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Abstract
A method was prepared for the sealing of artificial blood vessels by combined soaking 
and spraying. Biocompatible and resorbable copolymers of poly(DL-lactide-co-glycolide) 
with varying contents of two co-monomers were used in the investigations. The materials 
were provided by Boehringer Ingelheim Co, Germany under the trade name Resomer. 
The polyester double-sided veloured knitted fabric vessel prosthesis DALLON H, by 
TRICOMED Co, constituted the matrix. Application trials resulted in the selection of 
Resomer RG 755S, containing 75% mol. residues of D,L-lactide and 25% mol. residues of 
glycolide. A modified polyester blood vessel prosthesis was prepared bearing the surgery 
tightness (water permeability below 30 ml/cm2/min) and physical-mechanical properties 
required, including elasticity adequate for such a medical device. Conditions for the sealing 
were elaborated at large laboratory scale with a notable composition of the coating bath 
and application of the coating. Results of the investigations can be considered as a basis 
for a technology layout for the sealing of artificial blood vessels with biocompatible and 
resorbable synthetic copolymer poly(DL-lactide-co-glycolide).  

Key words: polyester vessel prosthesis, tightening, poly(DL-lactide-co-glycolide). 

n Introduction
Since the 50’s, the defects of blood ves-
sels have been repaired with synthetic 
textile materials. In the very beginning, 
polyamide fibres like Vinyon-N or acrylic 
fibres like Orlon [1, 2] were used for this 
purpose; both materials had the disad-
vantage of decreasing elasticity after the 
implantation. Textile prostheses prepared 
from Dacron and Teflon appeared to be a 
solution to the problem of providing te-
nacity that last many years unchanged. 
Prostheses are manufactured by knit-
ting or weaving texturised multifilament 
yarns; the fabrics prepared are single-or 
double-sided veloured. Several commer-
cial artificial blood vessels made of PET or 
PFET are offered by various companies, 
such as Protegraf, Vascutek, Polythese, 
GORE PROPATEN® Vascular Graft, 
and Dallon. The double-sided veloured 
polyester vessel prostheses commonly 
used are distinguished by good elastic-
ity, handiness, and adequate biological 
permeability, providing facility for the 
penetration of fresh tissue and capillary 
vessels. On the other hand, the consider-
able porosity of knitted prostheses, usu-
ally within the range of between 1200 and 
1900 ml/cm2/min at a hydrostatic pres-
sure of 164 hPa (120 ml Hg) [3], does not 
provide the  surgery tightness required, 
resulting in internal bleeding straight 
after  implantation. The upper limit of 
permeation through the prosthesis wall 
allowable was determined in clinical in-
vestigations as 50 ml water/cm2/min [4]. 
To meet the requirement, the prosthe-
sis is, prior to implantation, subjected to 
so-called preclotting [5] in the patient’s 
blood. The treatment is uncomfortable 

both for the patient and surgeon, prolongs 
the operation and,in some cases, may 
be the cause of embolism [6]. For many 
years investigations have been on the 
way to preparing prostheses which could 
be implanted without preclotting. Unde-
sired treatment could be eliminated by a 
temporary tightening of the prostheses 
by means of polymeric materials prone 
to absorption by the patient’s organism 
[7, 9]. On the medical market various 
prostheses of blood vessels tightened 
with protein biopolymers like collagen 
[10], gelatin [11-13], and albumin [14] 
are available under such trade names as 
Hemashield Gold, InterGard®Heparin, 
Artegraft – Collagen Vascular Graft, and 
Tricogel. The proteins, however, pose the 
danger of zoonoses like BSE, viruses of 
African and classical pig fever and other 
pathologic retro-viruses. Such biological 
material may overcome the immune sys-
tem, causing fever, an allergenic reaction 
and chronic inflammation. Moreover, the 
proteins used for the temporary sealing 
of prostheses are chemically cross-linked 
with potentially toxic compounds like 
formaldehyde and glutaric aldehyde. The 
alleged danger of inter-species transmis-
sion of diseases and the requirements of 
Standard PN-EN 12442-1/2/3:2002 (Ani-
mal tissues and their derivatives used in 
the manufacture of medical materials) in-
spire researchers to investigate the possi-
bility of using biocompatible and resorb-
able synthetic polymers in the sealing of 
blood vessel prostheses [15 - 19]. Up to 
now, the commercial use of synthetics as 
temporary tightening materials for pros-
theses is unknown.

The aim of the present investigation was 
to elaborate a sealing  method for artifi-
cial blood vessels by means of a biocom-
patible synthetic copolymer based on 
DL-lactic acid (lactide) and glycolide. 
The usefulness of the Resomer polymers 
offered by Boehringer Ingelheim was 
assessed for this purpose. The polymers 
have already found wide use as construc-
tion material in a number of biomaterials 
like implants, resorbable sutures and car-
riers for the slow release of medication 
[20 - 24]. Another reason why the Re-
somers were selected was their availabil-
ity and preferential prices. A blood ves-
sel prosthesis produced by TRICOMED 
S.A. under the trade name DALLON H 
was used as the matrix onto which the 
polymeric coating was applied by com-
bined soaking and spraying. 

n Materials and raw materials
n Polyester warp knit, double –sided 

veloured prosthesis DALLON H 
made by TRICOMED S.A. The let-
ter H in the trade name informs that 
the prosthesis surface was modified 
with the purpose of conferring perma-
nent hydrophilic properties upon the 
material.[25]. A non-tightened pros-
thesis, 8 mm in diameter, constituted 
the half product in the investigation. 
The structure of the knitwear of the 
prosthesis and kind of yarn used in its 
manufacture are the know-how of the 
producer.

n Resorbable polymers of the Resomer 
type (Boehringer Ingelheim). Table 1 
shows the basic properties of the Re-
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somers used (given by the manufac-
turer).

n Solvents: chloroform, analytically 
pure. 1.4- dioxane, analytically pure. 
(POCh), petroleum benzene, analyti-
cally pure – (Chempur).

n Plasticisers: glycerol, analytically 
pure (Fluka), polyethylene glycol 400 
and 600 – (Merck).

n Methodology
Examination of the structure
The surface and cross-section of the ves-
sel prostheses were examined by means 
of an SEM Quanta 200 scanning electron 
microscope (FEI Co., USA) 

Examination of the water 
permeability of the vessel prostheses
The water permeability of the modi-
fied prostheses was tested according to 
a suitable standard [26]. Measurements 
were performed on a device in which the 
amount (in ml) of water passing through 
the vessel walls in 1 minute at a pressure 
of 164 hPa was measured.

n Analytical methods
Estimation of the average molecular 
weight by gel chromatography
Samples (ca. 15 mg) of the test material 
and 7 ml of chloroform HPLC (or 1.4 di-
oxane) were placed in a 10 ml measuring 
flask. On dissolving the sample, the flask 
was filled up to 10 ml with the solvent 
used, and the solution was filtered and 
injected into a chromatography column 
to carry out the analysis. Parameters of 
the chromatography analysis were as fol-
lows:
n solvent (mobile phase): chloroform
n column: Plgel Mixed C, 300 mm, 

5 μm (Polymer Laboratories Ltd.)
n temperature of the column: 35 °C,
n flow speed: 0.7 ml/min,
n injection volume: 100 µl,
n calibration standards: polystyrenes 

with a molecular weight in the range 
of 580 to 3040000 and polydispersity 
from 1.04 to 1.14 (Polymer Laborato-
ries).

Estimation of inherent viscosity
Measurements were made at 25 °C with 
a Ubbelohde’ viscometer with a capillary 
Nr 0a and constant K = 0.00498, using a 
polymer solution in chloroform of con-
centration c = 0.1 g/dl. From the flow 
time of the solvent(to) and solution (tr),  
parameter ηinh [dl/g] was calculated from 
the equation:

Estimation of the residual solvent in 
the polyester prostheses modified
Dried, modified prostheses were kept in 
water at 20 °C for 24 h, with a module 
of 100:1 without stirring. The presence 
of the solvent in the supernatant was es-
timated by UV spectrometry at a wave-
length of λ = 195 nm.

Testing of mechanical properties 
Mechanical properties of the film and  
modified prostheses were estimated ac-
cording to Standards:

n Film:
n Thickness: PN-ISO 4593:1999
n Max extension strength: PN-EN 

ISO 527-3:1998
n Tenacity: PN-EN ISO 527-3:1998
n Elongation at max. stress: PN-EN 

ISO 527-3:1998

n Vessel prostheses
n Internal diameter: ISO 7198:1998
n Suture retention strength: ISO 

7198:1998 
n Bursting strength: ISO 7198:1998 
n Displacement at burst: ISO 

7198:1998

Estimation of the coating rate
The percentage of the polymer coating 
on the vessel prosthesis was estimated 
gravimetrically from the weight differ-
ence between the dried modified prosthe-
sis and the unmodified prosthesis. 

 Technological and analytical 
equipment

1. Roller coating machine by Benz Co
2. Aerograph by Paasche Co

3. Homogeniser IKA-WERKE T50
4. Laminar chamber
6. Inherent viscosity measuring set
7. Scanning electron microscope SEM 

Quanta 200 firmy (FEI Co., USA)
8. Vertical steriliser ASVE, semi-auto-

matic 
9. Miscellaneous laboratory equipment 

(magnetic mixer, air flow and vacuum 
dryer, pH-meter, scales).

 Results of the research 
and dicussion

Selection of biodegradable 
copolymers suitable for the surface 
modification of vessel prostheses
Commercially available polymers of the 
Resomer group (see Table 1) were har-
nessed for the sealing of knitted pros-
theses. Save Resomer R203H, which is 
a homopolymer [poly(D,L-lactide)], the 
remaining are copolymers of D,L-lactide 
and glycolide – poly(DL-lactide- co-gly-
colide), with different portions of the two 
co-monomers. The co-polymers reveal 
an amorphous morphology which makes 
the compounds degrade faster than crys-
talline polymers of L-lactide and glycol-
ide. The structural formulae of polylac-
tide and co-polymers from D,L lactide 
and glycolide are presented below.

Polylactic acid (polylactide) 

Poly(DL-lactide-co-glycolide)

High chemical purity and the ability of 
resorption by the human organism were 
decisive factors for the selection of these 
co-polymers. [19]. The manufacturer of 
the Resomers selected recommends the 
materials for medical application; the 
materials have  suitable certificates and 
are used in implants as construction ma-
terials. In the human organism their deg-
radation proceeds toward carbon dioxide 
and water, which means complete resorp-
tion [19]. 

The following properties were adopted 
as criteria for the selection of a specific 
material to be used in the tightening of 
polyester prostheses: 

Table 1. Characteristics of the Resomers.

Symbol of the 
Resomer

Composition
 Inherent viscosity, dl/g

DL-Laktide/glikolide, mol%/mol%
Resomer R 203H Poli-DL-Laktyd 0.33
Resomer RG 503 51/49 0.42
Resomer RG 504H 51/49 0.52
Resomer RG 755S 75/25 0.68
Resomer RG 858S 85/15 1.70
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1. estimation of the molecular weight dis-
tribution 

2. ability to form stable solutions
3. film- and coating-forming properties 

from the solutions of co-polymers.

At an advanced phase of the investiga-
tions, the susceptibility of the selected 
co-polymers to enzymatic degradation in 
the presence of lysozyme was also con-
sidered 

Estimation of the molecular 
weight distribution 
Estimation of the molecular weight dis-
tribution was performed by the GPC 
method. Five Resomer polymers with 
different contents of the co-monomers 
were tested. Table 2. contains the test re-
sults.

Conceptually, the polymers applied are 
only to provide a short sealing time of 
the vessel prostheses; the resorption time 
should be no longer than 2 - 3 months. 
It was found that the average molecu-
lar weight increases with an increase in 
DL-lactide content. From earlier works 
at the IBChF and literature announce-
ments, it is known that an increase in the 
DL-lactide component and average mo-
lecular weight results in a slowing of the 
biodegradation rate of co polymers  [20]. 
It was, therefore, in further steps of the 
investigation, decided to exclude ho-
mo-polymer R 203H and Resomer RG 
503, which contains a similar amount 
of DL-lactide residue (about 50%) to 
Resomer RG504H. Consequently, the 
three remaining Resomers were used in 
the actual research. The materials can be 
differentiated by the DL-lactide content 
(51 - 95% mol) and average molecular 
weight but show similar polydispersitry 
coefficients. 

Dissolvability of the co-polymers
The Resomers selected were used in the 
form of solutions in chloroform or 1.4 di-
oxane. It was found that the co-polymers 
dissolve readily at ambient tempera-
ture in both solvents without the need 
of turbulent stirring (a magnetic stir-
rer was used). A homogeniser had to be 
employed only for solutions with 5% or 
more content of the polymer. The impact 
of the solvent upon the change in average 
molecular weight was estimated by GPC 
measurements. Also examined were film 
samples prepared by casting of the co-
polymer solutions in chloroform or diox-
ane on a Teflon plate. Results are shown 
in Table 3. 

It can be seen that the use of 1.4 dioxane 
does not substantially change the average 
molecular weight (decrease of Mw by 
1.5 - 2.5%) nor the polydispersity coef-
ficient( increase of 2.5% to 7.1%) of the 
Resomer film samples tested. More pro-
nounced were changes in films prepared 
from chloroform solutions. Of the co-
polymers tested, rather smaller changes 
could be observed for RG 504H and RG 
755S, pointing at better suitability for the 
purpose. It must also be mentioned that 
all solutions of the co-polymers tested, 
both in chloroform and 4-dioxane, were 
stable and did not show any opacity nor 
sedimentation during storage for 1 month 
at 5 °C

Estimation of the film- and coat-
forming properties of the co-polymers  
The ability of the polymers to form a 
film is crucial for the method by which 
the materials are placed on the prostheses 
(coating). The film-forming properties 
were tested for the Resomers selected: 
RG 504 H, RG 755 S, and RG 858S. 

From 1.0% solutions of the co-polymers 
in chloroform or dioxane, a film was cast 
on Teflon plates. Dried at 40 - 50 °C, the 
film samples were tested for mechanical 
properties, and their surface structure 
was inspected. Results of the physical-
mechanical testing are presented in Ta-
ble 4. 

The film samples prepared are charac-
terised by a similar thickness as well as 
good tenacity and elasticity, while those 
made of the solutions in 1.4-dioxane re-
veal somewhat better parameters, mainly 
elasticity. The film of Resomer RG 755 S 
solution in dioxane manifests the best 
properties (tenacity of 28.9 MPa and 
elongation at max. stress of 4.5%). Scan-
ning electron microcopy was employed 
to assess the surface structure of the film 
samples. The  films prepared showed a 
smooth and uniform surface, proving the 
good film-forming properties of the Re-
somers selected.

Table 3. Influence of the solvent on the average molecular weight of the Resomer polymers.

Symbol of 
the sample Kind of solvent Mn, 

g/mol
Mw, 

g/mol Mw/Mn

Distribution of the 
molecular weight, %

M<10000 M>10000

RG 755 S
- 21085 81040 3.8   6 94

chloroform 19051 80916 4.2   6 94
1,4 Dioksane 20454 79931 3.9   6 94

RG 858S
- 14849 41263 2.8 10 90

chloroform 13650 39899 3,1   9 91
1,4 Dioksane 14230 40256 3,0 10 90

RG 504H
- 14009 50363 3.6 10 90

chloroform 13870 49050 3,8 10 90
1,4 Dioksane 13933 49566 3.7 10 90

Table 2. Distribution of the molecular weight of the Resomer co-polymers.

Symbol of 
the sample

Mn, 
g/mol

Mw, 
g/mol Mw/Mn

Distribution of the molecular weight, %
M < 10000 M > 10000

R 203 H 15592 29436 1.9 10 90
RG 503 14849 41263 2.8 10 90
RG 504 H 14009 50363 3.6 10 90
RG 755 S 21085 81040 3.8 6 94
RG 858 S 76738 270892 3.5 2 98

Table 4. Impact of the kind of solvent upon the physical-mechanical properties of the film 
prepared from Resomers.

Kind of  
Resomer Solvent Thickness, 

mm
Max. drawing 

force, N
Tenacity,  

MPa
Elongation at max. 

stress, %

RG 755 S
chloroform 0.049 18.5 24.5 3.7

1,4 Dioksane 0.046 20.1 28.9 4.5

RG 504 H
chloroform 0.051 18.0 21.9 3.2

1,4 Dioksane 0.048 19.1 23.4 3.9

RG 858S
chloroform 0.046 18.0 22.5 3.4

1,4 Dioksane 0.047 19.3 24.1 4.0



FIBRES & TEXTILES in Eastern Europe  2009, Vol. 17, No.  6 (77)96

Trials were also performed to settle the 
solutions on the surface of polyester 
prostheses. Double sided soaking on a 
roller coating machine was employed 
in initial attempts. Prostheses with de-
posited co-polymer were dried at 50%. 
The film-forming ability of the Resom-
ers and the adhesion of the coating to 
the knitwear surface were assessed. The 
structure of the coating was inspected 
by scanning electron microscopy. Pros-
theses with coatings prepared from solu-
tions in chloroform and 1.4-dioxane were 
observed. Examples of the surfaces and 
cross sections of the prostheses modified 
are shown in the images below RG 504H 
(Figure 1).

The trials revealed that the quality of 
coating obtained depends upon the sol-

vent used. A uniform and smooth coating 
could not be prepared with chloroform, 
the reason being the quick evaporation 
of the solvent and insufficient adhesion 
of the coating formed to the prosthe-
sis surface. With dioxane a coating was 
obtained which uniformly covered the 
polyester yarn, and the polymer solution 
better penetrated the prosthesis, filling 
the voids between filaments. The poly-
mer coatings prepared with solutions of 
Resomers RG 504H, RG 755S and RG 
858S in dioxane revealed good adhesion 
to the knitwear surface; the extension and 
bending of the prosthesis did not cause 
the crumbling of  the coating material. 
The results allowed to select 1.4+dioxane 
as a suitable solvent for the consecutive 
steps.  

Preparation of conditions for the seal-
ing of vessel prostheses
In this part of the project, investigations 
were concerned with the technique of ap-
plying a sealing coating to fibrous pros-
thesis material. Based on earlier results, 
Resomers RG 504H, RG 755S and RG 
858S were selected for application to 
Dallon H prostheses. ( see Figure 2) 

The soaking technique was first em-
ployed in the sealing of the prostheses. 
Prostheses 8 mm in diameter, charac-
terised by a water permeability of about 
3500 ml/cm2/min, were applied. Prior 
to the coating operation, the prostheses 
were immersed in petroleum benzene for 
12 hours at 20 °C to remove the spin fin-
ish of the polyester fibres, thus improv-
ing the adhesion of the Resomers to the 
surface of the prostheses and providing 
conditions for a more uniform coating. 
1 to 6% solutions of the co-polymers 
in 1.4-dioxane were used as the coating 
substance. Single- or multi-soaking was 
carried out on a roller coating machine 
followed by the drying of the coated ma-
terial under a slight tension. The effec-
tiveness of the method was assessed in 
terms of the amount of polymer deposit-
ed (weight), the elasticity of the prosthe-
sis (organoleptic) and water permeability. 
Wetting with physiological salt solution 
did not provide sufficient elasticity to 
the modified vessel prostheses assessed. 
Regardless of the concentration of the 
solution used, the coating largely deterio-
rated the prostheses elasticity, save at the 
lowest coating rates The highest coating 
rate at which the prostheses retained suf-
ficient elasticity was at about 20%, with 
the the use of a plasticisier Such coating 
did not,however, provide the necessary 
tightness: the water permeability mea-
sured was 2500 ml/cm2/min. 

At higher coating rates, the prostheses 
were too stiff, worsening surgery handi-
ness and, hence, usefulness The defect 
could not be much improved by an addi-
tion of the plasticiser. 

The trials showed that all the Resomers 
selected for the purpose revealed good 
coating ability. The highest coating rate, 
31.2%, was attained after fivefold soak-
ing with a 1% solution of Resomer RG 
504H containing 4% (on the polymer) 
of polyethylene glycol as a plasticiser; 
the water permeability was still too high 
- about 1620 ml/cm2/min. A lower coat-
ing rate (about 20%) and a higher water 
permeability of 2400 - 2500 ml/cm2/min. 
was achieved using Resomer RG 504H 
under the same conditions.

Figure 1. Microphoto of the outer surface and cross-section of polyester prostheses coated 
with Resomer 5% RG 504H in various solvents; chloroform, coating – 1×, surface (a) and 
cross-section (b), 1,4-dioxane, coating – 1×, surface (c) and cross-section (d).

Figure 2. SEM micro-photo of the surface of DALLON H polyester prosthesis; a) Outer 
surface of the prosthesis, b) Inner surface.

a) c)

b) d)

a) b)
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With Resomer RG 858S having the low-
est affinity to the prosthesis surface, the 
highest coating rate achievable did not 
exceed 8%, which only slightly improved 
water permeability (2870 ml/cm2/min) 
compared to the unmodified prosthesis.

Since the soaking method had produced 
unsatisfactory elasticity in the prosthe-
ses and excessive water permeability, 
the spraying technique was retained for 
further trials. The polymer solution was 
sprayed under pressure onto a rotating 
prosthesis, which also moved longitu-
dinally. The technique provided a much 
better penetration of the textile material 
by the solution, the coating applied being 
thinner, retaining elasticity.

An aerograph with a slot die was used in 
the spraying, which at an air pressure of 
3000 hPa generates an aerosol giving a  
“spot” of 1.5 mm diameter. Resomer RG 
755S was applied, with which the high-
est coating grades and best tightness of 
the prostheses could be achieved in the 
proceeding trials Polyethylene glycol 
400 and 600 in the amount of 5% of the 
Resomer was used as a plasticiser. Spray-
ing was carried out in three ways: 
1. Spraying onto a dry surface (the pros-

thesis was dried after each spraying)
2. First spraying on the dry prosthesis. 

After drying, all consecutive spray-
ings on the water-wetted prosthesis 
(accelerated coagulation).

3. First spraying on the wetted surface; 
consecutive ones are on a dry surface 

In Table 5 parameters of the trials are 
shown. 

Elevenfold spraying with 1% and 3% RG 
755 S solutions with 5% of polyethylene 
glycol (on polymer) produced the highest 
coating rate, 55%, at which good elastic-
ity could be maintained (Trial No 37).

Solutions with a polymer concentration 
of 1% were used in the first three spray-
ings to provide better penetration of the 
polyester textile, arising from the low 
viscosity of the solutions. The 3% solu-
tions sealed the inter-fibre voids of the 
knitwear. The highest coating rates were 
achieved without wetting the prosthe-
sis surface (Trial P30). In the remain-
ing variants, 2 and 3, the coating rate 
was about 2 and 4 % lower (Trials P31 
and P32). The vessel prostheses sealed 
by spraying with Resomer RG 755 and 
a plasticiser produced the best elasticity 
of the prosthesis, meaning better surgery 
handiness. Wetting improves the adhe-
sion of the polymer prosthesis surface 
which, in consequence, leads to a nearly 

Table 5. Trials to tighten  vessel prostheses with Resomer RG 755S solutions in 1.4-diox-
sane by spraying; all prostheses were elastic, without that obtained by the trial P40 which 
was low elastic.

Symbol 
of trial

Composition of 
spraying solution

Spraying variant and 
number

Coating 
rate, %

Water permeability,  
ml/cm2/min

P30 1% RG755S+ 
Polyetylene glycol.400 Spray /18× (variant 1) 38.3 1762

P31 1% RG755S + 
Polyetylene glycol.400

Spray/18× (variant 2)
1st layer on wetted prosthesis,
consecutive layers on dry 
prosthesis 

36.6 1576

P32 1% RG755S 
Polyetylene glycol.400

Spray/18× (variant 3)
1st layer on dry prostheses, 
consecutive on wetted ones

34.0   366

P36 1 - 3% RG755S +
Polyetylene glycol.400

Spray/14× (Wariant 3)
1st layer on dry prostheses, 
consecutive on wetted ones:
layers 1 - 10 – spray 1% 755S,
layers 11 - 14 – spray 3% 755S

45.9     44

P37 1 - 3% RG755S +
Polyetylene glycol.400

Spray/11× (variant 3)
1st layer on dry prostheses, 
consecutive on wetted ones:
layers 1 - 3 – spray 1% 755S,
layers 4 - 11– spray 3% 755S

54.8     29

P40

1% RG755S +
Polyetylene glycol.400

1% RG755S + 
Polyetylene glycol 600

Spray/8× (variant 3)
1st layer on dry prostheses, 
consecutive on wetted ones:
layer 1 - spray 3% 755S,
layers 2 - 8 – spray 5% 755S

50.8     96

P41

1% RG755S +
glikol polietyl.600

3% RG755S + 
glikol polietyl.600

Spray/10× (variant 3)
1st layer on dry prostheses, 
consecutive on wetted ones:
layers 1 - 3 – spray 1% 755S,
layers 4 - 14 – spray 3% 755S

43.0     25

complete tightness; water permeability 
being below 30 ml/cm2/min. Much atten-
tion was given to the removal of the re-
sidual solvent from the polymer coating. 
1.4- dioxane may cause irritation, as well 
as an allergic or even cytotoxic reaction. 
Modifications of biomaterials like vessel 
prostheses causing reactions with blood 
or tissue are unacceptable. The 1,4- diox-
ane used, with its 102 °C boiling point, 
is not a volatile liquid, therefore two-step 
drying was employed:
1st step blow drying -5 h., temperature 

50 °C,
2nd step vacuum drying – 12 h., tempera-

ture 50 °C, pressure 0.07 MPa.

UV spectrophotometric analysis of aque-
ous extracts of the dried prostheses did 
not reveal traces of 1.4-dioxane.

Mechanical and structural properties 
of the vessel prostheses modified
Mechanical properties were tested, and 
the surface structure  of the prostheses 
modified by both soaking and spraying 
was inspected.

The surface structure was inspected by 
scanning electron microscopy; the mechan-
ical properties were tested according to 
the methodology given above on page  94. 

SEM inspection confirmed the insuf-
ficient filling of the internal prosthesis 
structure with the polymer coating (Fig-
ure 3) by soaking.

Inspection of the surface structure of the 
vessel prostheses sprayed revealed good 
penetration of the knitwear by the poly-
mer, which can be easily seen in the outer 

Table 6. Comparison of the main physical-mechanical parameters of unmodified vessel 
prostheses of the Dallon H type with a prosthesis spray-sealed with poly(DL-lactide-co-
glycolide) of the RG 755S type.

Parameter
Prosthesis

unmodified modified
Internal dia, mm 7.97 7.97
Coating rate, % 0 43
Bursting strength, N 294 260
Displacement at burst, mm 5.4 7.1
Suture retention strength, N 22.3 16.6
Water permeability, ml/cm2/min 3500 25
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surface, showing a uniform polymer 
coating that also fills the inter-fibre voids 
(Figure 4.a). 

Testing of the mechanical properties 
showed that the modification has some 
influence on the strength of prostheses 
(Table 6) The bursting strength and su-
ture retention strength were 11% and 
26% lower for the sealed prostheses, re-
spectively.

n Conclusions
Vessel prostheses of polyester fibres do 
not provide sufficient surgical tightness, 
the reason being the specific structure 
of the textile material ( knitwear). The 
tightness desired can be attained by the 

surface coating of the prosthesis with a 
polymer.

For the sealing of the polyester prosthesis 
(Dallon H) selected, biocompatible co-
polymers of poly (DL-lactide-co-glycol-
ide) can be used.Such polymeric materi-
als are offered by Boehringer Ingelheim 
under the trade name Resomer.

The best sealing of a Dallon H prosthesis 
can be achieved by coating it with solu-
tions of Resomer RG 755S in 1.4-diox-
ane (1 - 5%) containing polyethylene 
glycol 600 as a plasticiser. In big labo-
ratory trials aerograph apparatus can be 
used for this purpose.

A multi-step application of the poly-
mer solution on the prosthesis surface 

by spraying at a coating rate of 50% 
wt of Resomer RG 755S allows for the 
preparation of modified Dallon H pros-
theses with water permeability below  
30 ml/cm2/min.
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Figure 3. Exemplary SEM microphotos of a prosthesis surface modified by soaking; 
a) outer surface, 1× soaking, b) outer surface, 5× soaking.

Figure 4. SEM microphotos of the surface and cross-sections of prostheses modified by 
spraying natrysku (10-fold spraying); a. outer surface, b. inner surface, c. cross-section of 
the wall , d. cross-section. 
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