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ABSTRACT

AIM: To compare two synthetic graft materials, TachoComb®, a fibrin sealant composed of collagen, fibrinogen, thrombin and 
aprotinin and TissuDura®, a collagen-based biomatrix.  
MATERIAL and METHODS: Thirty Sprague–Dawley rats were randomly divided into three groups with 10 animals in each group. 
A dural defect was created on the left parietal bone of each animal, and the dural defect was repaired using either TachoComb® 
(TachoComb group) or TissuDura® (TissuDura group). Sham animals did not receive any dural graft. After 21 days of follow-up, 
the brain was dissected, and inflammation, oedema, gliosis and foreign body reaction in the bone and parenchymal tissue were 
investigated histopathologically.
RESULTS: The TachoComb group showed significantly greater inflammation, gliosis and parenchymal foreign body reaction 
compared with the sham group. By contrast, the TissuDura group had significantly lower gliosis and insignificantly less inflammation 
in the bone and parenchymal foreign body reaction compared with the TachoComb group.
CONCLUSION: In conclusion, our results suggest that TissuDura® may be considered more biocompatible than TachoComb® in 
duraplasty.
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Duraplasty is the procedure to repair dural defects by using 
graft materials from various sources when the primary 
sutures may be problematic (41). An ideal dural graft should 
mimic the features of the host dura as much as possible: 
it should be flexible, relatively inert, elastic in nature and 
tensile; it should be able to close the subarachnoid space 
in a watertight manner and be resistant to infections and 
inexpensive (32,36,59). Autologous tissue (43,63) and various 
synthetic dural grafts (28,51) may be used while performing 
duraplasty. Nonautologous dural substitutes are preferred 
because they are easily acquired; however, disadvantages 
include haemorrhage (45), cerebrospinal fluid (CSF) leaks 
(1), eosinophilic aseptic meningitis (4) and extended wound 
healing period (54). By contrast, despite the benefits of 

█   INTRODUCTION

The dura mater is the thickest and outermost layer of the 
meninges of the brain and surrounds and protects the 
brain and spinal cord. It comprises fibroblasts and large 

amounts of extracellular collagen (18). Besides the function 
of the cranial dura to support the brain mechanically, its 
functional roles include the control of venous blood outflow 
from the brain (11,61), regulation of neurogenesis and axonal 
behaviour (56). In the literature, causes of dural defects include 
trauma (58) and neurosurgical interventions (21) leading to 
dural tears, tumour infiltration (27), dural arteriovenous fistulas 
(13,46,57) and empty sella syndrome (40).
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autologous grafts, such as they do not arise immune and/
or immuno-allergic response, are cheap and very effective in 
blocking CSF leaks (1,6,20,25), they may lead to increased 
mortality rates and cause elevated risks of wound breakdown, 
infection, local pain syndrome and aesthetic problems due 
to extended wound healing period (1). The goal of achieving 
a watertight closure to reduce the risks of duraplasty led to 
a search for new materials for this procedure (60). Synthetic 
dural grafts are another option for duraplasty, and advantages 
of synthetic dural grafts include uniformity and availability, 
and they can be cut to the required shape for duraplasty 
(51). Various synthetic materials, including polyglycolic acid 
and polylactic-co-glycolic acid (44), and natural compounds, 
such as gelatin (22) and collagen (37), have been implicated 
in duraplasty.

TissuDura (TissuDura®; Baxter, Vienna, Austria) is a natural 
collagen biomatrix derived from equine Achilles tendon (42). 
Its biocompatibility with low incidence of inflammation and 
adhesions, as well as its nontoxic profile make it a valuable 
candidate for duraplasty (7,16,53). By contrast, TachoComb 
(TachoComb®; Nycomed, Ismanig, Germany) is a widely used 
fibrin sealant for tissue adhesion and closure during various 
surgeries and composed of a collagen patch coated with a 
combination of human fibrinogen and bovine thrombin and 
aprotinin (23). The mechanism for successful duraplasty with 
graft material includes generation of watertight, elastic and 
durable living tissue barrier with the combination of thrombin, 
fibrinogen, coagulation factors and fibrinolysis inhibitor 
aprotinin and with the support of the collagen matrix (2,35,49). 
TachoComb was known to be advantageous due to its rapid 
and practical application with coagulation uniformity on the 
bleeding regions (34).

Our study aimed to compare the efficacy and biocompatibility 
of the two synthetic collagen-based dural grafts, the 
TachoComb and TissuDura, in experiment models of dural 
defect in rats.

█   MATERIAL and METHODS
Animal Husbandry and Experimental Setup

The present study was approved by local ethics committee 
(Approval number: 2009/27, date: 27/04/2009) on animal 
experiments and conducted in experimental animal laboratory 
in our institution. Thirty Sprague–Dawley rats aged between 
16 and 20 weeks weighing 300–400 g in both sexes 
were equally and randomly divided into three groups: the 
TachoComb, TissuDura and sham groups. The animals were 
kept under controlled temperatures (21°C ± 1°C) and lighting 
conditions (12-h light/dark cycle) in individual cages. Standard 
rat chow and tap water were provided ad libitum. The animals 
were starved of food for 12 hours with free access to water 
preoperatively.

For surgery, the animals were anesthetised by intraperitoneal 
administration of 10 mg/kg xylazine (Rompun®, Bayer) and 80 
mg/kg ketamine hydrochloride (Ketalar®, Parke Davis). After 
anaesthesia was administered, the surgical site was shaved, 
and the skin was cleaned with 10% povidone iodine solution. 

Subsequently, 2-cm incisions were carefully performed, and 
the subcutaneous layers were dissected. A burr hole was 
carefully created on the parietal bone by using a high-speed 
dental drill with 3-mm ball-end, and the dura mater was 
exposed. A 3-mm dural defect was constituted in the dura 
by using a sterile no. 11 scalpel blade. Either TachoComb® 
or TissuDura® with a size of 0.5 cm × 0.5 cm was placed on 
the dural defects in the TachoComb and TissuDura groups, 
respectively. By contrast, the sham group did not receive 
any graft placement. The skin and subcutaneous tissue were 
sutured with 4–0 silk sutures following homeostasis. The 
incisions were cleaned with 10% povidone iodine solution, 
and the animals were placed in their prewarmed cages.

The cages were kept under stable temperature to maintain the 
body temperature of the rats. The animals were administered 
with 2 mg/kg paracetamol for 3 days per os. The rats were 
postoperatively followed in terms of general behaviour, 
neurological findings, mobility and infection for 21 days. 
Development of abnormal posture and motor deficits, rubor at 
the incision site, signs of infection, such as pus formation and 
oozing on the incision site and reduced food and water intake, 
were determined as exclusion criteria.

On postoperative day 21, the rats were decapitated under 
general anaesthesia, and both cerebral hemispheres and dura 
mater were removed en bloc for histopathological evaluations.

Histopathological Evaluations

The cerebral parenchyma and dura mater were fixed with 
10% formalin. Transverse samples containing the lesion area 
from the cerebral tissue and dura mater were embedded in 
paraffin blocks. The parietal bone samples were decalcified 
in acid for 5 days and embedded in paraffin blocks. Slices 
with 5-µm thickness were taken from the paraffin-embedded 
samples and stained with haematoxylin and eosin (H&E) and 
luxol fast blue stains by using standard histological protocols. 
All histopathologic evaluations were performed under a light 
microscope by an experienced pathologist who was blinded 
to the groups. Each slice was evaluated for oedema, gliosis, 
inflammatory cell accumulation, foreign body reaction and 
gliosis (Table I).

Statistical Analysis

Scoring data were presented as mean ± standard deviation 
(SD). Statistical analyses were performed using GraphPad 
Prism 7 (GraphPad Software, USA). Normal data distribution 
was compared using Shapiro–Wilk normality test. Data 
were compared using the Kruskal–Wallis test followed by 
Dunn multiple comparison test. Statistical significance was 
accepted for p<0.05.

█   RESULTS
All rats completed the follow-up period of 21 days.

Inflammation

The parenchyma was inflamed in one, seven and three 
animals in the sham, TachoComb and TissuDura groups, 
respectively. The parenchymal inflammation scores of the 
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animals in the TachoComb group was significantly higher than 
those of the animals in the sham group (p=0.0091; Figure 1A 
and C), whereas no significant difference was found between 
the sham and TissuDura groups (p>0.05; Table II). Moreover, 
parenchymal inflammation in the TissuDura group was lower 
than that in the TachoComb group animals, but was not 
significant (p=0.0846; Figure 1B and C).

With regard to the inflammation in the bone, none of the 
animals in the sham group showed inflammation. By contrast, 
five and two animals in the TachoComb and TissuDura 
groups, respectively, showed inflammation in the bone. In 
the TachoComb group, the mean score of inflammation in the 
bone was significantly higher than sham group (p=0.0281; 
Table II). By contrast, no significant differences were found in 
the inflammation scores in the bone between the TissuDura 
and sham groups (p>0.05).

Oedema

Oedema was observed in two, six and two animals in the 
sham, TachoComb and TissuDura groups, respectively. No 
significant differences were found in the oedema severity 
between any of the groups (p>0.05; Table II).

Gliosis

The parenchymal gliosis at the vicinity of the primary surgical 
area or gliosis secondary to the foreign body reaction was 
evaluated, and moderate and mild gliosis was observed in two 
and five animals in the TachoComb group. By contrast, mild 
gliosis was observed in two animals and one animal of the 
TissuDura and sham groups, respectively. The oedema scores 
of the TachoComb group of animals were significantly higher 
than those of both sham and TissuDura groups (p<0.05; Figure 
1A-C), whereas no significant differences were found between 
the sham and TissuDura groups (p>0.05; Table II).

Parenchymal foreign body reaction

Widespread foreign body reaction was observed in all and 
in two animals in the TachoComb and TissuDura groups, 
respectively, whereas limited parenchymal foreign body 
reaction was observed in eight animals in the TissuDura group. 
The sham group of animals did not exhibit any parenchymal 
foreign body reaction. The parenchymal foreign body reaction 
scores were significantly higher in TachoComb and TissuDura 
groups compared with the sham group (p<0.0001 and 
p<0.01, respectively), whereas no significant differences were 
observed between the TachoComb and TissuDura groups 
(p=0.0912).

Bone Foreign Body Reaction

In the TachoComb group, five animals and one animal had 
limited and widespread foreign body reaction, respectively. 
By contrast, seven animals in the TissuDura group had no 
reaction in the bone tissue, whereas two animals and one 
animal had widespread and limited foreign body reaction, 
respectively (Figure 1A and D). The sham group had no foreign 
body reaction in the bone tissues. No significant differences 
between the groups were observed in the score of foreign 
body reaction in the bone (p>0.05; Table II).

█   DISCUSSION
The dura mater is the outermost and thickest meninx 
surrounding the brain and spinal cord and forms a protective 
barrier (53). It also isolates the CSF from the outside medium, 
protecting the nervous system from infections (14,36). The 
integrity of the dura mater is disrupted not only due to several 
reasons, including neoplastic infiltrations (27) and trauma (58), 
but also during neurosurgical interventions (21). To prevent 
complications that may occur due to dura mater damage 
(8,9,19,26,48), watertight repair of the dura should always be 
performed during the management (7,12,29).

Table II: Histopathological Scoring in Sham, TachoComb and TissuDura Groups of Animals. (Data are represented as mean ± SD; n=10 
animals in each groups)

Inflammation Edema Gliosis Foreign body reaction

Parenchyma Bone Parenchyma Bone

Sham 0.1 ± 0.31b 0 ± 0a 0.2 ± 0.42 0.1 ± 0.31a 0 ± 0b, d 0 ± 0

TachoComb 1.3 ± 1.16b 0.5 ± 0.52a 0.6 ± 0.51 0.9 ± 0.73a, x 2 ± 0d 0.6 ± 0.69

TissuDura 0.3 ± 0.48 0.2 ± 0.42 0.2 ± 0.42 0.2 ± 0.42x 1.2 ± 0.42b 0.5 ± 0.84
a and x p<0.05, bp<0.01, dp<0.0001.

Table I: Histopathological Scoring Scale for Inflammation, Foreign Body Reaction, Edema and Gliosis

Score Inflammation Foreign body reaction Edema Gliosis

0 None None None None

1 Mild Limited Mild Mild

2 Moderate Widespread Moderate Moderate

3 Severe Widespread and necrosis Severe Severe
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increase the duration of the healing process (39). By contrast, 
no differences were found between the TissuDura and sham 
groups in terms of inflammation. Although no significant 
differences between the TachoComb and TissuDura groups 
were observed with regard to inflammation, the TissuDura 
tended to cause lower parenchymal inflammation in the 
surgical area, suggesting that the healing process might be 
faster in the TissuDura group. Moreover, inflammatory activity 
upon duraplasty with synthetic materials has been reported 
by several studies (10,15,17,30). By contrast, gliosis was 
elevated by TachoComb duraplasty, whereas a significantly 
lower gliosis was observed in the TissuDura group compared 
with the TachoComb group.

Foreign body reaction may be observed after duraplasty 
(33,47,55). In our study, we observed that TachoComb and 
TissuDura groups showed significantly higher parenchymal 
foreign body reaction than the sham group. Moreover, the 
reaction in the TissuDura group was lower than that in the 
TachoComb group, and the difference was not significant. 
Additionally, no significant differences were found between 
three groups in terms of oedema and the foreign body reaction 
in bone.

█   CONCLUSION
The material of the dural substitute possesses a great 
importance in duraplasty. In conclusion, our results suggest 
that TissuDura® possesses more biocompatibility than 
TachoComb®.

Various methods have been performed to repair dural defects. 
The best method to treat dural tears is primary watertight 
dural repair (62). In such cases, the nutrition of the autologous 
tissue is not disturbed, and the tissue is repaired as close as 
possible to its natural status (31). In cases where the use of this 
method is feasible, alternative dural graft materials, including 
autologous, nonautologous and synthetic grafts are used 
(3,14,36). The advantages of the synthetic dura grafts include 
their availability (51) with various alternatives (22,37,44,51), 
their biomechanical properties (24), flexibility (38) and being 
a self-adhesive (50). Furthermore, other advantages include 
easiness of application (28), shorter operating room times (5) 
and reduction in inflammatory or allergic reactions (28).

In recent years, two materials among synthetic grafts, the 
TachoComb® (Nycomend, Ismany, Germany) (2,23,34) and 
TissuDura® (Baxter, Deutschland, Germany) (7,16,53) became 
popular in duraplasty. This paper compared the suitability 
and adverse effects of TachoComb® and TissuDura® as dural 
substitutes.

Neuroinflammation is characterised by several factors, 
including gliotic activity, leucocyte infiltration to the damaged 
area and increased inflammatory factor levels (52). In our study, 
we observed significant induced inflammation in the bone 
and parenchymal tissue in the TachoComb group compared 
with the sham group. A previous study by Ozel et al. on rats 
that underwent colon anastomosis, higher perianastomotic 
inflammation in the surgical area was observed compared 
with the sutures, suggesting that increased inflammation may 

Figure 1: Representative 
histopathological findings 
in A) the sham (H&E 
×200) and B) TissuDura 
groups. The black arrows 
indicate inflammation in 
the region of interest (H&E 
×200), C) TachoComb 
group. Widespread 
gliosis is observed in the 
parenchymal tissue (H&E 
×200). D) TissuDura group. 
The black arrows indicate 
the inflammation in the 
region of interest (H&E 
×400).
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C D



  5 Turk Neurosurg, 2021 | 5

Karkucak A. et al: Synthetic Graft Materials in Duraplasty

17. Gomez H, Little JR: Spinal cord compression: A complication 
of silicone-coated dacron dural grafts. Report of two cases. 
Neurosurgery 24:115-118, 1989

18. Haines DE: On the question of a subdural space. Anat Rec 
230:3-21, 1991

19. Hodges SD, Humphreys SC, Eck JC, Covington LA: 
Management of incidental durotomy without mandatory bed 
rest. A retrospective review of 20 cases. Spine 24:2062-2064, 
1999

20. Hoffman CE, Souweidane MM: Cerebrospinal fluid-related 
complications with autologous duraplasty and arachnoid 
sparing in type I Chiari malformation. Neurosurgery 62:156-
160; discussion 160-161, 2008

21. Kalevski SK, Peev NA, Haritonov DG: Incidental dural tears in 
lumbar decompressive surgery: Incidence, causes, treatment, 
results. Asian J Neurosurg 5:54-59, 2010

22. Kawai H, Nakagawa I, Nishimura F, Motoyama Y, Park Y-S, 
Nakamura M, Nakase H, Suzuki S, Ikada Y: Effectiveness of 
a new gelatin sealant system for dural closure. Neurol Res 
36:866-872, 2014

23. Kawasaki S, Origasa H, Tetens V, Kobayashi M: Comparison 
of TachoSil and TachoComb in patients undergoing liver 
resection-a randomized, double-blind, non-inferiority trial. 
Langenbecks Arch Surg 402:591-598, 2017

24. Kizmazoglu C, Aydin HE, Kaya I, Atar M, Husemoglu B, Kalemci 
O, Sozer G, Havitcioglu H: Comparison of biomechanical 
properties of dura mater substitutes and cranial human dura 
mater: An in vitro study. J Korean Neurosurg Soc 62:635-642, 
2019

25. Lam FC, Kasper E: Augmented autologous pericranium 
duraplasty in 100 posterior fossa surgeries-a retrospective 
case series. Neurosurgery 71:ons302-307, 2012

26. Le AX, Rogers DE, Dawson EG, Kropf MA, De Grange 
DA, Delamarter RB: Unrecognized durotomy after lumbar 
discectomy: A report of four cases associated with the use of 
ADCON-L. Spine 26:115-117; discussion 118, 2001

27. Lyndon D, Lansley JA, Evanson J, Krishnan AS: Dural masses: 
Meningiomas and their mimics. Insights Imaging 10(1):11, 
2019

28. MacEwan MR, Kovacs T, Osbun J, Ray WZ: Comparative 
analysis of a fully-synthetic nanofabricated dura substitute 
and bovine collagen dura substitute in a large animal model of 
dural repair. Interdisciplinary Neurosurgery 13:145-150, 2018

29. Malliti M, Page P, Gury C, Chomette E, Nataf F, Roux FX: 
Comparison of deep wound infection rates using a synthetic 
dural substitute (neuro-patch) or pericranium graft for dural 
closure: A clinical review of 1 year. Neurosurgery 54:599-603; 
discussion 603-604, 2004

30. Mark CP, Patrick KC, William DB, Robert FS: Application of a 
hydrogel sealant improves watertight closures of duraplasty 
onlay grafts in a canine craniotomy model. J Neurosurg 
107:642-650, 2007

31. Martínez-Lage JF, Pérez-Espejo MA, Palazón JH, López 
Hernández F, Puerta P: Autologous tissues for dural grafting 
in children: A report of 56 cases. Childs Nerv Syst 22:139-144, 
2006

32. Matsumoto K, Nakamura T, Fukuda S, Sekine T, Ueda H, 
Shimizu Y: A gelatin coated collagen-polyglycolic acid 
composite membrane as a dural substitute. ASAIO J 47:641-
645, 2001

█   REFERENCES
1. Abla AA, Link T, Fusco D, Wilson DA, Sonntag VKH: 

Comparison of dural grafts in Chiari decompression surgery: 
Review of the literature. J Craniovertebr Junction Spine 1:29-
37, 2010

2. Agus GB, Bono AV, Mira E, Olivero S, Peilowich A, Homdrum 
E, Benelli C: Hemostatic efficacy and safety of TachoComb 
in surgery. Ready to use and rapid hemostatic agent. 
International Surgery 81:316-319, 1996

3. Alleyene CH Jr, Cawley CM, Barrow DL, Poff BC, Powell MD, 
Sawhney AS, Dillehay DL: Efficacy and biocompatibility of a 
photopolymerized, synthetic, absorbable hydrogel as a dural 
sealant in a canine craniotomy model. J Neurosurg 88:308-
313, 1998

4. Alleyne CH Jr, Barrow DL: Immune response in hosts with 
cadaveric dural grafts. Report of two cases. J Neurosurg 
81:610-613, 1994

5. Azzam D, Romiyo P, Nguyen T, Sheppard JP, Alkhalid Y, 
Lagman C, Prashant GN, Yang I: Dural repair in cranial surgery 
is associated with moderate rates of complications with both 
autologous and nonautologous dural substitutes. World 
Neurosurgery 113:244-248, 2018

6. Barrientos S, Leif M, Hon HH, Aizenberg M, Wong S: 
Duraplasty using autologous fascia lata and latissimus dorsi 
free flap for chronic cerebrospinal fluid leak. J Craniofac Surg 
30(7):e671-e674, 2019

7. Biroli F, Esposito F, Fusco M, Bani GG, Signorelli A, de Divitiis 
O, Cappabianca P, Cavallo LM: Novel equine collagen-only 
dural substitute. Neurosurgery 62:273-274; discussion 274, 
2008

8. Bosacco SJ, Gardner MJ, Guille JT: Evaluation and treatment 
of dural tears in lumbar spine surgery: A review. Clin Orthop 
Relat Res 389:238-247, 2001

9. Cammisa FP Jr, Girardi FP, Sangani PK, Parvataneni HK, 
Cadag S, Sandhu HS: Incidental durotomy in spine surgery. 
Spine 25:2663-2667, 2000

10. Cohen AR, Aleksic S, Ransohoff J: Inflammatory reaction to 
synthetic dural substitute. Case report. J Neurosurg 70:633-
635, 1989

11. Davidson JR, Mack J, Gutnikova A, Varatharaj A, Darby S, 
Squier W: Developmental changes in human dural innervation. 
Childs Nerv Syst 28:665-671, 2012

12. Depreitere B, van Loon J, Goffin J: Management of acute 
intraoperative cerebrospinal fluid leaks. ArgoSpine News & 
Journal 24:178-182, 2012

13. Erdogan C, Hakyemez B, Arat A, Kocaeli H, Bekar A, 
Parlak M: Spinal dural arteriovenous fistula in a case with 
lipomyelodysplasia. Br J Radiol 80:e98-e100, 2007

14. Esposito F, Cappabianca P, Fusco M, Cavallo LM, Bani GG, 
Biroli F, Sparano A, de Divitiis O, Signorelli A: Collagen-only 
biomatrix as a novel dural substitute. Examination of the 
efficacy, safety and outcome: Clinical experience on a series 
of 208 patients. Clin Neurol Neurosurg 110:343-351, 2008

15. Fisher WS III, Six EG: Cervical myelopathy from dural 
substitute. Neurosurgery 13:715-717, 1983

16. Gazzeri R, Neroni M, Alfieri A, Galarza M, Faiola A, Esposito 
S, Giordano M: Transparent equine collagen biomatrix as 
dural repair. A prospective clinical study. Acta Neurochirurgica 
151:537-543, 2009



6 6 | Turk Neurosurg, 2021

Karkucak A. et al: Synthetic Graft Materials in Duraplasty

49. Schelling G, Block T, Gokel M, Blanke E, Hammer C, Brendel 
W: Application of a fibrinogen-thrombin-collagen-based 
hemostyptic agent in experimental injuries of liver and spleen. 
Journal of Trauma 28:472-475, 1988

50. Schiariti M, Acerbi F, Broggi M, Tringali G, Raggi A, Broggi G, 
Ferroli P: Two alternative dural sealing techniques in posterior 
fossa surgery: (Polylactide-co-glycolide) self-adhesive 
resorbable membrane versus polyethylene glycol hydrogel. 
Surg Neurol Int 5:171-171, 2014

51. Schmalz P, Griessenauer C, Ogilvy CS, Thomas AJ: Use of 
an absorbable synthetic polymer dural substitute for repair of 
dural defects: A technical note. Cureus 10:e2127-e2127, 2018

52. Song Y, Li S, Song B, Zhang Y, Gao W, Li N, Fan K, Ma J: The 
pathological changes in the spinal cord after dural tear with 
and without autologous fascia repair. European Spine Journal  
23:1531-1540, 2014

53. Stendel R, Danne M, Fiss I, Klein I, Schilling A, Hammersen S, 
Pietilae T, Jänisch W, Hopfenmüller W: Efficacy and safety of 
a collagen matrix for cranial and spinal dural reconstruction 
using different fixation techniques. J Neurosurg 109:215-221, 
2008

54. Stevens EA, Powers AK, Sweasey TA, Tatter SB, Ojemann RG: 
Simplified harvest of autologous pericranium for duraplasty in 
Chiari malformation Type I. Technical note. J Neurosurg Spine 
11:80-83, 2009

55. Sun H, Wang H, Diao Y, Tu Y, Li X, Zhao W, Ren J, Zhang 
S: Large retrospective study of artificial dura substitute in 
patients with traumatic brain injury undergo decompressive 
craniectomy. Brain and Behavior 8:e00907, 2018

56. Suter TACS, DeLoughery ZJ, Jaworski A: Meninges-derived 
cues control axon guidance. Dev Biol 430:1-10, 2017

57. Talenti G, Vitale G, Cester G, Della Puppa A, Faggin R, Causin 
F: Rare association between spinal dural arteriovenous fistulas 
and dysraphisms: Report of two cases and review of the 
literature with a focus on pitfalls in diagnosis and treatment. 
Interv Neuroradiol 23:458-464, 2017

58. Tekkök IH: Spontaneous spinal cord herniation: Case report 
and review of the literature. Neurosurgery 46:485-492, 2000

59. Vanaclocha V, Saiz-Sapena N: Duraplasty with freeze-dried 
cadaveric dura versus occipital pericranium for Chiari type 
I malformation: Comparative study. Acta Neurochirurgica 
139:112-119, 1997

60. Warren WL, Medary MB, Dureza CD, Bellotte JB, Flannagan 
PP, Oh MY, Fukushima T: Dural repair using acellular human 
dermis: Experience with 200 cases: Technique assessment. 
Neurosurgery 46:1391-1396, 2000

61. Weller RO, Sharp MM, Christodoulides M, Carare RO, 
Møllgård K: The meninges as barriers and facilitators for the 
movement of fluid, cells and pathogens related to the rodent 
and human CNS. Acta Neuropathol 135:363-385, 2018

62. Wolff S, Kheirredine W, Riouallon G: Surgical dural tears: 
Prevalence and updated management protocol based on 
1359 lumbar vertebra interventions. Orthop Traumatol Surg 
Res 98:879-886, 2012

63. Zhang L, Yi Z, Duan H, Li L: A novel autologous duraplasty in 
situ technique for the treatment of Chiari malformation Type I. 
J Neurosurg 126:91-97, 2017

33. Nakagawa S, Hayashi T, Anegawa S, Nakashima S, Shimokawa 
S, Furukawa Y: Postoperative infection after duraplasty with 
expanded polytetrafluoroethylene sheet. Neurologia Medico-
Chirurgica 43:120-124; discussion 124, 2003

34. Nakajima K, Yasumasa K, Endo S, Takahashi T, Kai Y, Nezu 
R, Nishida T: A simple application technique of fibrin-coated 
collagen fleece (TachoComb) in laparoscopic surgery. Surgery 
Today 37:176-179, 2007

35. Narotam PK, José S, Nathoo N, Taylon C, Vora Y: Collagen 
matrix (DuraGen) in dural repair: Analysis of a new modified 
technique. Spine 29:2861-2867; discussion 2868-2869, 2004

36. Narotam PK, Qiao F, Nathoo N: Collagen matrix duraplasty for 
posterior fossa surgery: Evaluation of surgical technique in 52 
adult patients. Clinical article. J Neurosurg 111:380-386, 2009

37. Narotam PK, van Dellen JR, Bhoola KD: A clinicopathological 
study of collagen sponge as a dural graft in neurosurgery. J 
Neurosurg 82:406-412, 1995

38. Neulen A, Gutenberg A, Takács I, Wéber G, Wegmann J, 
Schulz-Schaeffer W, Giese A: Evaluation of efficacy and 
biocompatibility of a novel semisynthetic collagen matrix as a 
dural onlay graft in a large animal model. Acta Neurochirurgica 
153:2241-2250, 2011

39. Ozel SK, Kazez A, Akpolat N: Does a fibrin-collagen 
patch support early anastomotic healing in the colon? An 
experimental study. Techniques in Coloproctology 10:233-
236, 2006

40. Paik KK, Lim SK, Lee HC, Lee EJ, Huh KB, Kim DI, Suh JH: 
Empty sella syndrome associated with central nervous system 
cysticercosis. Korean J Intern Med 3:128-131, 1988

41. Palm SJ, Kirsch WM, Zhu YH, Peckham N, Kihara S, 
Anton R, Anton T, Balzer K, Eickmann T: Dural closure with 
nonpenetrating clips prevents meningoneural adhesions: An 
experimental study in dogs. Neurosurgery 45:875-882, 1999

42. Parlato C, di Nuzzo G, Luongo M, Parlato RS, Accardo 
M, Cuccurullo L, Moraci A: Use of a collagen biomatrix 
(TissuDura) for dura repair: A long-term neuroradiological and 
neuropathological evaluation. Acta Neurochirurgica 153:142-
147, 2011

43. Perrini P: Technical nuances of autologous pericranium 
harvesting for dural closure in Chiari malformation surgery. J 
Neurol Surg B Skull Base 76:90-93, 2015

44. Potter W, Kalil RE, Kao WJ: Biomimetic material systems for 
neural progenitor cell-based therapy. Front Biosci 13:806-
821, 2008

45. Robertson SC, Menezes AH: Hemorrhagic complications in 
association with silastic dural substitute: Pediatric and adult 
case reports with a review of the literature. Neurosurgery 
40:201-206, 1997

46. Rosenblum B, Oldfield EH, Doppman JL, Di Chiro G: 
Spinal arteriovenous malformations: A comparison of dural 
arteriovenous fistulas and intradural AVM’s in 81 patients. J 
Neurosurg 67:795-802, 1987

47. Safdar A, Kohn LF, Narayan KK: Acute foreign body reaction 
to synthetic dural graft. Am J Med 113:529, 2002

48. Saxler G, Krämer J, Barden B, Kurt A, Pförtner J, Bernsmann 
K: The long-term clinical sequelae of incidental durotomy in 
lumbar disc surgery. Spine 30:2298-2302, 2005


	_Hlk38195408
	_Hlk37502747
	_GoBack

