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Abstract: Dural repair products are evolving from
animal tissue—derived materials to synthetic materials as
well as from inert to absorbable features; most of them
lack functional and structural characteristics compared
with the natural dura mater. In the present study, we
evaluated the properties and tissue repair performance of
a new dural repair product with biomimetic design. The
biomimetic patch exhibits unique three-dimensional
nonwoven microfiber structure with good mechanical
strength and biocompatibility. The animal study showed
that the biomimetic patch and commercially synthetic
material group presented new subdural regeneration
at 90 days, with low level inflammatory response and
minimal to no adhesion formation detected at each
stage. In the biological material group, no new subdural
regeneration was observed and severe adhesion between
the implant and the cortex occurred at each stage.
In clinical case study, there was no cerebrospinal fluid
leakage, and all the postoperation observations were
normal. The biomimetic structure and proper rate of deg-
radation of the new absorbable dura substitute can guide
the meaningful reconstruction of the dura mater, which
may provide a novel approach for dural defect re-
pair. Key Words: Biomimetic—Synthetic—Dural repair
—Absorbable.

Dural defect is a common problem encountered
during neurosurgical procedures. Open cranio-
cerebral injuries (industrial, traffic, or war-related),
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tumor invasion, congenital meninges defects, or
other cranial diseases can lead to defects of the dura
mater. Such defects should be repaired in a timely
manner to prevent leakage of the cerebrospinal fluid
(CSF), development of encephalocele, and increase
in stress from the barometric pressure.

Four types dural substitutes are commonly used in
clinic including autologous fascia, allograft, biological
material derived from animal tissue collagen and syn-
thetic material (1-3). However, clinical applications
of autologous fascia, allograft, and biological material
can lead to problems such as limited availability,
transmission of animal pathogens, low mechanical
strength, and immunological problems (4-6). Syn-
thetic materials pose no risk of transmitting disease
and can be easily processed into the required shapes
and sizes. Generally, synthetic substitutes can be
divided into nonabsorbable and absorbable materials.
Regenerated dural tissues can gradually replace the
absorbable construct during the degradation process.
Various absorbable synthetic materials are widely
applied in clinic such as Ethisorb (Ethicon GmbH,
Norderstedt, Germany) with polyglactin 910 (vicryl)
and poly-p-dioxanone (PDS) (7). However, current
synthetic dural substitutes lack the complex biological
factors that help to drive dural regeneration, often
resulting in incomplete dura mater healing and higher
CSF leakage rates than that of collagen matrices (8,9).
Besides, grafts made of bioabsorbable artificial dura
mater have not been widely used in clinical practice
due to their mechanical incompatibility and an inad-
equate degradation rate.

To avoid previously encountered complications,
Medprin Biotech GmbH developed a biodegradable
nonwoven substitute composed of Poly-L-lactide
(PLLA) fibers with open, highly interconnected
pores to create the unique 3D structure that facili-
tates cell infiltration and tissue generation, and is
gradually absorbed by the body. Besides, the PLLA
has been shown to be fully compatible with dural
tissue (10-14) and can also reduce tissue adhesion
(15-18). The objective of this study was to test the
safety and effectiveness of this biomimetic patch for
dural repair. We anticipate this biomimetic patch
may provide functional properties similar to alter-
nate therapies. Meanwhile, the mechanical proper-
ties and biocompatibility of the biomimetic patch
were characterized both in vitro and in vivo. Two
major commercially available dural products, bio-
logical material patch (NormalGEN) and synthetic
absorbable substitute (SEAMDURA), both manu-
factured by using conventional fabrication methods,
were selected as controls and compared with the
biomimetic patch in a canine duraplasty model. One
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clinical case is listed to present the safe and effective
performance of the biomimetic substitute.

MATERIALS AND METHODS

Materials

The biomimetic substitute was provided by
Medprin Biotech GmbH (Frankfurt am Main,
Germany), which is a uniquely designed web of
biocompatible PLLA fibers that is gradually
absorbed by the body. An electronically controlled
procedure has been developed in which a dissolved
PLLA is sprayed from specialized jets. The PLLA
fibers are deposited layer by layer as a fleece-like
structure. The fibered microstructure resembles the
extracellular matrix (ECM) of human dura mater
(19). Two controls were selected: NormalGEN
(Grandhope Biotech. C. Ltd., Guangzhou, China), a
biological dural patch made of porcine pericardium,
is deantigenized by glutaraldehyde; SEAMDURA
(Gunze Ltd., Kyoto, Japan), an absorbable synthetic
dural substitute film consisting of copolymers of
L-lactide and e-caprolactone (P[LA/CL]) and
polyglycolic acid (20,21), is manufactured by conven-
tional weaving and/or coating methods and does
not undergo biomimetic design. Thiazolylblue
tetrazolium bromide (MTT) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Dulbecco
modified eagle medium (DMEM) and fetal bovine
serum were acquired from Gibco BRL
(Gaithersburg, MD, USA).

Characterization of the biomimetic substitute

Microstructure

The microstructure of the biomimetic substitute was
evaluated using a scanning electron microscope (SEM)
(ESEM XL30 HY-3080, FEI, Hillsboro, OR, USA)
with a standard SEM sample preparation and scanning
protocol.

Mechanical testing

For the tensile test, samples were cut into pieces of
approximately 10 x 10 mm. The tensile strength and
elongation at breakage were recorded. For stitch tear
strength, 10-mm-wide pieces were tested by suturing
the sample approximately 2 mm from its edge using a
no. 4-0 silk suture. The maximum tensile strength
when the suture was pulled out or upon destruction
of the samples was recorded. The tensile and stitch
tear strengths were measured at room temperature at
a stretching speed of 200 mm/min by a mechanical
testing instrument (HY-3080, Shanghai HengYi Co.,
Ltd., Shanghai, China).
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Cytotoxicity test

According to the IS010993.5-2009 standard,
cytotoxicity was evaluated with 1L.929 mouse fibro-
blast cell line using the MTT assay (22,23). Sterile
biomimetic patches were cut into 10-mm-wide pieces.
A total of six samples were prepared and respectively
extracted in DMEM without serum for 24 h. The
obtained liquid extract (1 mL per well) was separated
into 24-well plates seeded with L.929 cells. Each well
was seeded with approximately 1 x 10° cells. At the
same time, an equivalent volume of DMEM was
added as blank and an equivalent dilution of phenol
(5%) was added as the positive control. The plates
were then kept in an incubator (37 £ 1°C, 5% CO,)
for 3 days, then turned to MTT assay using a
microplate reader (Bio-Rad Model 550, Bio-Rad,
Hercules, CA, USA) at a wavelength of 490 nm.
Viability and cytotoxicity were expressed using the
optical density (OD) of the treated samples versus
OD values of the positive control wells (untreated
cells). Both groups of wells were corrected using
blank measurements of wells without cells.

Animal experiments

Animal selection

Adult Chinese domestic dogs provided by Suibei
Medical Animal Testing Center (Guangzhou, China)
were used in this study. This study was designed in full
compliance with the policies and procedures set by Insti-
tutional Animal Care and Use Committee of the Third
Affiliated Hospital of Sun Yat-sen University
(Guangzhou, China). The health and growth conditions
of the experimental dogs were monitored for at least 2
weeks before surgery. A total of 24 healthy adult dogs
weighing 15-20 kg and within the age range of 1.5-2
years were randomly divided into three groups,
biomimetic patch, biological material, and synthetic
material groups, with eight dogs each for the short- and
middle-term observation (up to 180 days). Another
three dogs were selected for a 2-year long-term study
using the three kinds of dura substitute implanted in
both sides of the dogs’ heads for dural repair.

Surgical method

Upon achieving anesthesia by intravenous admin-
istration, the hair of each dog was shaved off, and the
animal was placed on the operation table in a prone
position. After the top and mid scalp was cut verti-
cally, a unipolar electrotome was used to make a
0.5-cm lateral cut along the sagittal suture. Then,
muscle tissues on both sides of the head were
detached, and the periosteum was detached to
expose a 4 x 3-cm region of the skull plates on two
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sides of the top skull. A high-speed drill was used to
grind the skull plates to form two bone windows
(measuring approximately 2.5x2cm). A bipolar
coagulator was used to ablate the blood vessels of the
exposed dura mater, and then an oval-shaped piece
of dura (2x1.5cm) on both sides was cut using a
microscopic scissor to create a dural defect on the top
skull. The repair material was cut into the appropri-
ate size to completely cover the dural defect. The
wound was seamed with 3/0 notched interrupted
suture, with one stitch on each side. The suture was
knotted to eliminate gaps between the patch and the
original dura. Penicillin powder was then sprinkled
evenly across the cut to prevent infection. The
muscles were sutured using a round pin and no. 1
thread. Rubber drains were placed on the right and
left sides outside the dura, and the scalp was discon-
tinuously sutured using no. 4 thread.

Postoperative observation

At different time points up to 2 years after surgery,
postoperative complications such as eating or drink-
ing, animal activity, infection or CSF leakage were
recorded, the animals were then sacrificed, and the
implanted samples were retrieved. In brief, after the
skulls of the dogs were surgically opened, adhesion
was observed, and the implants and surrounding
tissues were collected. The retrieved samples
were visually assessed, and two sections measuring
10 x 10 mm were excised. One tissue sample was
placed into a clean specimen bottle for mechanical
testing, whereas the other was fixed in formalin solu-
tion for histological analyses using hematoxylin and
eosin (H&E) and Masson’s trichrome staining.

Tissue biomechanics

To determine the mechanical changes in the
implant, the tensile strength of the biomimetic patch
was tested before implantation and after implanta-
tion at the time points of 1, 4, 10, and 12 weeks. The
testing method was the same as described previously.

Grading system

A quantitative grading system was used to score
the tissue response to the implants (24-26). A
macroscopic assessment for adhesions to cerebral
cortex, and inflammation, collagen fiber formation of
the graft were evaluated: 0=none, 1= minimal,
2 = moderate, and 3 = extensive.

Integration of the device: 0=no integration,
1 =ingress of fibroblasts into the device, 2 = only
parts of the device remaining detectable, 3 = com-
plete integration.

Clinical case study

To further confirm the safety and efficacy of this
new device, a clinical case was assessed in terms of
the applicability of biomimetic substitute to a patient
who required dural repair. The China Food and Drug
Administration and the medical ethics committee of
the Zhujiang Hospital of South Medical University
approved the neurosurgical procedure of the clinical
case using this biomimetic substitute in July 2011.
Written informed consent was obtained from the
patient. The Declaration of Helsinki guidelines for
research on human subjects were followed.

Patient

The patient was a 25-year-old female with a dural
defect after brain tumor surgery. She was selected
and ascertained to have none of the following severe
conditions: diseases of the heart, liver, kidney, blood
system, or other vital organs; unstable emotion; and
pregnant or lactating.

Before surgery, the patient received radiation
treatment for astrocytic glioma in the right frontal
and parietal lobe, but the tumor recurred. The
patient underwent computed tomography (CT),
which revealed enlargement of the focus volume and
edematous area.

Surgical procedure

The patient underwent surgery under general
anesthesia. After removing the space-occupying
tumors, one 4 X 6-cm biomimetic patch was cut
according to the dimensions of the dural defect and
sutured to the remaining dura mater to achieve sat-
isfactory closure. The subcutaneous layer was rinsed
with diluted povidone-iodine solution, and a drain-
age tube was installed. Finally, the scalp with full
thickness was sutured.

Outcome measurements

After surgery, the patient’s condition was routinely
monitored at 1, 3, 5, 8, and 11 days, including body
temperature, signs of meningeal irritation, CSF
leakage, hydrocephalus, nausea and vomiting, epi-
lepsy, infection, and wound healing. On postopera-
tive day 11, the patient underwent a CT scan with a
lumbar puncture to assess the neurolymph condition
and intracranial pressure. The patient was then
tested by routine clinical assays, including blood test,
liver and kidney function, cell-mediated immunity,
and humoral immunity. The CT scan examined the
CSF and hydrocephalus. The patient was followed up
90 and 180 days after surgery to determine the pres-
ence of any abnormal effects.
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Besides this clinical case, a multicenter clinical trial
of this new product is in progress. The results of this
clinical trial will be reported upon completion of the
study.

Statistical analysis

Statistical differences were determined using
analysis of variance, followed by the Tukey—Kramer
multiple comparison test. Differences were regarded
as significant at P <0.05.

RESULTS

In vitro characterization of biomimetic
dural substitute

Gross and microstructure observation

Asshown in Fig. 1A, the biomimetic patch appears
as a white membrane with an even thickness of
approximately 0.3 mm. The SEM image (Fig. 1B)
shows that the membrane is a nonwoven fabric com-
posed of PLLA fibers, with an average diameter of
0.7-2 um. Absorbable PLLA fibers form a nonwoven
web with open, highly interconnected pores to create
the unique 3D structure of the biomimetic substitute.
Its 3D matrix resembles the ECM of human dura
mater (Fig. 1C) (19), which may provide a favorable
environment for cell migration and proliferation and
thus lead to rapid repair and regeneration of dural
tissues. This will be evaluated in the animal experi-
ment study.

Mechanical test

The basic mechanical performance of the
biomimetic patch showed that among transverse and
longitudinal directions, the tensile strength ranged
from 2.8 to 4.3 Mpa and showed no significant differ-
ence (P =0.4716, n =8). Combining the transverse
and longitudinal results, the average tensile strength
was 4.14 +0.18 Mpa (n =8), the average stretching
elongation was 60.5 £ 13.2% (n = 8), and the average
stitch tear load was 3.71+0.46 N (n=_8), with all
samples having a stitch tear load of >1 N. Compared
with the low mechanical properties of collagen
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matrix substitutes (15,27), the tensile strength of this
biomimetic patch can be sutured to the dogs’ dural
mater easily without CSF leakage.

Cytotoxicity test

The results of the cytotoxicity test showed that the
OD value and cell proliferation rate were 0.57 and
101.15%, respectively, for the membrane liquid
extracts, 0.58 and 105.55% for the standard tissue
culture plate, and 0.1 and 17.87% for the positive
control, respectively. No significant difference was
observed between the construct and the blank (stan-
dard tissue culture plate) (P> 0.05). However, sig-
nificant differences were detected between patches
and the positive control (P <0.05). These findings
indicate that the biomimetic patch did not affect cell
proliferation and had no cytotoxicity.

Animal experiment study

To evaluate whether this biomimetic patch
could enhance dural repair effect in vivo, we compare
the feasibility of repairing dura mater of biomi-
metic patch with biological material NormalGEN
(Grandhope Biotech. C. Ltd.) and synthetic material:
SEAMDURA (Gunze Ltd.) in a canine duraplasty
model.

Short- or mid-term observation of the implants (up
to 180 days)

After 90 and 180 days of implantation, the
implants were retrieved. Figure 2 shows the repairing
effect of the implants upon gross observation,
whereas Fig.3 presents the interface between the
implant and the cerebral cortex. Figure 4 shows the
results of histological evaluation using H&E staining
and Masson’s trichrome staining, respectively. The
summary of the grades stratified by macroscopic and
histological findings are provided in Table 1.

After 90 and 180 days of implantation, all animals
in the three groups recovered well and demonstrated
complete closure of the defects. No postoperative
complications, such as reduced eating or drinking
and reduced activity, CSF leakage, or infection was
observed, which indicated good tolerance of the

FIG. 1. Appearance (A) of the biomimetic
substitute, SEM  microstructure  of
biomimetic substitute (B) and human dura
mater (C).
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three materials in vivo. The biomimetic patch and
synthetic material groups integrated well with the
surrounding tissues without leaving any traces of
their boundaries, whereas the biological material
group did not integrate, and the boundary of the
patch could be clearly distinguished (Fig. 2).

To determine whether the patch adhered to the
brain tissues, the interfaces between the implant and
the cerebral cortex were examined. Figure 3 and
Table 1 show that most of the areas of the biomimetic
patch and synthetic material implants had no adhe-
sion with clear and smooth surfaces, and only
few spots were determined to be mild adhesions.
These adhesions could be easily separated by
slightly detaching the implant from the brain tissue.
However, the biological material group demon-
strated severe adhesions between the implant and the
cortex. Separating these adhesions can often result in
damage of brain tissues.

FIG. 2. Observation of the retrieved
implants after 90 and 180 days of implan-
tation. Biomimetic patch group: 90th day
(A-90d) and 180th day (A-180d); the bio-
logical material group: 90th day (B-90d)
and 180th day (B-180d); the synthetic
material group: 90th day (C-90d) and
180th day (C-180d).

For histological analyses, the implants and the sur-
rounding tissues were isolated (Fig. 4). After 90 days
of implantation, the biomimetic patch and synthetic
material were tightly wrapped by the surrounding
tissues and replaced with connective dura-like tissue
extensively infiltrated by fibroblasts and showed
massive neovascularization (Table 1). The materials
were separated into several fragments and approxi-
mately 30-40% of the residual materials were
retained. The biological material samples were also
tightly wrapped by the surrounding tissues. However,
there was no indication that the material was being
resorbed and no infiltrated fibroblasts or blood
vessels because of its dense structure that was
derived from bovine pericardium and no new
subdura was present. The inflammatory reactions of
the three groups were similar, which were deter-
mined to be mild and involved only a few lympho-
cytes and foreign giant cells (Table 1). Local

FIG. 3. The interfaces between the
implants and cerebral cortex after 90 and
180 days of implantation. Biomimetic
patch group: 90th day (A-90d) and 180th
day (A-180d); the biological material
group: 90th day (B-90d) and 180th day
(B-180d); the synthetic material group:
90th day (C-90d) and 180th day (C-180d).
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FIG. 4. HE staining and Masson’s
trichrome staining of the implants after 90
days, 180 days, and 2 years of implanta-
tion (HE staining—the first rows; Masson’s
trichrome staining—the last two rows). A:
biomimetic patch group, B: biological
material group, C: synthetic material
group. (Magnification: x 100; —: regener-
ated collagen fiber and fibroblast cells; *:
muscle fiber; **: cerebral pia mater; ***:
brain tissue).

calcification was observed in both the biological cells, including macrophage and lymphocytes (Fig. 4
material and synthetic material groups. and Table 1). For the biomimetic patch group, the

After 180 days of implantation, all three groups PLLA material was mostly degraded, with only
showed a reduction in the number of inflammatory 20-30% remaining, and the degraded part was

TABLE 1. Summary of grades stratified by macroscopic and histological findings*

Biomimetic patch Biological material Synthetic material

90 days 180 days 2years 90days 180 days 2years 90days 180 days 2 years

Adhesion of graft to cerebral cortex 0.2 0.3 0 2.6 2.8 2.9 0.2 0.3 0
Inflammation 14 12 0 1.0 0.9 0.8 12 0.9 0
Integration of the device 1.5 2.0 2.9 0 0.2 0.5 1.3 1.9 3.0
Collagen fiber formation of the graft — 2.5 3.0 — 1.0 1.5 — 1.8 3.0

* Scores are detailed in the Materials and Methods section.
"No data.
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replaced by new highly dividing fibrotic tissues, the
dura-like tissue became thicker and was composed
of a dense network of well-oriented collagen fibers
and capillary neovessels settling in the dural defect.
In the biological material group, minimal fibroblasts
were observed growing into the dense structure,
showing minimal degradation of the material. Adhe-
sion between the new fibrosis tissue and brain tissue
was clearly detected. On the surface of the brain
tissue, a cerebral pia mater defect was detected, with
some cerebral pia integrating with new fibrosis
tissues. For the synthetic material group, several
fragments of the material were distributed across
the new dural tissues, accompanied with minimal
calcification.

Grades from Masson’s trichrome staining data
(Table 1) showed that all the three groups had under-
gone collagen formation. The newly formed collagen
fibers in the biological material group was minimal.
In particular, the biomimetic patch group showed the
formation of a collagen layer on the surface of the
cerebral pia mater, consisting of highly organized col-
lagen fibers.

Long-term observation of the implants
(up to 2 years)

Figure 5 shows a 2-year repairing effect of the
three patches. After 2 years of implantation, the
three groups were found to be safe and effective in
repairing the created defect in dura mater but with
different biological response, device resorption,
cell penetration, vascularization, and collagen
remodeling.

Figure 4 and Table 1 show the histological results
of long-term implantation. The biomimetic patch
group showed complete degradation of materials,
which were then replaced by regularly aligned fibro-

blasts and collagen fibers. The new dural tissue
consisted of a large amount of fibroblasts, and no
inflammatory cells were observed. In the synthetic
material group, only minimal material was remain-
ing, and the cerebral pia mater was intact with a
normal cerebral cortex. The materials showed a
massive deposition of fibroblasts and collagen,
without signs of focal calcification. Most of the mate-
rial in the biological material group showed slow
degradation, thus still showed the original collagen
fibers of the biological patch, which originated from
porcine pericardium, along with a few newly depos-
ited fibroblasts and collagen fibers, and showed fila-
mentous adhesion between the outer surface of the
mesh and brain musculature, which was difficult to
separate. Minimal focal calcification and a few carti-
lage cells were observed in the fibroblast tissues. A
few inflammatory cells had infiltrated into one side of
the cerebral pia mater.

In summary, comparing with the biological mate-
rial with slow degradation, biomimetic patch and
synthetic material had the advantage of being
absorbed after guiding the real regeneration of the
dura mater.

Tissue biomechanics

To monitor the tensile-resistant strength of the
regenerated dura-like tissue after implantation at the
dura defect, the tensile strength of the biomimetic
patch was compared before and after implantation at
different time points. The biomimetic patch has a
maximum tensile load of 11.86+2.24 N before
implantation. As the material degraded, the
maximum tensile load decreased to 7.68 +0.43 N
after 1 week and 7.28 £ 0.78 N at 4 weeks of implan-
tation. However, with the formation of new tissues,
the maximum load then gradually increased to

FIG. 5. Observation of the retrieved
implants for the long-term period up to 2
years. A: biomimetic patch group, B: bio-
logical material, C: synthetic material.
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Max Strength (N)

Weeks

FIG. 6. The mechanical analysis of the biomimetic patch after
implantation at different time points.

19.83 £ 1.05 N after 8 weeks and 34.42 £ 0.74 N after
12 weeks of implantation (Fig. 6).

This phenomenon of an initial decrease during
the early phase of implantation followed by an
increase in strength highly correlated with the spe-
cific material and structural properties of the
biomimetic scaffold. The biomimetic substitute is
composed of biodegradable PLLA, which will
gradually degrade after implantation in the body.
The tensile strength decreased with the degradation
of PLLA at the early stage (4 weeks) while at the
same time it can also sustain leak prevention
while the tissue is healing. Furthermore, the tensile
strength rapidly increased (after 8 weeks), reaching
levels of the natural dural tissue. The tissue biome-
chanics was consistent with the results of histo-
logical observation. The unique 3D biomimetic
structure facilitates the rapid growth of new dural
tissues, whose strength compensates the mechanical
loss due to material degradation. Induction of rapid
growth of the dural tissues by the presence of the
patch also ensures that no CSF leaks out during and
after degradation of the fabricated material and

demonstrates the equivalence of the degradation
rate of the materials to that of the new tissues.

Clinical research

One clinical case with a 6-month follow-up was
studied. The body temperature of the patient was
normal, and there was no obvious infection or CSF
leakage after surgery as shown in Table 2. The CT
image on the third day confirmed that the sizes of the
intracranial pneumatocele and the hematocele in the
right temporal lobe were significantly reduced com-
pared with the preoperative sizes (Fig. 7). The right
temporal lobe consisting of the gray matter showed a
large lamellar low-density shadow, and the area was
the same as that observed preoperatively, although
with a low density. The same findings were also
observed in the suspected brain infarction foci. On
the 3rd and 11th day, no CSF leakage was observed
by CT (Fig. 7C,D). The hematocele and edema in the
right temporal lobe focus were absorbed, and clinical
improvement was seen in the suspected brain infarc-
tion foci. The other features remained the same as
preoperation.

At 90- and 180-day clinical follow-ups, the patient
showed no fever, headache, nausea, vomiting, men-
ingeal irritation, epilepsy, or CSF leakage, and good
healing was observed.

DISCUSSION

Dural substitutes have evolved from animal
sources to synthetic materials to avoid the transmis-
sion of animal diseases as well as from inert to
biodegradable features to prevent chronic inflam-
matory reactions. Moreover, biomimicry-inspired
design is becoming an important trend in tissue
scaffold including artificial dural substitutes to
enhance the formation of new tissues. Although
there have been extensive efforts to develop syn-
thetic biodegradable dural products with improved
properties in the past decade, these products are
based on conventional fabrication methods such as
weaving, knitting, coating, and solvent casting and

TABLE 2. Clinical postoperation observation

CSF &
Postoperation Nausea & subcutaneous Wound
(days) Headache Fever vomiting fluids heal
1 Mild No Yes No —
3 Slight No Yes No Good
5 No No No No Good
8 Intracranial pressure and CSF normal*

* From lumbar puncture examination.
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2 Repair Dura
s Mater

possess structural limitations such as being too stiff
and tough for handling and less biocompatible.
More importantly, these products lack a biomimetic
design, leading to less tissue repair and regeneration
because their microstructures are markedly differ-
ent from the natural dural tissues. To address these
issues, new strategies and fabrication methods are
desired.

In the present study, the biomimetic PLLA
implant exhibits 3D networks of microfibers ranging
from 0.7 to 2 um, highly similar to the ECM environ-
ment of the natural dural tissues (19), and good
tensile strength (=4 Mpa) is expressed to withstand
initial surgical implantation and sustain leak preven-
tion while the tissue is healing. PLLA is biodegrad-
able material and has been approved by the Food
and Drug Administration for clinical applications.
Both in vitro cytotoxicity and in vivo animal experi-
ments showed excellent biocompatibility of the
biomimetic patch. In the animal study following up to
180 days, the biomimetic patch and synthetic mate-
rial group presented new subdural regeneration and

FIG. 7. The CT scan images and surgical
operation of the patient (A: CT scan image
before operation; B: Surgical method;
C: CT scan image on the third day
postoperation; D: CT scan image on the
11th day postoperation).

Repair Dura
Mater

triggered a low level inflammatory response, indi-
cated by the extremely low number of inflammatory
cells detected at each stage of implantation. Mean-
while there was minimal to no adhesion formation. In
the biological group, no new subdural was present,
and severe adhesions between the implant and the
cortex were observed. The tissue biomechanics of the
biomimetic patch after implantation was also consis-
tent with the results of histological observations. All
these results demonstrate the equivalence of the deg-
radation rate of the biomimetic patch to that of new
tissues. In the histological evaluation of the
biomimetic patch implantation at 2 years, the
biomimetic patch showed ideal repair of dural
defects and complete degradation that indicated its
long-term safety. The clinical application in a patient
who underwent removal of astrocytic glioma and
subsequent repair of the dural defect was also
reported. All major clinical observations, including
absence of CSF leakage and local infection, as well as
the observation of wound healing were indicative of
its positive effects. The surgery was completed 2

Artif Organs, Vol. 40, No. 4, 2016
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years ago, and the patient is now healthy and shows
normal functional capacity.

CONCLUSION

In summary, the mechanical properties and bio-
compatibility of this biomimetic absorbable PLLA
dural repair patch were characterized in both in
vitro and in vivo studies. The animal study demon-
strated that there was no significant difference
between the tissue biocompatibility, inflammatory
reaction, absence of cerebrospinal fluid leakage of
this biomimetic patch and those to the
SEAMDURA, as well as superior anti-adhesive
property than NormalGEN. This biomimetic patch
has good strength that enables it to be easily
sutured and sustain leak prevention while the tissue
is healing. The biomimetic structure and absorbable
PLLA induces a proper rate of degradation equiva-
lent to the rate of formation of new tissues and the
real dural reconstruction. This biomimetic patch
achieves complete degradation within a 2-year
period and has been assessed to be safe and effec-
tive when used for a long time in animal and clinical
applications. In addition, this biomimetic patch has
an ample source without virus transmission. The
new absorbable synthetic dural substitute with
biomimetic design shows great potential as an arti-
ficial dural substitute.
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