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Abstract: Alginate membrane was proposed as a self-
setting barrier membrane that can be used for guided tissue
regeneration (GTR). The alginate membrane can be pre-
pared and placed at the bone defect during the surgical pro-
cedure. The procedure consists of two simple steps. First, the
bone defect is filled with sodium alginate (Na-Alg) aqueous
solution. Then calcium chloride aqueous solution is dropped
on the surface of the Na-Alg aqueous solution. An alginate
membrane is formed on the bone defect, keeping the inside
of the bone defect filled with unreacted Na-Alg aqueous
solution. In this investigation, a preliminary animal study
was conducted for an initial evaluation as to whether or not
the alginate membrane can be used as a barrier membrane
for the GTR method. Bone defects were made in the tibiae of
15-week-old rats. The alginate membrane was made on the

surface of existing bone by filling the defect with Na-Alg
aqueous solution and then dropping calcium chloride aque-
ous solution onto the surface of the Na-Alg solution. Four
weeks after surgery, the bone defect was found to be recon-
structed with new bone when the defect had been covered
with alginate membrane whereas the bone defect was filled
only with connective tissue when it had been kept open. We
concluded, therefore, that this alginate membrane may be a
useful barrier membrane when the GTR method is em-
ployed. © 1999 John Wiley & Sons, Inc. J Biomed Mater Res,
47, 111–115, 1999.
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INTRODUCTION

Guided tissue regeneration (GTR) methods have at-
tracted much attention because they have assisted
with the regeneration of lost tissues, such as periodon-
tal and bone tissues.1–3 In particular, improved GTR
methods have contributed greatly to the success of
dental implants by enlarging the alveolar ridges and
by enhancing the bone regeneration around dental im-
plants placed in recent extraction sockets.4–7 A key
process of the GTR method is to prevent the ingress
and proliferation of extraneous tissue-forming cells in
the specific space to be reconstructed.8 Cells originat-

ing from bone tissue are desired to proliferate at the
bone defect whereas cells originating from connective
tissue are not desired to ingress and proliferate at the
bone defect. For this reason, the GTR methods employ
a barrier membrane. When the bone defect is covered
with the barrier membrane, cells originating from
bone tissue can proliferate at the bone defect while
those originating from connective tissue cannot pass
through the barrier membrane. As a result of this iso-
lation of the bone defect from connective tissue cells,
the bone defect will be reconstructed with bone tissue.
It should be noted that it is possible for cells to reach
the bone defect through any clearance between the
barrier membrane and the surface of existing bone if
the surgeon fails to place the barrier membrane tightly
on the existing bone. Although the degree of contact
between the barrier membrane and the existing bone
is one of the key factors in determining the prognosis
of the GTR method, it sometimes is difficult to bring
the barrier membrane into full contact with the exist-
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ing bone so that no clearance is left between them. The
difficulty originates from the fact that surgeons have
to cover the three-dimensional bone defect surface
with a two-dimensional barrier membrane. If a barrier
membrane could be formed at the bone defect, the
GTR operation procedure could be simplified and the
prognosis improved.

One candidate material for the barrier membrane
may be alginate. Alginate membrane (main compo-
nent, calcium alginate) can be formed immediately
when, for example, sodium alginate (Na-Alg) aqueous
solution is in contact with calcium chloride aqueous
solution. Figure 1 shows the schematic illustration of
the principle of alginate membrane formation in the
bone defect. First, the bone defect is filled with Na-Alg
aqueous solution. Calcium chloride aqueous solution
then is dropped on the surface of the Na-Alg aqueous
solution, resulting in the formation of an alginate
membrane on the surface of the bone defect area,
keeping the unreacted Na-Alg aqueous solution inside
the bone defect. It should be noted that the usefulness
and safety of alginate compounds have been estab-
lished by their application as medical devices.9–22 For
example, alginate spherical membrane commonly is
used as a device for drug delivery systems. Also, al-
ginate is used as a culture medium for hepatic cells. Its
dehydrated form is used as an absorbable suture or
hemostatic wound dressing due to its absorption
properties in the human body and excellent tissue re-
sponse.

In this investigation alginate membrane was formed

on experimental bone defects in animal bones and
studied histologically to evaluate whether or not algi-
nate membrane can be used as a barrier membrane for
the GTR method.

MATERIALS AND METHODS

Preparation of sodium alginate and calcium
chloride solutions

Commercially obtained sodium alginate (Nacalai Tesque,
Kyoto, Japan) and calcium chloride (Nacalai Tesque) were
used without further purification. Na-Alg was dissolved in
distilled water to obtain Na-Alg aqueous solution up to
2.0%. Similarly, 3.0% calcium chloride aqueous solution was
prepared. The solutions were sterilized by filtration through
0.22-mm Millex–GS filter assemblies (Millipore Corp., Bed-
ford, Massachusetts).

Animals and operation procedure

Fifteen-week-old male Wistar rats, obtained commercially
(Shimizu Experimental Animals, Kyoto, Japan) and fed stan-
dard pellets and water ad libitum, were used for the animal
study.

The rats were anesthetized by intraperitoneal injection of
sodium pentobarbital (Nembutalt; Abbott Co., Chicago, Il-
linois). The legs were shaved and infiltration anesthesia with
0.4 mL of 2% lidocain-epinephrine solution (Xylocainet; Fu-
jisawa Pharmaceutical Co., Osaka, Japan) was applied
around the medial end of the tibia to arrest bleeding from
the bone marrow and to control early postoperative pain.
The medial end of the tibia was exposed, and a 3 mm × 10
mm bicortical bone defect was formed with a dental round
burr. The bone defect was filled with 0.5, 1.0, or 1.5% Na-Alg
aqueous solution. Also, the Na-Alg aqueous solution was
applied around the bone defect. Then 3% calcium chloride
aqueous solution was dropped on the Na-Alg solution to
form an alginate membrane. After 60 s, physiological saline
solution was poured to wash out excess calcium chloride
solution. For the control group, no Na-Alg nor calcium chlo-
ride aqueous solutions were applied.

Histologic preparations

After the experimental periods, the animals were sacri-
ficed by lethal injection of sodium pentobarbital. The tibiae
containing bone defects were removed from rats at 4 weeks
after surgery. The specimens, each composed of the tibia
with surrounding tissue, were fixed in 10% neutral-buffered
formalin, decalcified in 10% formic acid, and embedded in
paraffin. Serial 6-mm-thick transverse sections encompassing
the entire tibia specimen were stained with hematoxylin-
eosin and subjected to light microscopic examination.

Figure 1. Schematic illustration of the principle of the for-
mation of alginate membrane on the bone defect using Na-
Alg and calcium chloride solution.
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RESULTS AND DISCUSSION

When calcium chloride aqueous solution was
dropped onto a bone defect filled with Na-Alg aque-
ous solution and on the surface of existing bone cov-
ered with Na-Alg aqueous solution, a transparent
elastic alginate membrane (Fig. 2) was formed imme-
diately. The membrane covered the bone defect com-
pletely and adhered to the existing bone. When the
alginate membrane covering the bone defect was
pressed with tweezers, the membrane caved in and
movement of the fluid inside the bone defect could be
observed. This fluid was transplant, unreacted Na-Alg
aqueous solution, but gradually it became a mixture of
Na-Alg solution and blood. When pressure was re-
moved, the alginate membrane returned to its original
shape.

Figure 3 shows a transverse section 4 weeks after
surgery. In the control group, the bone defect was
filled with connective tissue. In the experimental
group using 0.5% Na-Alg aqueous solution, part of the
alginate membrane had disappeared and connective
tissue had begun to grow in the bone defect. In the
experimental groups using 1.0 or 1.5% Na-Alg aque-
ous solutions, the alginate membrane prevented any
ingress of connective tissue to the bone defect, and the
bone defect was reconstructed with a new bone. At
this stage, the alginate membrane still was observed,
and the amount of unadsorbed alginate was larger for
higher concentrations of Na-Alg aqueous solution. No
inflammatory response was observed around the al-
ginate membrane.

Although the results obtained in this study are lim-
ited, they clearly demonstrate the potential of alginate
membrane as a barrier membrane to be used for GTR.
First, the alginate membrane can be applied to the
bone defect with a very simple procedure. Second, the
formed alginate membrane eliminates clearance since
it is formed on the surface of existing cortical bone.
Third, the alginate membrane adheres to the existing

cortical bone even though its adhesive strength is not
so strong. Fourth, the alginate membrane in this study
successfully isolated the bone defect from ingress of
connective tissue cells. Fifth, the alginate shows excel-
lent tissue response and causes no inflammatory re-
sponse. Sixth, the alginate membrane is absorbed with
time when kept on the surface of the bone defect.

The use of alginate membrane as a barrier mem-
brane for GTR was based on two hypotheses. One was
that the alginate membrane can provide a barrier
against the cells originating from connective tissue.
This hypothesis seems to have been proven correct
since no connective tissue was formed in the bone
defect and the bone defect was reconstructed with
bone tissue when the defect was covered with alginate
membrane. The second hypothesis was that unreacted
Na-Alg aqueous solution in a bone defect would not
inhibit the proliferation and growth of bone tissue
cells. Clearly, Na-Alg aqueous solution allowed the
proliferation and growth of bone tissue since the bone
defect was being reconstructed with bone even while
the defect was filled with Na-Alg aqueous solution.
Na-Alg aqueous solution previously has been used as
a blood expander and often is used as a culture me-
dium. Its nontoxicity thus is highly assured. In addi-
tion, Na-Alg is known to have pharmacological effects
that may be useful for bone formation, such as fibrin
formation, erythrocyte aggregation, and platelet ag-
gregation. In contrast, it is reported that Kaltstatt, a
hemostatic wound dressing composed of nonwoven
sodium fibers, compared to blood clot, delayed
wound healing in the early phases (1–4 weeks) when
Kaltstatt was placed in a bone defect.17 Although
Kaltstatt and sodium alginate aqueous solution are
different, it seems likely that bone regeneration using
alginate membrane will take longer than bone regen-
eration using ready-made barrier membranes, such as
expanded polytetrafluoroethylene (e-PTFE), poly L-
lactic acid, and poly glycolic acid, since bone defects
are filled only with blood-clots in these latter cases. A
comparative study between alginate membrane and
ready-made barrier membrane should be made with
respect to bone regeneration.

One shortcoming of this alginate membrane may be
its mechanical properties. Although this investigation
did not evaluate the mechanical strength of the algi-
nate membrane, it is inferior to ready-made mem-
branes with respect to tensile strength since alginate
membrane is a gel. Some increase in mechanical
strength may be expected by altering the molecular
weight and/or the concentration of Na-Alg and/or
the concentration of calcium chloride solution. On the
other hand, alginate membrane has good elastic prop-
erties. It has been reported that dehiscence during the
first 3 weeks of healing is thought to be one of the
main causes of GTR failure. Since dehiscence of the
membrane is due to the stiffness of the membrane,Figure 2. Appearance of the alginate membrane.
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alginate membrane is expected to exhibit much less
dehiscence.

Although the results obtained in this study are lim-
ited, they demonstrate a potential value of alginate
membrane as a barrier for GTR. Further studies are
awaited based on these initial findings.
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