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ABSTRACT

Purpose: The aim of the present study was (1) to test whether or not the application
of an in situ formed synthetic hydrogel, made of polyethylene glycol (PEG) used as a
resorbable membrane for guided bone regeneration, will result in more amount of
bone regeneration compared with an uncovered defect and (2) to evaluate if it can
prevent the soft-tissue ingrowth into alveolar defects.

Materials and Methods: Two critical size defects were created in seven Wistar rats. In
the right side, an in situ formed hydrogel PEG membrane (Straumann MembraGel) was
applied into the defect and the left one was kept empty as a control. After 60 days,
animals were sacrificed and the calvarial bone was removed. The area of newly formed
bone was determined by histomorphometrical analysis. For statistical analysis, the
Mann-Whitney-U test was applied to model the amount of new bone formation.
Results: The quantitative histomorphometric analysis obtained a percentage of newly
formed bone for the test defects of 61,8% +/-22,2% and 53,8% +/-22,9% in the control
group. The observed differences were not statistically significant.

Conclusions: The experimental PEG membrane was biocompatible and prevented
soft-tissue ingrowth. There were no statistically significant differences between the
groups.
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INTRODUCTION

Guided bone regeneration (GBR) and guided tissue regeneration
(GTR) have become very common procedures with the
exponential growth of implantology. These procedures are
mainly used for the treatment of peri-implant bone defects
and periodontal issues as well bone augmentation before or
simultaneously with implants placement.

There is a wide range of membranes’ materials of different
origins, compositions and presentations. Nowadays, resorbable
membranes made of collagen have become the most used
membranes in several clinical situations. However, resorbable
membranes present poor mechanical properties that jeopardize
space maintenance and when used without a spacefilling grafting
material tend to collapse into the osseous defect space.” Another
disadvantage of the membranes is that they are produced in
standardized sizes and need to be adapted manually to the
morphology of the receptor site.® Thus, the individualization of
size and shape is time-consuming and a complicated procedure,
which limits the use of membranes in daily clinical practice.’
Liquid membrane formed in situ offer several advantages,
particularly for more complex morphologies and difficult access
places.’® Several studies have evaluated the hydrogel membrane
made of polyethylene glycol (PEG) for bone regeneration.!t*2
The capabilities of this new hydrogel have been tested for the
last ten years. It was proved to be biodegradable and usable as a
membrane for GBR in non-critical defects.®:01219

The aim of the present study is to verify if the application of
an in situ formed synthetic hydrogel made of PEG, used as
a resorbable membrane for guided bone regeneration, will
result in more quantity of bone regeneration compared with an
uncovered defect.

MATERIAL AND METHODS

The following experimental study was approved by the
Portuguese Agency for Agriculture and Veterinary in accordance
with article 8 of ordinance no. 1005/92 of October 23, 1992,
concerning the treatment of experimental animals.

Seven Wistar rats (20 weeks) weighing between 318 and 365g
were used. The animals were kept throughout the experimental
period in isolated cages placed in a properly programmed
cabinet in terms of temperature, humidity, air flow, pressure, and
cycles of light / dark. Appropriate water was provided and were
fed ad libitum.

Two standardized critical defects were created in the
calvaria bone, approximately 5mm diameter each, through a
standardized slit for this purpose.

General anesthesia was performed, in a chamber in which were
subjected to inhalation with isoflurane (ISOFLO", Veterinary
Esteve). They were then anesthetized with one intra-peritoneal
injection of a 1:1 preparation of 7.5mg/Kg of Ketamine (Imalgéne”
1000, Merial) and 5mg/kg Xizalina (Rompum?’, Bayer HealthCare).
After recording animals’ body weight, the intervention area
was disinfected with an iodine solution (Betadine’, cutaneous
solution 100mg/ml, MEDA Pharma).

An incision was made over the sagittal calvaria at the midline
suture using N°15 blade scalp, extending from the coronal suture
to the parietal-occipital suture.

After detachment of the skin and subcutaneous tissue through
retractors and forceps dissection proceeded to the detachment
of the periosteum, to reflect the external bony plate and access
the parietal bones.

Circular bone defects were performed in bilateral parietal bones,
about 5mm in diameter and 1.8mm distance between them,
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Figure 1. Clinical image of the test and control sides

through bur mounted in the handpiece with low rotation and
with sterile saline (NaCl 0.9%", 250ml, Braun) irrigation. Care was
taken to avoid injury the dura or reaching the sagittal sinus.

In the defect created on the right side of the calvaria was
placed polyethylene glycol hydrogel membrane (Straumann
MembraGel®, Straumann AG) and the left side was left untreated,
as defect control (Figurel).

The PEG hydrogel layer was as thin and evenly as possible. It
was found that after a short time, approximately 90 seconds,
the hydrogel, which initially showed strong green color and
translucency of a typical gel, became light green gaining stiffness
and opacity to the touch, signals that polymerization was
complete. The PEG hydrogel was applied at least 2-3mm beyond
the margins of the defect. This membrane requires no fasteners.
The closure of the wound was done with the tissue sutured
using simple stitches with polyglycolic acid coated 4/0 (Safil* 4/0,
Braun) resorbable suture braided, starting with the suture of the
periosteum, then the skin was also sutured.

Histological preparation

Animals were sacrificed two months later. Radiographs of the
skull were made to observe whether there were differences in the
bone density of defects using an X-ray unit (Trophy Radiology,
CCX Digital 70kV, Vincennes, France).

The sample containing the defect sites was removed from the
skull and the control defects were separated from the test. The
samples were kept in 4% formaldehyde in phosphate buffer, pH
= 7.4 for 48 h (attachment) and were sent to carry out routine
histology to the Dental Anatomy Laboratory (Faculty of Dental
Medicine University of Porto, Portugal).

Samples were conducted in alcohol increasing dehydration
(ethyl alcohol 70%, 80%, 90% and 100%), remaining in each vial
48 hours (in the case of the latter solution was replaced 3 times,
with periods of 48 hours each). They were then impregnated
with methyl methacrylate (Merck Schuchardt OHG - Merck KGaA,
Hohenbrunn, Germany). After impregnation, the samples were
included in the same product after polymerization, were cut
with a diamond disc in a microtome (Accutom - Struers A/S,
Ballerup, Denmark), in sections of about 150 200um-thick, after
being polished (Struers DAP-8, Struers A/ S, Ballerup, Denmark),
reaching approximately 40um. Afterwards, samples were
stained with Solocrom and mounted on glass slides, bonded
with Permacol (Ind UV Permacol’, Adhesive 327/3, Permacol
Ind., The Netherlands), polymerized with ultraviolet light. The
placement of the cover glass over the specimen followed the
same procedure.
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Histomorphometric Analysis

The sections were analyzed on a microscope Leica DMLB’
Type 020-519010 LB30T (Leica Microsystems, Wetzlar GmbH,
Heerbrugg, Germany) to which was attached a digital camera
Leica DFC295 (Leica Microsystems Ltd, Heerbrugg, Germany)
with Leica lens 506083 to 2.5x increase. For quantitative analysis,
the slides were photographed and measurements were made
in the areas of defect and regeneration by a blinded operator,
using a digital pen and table [41] (Wamboo & Pen Touch Wacom
Company, Ltd.) and the Leica Application Suite Version 3.5.0
(Leica Microsystems Ltd, Switzerland).

The following parameters were measured: total defect area, area
of new bone formation and the quantity of soft tissues present.
The results were presented as a percentage of the total area of
the defect.

Statistical Analysis

This is a pilot study in an animal model with rats. The sample size
was chosen for convenience.

The results were analyzed using SPSS 21.0 (SPSS, Chicago, IL).
A Shapiro-Wilks test was performed since is more accurate for
small samples (n <30) aiming to test the normality of distribution.
As the sample was small and did not have a normal distribution,
it has been chosen to use nonparametric tests, performing the
Mann Whitney U test, which compares the difference between
the medians of two independent groups.

Figure 2. Macroscopic view of hydrogel persistence

Figure 4. Semi-lunar shape of PEG membrane (25x magnification)

The following hypothesis were considerate:

HO - There is no difference between using membrane or their
absence;

H1 - There is difference between the use of membrane or its
absence.

RESULTS

The animals were healthy throughout the study period. They
all had an increase in weight and have not been registered
any postoperative infection or healing problems. At the time of
sacrifice were not detected any signs of local inflammation.
Clinical analysis

After tissues removal the persistence of the hydrogel membrane
of polyethylene glycol was found macroscopically in six of the
seven samples (Figure 2).

Radiographic analysis
Through an X-ray beam perpendicular to the calvaria were
unable to obtain any difference between the groups (Figure 3).

Descriptive Histology (morphological analysis)

The PEG hydrogel kept its shape during the 60 days of
regeneration. The membrane had, in most cases (six of the
seven), a semi-lunar shape was observed and in general terms
was intact (Figure 4). In relation to the soft tissue, the hydrogel
presented a smooth surface with few irregularities.

Figure 3. Skull x-ray



The hydrogel was surrounded by a large number of fibroblasts
and inflammatory cells. Between these layers, cells of
subcutaneous fat were observed in bundles of collagen fibers
tend parallel to the surface of the hydrogel, having, however, any
irregularity in their arrangement (Figure 5 and 6).

Inside, the PEG hydrogel was almost in direct contact with the
newly formed bone and connective tissue containing fibroblasts,
blood vessels and some inflammatory cells. The new bone
formation was limited only by the membrane and calvaria.
Osteoblasts can be observed in the area of new bone formation
signalized with arrows in Figure 7.

Compared with the control, it can be seen that the defects filled
with the hydrogel of PEG, had a greater bone growth (Figure 8)
even of it wants statistically significative and despite the fact
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non-existent tent promoted by some pre-produced membranes.
It was observed thatin all defects, the membrane PEG functioned
as a barrier, preventing cellular infiltration.

Almost no bone regeneration was found in the defects without
membrane. The defects were filled with fibroblasts and
inflammatory cells.

Analysis of cell invasion

Through observation of histological sections, it can be seen that
there was noinvasion of the soft tissue. The test defects remained
filled with the membrane, with sharply defined borders, having
checked that bone growth has occurred. In the defects without
membrane, there was practically no bone growth, or when
present, was residual.

Figure 5. Photomicrograph of defect areas (=» indicates bone formation) (50x
magnification)

Figure 7. Photomicrograph of bone defect area (50x magnification). (= indicates
essentially a collagen matrix; = indicates bone neoformation site)

Figure 6. Photomicrograph of defect areas (*collagen fibers) (50x magnification)

Fig. 8 - Photomicrograph of bone defect (50x) (- indicates PEG membrane;
—» indicate bone neoformation sites; = indicates essentially a collagenous bone
matrix)
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Statistical analysis

Descriptive statistical analysis of the database revealed that
the defects without membrane had a median of 41% of bone
regeneration with 22.93% of a standard deviation. In the defects
with a membrane, the median is 64% with a standard deviation
of 22.2% (Table 1).

Table 1. Descriptive statistics of newly formed bone (%)

Percentage of Newly Formed Bone

Median % new bone -
Treatment (95% CI) St. Deviation
. 64%
0,
With membrane (63.6% - 64,4%) 22,2%
Without 41%
0,
membrane (40,56% - 41,44%) 22,33%
Cl=Confidence Interval

To verify the normality of the database a Shapiro-Wilk test was
run.

With p<0,05, that the groups do not present a normal distribution.
Considering p<0,05 in the untreated group, the groups do not
have a normal distribution. Thus, nonparametric tests were
applied using a Mann-Whitney test.

At the Mann-Whitney test, as p > 0.05, it appears that there are
no significant statistically differences between groups, but there
is a tendency to have greater bone regeneration in membrane
defects.

DISCUSSION

The use of rats in this study is in agreement with others, trying
to evaluate the effectiveness of different types of membranes for
bone regeneration or for the study of bone regeneration itself.
The critical defect in rats’ calvaria is an experimental model for
selective bone regeneration. Defects used in this study proved
to be critical as demonstrated by reduced or absent bone
regeneration in defects without membrane, in accordance with
other studies.

The sample of this study was small, as this is a preliminary study
whose results may lead to the performance of other experimental
work, in order to verify the advantages of using this cell barrier
hydrogel over other membranes in guided bone regeneration.
The results of this study demonstrated that the PEG hydrogels
function as barrier tissue and can be used as membrane.

The membrane of PEG maintained the original shape during the
60 days of regeneration.

Having regard to the objective of the study, the defects filled with
PEG membrane, had greater bone regeneration, however, it was
not statistically significant.

It was noted that some of the sections obtained by defects
filled with membrane had worse results than others without
membrane. This result may be due to the fact that critical defects
have been set (5mm) and the membrane itself does not make
the tent effect. The hydrogel even fills the defect, removing
conditions to occur enough regeneration.

Regarding membrane function, PEG molecules with multiple
arms of PEG form the hydrogel, more and smaller than those
used in matrix systems for the release of bioactive molecules,
successfully investigated in preclinical. It was demonstrated
that PEG gels, which consist of multi-arm molecules, are
considered cellular barriers due to the fact that the distances of
the points of crosslinking are significantly smaller than the size

of a cell. Histological analysis revealed prevention of cellular
penetration in the group with membrane up to 4 months. It was
demonstrated that the material PEG was safe, well tolerated and
there were no adverse reactions attributed to the material, nor
was patients who could not be applied.

The results are also confirmed by previous pre-clinical studies
which demonstrate the ability of the membrane to maintain PEG
space in order to prevent defects in cellular invasion and angular
function as a barrier when accompanied by bone filling material.
However, the current study showed that the defect space
was occupied by significant quantities of PEG, as described in
previous studies. This is due to the fluid nature of the hydrogel
in the initial stage upon application of the defect, causing defect
filling with the membrane.

Regarding biocompatibility, Jung et al. in 2009, had already
demonstrated this ability of PEG hydrogel applications in ROG. In
2007, Jung et al. reported the absence of inflammatory reactions
of soft tissue and hard tissue regeneration during intra and extra
oral with PEG hydrogels.*® Similarly, there has already been
shown that the PEG hydrogel membranes formed in situ were
able to maintain the necessary space for bone regeneration, but
there is such a need of a replacement bone to fill the defect.
Other preclinical studies demonstrate the potential of the
PEG membrane as a cell barrier in GBR in combination with or
without immediate placement of implants.In a randomized,
controlled clinical study of Jung et al. 2009, the membrane of
PEG in combination with deproteinized bovine bone mineral
was compared with a collagen membrane of porcine origin
in combination with that bone in dehiscence defects around
implants. The vertical filling of the defect was 94.9% in the test
(PEG) and 96.4% in the control defects. However, further delays
were observed scarring or incomplete due to complications with
the soft tissues in cases of the PEG membrane.

One of the major advantages of using PEG membraneis handling
and the possibility of clinical application of the membrane
directly at the surgical site. Moreover, there is no loss of time by
cutting and adaptation of the shape of the membrane, as occurs
when using standardized membranes . In studies conducted
in humans and animals, was tested a membrane composed of
polylactic acid dissolved in N-methyl pyrrolidone as a barrier to
regeneration of periodontal tissues lost. Although this material
can precipitate from solution in situ by the addition of water 47,
in most studies, a membrane made of this polymer was formed
extra-orally before application to the periodontal defect.

The viscosity of the PEG membrane makes this gel indicated for
clinical applications that are proposed, without sagging material
for adjacent areas. Furthermore, the use of PEG hydrogel as
membrane will represent an evolution towards future GBR
procedures.

In statistical terms, it appears that there is not a normal
distribution of the groups (p>0.05), as can be seen by the Shapiro-
Wilks test. The Mann-Whitney test, demonstrate that not reject
the null hypothesis that bone regeneration is the same with or
without membrane. Hence, there are no significant statistically
differences between groups. However, defects covered with
membrane results better than uncovered defects. The results
indicate that this is a type 2 error, having as probable cause the
small sample size.

There were no statistically significant differences between the
groups in relation to bone regeneration of rat calvaria defects.

CONCLUSIONS

The present study demonstrated that the PEG hydrogels
function as synthetic membrane formed in situ and can be
used as a resorbable cell barrier for 60 days. It was found that



PEG hydrogel is safe, demonstrating that there is no significant
tissue reaction, compared to the unfilled defect. It can be used
as a cell barrier functioning as membrane in the GBR, in Wistar
rat calvaria critical defects treatment. The density of the hydrogel
demonstrated the ability to maintain the shape and resistance
to degradation. Histomorphometric analysis showed that
there was more bone regeneration at the defect covered with
hydrogel membrane than in the defects without membrane.
This PEG membrane formed in situ has the potential to meet the
requirements for the procedures of the GBR.

Journal of Surgery, Periodontology and Implant Research | 79

regenerated. This pilot study also allowed to conclude that the
PEG hydrogel presentation of self-mixing syringe, becomes
an easy to use tool, supporting the clinical application of a
resorbable membrane without the need of prior adjustment.
However, further, and future studies with more representative
sample are needed to confirm the results of this study.
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