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Technical Strategies
Guided Tissue Regeneration, Barrier
Membranes and Reconstruction of the Cleft
Maxillary Alveolus

Marketa Duskova, MD, PhD,* Eva Leamerova, MD,* Bohuslav Sosna, MD,1 Ondrej Gojis, MD*

Prague, Czech Republic

The use of barriermembranes for bone regeneration
is especially beneficial in the case of severely af-
fected soft tissue. One useful indication may be the
formation of an effective shell for bone grafts in
maxilla cleft defect reconstruction.When selecting a
proper material for clinical use, one must consider
the safety record, the resorption time and route of
elimination, the time of the maintained barrier
function, the necessary time ofmechanical strength,
and costs. Two resorbable collagenmembranes, one
of single-layer and one of double-layer material,
were tested in vitro and in vivo. The tested single-
layer membrane is less expensive, but it is also less
handling than the double-layer membrane. In vitro,
sampleswere incubated in simulated surgicalwound.
A complete unambiguous picture of disintegration
was not proved histologically in either material in
six investigation terms (1Y6 weeks). In vivo the ef-
fect of the assessed membranes was verified on a
group of patients (N = 45) with a cleft. Materials
were applied in the reconstruction of the alveolar
defect by cancellous bone grafts. The influence on
the course of healing was not stated as statistically
significant. However, with respect to the costs of
double layer membrane, this material was used in
the most severe cases.

Key Words: Cleft, reconstruction of alveolar defect,
guided tissue regeneration, barrier membrane

C
left lips and palates are among the most
common congenital defects. An osseous
defect of the maxillary alveolar process
and the respective teeth is present in 75%

of affected individuals. Bone reconstruction using an
autologous cancellous bone graft with the subse-
quent insertion of a dental implant can be a more
natural alternative to prosthetic treatment. Dental
implants placed into the reconstructed maxillary
alveolus in cleft patients need a three-dimensional
(3-D) sufficiently large bone ridge. To form an effec-
tive shell for a voluminous bone graft is not an easy
task, considering the poor quality of soft tissues in the
affected area.1Y4

The biological principle of ‘‘guided tissue regen-
eration’’ (GTR) was first developed for regenerating
periodontal tissues that were lost as a result of peri-
odontal disease.5,6 This principle was based on the
hypothesis that undesirable types of tissue cells could
be prevented from migrating into a wound by means
of a membrane barrier, while at the same time giving
preference to those particular cells to repopulate the
wound which have the capacity to regenerate the de-
sired type of tissue.7,8 In a clinical sense, this means
that the membrane is permeable for nutrients but not
cells, making it able to serve as a cell barrier to guide
the specific tissue regeneration. This principle may
have its application in many areas of surgery aimed at
regeneration of lost tissues.9

Membrane barriers are most often applied along
with antibiotics and bone substitutes in the peri-
odontal treatment of an alveolar ridge defect or in the
periodontal repair of furcation defects,10,11 and are
sometimes even used in the stimulation of fibroblast
production.12 Some authors state that it is possible to
set the barriers exogenously to periodontal defects in
order to attract preosteoblasts to the site and accel-
erate their proliferation to stimulate angiogenesis.13

The main advantages of using membrane barriers for
intraosseous defect reconstruction are their ability to
protect the graft from the epithelial migration during
the healing period of soft tissues, to open the passage
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of essentials nutrients, and to support a pocket for-
mation and a graft shape.14Y16

The application is contraindicated in the case of a
wound infection17 or with the periodontal repair in
smokers.18Y20 Nevertheless, the various barrier types
do not differ in regard to either bacterial adherence or
antimicrobial features during experiments.21

Depending on their reaction to a biological envi-
ronment, the membrane barriers are either resorbable
or non-resorbable. The resorbable barriers are used
when their subsequent removal is not advisable, as in
the case of cleft alveolar defect reconstruction. These
membranes disintegrate either by hydrolysis or by en-
zymatic action depending on their composition. Their
compounds are either of a natural (collagen) or syn-
thetic (polymers, lactic acid, polyglycolic acid) origin.

Collagen

Collagen membranes are classified in several ways.
Two basic types of collagen are used, type I and type
III. They come from two main animal sources, bovine
and porcine. The source of the collagen is either from
tendons or dermis. Barrier membranes are extracted
by coagulation from collagen solutions (G1%) and then
air-dried to form plates. The cross-linking of collagen
molecules prolongs the time of resorption, typically
6Y8 weeks in periodontal defects, and reduces anti-
genicity. Collagen membranes are suitable for clin-
ical application so that during the early phase of
wound healing, the membrane resorption runs par-
allel to the formation of new bone, cement, and peri-
odontal ligaments.

Collagen as a barrier membrane has the follow-
ing advantages:

1. It exhibits hemostatic features.
2. It stimulates the chemotaxis of fibroblasts.
3. It acts as a support construction for the migration

of fibroblasts to periodontal ligaments.
4. It is easy to shape and adapts well to the surface of

dental roots.
5. It possesses low antigenic and immunogenic

properties.
6. It is bioabsorbable, eliminating the need for sur-

gical removal.

Clinical experiments with the bovine collagen
type I (tendon and dermis) have comparable results
to ePTFE, i.e., non-resorbable material.22

In spite of its wide usage, it is necessary to ac-
knowledge possible immunologic and inflammatory
reactions. The type and source of collagen membrane
seem to be the main causative factor in such reactions.

Tendon collagen is relatively inert even after inten-
sive testing.

Commonly used collagen membranes are:

Biomend*: indicated for GTR interventions in peri-
odontal defects, made of deep flexor tendons,
made of bovine collagen type I, can be applied
dry or soaked in a physiological solution, bio-
compatible, tear resistant, pliable and easy to
handle, rigid enough to maintain space, helps
stabilize blood clots, allows integration of con-
nective tissue flaps, can be affixed by sutures if
necessary, and full resorption occurs in 4Y8 weeks.

Biomend Extend*: indicated in cases where higher
resistance is required, longer lasting, absorb-
able, thicker, has higher tear resistance, can be
sutured to the defective site, and full resorption
occurs in 18 weeks.

OSSIX*: indicated for GBR interventions with im-
plants, localized augmentation of the osseous
crest, and protection of the osseous inlay in large
defects. It is made of deep flexor tendons, made
of bovine type I, can be sutured, and resorption
starts in the sixth month and is completed in the
eighth month.

Neomem\: a type I bovine collagen matrix, indicated
for use in guided tissue regeneration (GTR) and
guided bone regeneration (GBR) procedures, as
well as in uses associated with dental implants,
bone defects and ridge augmentation to aid in
wound healing post-surgery. The key advantages
of Neomem are: higher mechanical strength for
membrane stabilization at site using either su-
tures or resorbable tacks; longer in vivo stability
or resorption times, 26Y38 weeks, for sustained
function; and optimized flexibility and rigidity
for better space maintenance, to allow for de-
sired tissue ingrowth.

Synthetic Polymers, Lactic and Polyglycolic Acids

Polymers

Synthetic polymers are another group of resorbable
membranes. They are synthesized from different
forms of lactic acid (PLA) and polyglycolic acid (PGA).

Biodegradation of these membranes is due to hy-
drolysis of ester bonds over approximately 30Y60 days,
depending on the proportion of acids. A majority of
clinical studies considers them comparable to other
GTR membranes, incl. eEPTF. An effect superior to
collagen was found by Stavropoulos et al.19,20

Five main polymeric membranes exist that can
be clinically indicated for GTR interventions:
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VICRYL*: produced as Polyglactic-910, a polymer of
synthetic acids (PLA, PGA), has good handling
thanks to its porous structure, can be affixed by
sutures, and resorption occurs within 3Y12 weeks.

ATRISORB*: produced as a synthetic fluid polymer,
contain PLA and N-methyl-2-pyrolidine (NMP).
Polymerization occurs only in contact with water,
thus the membrane can be shaped extraorally
and individually for each patient. The resorp-
tion is through hydrolysis within 9Y12 months.

ATRISORB-FreeFlow*: bioadhesive, eliminating the
need for stabilizing sutures, completely bioab-
sorbable, a custom-fitting, flowable, polymer,
applied directly over a periodontal defect,
creating a space where healthy tissue can re-
grow, cannot be resterilized.

ARISORB-D*: a membrane applied with ATB
(doxycycline)

RESOLUT XT*: a porous membrane made of
trimethylene-carbonate fibers and co-polymers
of lactic acid, has a sufficient toughness for shap-
ing volume along with flexibility for covering
defect edges. An exchange is necessary after 8Y
10 weeks prior to material hydrolysis.

EPI-GIDE*: a hydrophilic membrane of lactic acid,
has a flexible porous structure with microspaces
for blood clots, has good adhesion, and a special
structure to retain fibroblasts and epithelial cells.
An exchange is necessary after 6Y8 weeks, with
total resorption after 12 months.

GORE RESOLUT ADAPT*: a polymer of PGA and
TMC fibers, has a meshwork structure that sup-
ports the integration of tissues, and hydrolysis
occurs after 8Y10 weeks.

Other biomembranes:

1. CAPSET*: a derivative of calcium sulphate. The
manufacturer states a good tissue response, good
adaptability and adhesion to dental roots, and a
low incidence of infection. It remains intact for 2Y
6 weeks depending on the level of contact with
fluids and on the degree of coverage. The main
disadvantage is an early loss of barrier effect if the
membrane is uncovered. This is why it must be
primarily closed and must remain covered during
the healing period.

The membranes containing PGA (polyglycolid
acid) or PLA (polylactic acid) degrade directly into
acids and may trigger an inflammatory response.

In selecting a membrane for clinical use, there are
important questions concerning GTR:

1. What is the safety record?
2. What is the resorption time and route of elimination?
3. How long is the barrier function maintained?
4. How long is the mechanical strength needed?

And last but not least, one has to take into ac-
count financial considerations.23,24

MATERIALS AND METHODS

Experimental Part In Vitro

Two resorbable membranes Y Hypro-Sorb\ and
Bio-gide\ Y were assessed.
Bio-Gide\ is indicated for GBR interventions

with implants and local augmentation of the osseous
crest. It protects and forms osseous inlays even in large
defects. It is made of porcine collagen type I and III. It
contains a double-layer structure that is applied by its
rough side directly to the bone. Its smooth side with
an UP sign faces soft tissues. It can be fixed by sutures
and has full resorption in six months.

Hypro-Sorb\ is an atelo-collagen membrane used
for guided osseous and parodontal regeneration (im-
plantation with augmentation, sinus lift, absolute in-
crease of alveolar crest, remodelation after filling
osseous defects, parodontal defect inlay). It is com-
posed of collagen type I and has a purity of 99.9%. It is
derived from a highly purified biopolymer and is rid
of telopeptides. It has a slight bacteriostatic effect as it
inhibits common proteinases. The time of resorption
is about four weeks and disintegration starts after
three weeks. Two types exist: single- and double-layer.
A single-layer type was used in this study.

The assessment was based on physical charac-
teristics of the barriers. The following properties were
monitored and compared: composition, surface char-
acter, absorbability, pliability, durability stated by the
producer, handling, and financial considerations.

Clinical Part In Vivo

The effect of the assessed membranes was verified on
a group of patients (N = 45) with a cleft, where mem-
branes were applied in the reconstruction of the alve-
olar defect by cancellous bone grafts.

The study group consisted of 30 males and
15 females aged 14Y22 years (average 17.1 years). All
had a complete affection of the primary palate and 33
had also complete or incomplete cleft of secondary
palate. There were 8 patients with a left-sided cleft lip
and jaw; 24 patients with a left-sided cleft lip, jaw and
palate; 3 patients with a right-sided cleft lip and jaw;
7 patients with a right-sided cleft lip, jaw and palate;
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1 patient with a bilateral cleft lip and jaw; and
2 patients with a bilateral cleft lip, jaw and palate.

The mucoperiosteum was hypoplastic, scarred
and relatively lacking with minimum elasticity in all
patients. Oronasal fistula was present in 52.8% of
patients. The type and number of membrane applied
were monitored.

Experimental Part In Vitro

Standardized sterile samples of both materials were
tested on a simulated surgical wound environment.
Samples of both substances in the original thickness
shaped as 3-mm squares, always amounting to
72 pieces, were put into sterile sealable test tubes.
These test tubes were filled with the fluid harvested
from sterile surgical wounds using suction drainage.
They were incubated in a thermostat set at 37-C from
1Y6 weeks.

The content of suction-drain bottles was centri-
fuged and only the supernatant was used in the
experiment. The fluid used was either native or re-
frozen. On the first day of the experiment the samples
were placed into the liquid derived in the first 24 hours
after surgery. On the following days, they were always
put into the liquid derived after more than 24 hours
after surgery.

The liquid was exchanged daily and pH was
checked. Each week 12 specimens were detracted for
histological testing. At the same time, a sample of the
liquid was tested microbiologically to check sterility.
The materials were then always placed into new
sterile test tubes. The histological examination was

processed using the standard histological staining
method with hematoxylin eosin and van Gieson stain-
ing for elastic connective tissue. When assessing the
structure of incubated samples, the original substance
was taken prior to incubation as a reference material.

The assessment was based on barriers evaluation
and the histological image of degradation in the ob-
served timeframe after incubation of the simulated
surgical wound environment.

Clinical Part

Both materials were applied in a group of cleft patients
(N = 45) for the reconstruction of the maxilla alveolus.

The surgery started with detachment of soft tis-
sues in the cleft gap. The palatinally pedicled flaps
formed the oral section of future graft shell. In the case
of the oronasal fistula, the nasal layer was closed with
a suture knotted into the nasal cavity. The bare os-
seous poles of the maxillary segments, i.e., the lateral
walls of the cleft defect, were spot abraded in order to
stimulate the graft intake. To fill the bone defect, au-
tologous cancellous grafts in tiny particles of 2Y3-mm
rim, harvested from the iliac crest by the second sur-
gical team, were used in all cases. The insertion, fixa-
tion and shaping of the grafts were done by simple
hand packing so that a new alveolar apical contour
would slightly surpass the cement-enamel border of
neighboring teeth. The vestibular wall and the top
were reconstructed by shifting the mucoperiosteal
vestibular flap optionally from either the end of the
cleft alveolar segment, from the contralateral seg-
ment, or from both sides. Barrier membranes were

Fig 1 Histological picture of a single-layer membrane
before incubation.

Fig 2 Histological picture of double-layer membrane
before incubation.
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used to isolate the grafts from both nasal and oral
mucoperiosteal sutures. A semi-elastic splint pre-
pared in advance was applied to the operated area for
1Y3 weeks in all cases. All patients received systemic
antibiotics for 7Y10 days.

The testing of pH and microbial flora in the
oral cavity was performed on a random patient
sample (N = 12) during the alveolar reconstruction.
pH was measured in the upper vestibule of the
operated patients on the morning of the day of
surgery and on the first day after surgery. The
microbial flora of the operated location was checked
in identical intervals.

The following parameters were observed: manner
of soft tissue reconstruction, volume of grafts applied,
membrane handling and placement, course of heal-
ing, salivary pH, microbial flora in the oral cavity, and
surgical finding on the insertion of the implant.

RESULTS

Experimental Part

Both materials come in sterile plates of 2 � 2Y3 cm
and are composed of bovine collagen. Hypro-

Sorb\ is a single-layer plate and Bio-Gide\ is a
double-layer plate. Hypro-Sorb\ is a flexible folio
with identical smooth sides. Its handling is tricky be-
cause it is relatively firm and difficult to adapt to the
surface. In addition, it absorbs fluids with difficulty.
Bio-Gide\, on the other hand, is an easily-absorbing
material and when wet it can perfectly match a ter-

rain. There is a difference between the facing side and
the reverse side: the facing side is relatively smooth
and the reverse side feels rough. The manufacturers
state the durability of both materials in months. The
double-layer barrier is five times more expensive than
the single-layer material.

The pH of the simulated surgical wound envi-
ronment ranged between 5.25Y6.20 (average 5.80). All
microbiogical tests were sterile. When assessing the
structure of incubated samples, the original substance
prior to incubation was taken as a reference material.
The single-layer membrane kept a homogenous histo-
logical structure in all samples except the last two,
where slight initiating disintegration was found. The
double-layer barrier displayed a partial disintegration,
which had been increasing in time since the begin-
ning. However, a complete unambiguous picture of
disintegration was not proved histologically in either
material during the investigation period (Figs 1Y4).

Clinical Part

Barriers were used to isolate the grafts from both
nasal and oral mucoperiosteal sutures in 36 patients
(Bio-Gide\ 28x, Hypro-Sorb\ 8x). In nine cases the
barriers were not used. These three groups were
compared with regard to their course of healing.

The average volume of applied bone grafts was
3.7 cm3 (range 2.5Y6.0 cm3). When used, the mem-
branes isolated the grafts from both nasal and oral
sutures of mucoperiosteum. The handling of the
double-layer material was easier due to its better
pliability. pH on the day of surgery and after surgery

Fig 3 Histological picture of monolayer membrane after
incubation for six weeks.

Fig 4 Histological picture of double layer membrane after
incubation for six weeks.
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ranged between 5.25Y5.60 (on average 5.50). The mi-
crobiological finding was negative in all operated
subjects, both prior to surgery and after, when wide-
spectrum antibiotic (Dalacin\) was administered sys-
temically. Only one patient had Candida albicans on
the day after surgery. Upon review of the alveolus
12Y14 weeks after the transplantation in a connection
with dental implant insertion, the membrane was

found only once, and it was the double-layer type. In
two patients with single-layer membrane a minor
wound dehiscence occurs ten days after surgery. Both
healed successfully with the conservative treatment. In
six patients the insertion of the implant was impossible
due to fistula recurrence and/or graft resorption. The
double-layer membrane was used in the reconstruc-
tion of these six cases.

No statistically significant differences were found
in the course of healing at the 5% level (Figs 5Y7).

DISCUSSION

When using the barriers in bone transplantation it
is necessary to take into consideration that the

graft must be in close contact with a live bed as soon
and as widely as possible.25Y28

With regard to the poor quality of soft tissues, the
elimination of a second surgery is highly recom-
mended. This relates to the situation in cleft patients
as well. Moreover, the non-resorbable materials man-
ifested poorer effects than the resorbable types.29Y31

To avoid a potential risk of infection, purely synthetic
membranes (such as Vicryl\-polyglactin 910, Gore
osseoquest\ -polyglycolic acid, polylactic acid and
trimethylene carbonate) are preferable. However,
they were not registered for clinical application in
the Czech Republic at the time of this study.Of re-
sorbable barrier membranes, only two types (Hypro-
Sorb\ and Bio-Gide\) both made of bovine collagen
were legally available in the Czech Republic at the
time of this study. The durability of the former is
claimed by the manufacturer to be circa one month,
and of the latter six months. However, our clinical

Fig 5 Naked cleft defect.

Fig 6 Defect filled by bone grafts isolated by membrane
from sutures.

Fig 7 Completed soft tissues shell.
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experience did not match such data. On alveolar
review at the time of implant insertion, i.e., in time
of full healing ca three months after transplantation,
no trace of either material could be found in all but
one patient.

The influence of either microbial contamination
or low oral pH can be speculated on.

Chronic infection of the upper respiratory tract
and oral cavity has to be accounted for in patients with
clefts. Streptococcus betahemolyticus, Staphylococcus
aureus, Clebsiela, Pneumococcus, and sometimes
anaerobes and Candida are commonly found. Most
microbes produce proteases. A microbiological nose
and throat swab prior to surgery was negative in all
patients. In spite of this fact, a wide-spectrum anti-
biotic was administered systemically to cover any
potential latent infection disguized with standard
microbiological testing.

Another reason could be a low pH in the oral
cavity. Examinations carried out on the morning of
surgery found pH levels at 5.25Y5.60 (on average
5.50). In addition the alveolus was protected after sur-
gery by an impermeable semi-elastic splint, further
affixed by a hardening paste (Repin\), which elimi-
nated the influence of saliva for three weeks. The
splint was put in its place immediately after the com-
pletion of surgery and was first removed in 6Y8 days
after surgery for a while of wound cleaning.

The stability of membranes was verified in the
simulated environment of a surgical wound. The fluid
harvested from the suction drainage of sterile surgical
wounds was used. These were always due to the cos-
metic reshaping of breasts and abdominal walls in
otherwise healthy patients. In order to maintain a
stable level of bioactive substances, the liquid was
exchanged daily. The precise content of proteases was
not measured since the main aim was to get only a
rough verification of membrane durability that was
sufficient for the experiment. Furthermore, it was as-
sumed that the liquid used would have a composition
similar to any sterile wound. Other authors have per-
formed experiments with a similar aim, inserting
samples of various membranes into dermis or buccal
dehiscence in animals.32,33

On clinical application, problems of single-layer
material may result from a relative toughness and
worse adaptability to the surface, which might cause
extrusion in two of tested patients.

Handling the double-layer material is easy, how-
ever, material is very costly. This is why it was ap-
plied in patients where a difficult fistula had to be
closed and the mucoperiosteum was of a very low
quality due to the combination of a congenital defect,
hypoplasia and scarring after preceding operations.

Six subjects of the study group developed a defect
recurrence. Even though the double-layer membrane
was used in those cases, the failure can be blamed on
the poor local finding prior to the intervention rather
than on the usage of a certain material.34

CONCLUSION

The use of barrier membranes for bone regenera-
tion is especially beneficial in the cases of se-

verely affected soft tissue. The firm non-resorbable
barriers may better retain the new shape, but the
mucoperiosteum damage caused by their removal
is undesirable. Therefore, the resorbable materials are
also more suitable for the reconstruction of the max-
illary alveolus defect in cleft patients. The integrity
duration is sufficient for three weeks. At this time the
soft tissues are completely healed and the early re-
vascularisation and vessel ingrowth into the graft is
desirable. Thus, longer durability may hamper the graft
intake and pronounce its resorption.

The tested single-layer membrane is less expen-
sive, but it is also less handling than the double-layer
membrane. In vitro, samples were incubated in simu-
lated surgical wound. A complete unambiguous pic-
ture of disintegration was not proved histologically in
either material in six investigation terms (1Y6 weeks).
In vivo the effect of the assessed membranes was
verified on a group of patients (N = 45) with a cleft.
Materials were applied in the reconstruction of the
alveolar defect by cancellous bone grafts. The influ-
ence on the course of healing was not stated as sta-
tistically significant. However, with respect to the
costs of double layer membrane, this material was
used in the most severe cases.
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