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Introduction: Subperiosteal preparation using a periosteal elevator leads to disturbances of local periosteal
microcirculation. Soft-tissue damage can usually be considerably reduced using piezoelectric technology. For
this reason, we investigated the effects of a novel piezoelectric device on local periosteal microcirculation and
compared this approach with the conventional preparation of the periosteum using a periosteal elevator.
Material and methods: A total of 20 Lewis rats were randomly assigned to one of two groups. Subperiosteal
preparation was performed using either a piezoelectric device or a periosteal elevator. Intravital microscopy
was performed immediately after the procedure aswell as three and eight days postoperatively. Statistical analysis
of microcirculatory parameters was performed offline using analysis of variance (ANOVA) on ranks (p b 0.05).
Results: At all time points investigated, intravital microscopy demonstrated significantly higher levels of periosteal
perfusion in the group of rats that underwent piezosurgery than in the group of rats that underwent treatment
with a periosteal elevator.
Conclusion: The use of a piezoelectric device for subperiosteal preparation is associated with better periosteal
microcirculation than the use of a conventional periosteal elevator. As a result, piezoelectric devices can be expected
to have a positive effect on bone metabolism.

© 2014 Elsevier Inc. All rights reserved.

Introduction

The periosteum is amembrane that consists of connective tissue and
covers the bone. Morphologically, the periosteum can be divided into
three zones, each of which contains highly specific cells. The inner zone
is the osteogenic layer that contains cells similar to those of the endoste-
um. Among these cells are mesenchymal stem cells, osteoprogenitor
cells, active and resting osteoblasts, and/or active and resting osteoclasts.
The middle zone is a translucent layer that is characterized by a large
number of microvessels. The outer zone is a typical fibrous layer that
contains collagen fibers (Squier et al., 1990).

The specific structure of the periosteum is seen not only in children
but also in adults and allows bones to remodel themselves over time, for
example during bone fracture healing (Kowalski et al., 1996; Landry
et al., 2000; Ruecker et al., 1998). Periosteal cells play a major role in
the supply of blood to the bone. The importance of intact periosteal tis-
sue is underlined by the substantial contribution of periosteal blood

cells to the supply of blood to the cortical bone (70–80% of arterial sup-
ply and 90–100% of venous return) when compared to intraosseous
blood vessels (Chanavaz, 1995). The periosteum is closely attached to
the bone by collagen fibers in the bonematrix and by hemidesmosomes
(Junqueira et al., 1996). Surgical procedures, especially those directly in-
volving bone, often have adverse effects on the osteogenic potential of
the periosteum since they are associatedwith the detachment of perios-
teal tissue from the bone. Periosteal damage can either be caused by the
deliberate separation of the periosteum from the bone during surgery or
it can be the result of a disease or trauma.

The preparation of the periosteum is a routine procedure in trauma
surgery, reconstructive surgery and especially dentoalveolar surgery
(Flores-de-Jacoby, 1987; Harrison and Jurosky, 1991; Kramper et al.,
1984; Lutz and Schlegel, 2000). It is commonly performed using a peri-
osteal elevator that is used formanually lifting and separating periosteal
tissue from the bone. This procedure causes damage to the morpholog-
ical structure of the periosteum and especially to the cells of the osteo-
genic layer. The result is a complete or partial loss of periosteal function
(Mercurio et al., 2012; Schaser, 2003). It is currently impossible for sur-
geons to prepare the periosteum between the osteogenic layer and the
underlying bone in such a way that the periosteum remains intact. The
use of a periosteal elevator leads to the disruption of periosteal integrity
and the separation of the periosteum from the bone as a result of a pro-
cess that is mainly mechanical in nature. The destruction of the
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connection between bone and periosteum damages the regenerative
cells of the periosteum and reduces their osteogenic potential (Bilkay
et al., 2000; Li et al., 2004; Svindland et al., 1995). Successful
osteoinduction and osteoconduction, however, require the preservation
of cell vitality in the periosteum (Schaser, 2003). Periosteal cells provide
nutrition to the underlying bone by free diffusion. Adequate functioning
of the periosteum is of far greater importance to patients who have un-
derlying diseases such as diabetes mellitus or undergo tumor treatment
and receive chemotherapeutic agents than it is to healthy people since
the periosteum plays an important role in promoting rapid bone
healing. If these patients undergo surgery involving bone, particular
care must be taken to cause no damage or as little damage as possible
to the periosteum with a view to ensuring subsequent bone healing
without dehiscences or necrosis (Claes and Heigele, 1999). If the bone
is damaged without compromising local periosteal microcirculation,
good bone healing can be expected. If, by contrast, local periosteal
microcirculation is compromised, the regenerative potential of the peri-
osteum will be reduced. Good periosteal microcirculation is of para-
mount importance for bone modeling (Mercurio et al., 2012). In the
literature, there is only a paucity of chronic studies on periosteal perfu-
sion during and after subperiosteal preparation.

Whereas piezoelectric ultrasonic instruments have been available
since 1988, devices utilizing the piezoelectric effect have been used for
medical purposes only since 1998. Applications of piezoelectric devices
include hard-tissue surgery, periodontal surgery, the removal of im-
pacted teeth, apical surgery (Vercellotti, 2004; Vercellotti et al., 2001),
and bone expansion (Metzger et al., 2006; Schlee et al., 2006).

The piezoelectric effect is based on physical interactions in crystal-
line materials. The application of an electric field creates nanoscale
deformations in a crystal. This dynamic effect can be used to transform
longitudinal or transverse movements of a ferroelectric material into a
surgical cutting action. Piezoelectric devices are operated at different
frequencies depending on the density of the tissue to be cut.

The tip of the ultrasonic device vibrateswithin a range of 20–200 μm
at a frequency of 20,000 Hz. Piezoelectric devices are permanently
cooled with sterile physiological saline during use so that heat-
induced trauma can be largely ruled out (Bacci et al., 2011; Berengo
et al., 2006) and the risk of bacterial contamination is minimized.

The essential difference between piezoelectric devices and conven-
tional preparation instruments is that piezoelectric devices operate in
a tissue-specific manner. Every tissue has a specific frequency range at
which it can be cut. A piezoelectric device can therefore cut a specific
type of tissue without causing damage to adjacent tissues. Damage to
the soft tissues (e.g. nerves) that surround bone, for example, is caused
only at frequencies above 50 kHz (Vercellotti, 2000; von See et al.,
2012). In addition, piezoelectric devices have the advantage that they
cause minimal bleeding when they are used to cut bone. The extent to
which piezoelectric devices adversely affect periosteal microcirculation
has not yet been investigated.While there are a few studies that address
the behavior of bone when it is being cut by piezoelectric devices, there
are no studies that examine local microcirculation within the perios-
teum during and after the cutting operation. We conducted this
study in order to investigate the effects of piezoelectric surgery on
local periosteal microcirculation and compared the use of a piezoelec-
tric device and a conventional periosteal elevator for the preparation
of the periosteum.

Material and methods

Laboratory animals

All procedures were approved by the responsible authority
(Ref. 12/0861) and were performed in accordance with the German
Animal Protection Act and the Guide for the Care and Use of Laboratory
Animals (National Research Council, 2011). The study involved 20 adult
male Lewis rats with a body weight between 300 g and 330 g (Harlan-

Winkelmann, Borchen, Germany). The rats were housed singly in cages
at a room temperature of 22–24 °C and a relative humidity of 60–65%
with a 12-hour day/night cycle. They received water and dry food
(Altromin, Lage, Germany) ad libitum during the entire investigation.

Study design and experimental groups

Microcirculatory parameters were assessed on day 0 immediately
after subperiosteal preparation with the different instruments and on
days 3 and 8 after the procedure. The experiments were performed on
the basis of a model established by Stuehmer et al. (2009).

The rats (n = 20) were divided into two experimental groups.

Group 1 n = 10, subperiosteal preparation with a periosteal elevator,
intravital microscopy

Group 2 n = 10, subperiosteal preparation with a piezoelectric device,
intravital microscopy

Procedures

The animals were anesthetized using an intraperitoneal injection of
ketamine (Ketavet®, 75mg per kg bodyweight, Parke-Davis, Germany)
and xylazine (Rompun®, 25 mg per kg bodyweight, Bayer HealthCare,
Germany). A surgical blade was used to make an incision through the
skin and periosteum in the occipital region in order to expose the
calvaria. Depending on the group, either a periosteal elevator or a piezo-
electric device was used for the preparation procedure. The skin was
then repositioned and secured in place with sutures (Ethicon Vicryl®
sutures 4-0, Johnson & Johnson, Germany). The procedure took approx-
imately 10 min. Intravital microscopy was performed subsequently.
Periosteal vascularization was analyzed by intravital microscopy on
the following days at the timepoints indicated above. Everymicroscopic
examination took approximately 30 min.

Intravital fluorescence microscopy of the periosteum

Under anesthesia with intraperitoneal ketamine (Ketavet®,
75 mg per kg bodyweight) and xylazine (25 mg per kg bodyweight),
intravital fluorescence microscopy was performed immediately after
the preparation of the periosteum and on days 3 and 8 after the pro-
cedure. Fluorescein–isothiocyanate-labeled dextran (FITC-dextran,
molecular weight: 150,000 Da, Sigma, Taufkirchen, Germany, 5% in
0.9% NaCl solution, 0.1 ml) was injected into the tail vein of each animal
for contrast enhancement of blood plasma. This technique permitted
the imaging of microcirculation. All examinations were recorded
on-line using a highly sensitive video camera and quantitatively ana-
lyzed (off-line)with computer assistance at a later time in order tomin-
imize examination times.

Reflected lightfluorescencemicroscopywas performed using a Zeiss
Axiotech microscope (Zeiss, Oberkochen, Germany) at 20× magnifica-
tion. A blue filter block (450–490 nm) permitted the visualization of
blood plasma. Microscopic images were recorded using a highly sensi-
tive video camera (FK 6990 IQ-S, Pieper, Schwerte, Germany) and trans-
ferred to a DVD system (LQ-MS 800, Panasonic, Hamburg, Germany) for
off-line evaluation.

Image analysis

Computer-assisted quantitative image analysis was performed
off-line using CapImage image analysis software (Zeintl, Heidelberg,
Germany). Functional capillary density, microvessel diameters and vol-
umetric blood flow were determined in the venules. Functional vessel
densitywas assessed on the basis of the length of perfusedmicrovessels
per observation area. Diameters (d) were measured perpendicular to
the vessel path and are expressed in mm. Volumetric blood flow was
calculated using the formula: π × (d/2)2 × v/K, where K represents
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