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The review addresses one of the important aspects of modern neurosurgery: the repair of various dura mater defects. The optimal 
material for plastic surgery of the dura mater should meet certain biological, physical and chemical requirements, should not cause serious 
complications such as liquorrhea, inflammation or brain’s lining scars, it should be simple and convenient in use, as well as cost-effective. 
The present report reviews the concepts and techniques developed in the XIX–XX centuries and also describes the materials used at the 
present time such as autografts (from patient’s own tissues), collagen, and synthetic materials both absorbable and non-absorbable. We 
analyze a number of domestic and internationally-known implants used in the dura mater plastic repair. The prospects of the new synthetic 
Russia-made material Reperen for the dura mater plastic surgery are discussed.
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Systematic studies on plastic repairs of the dura mater 
(DM) began in the second half of the XIX century [1]. 
However, the need for new technologies able to assist 
in surgical treatment of brain injuries or brain tumors still 
remains [2].

Defects of the DM, left uncovered after the operation, 
can cause serious complications, such as infection of 
the brain and its membranes, cerebrospinal fistulas 
and liquorrhea, or brain’s lining scars that may lead to 
traumatic epilepsy [3, 4]. 

By the end of the XIX century, many surgeons noticed 
that traumatic epilepsy caused by the scars formed 
upon a traumatic brain injury was refractory to surgical 
treatment [5]. Various methods of interposition of artificial 
materials into the wound were then proposed [6]. At 
first, they tried to use tiny sheets of inert metals: gold, 
silver, platinum. Other people were using nonmetallic 
grafts: gutta-percha or celluloid plates [7].  These early 
attempts were disappointing as the body rejected the 
foreign materials in various ways, e.g., by destructing the 
plates by the infiltrating connective tissue and by forming 
coarse adhesions between the brain and the overlying 
tissues [8, 9].

There were attempts to use biological materials as 
transplants [10]. Thus, Freeman (1908) and Saar (1911) 
reported the experiments on dogs and rabbits where 
a DM defect was closed with an egg film. The results 

revealed the formation of a connective tissue capsule, 
histologically similar to the DM tissue, which prevented 
the development of adhesions provided that the 
underlying membranes and the cortex remained intact. 
However, if the underlying tissue layers were damaged 
the risk of adhesions significantly increased [11]. In 
addition, this foreign material was also rejected by the 
body, which often resulted in an infection.

A significant contribution was made by the technique 
of autoplasty [12]. In this approach, a flap of patient’s 
own tissue is transplanted into the defect area; that 
helped preventing the implant rejection [13–15].

The autoplastic techniques described in the literature 
can be divided into two large groups:

methods of non-free autoplasty of DM (using local 
tissues);

methods of free autoplasty.
Non-free plastic surgery manipulations were 

performed using a transplant with a pedicle stemming 
from the maternal tissue [16]. In attempts to close DM 
defects, a patch of periosteum was used; again, the graft 
included a pedicle extending from the adjacent portion 
of the skull, a flap of the temporal fascia along with the 
periosteum, a flap of the unchanged part of the DM 
adjacent to the defect (the Burdenko–Bruning method 
proposed in 1912), as well as parts of the tendon 
helmet. In animal experiments, a skin flap was tested 
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for grafting; this method is still used today in emergency 
neurosurgery. However, multiple complications arising 
in the postoperative period devaluate this approach to a 
great extent [17, 18].

There are numerous reports on partial or complete 
necrosis developing in the transplants, which causes 
inflammation and adhesions between the brain and 
overlying tissues. In addition, the Burdenko-Bruning 
method is technically complex and applicable only to 
small DM defects [19–21].

The method of free autoplasty involves the use of 
fascia for the purpose of transplantation; the wide fascia 
of the thigh is used most often [22, 23]. For the first time, 
a fascia was transplanted to close a DM defect in an 
experiment of Kirschner under the direction of Professor 
Paur in the surgical clinic of Greifswald (Germany) in 
1909. In 1913, in a series of experiments on dogs and 
rabbits, Fedorov demonstrated that the wide fascia of the 
thigh was the most optimal autograft for the replacement 
of DM defects. In other reports, experiments with the 
peritoneum, tissues of the large omentum, a free flap of 
fatty tissue from the anterior abdominal wall, the fascia 
of the latissimus muscle of the back, and the anterior 
cog muscle were described [24–26].

However in 1978, Umakhanov showed that grafting 
a fascia caused gross cicatricial fusion between the 
brain and the overlying tissues in experimental animals; 
such developments may increase the risk of epilepsy. 
Additional disadvantages of free autoplasty were 
revealed in other experimental studies. For example, 
in free autoplasty, extra time is needed to obtain the 
material for transplantation, which increases the time 
of surgery [26]. Resorption of the transplants is often 
associated with a response by the surrounding tissues, 
which leads to the formation of adhesions and scars 
between the brain and the overlying structures [27, 28].

Subsequent developments in the plastic repair of DM 
defects were based on new discoveries in chemistry and 
physics, and the rapid growth of the chemical industry in 
the 1960s to 1980s [29]. Innovations in the techniques of 
preserving cadaveric biological tissues allowed scientists 
to harvest larger amounts of materials for potential 
plastic surgery and store them for a longer time. Various 
methods used for this purpose (treatment with formalin, 
lyophilization, freezing) were proposed [30]. Among 
them, lyophilization was most often used to conserve 
cadaveric DM [31].

It was found that grafts processed by lyophilization 
preserved not only their morphological structure but 
also their intact DNA and RNA, which was crucial 
for cell division and transplant engraftment [31, 32]. 
Lyophilized tissue is low-toxic, it gradually degenerates 
after transplantation, and eventually gets replaced by 
connective tissue of the recipient, which is very similar to 
the DM tissue.

At present, these implants are not in practical use for 
the following reasons [32, 33]:

a relatively strong immune response by the recipient;

legal problems with the removal of cadaverous DM;
the possibility of pathogen transmission (HIV, 

hepatitis, syphilis, prion infections) is not ruled out;
the unusual shape and the small size of the defect 

make it technical difficult to provide the appropriate 
closure using the transplant. 

Unsatisfactory results of the described methods led 
to the development of fundamentally new materials — 
xenografts [34, 35]. Those are produced from type I 
animal collagen and treated in such a way that the 
material does not cause an immunological reaction in the 
recipient [36, 37]. The most commonly used transplants 
are prepared from bovine pericardium, bovine Achilles 
tendon, fetal bovine skin, porcine small intestine tissue, 
or from horse collagen [38, 39]. 

To date, there is a large assortment of collagen 
transplants designed for replacing DM defects, such 
as Durepair (Medtronic, USA), DuraGen (Integra 
LifeSciences Corporation, USA), DURAFORM 
(Codman, USA), Dura-Guard (Synovis Surgical, USA), 
Seprafilm (Genzyme Corporation, USA), TissuDura 
(Baxter, Germany), Hypro-Sorb (Bioimplon, Germany), 
LYOPLANT (B. Braun, Germany), Cardioplant 
(Cardioplant, Russia), Belkozin (Belkozin, Russia), etc. 
[40–44].

The material for transplant production is obtained 
from animals located in the territory with the 
geographical biohazard level BSE1 (Bovine Spongiform 
Encephalopathy); this is in accordance with the FDA 
(Food and Drug Administration, USA) guidelines and the 
European standards of harvesting and treating animal 
tissues, including the BSE inactivation procedure [45, 
46]. Depending on the way of treatment, the material for 
transplantation can be either a strong, soft, unbreakable 
plate (obtained by treating the animal tissues while 
maintaining their structure), or porous plates of different 
sizes (obtained by processing animal collagen). 
Xenografts are capable of stimulating cell proliferation 
and tissue regeneration in the patient’s own DM [47–
49]. As the new tissue is forming, the collagen plate is 
resorbed [50, 51]. There is a wide variety of methods for 
placing the grafts on DM defects: regular and seamless 
suturing, using gels and sealants etc. [52–57]. 

There are a number of advantages in using collagen 
grafts [58–61]. A collagen implant is simple and easy to 
use; easily gets adjusted to the surface of underlying 
tissues, which allows a surgeon to close defects of any 
shape; prevents the formation of DM-brain scars and the 
development of liquorrhea; is very similar to the natural 
DM by its characteristics; is replaced with the recipient’s 
tissues within 6 months and transforms into natural DM.

Menger [51] presented a retrospective (19 years) 
review of prognostic factors for the development 
of complications after different implants were used 
in the course of trepanation and decompression in 
patients with Chiari I malformation. It showed a rise of 
allergic erythroderma, intermittent fever, eosinophilia 
and increased levels of IgE. When the transplanted 
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material was microscopically examined after its removal, 
abundant eosinophilic infiltration was found [62, 63]. 
Thus, despite the appropriate processing, the material 
remained xenogenic. In addition, collagen transplants 
are costly.

In recent years, in Russia and elsewhere there is a 
growing interest in high-molecular inorganic materials, 
synthetic elastic polymers, which practically cause no 
acute body response and are convenient to manipulate 
[64–66]. Using these materials for the replacement of 
DM defects is not associated with an additional surgical 
intervention (which is often necessary when taking an 
autograft), the reaction of surrounding tissues to medical 
polymers is relatively mild and short-lived because these 
materials are biochemically inert and do not contribute 
to any antigen incompatibility [67, 68]. Polymer products 
can be manufactured in any quantity, in various shapes 
and sizes; they do not require special conservation; they 
are easily sterilized and can be remodeled during the 
operation [69–71].

At different times, defects of the DM in experimental 
animals were replaced by fabrics made of lavsan, orlon, 
dacron, as well as with sponges made of polyvinyl formal 
and polyvinyl alcohol. Capron fabric was proposed 
as well [72]. However, these materials did not find a 
wide use in neurosurgery because some of them were 
found to accumulate calcium salts, which led to excess 
calcification of the implant that became hard as a bone 
after a short time [73, 74].

Currently, there is a great variety of absorbable 
and non-absorbable synthetic materials with different 
chemical compositions: teflon, polypropylene, silicone 
added polymers, etc. [75–78].

One of the most commonly used transplants is the 
GORE PRECLUDE membrane (WL Gore & Associates, 
USA); this is a three- or two-layer membrane made of 
stretched polytetrafluoroethylene with a thickness of 
about 0.3 mm, which is close to the thickness of natural 
DM. However, GORE PRECLUDE is a hydrophobic, 
non-biodegradable material that must be fixed with 
sutures (as a result, waterproofness is lost). It stays 
indefinitely as a foreign body inside the cranial cavity, 
which obviously increases the risk of adhesions 
and infection in the long-term postoperative period. 
According to different reports, the shortcomings manifest 
intraoperatively and sustain for 14 years after DM plastic 
repairs [79–82].

The Neuro-Patch membrane (B. Braun, Germany) 
has been well known since 1995; it is based on the 
European Union-approved non-resorbed DM model. It 
is composed from a microporous non-woven material 
made of highly purified polyester urethane, which allows 
for a rapid infiltration of the connective tissue into the 
transplant [82–84].

In experimental studies on rabbits, Suwanprateeb 
et al. [81] tested a new material made of oxidized 
reduced cellulose (ORC) impregnated with a solution 
of poly-ε-caprolactone (PCL). The material has good 

biocompatibility, promotes invasion of fibroblasts, and is 
convenient in application and storage. However, in other 
studies, allergic reactions and inflammations caused 
by ORC were noted. Thus, Andrychowski et al. [74] 
described the use of ORC (Oxycel) as a transplant in 
a patient undergoing surgery for a benign meningioma. 
In 3 months, they found (during the reoperation) that 
the edges of the patient’s own DM were thickened 
by histologically confirmed intensive granulomatous, 
inflammation, and reaction to the foreign body.

In Russia, transplants made of relocated and 
surrounding tissues are used for the DM replacement, 
whereas small DM defects are usually repaired by 
suturing. 

Research is now under way to produce domestic 
artificial materials to replace DM defects. Thus, 
xenografts manufactured in Russia can be exemplified 
by the Cardioplant endoprosthesis (Cardioplant LLC, 
Penza). This is a xenopericardial plate made of a non-
immunogenic material based on collagen from the 
bovine pericardium [43]. Upon an experimental study 
on pigs, Zinoviev et al. [44] recommended testing the 
xenopericardial plate in clinical studies on closing DM 
defects. 

In addition, there are data on the collagenous material 
Belkozin (Luga plant “Belkozin”; Formed, Russia), which 
is the prototype of the matrix for the replacement of DM 
defects; earlier, the matrix was produced in Russia for 
limited preclinical research. Thus, in preclinical studies 
on rabbits, this material showed good biocompatibility 
with the tissues of the animal, it effectively provided 
liquor-stasis, and prevented the formation of brain-
DM scars. In this connection, Alekseev et al. [54] 
recommended testing the Belkozin in clinical studies. 

Since 1996, the synthetic material Reperen (Icon 
Lab GmbH, Russia) has been actively used in medical 
practice the in Russian Federation. Originally, Reperen 
implants found their use in ophthalmic surgery [85, 86]: 
for artificial lenses, glaucoma drains, artificial irises and 
implants for eyelid and orbital areas. Later on, the use 
of Reperen expanded to other sections of surgery, in 
particular for hernioplasty, the treatment of II–IIIA grade 
dermal burns, and thoracoplasty of funnel-like Grade I 
chest deformations. Both preclinical and clinical studies 
showed good acceptance of  Reperen-made transplants, 
infrequent purulent-inflammatory complications, absence 
of adhesions between the implant and the recipient 
tissues, and much less seromas in the postoperative 
period [87–90].

At present, options of clinical use of Reperen 
polymeric implants for cranioplasty are being 
investigated. The results of Tikhomirova and co-workers 
[91, 92] indicate that the Reperen characteristics meet 
all requirements to implants used in cranioplasty. The 
authors also raised the possibility of using this material 
for repairing DM defects. They emphasized that Reperen 
had good biocompatibility, plasticity, the possibility of 
sterilization, compatibility with neuroimaging, resistance 
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to a mechanical stress, low thermo and electrical 
conductivity, a minimal risk of infections, and an 
affordable price [93–102].

Therefore, all of the above allows us to define the 
basic requirements to the materials used in the plastic 
surgery of DM defects and to delineate the vector 
of further research. The implant should be easily 
remodeled and adjusted to the shape and size of 
the defect; it also should be biocompatible, biostable 
and waterproof (which prevents the development of 
liquorrhea and inflammatory response). The ability of 
undergoing sterilization and long-term storage in a 
sterile package as well as the optimal cost are also 
important when choosing the implant. The technique 
of closing a DM defect using this material should be 
simple and convenient; it should not require specialized 
equipment or tools so it can be used in any neurosurgical 
department, both in elective and emergency operations 
[103, 104].

Conclusion
Despite the close attention paid to the problem of 

repairing defects of the dura mater, this type of plastic 
surgery remains a complex and urgent task. Even the 
impressive selection of innovative materials and the 
cases of successful transplantation do not provide a 
universal concept of avoiding intra- and post-operative 
complications. This situation necessitates further 
research and investment into the development of novel 
materials, which would improve the quality of life of 
operated patients and help avoid complications after 
plastic surgery.

Research funding and conflict of interest. The 
study was not funded by any sources, and there are no 
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