points were identified on each side of the femur,
at the level of the mid-diaphysis, 5 mm away
from the central axis. The side assignment was
performed randomly (Figure 1).

In the piezoelectric group, holes were
created using a piezoelectric surgical device
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(Woodpecker Ultrasurgery Surgic Touch,
Guangxi, China) operating within the 24-36
kHz frequency range and providing continuous
physiological saline irrigation (~30-50
mL/min). The holes were prepared with a
diameter of 1.1 mm and a depth of 5 mm,
penetrating the cortical bone completely
(Figure 2).

In the conventional group, the drilling
process was carried out using a micromotor
system (Nouvag, Switzerland) operating at
1200 rpm with a 1.1 mm-diameter steel drill bit

(Figure 2). External physiological saline

irrigation was provided using a syringe.
Similarly, 5-mm-deep holes were prepared in
this group.

Figure 1. Bone model and drilling areas.

technique.  Immediately  after  drilling,

intermaxillary fixation (IMF) screws (1.6 mm
diameter and 6 mm length) were placed into the
prepared 5-mm-deep holes in both groups.

2.3. Screw Placement: Immediately after
drilling (Figure 3), intermaxillary fixation
(IMF) screws with a diameter of 1.6 mm were
placed into the holes at a similar depth in both
groups. A monofilament nylon fishing line was
attached to the heads of the screws to connect

them to the testing device during axial pull-out
testing (Figure 4).
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Figure 2. Used drilling devices and implants.

All drilling procedures were performed by
the same surgeon under the same conditions
with standardized axial pressure applied to

minimize operator-dependent variability in
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Figure 4. Axial pull-out test.

2.4. Axial Pull-Out Resistance Test: The
primary mechanical stability of the screws was
evaluated using axial pull-out testing. Each
screw was subjected to axial traction until it was
removed from its site. All tests were conducted
using a force measurement device (PCE
Instruments, PCE Holding GmbH, Germany).
The maximum resistance force measured by the
device was recorded as the pull-out resistance
and expressed in kilogram-force (kgf).
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2.5. Statistical Analysis: The distribution
characteristics of the data were assessed using
the
measurements were obtained from the same

Shapiro-Wilk normality test. Since
bone, a paired sample t-test was used for inter-
As

alternative, the Wilcoxon signed-rank test was

group comparisons. a non-parametric

also applied. The effect size for paired samples
was calculated using Cohen’s D method. A
level of p < 0.05 was considered statistically
significant.

3. Results

Axial of 100
intermaxillary fixation screws placed using

pull-out  resistances

piezosurgery and conventional drilling
techniques in a total of 50 chicken thigh bones
(femurs) were compared. Axial pull-out
resistance values are presented in Table 1.

The mean pull-out resistance was 5.199 +
1.108 kgf in the piezosurgery group and 4.621
+ 1.104 kgf in the conventional drilling group,
respectively. The minimum and maximum
values ranged from 2.795-7.010 kgf in the
piezosurgery group and from 2.715-7.705 kgf
in the conventional drilling group (Table 2)
(Graphic 1). The mean difference between the
piezosurgery and conventional drilling
techniques was calculated as 0.578 + 1.383 kgf.

Data distribution was assessed using the
Shapiro—Wilk test, and both groups, as well as
the difference values were found to follow a
normal distribution. The paired-samples t-test
showed that the pull-out resistance in the
group
significantly higher than in the conventional
drilling group (t (49) = 2.643, p = 0.011). The
non-parametric Wilcoxon signed-rank test also
confirmed this finding (Z = 2.802, p = 0.005).
The effect size
measurements  (Cohen's d)

indicating a small to moderate effect.

piezosurgery was statistically

calculated for paired

was 0.374,
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4. Discussion

Piezosurgery systems are now widely used
across various surgical fields, including plastic
surgery, ear, nose, and throat (ENT) surgery,
orthopedics, and dentistry. In dentistry, they
have found clinical applications for implant site
preparation, while in plastic surgery, they are
utilized for osteotomies and facial skeletal
contouring. Although they are primarily used
for bone cutting and shaping in plastic surgery,
their application in bone drilling procedures is
This
contribute to this field by examining the

also increasing [4]. study aims to
potential mechanical effects of piezosurgery on
screw insertion [1].

Piezosurgery systems are based on the use of
ultrasonic vibrations in the 24-36 kHz range.
This frequency range is chosen because it is
close to the resonance frequency of bone tissue,
the

resistance of soft tissues to these vibrations

allowing selective cutting; moreover,
helps minimize traumas [12]. The device used
in this study operates at a frequency of 24-36
kHz, which is consistent with the standard
piezosurgery frequencies reported in the
literature [12]. The micrometer-level controlled
vibrations generated by this frequency produce
a smoother and more regular structure on the
surface of the osteotomy and drilled holes. This
characteristic may represent the primary
mechanism by which pull-out strength is
increased relative to high-speed mechanical
cutting in conventional rotary drilling systems,
through reduction of microcracks and thermal
damage. There are numerous experimental and
clinical studies in the literature comparing
piezosurgery with conventional drilling
systems for bone drilling and osteotomy
preparation [13]. It has been shown that this
cutting technique, performed with ultrasonic

vibrations, preserves the trabecular architecture
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Table 1. Axial pull-out strength values for piezosurgery and conventional drill groups.

Chicken No (n) Piezo (kgf) Drill (kgf) Difference (Piezo — Drill, kgf)
1 3,385 5,145 -1,760
2 4,905 3,555 1,350
3 5,105 3,340 1,765
4 6,430 4,970 1,460
5 4,775 3,520 1,255
6 4,615 4,420 0,195
7 6,845 3,820 3,025
8 3,410 3,235 0,175
9 3,775 4,220 -0,445
10 4,740 5,010 -0,270
11 5,290 4,875 0,415
12 6,185 6,160 0,025
13 6,640 5,810 0,830
14 6,240 4,725 1,515
15 5,320 3,915 1,405
16 5,340 5,725 -0,385
17 4,980 4,875 0,105
18 6,735 5,715 1,020
19 6,465 3,010 3,455
20 6,030 3,275 2,755
21 6,910 6,215 0,695
22 4,945 5,125 -0,180
23 5,255 2,715 2,540
24 5,155 4,885 0,270
25 4,985 5,075 -0,090
26 6,030 4,825 1,205
27 3,450 4,110 -0,660
28 2,795 7,705 -4,910
29 5,315 5,550 -0,235
30 5,800 4,770 1,030
31 5,095 7,105 -2,010
32 5,960 2,995 2,965
33 6,945 3,815 3,130
34 4,980 3,990 0,990
35 4,980 5,600 -0,620
36 7,010 4,810 2,200
37 6,105 4,420 1,685
38 4,720 4,760 -0,040
39 5,850 3,035 2,815
40 4,720 4,050 0,670
41 4,725 4,810 -0,085
42 5510 3,350 2,160
43 3,105 5,115 -2,010
a4 3,310 3,990 -0,680
45 4,610 4,345 0,265
46 4,115 3,985 0,130
47 5,595 6,825 -1,230
48 4,230 4,660 -0,430
49 3,665 3,465 0,200
50 6,880 5,630 1,250

Table 2. Statistical information on the pull-out strength (kgf) of conventional drilling and
piezosurgery systems in chicken thigh bones.

Parameter Piezo (kgf) Drill (kgf) leferencel((;t!)ezo = brill,
n 50 50 -
Mean + Standard Deviation 5,199 + 1,108 4,621 1,104 0,578 + 1,383
Median (Interquartile Range) 5,130 (4,720-6,030) 4,743 (3,815-5,600) 0,578
Minimum - Maximum 2,795 -7,010 2,715 - 7,705 —4,910 - 3,455
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Piezo (kgf) Drill (kgf)

Measurement Type

Graphic 1. Box plot of pull-out strength (kgf) of
conventional drilling (Drill) and piezosurgery
systems in chicken thigh bone.

better and creates a more regular surface on
osteotomy walls. Although it is known that the
osteotomy time can be longer with the
piezosurgery method, it is suggested that these
biological advantages may create a more
favorable microenvironment at the bone—screw
interface [13]. Conversely, some studies have
reported no significant difference between
piezosurgery and conventional drilling methods
in terms of primary stability or mechanical
strength [11,14]. These conflicting results may
be attributed to differences in e bone density,
cortical thickness, osteotomy diameter, and the
measurement methods applied [15]. Therefore,
the mechanical advantages of piezosurgery may
not be equally evident across all bone types and
experimental models.

In our study, holes with a diameter of 1.1
mm were drilled, and 1.6 mm screws were used
for insertion. This approach is a standard
technique that increases primary stability by
ensuring that the screw threads are firmly
embedded [16,17].
Similarly, using screws in holes with a depth of

in the cortical bone
5 mm and selecting the screw length and
diameter appropriate for the cortical thickness
aimed to provide optimal mechanical retention.
The literature shows that the screw diameter
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0.5-1.0 mm larger than the hole diameter

(press-fit) significantly increases
[17].

compression increases the risk of cortical

pull-out

strength However, as excessive

microcracks, maintaining an appropriate
balance between hole depth and screw length is
of critical importance [18].

While piezosurgery is known to reduces the
risk of thermal necrosis and increases primary
stability, some disadvantages have been
observed in thick cortical bones (such as
bovine/sheep scapula), including prolonged
drilling time and, especially, difficulty in
reversing the screw (pulling it back out) during
traction [11]. These observations suggest that
the cleaner and smoother bone surface achieved
with piezosurgery allows the threads to achieve
stronger mechanical engagement. However,
this advantage may also limit screw removal
and make pull-out more difficult. For this
reason, in our study, a model with a thinner
cortical structure, such as chicken femur, was
preferred over thick cortical bone models. The
chicken femur is an easily accessible bone with
a cortical thickness of approximately 1-2 mm,
and the model used in this study can be
reproduced for standard testing of 1.6 mm
cortical screws. This choice enhanced the
practicality of the experimental protocol and the
reliability of the results, providing a more
accurate simulation, particularly for minor
surgical applications requiring thin to medium
cortical bone.

In the present study, the use of a chicken
femur model with a thin cortical structure may
have made the impact of microstructural
differences related to the osteotomy technique
on mechanical outcomes more pronounced. In
bones with a thin cortex, preserving bone tissue
and reducing microcrack formation during
osteotomy are more critical for optimal screw—

bone interaction. In this context, the more
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controlled osteotomy and improved
preservation of bone tissue provided by
piezosurgery may offer a proportionally greater
advantage in axial pull-out strength.

There are several reasons for selecting the
chicken femur model to measure the retention
forces of IMF screws in our study. Chicken
femurs are widely used as accessible, low-cost
models and biomaterial sources in experimental
and preclinical research, including studies
relevant to human clinical applications [19].
The ease of obtaining 50 chicken femurs of the
same age and their ability to provide long bone
segments make the study feasible and enable
the application of different drilling methods to
up to 7 cm bone segments from the same bone
for comparative analysis. Additionally, chicken
femurs and human long or hand bones generally
exhibit similar geometry (length, curvature,
canal size and cortical thickness). A CT study
indicated no significant differences between
chicken femurs and human metacarpal bones in
terms of length, curvature radius, medullary
canal diameter, or cortical thickness, supporting
their use as training models in hand surgery
[20]. However, the mechanical properties of the
mandibular bone vary considerably by region
(cortical and trabecular areas, tooth sockets,
condyle), and therefore long bone-based model
may not fully simulate mandibular behavior
[20]. However, since long and uniformly thick
bone segments are provided, and since the
traction force resistance of IMF screws inserted
using both the piezosurgery and conventional
drilling can be comparatively measured within
the same bone, similar results may be obtained
in mandibular bone as well.

A pull-out test can be used to evaluate the
bone integration of IMF screws [21]. In the
pull-out test, rather than representing a basic
material property, the measurement of near-
surface tensile capacity or adhesion strength
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may serve as an important indicator for
assessing the variations in IMF screw strength
associated with different drilling methods in
maxillofacial surgery [22].

Indeed, in our study, the axial pull-out strength
of screws placed in osteotomy channels
prepared with the piezo method was found to be
higher than that of the conventional drilling
method. Pull-out tests are among the reliable
methods for directly reflecting the mechanical
stability at the bone-screw interface when
evaluating screw retention [23]. Although pull-
out tests have previously been used in various
studies

bone models, directly comparing

piezosurgery and conventional  drilling
techniques in thin cortical bone structures and
under matched experimental design remain
limited in the literature [11,24]. In this respect,
our study provides a unique contribution by
demonstrating the direct mechanical stability
benefits of the biological advantages of
piezosurgery.

Thanks to the matched design of the study,
each bone sample was evaluated within itself,
allowing the effects of individual variations
such as bone density, cortical thickness, and
geometric differences to be largely controlled.
This approach suggests that the observed
difference was primarily attributable to the
osteotomy technique used rather than inter-
sample heterogeneity, thereby increasing the
methodological reliability of the findings. The
small to moderate effect size obtained suggests
that although the difference is statistically
significant, it should be interpreted with caution
from a clinical perspective.
this study, the

generated during drilling could not be measured

In temperature increase

directly. The main reason is that laser-based or
other thermal measurement methods cannot
and isolate local

reliably reproducibly

temperature changes within narrow-diameter
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osteotomy channels [25]. The literature
indicates that axial pressure applied during
drilling, the surgeon's manual control, technical
consistency, and especially liquid irrigation
(e.g., cold saline, flow rate) significantly reduce
heat generation [26]. Because external saline
irrigation was used in both techniques in this
study, and all osteotomies were performed by
the same surgeon using similar axial pressure
and technique, potential thermal differences
between groups were largely controlled.

The obtained pull-out force values, being
consistent with the range of values reported in
previous experimental studies using chicken
cortical bone, support the validity of the model
and the experimental setup. The higher axial
pull-out resistance observed in osteotomies
prepared with piezosurgery may be associated
with the formation of a more regular bone
surface topography and a more homogenous
bone—screw contact area.

This study has several limitations. Since an
ex vivo model was used, the influence of
biological healing processes and
osseointegration could not be evaluated. As
long-bone-based material models were used,
mandibular behavior may not have been
accurately represented. Furthermore, only a
single screw type and a limited sample size
were included. Future in vivo studies with
larger sample size, incorporating different bone
densities, bone models and screw designs
would be beneficial to further elucidate the
effects of piezosurgery on long-term stability.

4.1. Conclusion

Piezosurgery is thought to offer not only
biological advantages (selective cutting,
reduced microcracks, soft tissue protection) in
a chicken femur model with a thin cortical bone
but

superiority and improved primary stability.

structure, also potential mechanical

This mechanical benefit may increase the
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reliability of screw fixation, particularly in
bones with thin cortices and in maxillofacial
and reconstructive surgery.

The mechanical effects of piezosurgery on
screw placement should be further validated in
different bone models, with various screw
designs, and under in vivo conditions. Future
studies evaluating these findings in clinical
settings will more clearly define the role of
in

piezosurgery surgical applications and

potentially expand its areas of use.
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