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Objective. To study cerebrospinal fluid (CSF) changes after the duraplasty 
with autologous fascia, collagen-based material and chitin-chitosan membrane 
in early and late postoperative periods.
Materials and methods. Chitosan-based films were made out of 3 % solution 
of chitosan for the research. We used 200 kDa chitosan (deacetylation rate 
80–90 %) to produce chitin-chitosan membrane by using solvent evaporation 
method. For enhancing mechanical properties and reducing the degradation, 
chitin particles were added to the chitosan solution. Chitosan and chitin ratio 
was 80/20. The chitin/chitosan solution in Petri dishes was being dried out 
during 3 days at room temperature.
Cerebrospinal fluid composition has been studied after the duraplasty with 
autofascia, collagen-based material and innovative chitosan-based graft 
in early and late postoperative periods. The duraplasty was performed by 
applying these materials to 90 Chinchilla rabbits breed. Animals were divided 
into three groups: I group — duraplasty using the fascia lata autograft, II 
group — duraplasty with the collagen-based material, III group — duraplasty 
using the chitin-chitosan membrane. The animals in the II and III groups were 
divided into 2 subgroups: A — plasty without fixing the material, B — plasty 
with fixing the material using atraumatic suture. CSF composition was studied 
before and after the operation had been performed in 2 weeks, 2 and 6 months.
Results. The results of our study demonstrated the increase in density and 
protein level, the decrease in рН and glucose level and the extreme increase 
of cells, mostly neutrophils after the use of fascia lata for dural closure. At the 
same time, there were no substantial changes after dural closure with artificial 
collagen- and chitosan-based materials, the CSF composition normalized in 
2 months after operation.
Conclusion. The use of autologous fascia for duraplasty leads to an acute 
response of the cerebrospinal fluid in the early postoperative period and to 
residual pleocytosis. The chitosan-based graft application was followed by 
no complications at 6 months after surgery and only slight CSF response 
in the early postoperative period. There wasn’t any significant difference in 
CSF composition in chitosan- and the collagen-based material usage. Given 
the lack of changes in SCF tests between suture and no suture graft fixation 
except for a slight increase in erythrocyte number in the early postoperative 
period, the choice of material fixation method is entirely dependent on the 
clinical situation and does not affect the cerebrospinal fluid state.
Keywords: cerebrospinal fluid; dura mater; duraplasty; implant; substitute; 
chitosan
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оболонки різними замінниками в ранній та пізній післяопераційний 
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Мета: вивчити зміни спинномозкової рідини після пластики твердої мозкової 
оболонки (ТМО) автологічною фасцією, матеріалом на основі колагену та 
хітин-хітозановою мембраною в ранній та пізній післяопераційний період.
Матеріали і методи. Хітозанові плівки для дослідження були 
виготовлені з 3 % розчину хітозану. Використовували хітозан 200 кДа 
(ступінь деацетилювання – 80–90 %) для отримання мембрани методом 
випаровування розчинника. Для посилення механічних властивостей 
та зниження часу деградації до розчину хітозану додавали хітинові 
частинки. Співвідношення хітозану та хітину становило 80:20. Хітин-
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Цель: изучить изменения спинномозговой жидкости после пластики 
твердой мозговой оболочки (ТМО) аутологичной фасцией, материалом на 
основе коллагена и хитин-хитозановой мембраной в ранний и поздний 
послеоперационный период.
Материалы и методы. Хитозановые пленки для исследования были 
изготовлены из 3 % раствора хитозана. Использовали хитозан 200 
кДа (степень деацетилирования – 80-90 %) для получения мембраны 
методом испарения растворителя. Для усиления механических свойств 
и уменьшения времени деградации к раствору хитозана добавляли 
хитиновые частицы. Соотношение хитозана и хитина составило 80:20. 
Хитин-хитозановый раствор в чашках Петри высушивали в течение 3 сут 
при комнатной температуре.
Изучали состав спинномозговой жидкости после пластики аутофасцией, 
материалом на основе коллагена и инновационным имплантатом на 
основе хитозана в ранний и поздний послеоперационный период. В 
исследовании использованы 90 кроликов породы шиншилла, которым 
проводили пластику ТМО указанными материалами. Животных разделили 
на три группы: группа I – пластика с использованием fascia lata, группа 
II – пластика материалом на основе коллагена, группа III – пластика 
хитин-хитозановой пленкой. Группы II и III разделили на две подгруппы: A 
– пластика без фиксации материала, B – пластика с фиксацией материала 
с помощью атравматического шва. Состав спинномозговой жидкости 
изучали до операции и через 2 нед, 2 и 6 мес.
Результаты. После использования аутофасции для пластики 
дефекта ТМО отмечено увеличение удельного веса спинномозговой 
жидкости и содержания белка, уменьшение рН и уровня глюкозы, 
выраженный плейоцитоз с преобладанием лейкоцитов. Применение 
коллагенсодержащей мембраны и хитозановой пленки не вызывает 
существенных изменений спинномозговой жидкости, которая возвращается 
к норме через 2 мес после пластики.

хітозановий розчин у чашках Петрі висушували протягом 3 діб при 
кімнатній температурі.
Вивчали склад спинномозкової рідини після пластики автофасцією, 
матеріалом на основі колагену та інноваційним імплантатом на основі 
хітозану в ранній та пізній післяопераційний період. У дослідженні 
використано 90 кролів породи шиншила, яким проводили пластику ТМО 
зазначеними матеріалами. Тварин розподілили на три групи: група І – 
пластика з використанням fascia lata, група ІІ – пластика матеріалом на 
основі колагену, група ІІІ – пластика хітин-хітозановою плівкою. Групи 
II та III поділили на дві підгрупи: A – пластика без фіксації матеріалу, 
B – пластика з фіксацією матеріалу за допомогою атравматичного шва. 
Склад спинномозкової рідини вивчали до операції та через 2 тиж, 2 і 
6 міс.
Результати. Після використання автофасції для пластики дефекту ТМО 
відзначено зростання питомої ваги спинномозкової рідини та вмісту білка, 
зменшення рН і рівня глюкози, виражений плейоцитоз з переважанням 
лейкоцитів. Застосування колагенвмісної мембрани та хітозанової плівки 
не спричиняє суттєві зміни спинномозкової рідини, яка повертається до 
норми через 2 міс після пластики.
Висновки. Застосування автофасції для пластики ТМО призводить 
до гострої реакції спинномозкової рідини в ранній післяопераційний 
період і залишкового плейоцитозу. Після використання хітозанової 
плівки спостерігали незначну реакцію спинномозкової рідини в ранній 
післяопераційний період та відсутність ускладнень через 6 міс після 
операції. Не виявлено статистично значущої різниці у складі спинномозкової 
рідини після застосування матеріалів на основі хітозану та колагену. З 
огляду на відсутність суттєвої різниці в складі спинномозкової рідини 
при різних видах фіксації матеріалу, з підшиванням та без, за винятком 
незначного збільшення кількості еритроцитів у ранній післяопераційний 
період, вибір методу фіксації матеріалу залежить від клінічної ситуації та 
не впливає на стан спинномозкової рідини.
Ключові слова: спинномозкова рідина; тверда мозкова оболонка; 
пластика твердої мозкової оболонки; імплантат; хітозан
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Выводы. Применение аутофасции для пластики ТМО приводит к острой 
реакции спинномозговой жидкости в ранний послеоперационный период 
и остаточному плейоцитозу. После использования хитозановой пленки 
наблюдали незначительную реакцию спинномозговой жидкости в ранний 
послеоперационный период и отсутствие осложнений через 6 мес после 
операции. Не выявлено статистически значимой разницы в составе 
спинномозговой жидкости после применения материалов на основе 
хитозана и коллагена. Учитывая отсутствие существенной разницы в 
составе спинномозговой жидкости при разных видах фиксации материала, 
с подшивкой и без, за   исключением незначительного увеличения 
количества эритроцитов в ранний послеоперационный период, выбор 
метода фиксации материала зависит от клинической ситуации и не влияет 
на состояние спинномозговой жидкости.
Ключевые слова: спинномозговая жидкость; твердая мозговая оболочка; 
пластика твердой мозговой оболочки; имплантат; хитозан

Introduction
The need for substitution of lost native dural tissue 

arises in the presence of its traumatic or neoplastic 
destruction, after operative procedures, when the 
dura mater is involved [1–3]. The applying of patient’s 
fascia lata is the classic method. This technique has its 
advantages due to the absence of an immune response 
to the native material, ease of execution and lack of 
the financial burden on the patient or clinic. But both 
the probability of postoperative complications and an 
additional trauma limit the use of this technique [4, 
5]. To date, numerous medical products have been 
developed for the dura mater replacement based on 
natural (collagen) and synthetic materials.

An ideal dural substitute should not induce 
neurotoxicity, should be biocompatible, should have no 
allergenic and antigenic properties and have a relatively 
low cost [6, 7]. Most of the available materials do 
not fully meet all requirements, thus this encourages 
the development of new implants for duraplasty. 
Biocompatible implants can be developed on the base of 
natural polysaccharide chitosan and its derivatives [8].

Chitosan is b iodegradable, non-toxic and 
biocompatible material with antibacterial properties and 
the ability to stimulate regeneration, does not induce an 
immunological response [9, 10]. A reasonable cost of the 
material is also one of the advantages. Recent studies 
have shown the benefits of chitosan-based materials 
for skin plastic and the treatment of burns and trophic 
ulcers, for the hemostatic purpose [11]. Unfortunately, 
there is a few of information concerning the use of 
chitosan-based materials as a dural substitute.

Objective: To study cerebrospinal fluid (CSF) 
changes after the duraplasty with autologous fascia, 
collagen-based material and chitin-chitosan membrane 
in early and late postoperative periods.

Materials and methods
Graft preparation
Chitosan-based films were made out of a 3 % solution 

of chitosan (molar masses 200 kDa, deacetylation rate 
80–90 %). Firstly, 10 ml of 3 % solution of chitosan in 
1 % acetic acid was poured onto a round teflon support 
(with a diameter of 8 cm) until the height of the solution 

layer reached 5 mm. Then the solvent was evaporated 
at room temperature for 48–72 h. The obtained film was 
treated with 5 % NaOH for 2 h, washed frequently with 
distilled water and then incubated in a 10 % aqueous 
solution of glycerine for 30 min in order to enhance 
elasticity and softness. Chitin particles (1–2 mm) were 
added to the chitosan solution to enhance mechanical 
properties and reduce the degradation rate of the film. 
Chitosan and chitin ratio was 80/20. The chitin particles 
were dispersed by stirring within the volume of a viscose 
solution to form a homogeneous solution. The solution of 
chitin/chitosan was placed into Petri dishes and dried for 
3 days at room temperature [12, 13]. After the drying, 
materials had a visually smooth lower surface and a 
rough upper surface (Fig. 1A).

For the duraplasty, we used a membrane made 
from 200 kDa molecular weight chitosan because of 
the results of the previous experiments. They have 
shown antibacterial properties and significant better 
cell viability [14].

Design of the experiment and surgery
We used 90 Chinchilla breed rabbits for the 

experiments, which were divided into three groups:
I group (18 animals) — duraplasty using the fascia 

lata autograft.
II group (36 animals) — duraplasty using the 

collagen-based material.
III group (36 animals) — duraplasty using the chitin-

chitosan membrane.
The animals in the II and III groups were divided 

into 2 subgroups:
A — plasty without fixing the material,
B — plasty with fixing the material using atraumatic 

suture.
The duraplasty procedure was as follows: after 

general anaesthesia (ketamine 10 mg/kg) and peripheral 
vein catheterization, the animals’ heads were shaved 
from the superciliary arch to the ear butts. The surgical 
site was treated with C-4 solution and then a T-shaped 
incision was made: the transverse incision was made 
in the frontal plane between the ear butts; the vertical 
incision was made from midline directing almost to 
the bridge of the nose and it was perpendicular to 
the transverse incision. The triangular skin flaps were 
retracted. The transverse incision was made at a distance 
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0.5 cm from the point of attachment to the bone in 
order to expose the temporal muscle. At the place to 
be trepanned, the periosteum was separated in a lateral 
direction with a bone rasp. The hole was drilled using 
a trepan with a sharp point of 0.5 cm diameter. Using 
the Luer and Liston forceps, a trepanation opening was 
created and the sharp edges were scraped. If it was 
necessary, bleeding was stopped in the diploe. A cross-
shaped incision was created in the dura mater. The fascia 
lata was placed in the dura mater and was sown up with 
atraumatic suture material [12].

Atraumatic suture material was also used for the 
fixing in the subgroup B of the II and III groups to compare 
the effectiveness of fixing of the membranes. Suture 
material was not used for the subgroup A of the II and 
III groups because of good adhesion properties of the 
collagen-based and chitosan-based implants. The implant 
larger than the defect was placed between the undamaged 
dura mater and internal bone surface (Fig. 1В).

Than myorrhaphy was conducted without closure 
of the bone defect; the wound was closed with simple 
interrupted sutures and we applied an aseptic dressing.

The follow-up of the experiment was 2 weeks, 2 and 
6 months after the operation.

Cerebrospinal fluid research
Cerebrospinal fluid was collected at all experimental 

time-points. General anaesthesia (ketamine 10 mg/
kg) and peripheral vein catheterization were provided 
before manipulation. Using standard 10ml syringe, 2 
ml of cerebrospinal fluid was taken through the dura 
mater puncture 5–7 mm back from the edge of the 
implant avoiding brain tissue trauma. We studied the 
following indicators: clarity, density (using the method 
of Gauzner S.I. et al.), рН by рН-meter (∆= ± 0.05) 
“CyberScan pH/Ion 510” (Germany), protein level by 
biuret test and glucose level by glucose oxidase method, 
using reagent kits “Lachema” (the Czech Republic), the 
cellular components.

P-value test was used to assess the difference 
between groups using GraphPad Prism 8.0 software 
(free-access). Before statistical analysis, all data were 
assessed for normal distribution using GraphPad Prism 
8.0 software. Statistical significance was assumed at a 
confidence level of 95 % (p<0.05).

The study was carried out in accordance with the 
principles of bioethics, regulated by the European 
Convention for the Protection of Vertebrate Animals 
used for Experimental and other Scientific Purposes 
(1986), Directive 2010/63/EU “On the Protection of 
Animals Used for Scientific Purposes” (2010), the Law of 
Ukraine No. 3447-IV “On the Protection of Animals from 
Cruelty” (2006) and approved by the Ethics and Bioethics 
Commission of Kharkiv National Medical University 
(Minutes No. 1 of 01/02/2012).

Results and discussion
Cerebrospinal fluid of the animals before the 

operation was crystal clear. The density was 1.004–
1.007, рН — 7.3 ± 0.3. The protein and glucose level was 
0.27 ± 0.06 g/l and 4.2 ± 0. 18 mmol/l, respectively. Cells 
were rare, near 2 х 106/l. Small lymphocytes, which are 
the body immunologically competent cells, prevailed. 
Acute inflammation cells (neutrophils) and erythrocytes 
were not found in CSF of the animals.

CSF became less clear after 2 weeks after the 
duraplasty with fascia lata, density increased up to 
1.014 (p =0.034), which could indicate both bacterial 
inflammation and reaction to the foreign body. Significant 
decrease in the cerebrospinal fluid pH to 6.6 ± 0.4 
(p=0.021) was the confirmation of the inflammation 
hypothesis. The presence of a pathological inflammatory 
process in the subarachnoid space was also confirmed 
by an increase in protein level to 0.41 ± 0.04 g/l (p=0.04) 
and a decrease in glucose concentration to 3.47 ± 0.13 
mmol/l (p=0.02).

Sediment microscopy revealed an increase in the 
absolute number of cells up to 280 x 106/l (p=0.001), 
which is characterized as a pleocytosis and is observed 
in inflammatory processes. Microscopy did not reveal 
bacterial cells, but the percentage of neutrophils was 
65 % of the total number of cells, which indirectly 
indicated the presence of bacterial inflammation. 
Lymphocytes (23 %), monocytes (7 %) and erythrocytes 
(5 %) were found in the cerebrospinal fluid in addition 
to neutrophils in the animals’ CSF. The presence of the 
erythrocytes may be associated with vessels injury 
during plastic and implant suturing. Inflammatory 
response of the cerebrospinal fluid decreased in 2 

Figure 1. Chitin-chitosan membrane (A) and intraoperative appearance of duraplasty in experiment using 
artificial material (B): 1) edge of bone defect; 2) dural defect edge; 3) chitin-chitosan membrane
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months after the duraplasty, which is characterized by 
the normalization of the density up to 1.009 (p =0.064). 
However, this indicator still did not reach the level of 
healthy animals. Instead, the cerebrospinal fluid pH was 
7.2 ± 0.5 (p=0.12), reaching preoperative levels. Protein 
level decreased unreliably from the previous term — up 
to 0.38 g/l (p=0.046) while the glucose level normalized 
up to 4.12 mmol/l (p=0.12). The cerebrospinal fluid cell 
composition was almost unchanged from the previous 
observation period: the percentage of neutrophils was 
57 %, lymphocytes — 31 %, monocytes — 12 %. Instead, 
microscopic examination revealed no erythrocytes 
in the samples. The number of cell elements was 
significantly reduced compared to the previous term 
— up to 100 x 106/l (p =0.001), despite the constancy 
of cell composition, that corresponded to medium 
pleocytosis. There was complete normalization of 
the animals’ cerebrospinal fluid in 6 months after the 
duraplasty with the use of autologous fascia (Table 1). 
Density, protein and glucose decreased to the level of 
healthy animals. The number of cell elements remained 
a little bit increased — 14 x 106/l (p =0.01), the most 
part of them were small lymphocytes — 95 % and only 
5 % were neutrophils.

The dural closure with collagen-based graft resulted 
in less evident changes in CSF after 2 weeks compared 
with animals that used a fascia lata. However, we did 
not find a significant difference between the suture 
and non-suture subgroups. CSF density increased 
with no significant difference with the control group, 
fluid pH became significantly reduced up to 6.8 ± 0.3 
(p =0.038) in subgroup IIB. The use of collagen may 
lead to the tissue immune response stimulation, 
resulting in the development of acidosis. Protein levels 
in the cerebrospinal fluid also increased and reached 
0.36 ± 0.05 g/l and 0.38 ± 0.03 g/l, respectively to the 
subgroups, indicating the presence of an inflammatory 

process. However, the glucose level did not change and 
did not exceed 4.1 ± 0.09 mmol/l (p =0.17). Moderate 
pleocytosis with a significant increase in the number of 
cells up to 150 x 106/l (p =0.001) in subgroup IIB with 
lymphocytes and single erythrocytes prevailed in that 
group of the animals. The number of the cells was higher 
in the group of the animals with the substitute fixation by 
suture. The absence of neutrophils indicated the absence 
of an inflammatory process of infectious genesis. The 
presence of a large number of lymphocytes along with 
increasing protein level might indicate the presence of an 
immune response to the foreign protein, but the degree 
of its severity was moderate.

Af ter 2 and 6 months, there was complete 
normalization of all main indicators of CSF (Table 2), 
except for the number of cells in the sediment. The 
pleocytosis became 45 x 106/l (p =0.018) in the subgroup 
without implant suture and 60 x 106/l (p =0.001) in the 
subgroup with suture in the next research term. Cell 
composition normalized to the 2nd month of follow-up. 
Small and medium lymphocytes were the prevailing 
elements in the sediment as in the previous observation 
period.

The use of a chitin-chitosan composite as an implant 
did not lead to significant changes in the density and pH 
of the cerebrospinal fluid, indicating the relative inertness 
of the material. The protein level in cerebrospinal fluid 
increased unreliably in the animal subgroup without the 
use of suture material and accounted for 0.3 ± 0.05 g/l 
(p =0.033). There was a slight but significant protein level 
increase up to 0.37 ± 0.07 g/l (p =0.01) while using the 
implant suture fixation, which might be a consequence 
of the reaction to the suture material or additional dura 
injury. Glucose level was somewhat reduced over the 
preoperative period, which might be a manifestation of 
the general animal body response to surgery. Pleocytosis 
corresponded to the previous animal groups level and 

Table 1. Cerebrospinal fluid parameters before and after duraplasty with fascia lata in different periods
Parameters Before operation 2 weeks 2 months 6 months

Density 1.005 1.014* 1.009* 1.006
pH 7.3 ± 0.3 6.6 ± 0.4* 7.2 ± 0.5 7.4 ± 0.3 
Protein (g/l) 0.27 ± 0.06 0.41 ± 0.04* 0.38 ± 0.03* 0.29 ± 0.06 
Glucose (mmol/l) 4.20 ± 0.18 3.47 ± 0.13* 4.12 ± 0.18 4.25 ± 0.21 
Cell number/l 2 х 106 280 х 106* 100 х 106* 14 х 106* 

* Р ≤ 0.05 

Table 2. Cerebrospinal fluid parameters before and after duraplasty with collagen-based material in different 
periods

Parameters Before 
operation

2 weeks 2 months 6 months
Subgroup 

IIA
Subgroup 

IIB
Subgroup 

IIA
Subgroup 

IIB
Subgroup 

IIA
Subgroup 

IIB
Density 1.005 1.07 1.006 1.003 1.004 1.005 1.007 
pH 7.3 ± 0.3 6.9 ± 0.3* 6.8 ± 0.5* 7.1 ± 0.2 7.2 ± 0.1 7.2 ± 0.5 7.3 ± 0.3 
Protein 
(g/l) 7.3 ± 0.3 6.9 ± 0.3* 6.8 ± 0.5* 7.1 ± 0.2 7.2 ± 0.1 7.2 ± 0.5 7.3 ± 0.3 

Glucose 
(mmol/l) 4.20 ± 0.18 4.10 ± 0.09 4.00 ± 0.12 4.30 ± 0.15 4.40 ± 0.08 4.10 ± 0.19 4.00 ± 0.23 

Cell 
number/l 2 х 106 110 х 106* 150 х 106* 45 х 106* 60 х 106* 3 х 106 3 х 106 

* Р ≤ 0.05 
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was 95 x 106/l (p =0.001) for the subgroup without 
suture fixation and 135 x 106/l (p =0.001) with suture, 
but the main difference was the absence of erythrocytes 
in CSF in subgroup IIIA. There was no any significant 
difference with the previous group in pH, protein and 
glucose level as well as in cell number. Small lymphocytes 
are the main cellular elements of the sediment, which 
indicates a weak immune response to the implant. The 
absence of erythrocytes in the subgroup without suture 
may be associated with its atraumatic adhesion fixation 
and the absence of injury of the dura vessels. All the 
CSF parameters came to the preoperative level after 2 
months, including the cell number of the sediment, which 
was 4 x 106/l (p =0.09). This parameter is an important 
indicator of the safety of chitin-chitosan implant, unlike 
collagen-based graft, when after its using moderate 
pleocytosis persists.

The CSF parameters were not significantly different 
from the control after 6 months after duraplasty 
(Table 3).

Discussion
An ideal dural graft should be biocompatible, should 

not be allergenic and neurotoxic, have to stimulate 
regeneration in addition to the basic function of good 
watertight closure. Besides, control of the inflammatory 
process and the presence of antibacterial properties are 
desirable [15]. In clinical practice auto- and xenografts 
and materials based on synthetic and natural derivatives 
are used today. The use of auto- and xenografts is limited 
due to a number of complications that occur both at the 
material receiving stage and after operations. Artificial 
implants, especially of biological origin, are being used 
more actively now. Numerous studies report about 
a number of complications even after using of these 
materials [1, 4, 5].

Researches studying the effectiveness of chitosan-
based materials for duraplasty are scarce. Furthermore, 
chitosan has proven efficiency in the skin and bone 
plastic defects that give prerequisites of its using for 
duraplasty grafts [16, 17].

Unfortunately, pure chitosan-based materials are 
poorly resistant to biodegradation and are destroyed 
during the physical intervention [18, 19]. Therefore, it 
is advisable to use its complex compounds, particularly 
with chitin. Our study has shown that the chitin-chitosan 
membrane is completely biocompatible, does not 
cause allergy and implant rejection. The same results 

have been confirmed by numerous in vitro and in vivo 
researches [11, 20]. Chitosan has anti-inflammatory 
and antibacterial properties that significantly reduces 
inflammatory manifestations in the cerebrospinal fluid 
analysis and reduces the number of bacterial cells. 
Normalization of cerebrospinal fluid tests has been seen 
within 2 months after surgery, as opposed to the groups 
using fascia lata and collagen-based material. There is no 
information about the clinical or experimental application 
of chitosan-based graft but the results of our experiment 
coincide with others with an application of collagen-based 
experimental grafts [21].

Conclusions
1. The classical technique of using autofascia 

for duraplasty leads to an acute response of the 
cerebrospinal fluid in the early postoperative period and 
to residual pleocytosis.

2. The chitosan-based material application was 
followed by only slight CSF response in the early 
postoperative period and no complications at 6 months 
after surgery in our study. The study found no significant 
difference between the innovative chitosan-based 
material and the commercial collagen-based one.

3. The study didn’t show any differences between 
suture fixation and adhesion of the duraplasty substitute 
except for a slight increase in erythrocyte number in 
CSF in the early postoperative period. Thus, the choice 
of material fixation method is entirely dependent on the 
clinical situation and does not affect the cerebrospinal 
fluid state.
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