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Abstract 

Bacteria Cellulose (BC) is a polysaccharide produced by Accetobacter Xylinum Bacteria with 

interesting properties for arterial grafting and vascular tissue engineering including high burst 

pressure, high water content, high crystallinity and an ultra-fine highly pure fibrous structure 

similar to that of collagen.  

Given that compliance mismatch is one of the main factors contributing to the development of 

intimal hyperplasia in vascular replacement conduits, an in depth investigation of mechanical 

properties of BC is required to further support its use in cardiovascular grafting applications. 

The aim of this study was to mechanically characterise bacterial cellulose (BC) and also study its 

potential to accommodate vascular cells. To achieve these aims inflation tests and uniaxial 

tensile tests were carried out on BC samples. In addition, dynamic compliance tests were 

conducted on BC tubes and the results were compared to that of arteries, saphenous vein, 

ePTFE and Dacron grafts. BC tubes exhibited a compliance response similar to human 

saphenous vein with a mean compliance value of 4.27 210−× % per mm of mercury over the 

pressure range of 30 to 120 mmHg. In addition, bovine smooth muscle cells were cultured on 

BC samples and histology and fluorescent imaging analysis were carried out showing good 

adherence and biocompatibility. Finally, a method to predict the mechanical behaviour of BC 

grafts in situ was established, whereby a constitutive model for BC was determined and used to 

model the BC tubes under inflation using finite element analysis. 
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1. INTRODUCTION 

Cardiovascular disease is the major cause of morbidity and mortality in the adult population and 

treatment of many of the patients struggling with such diseases requires surgical interventions involving 

replacement of diseased arteries. Currently, it is possible to replace large arteries with synthetic grafts 

made of materials such as polyester and expanded polytetrafluoroethylene (ePTFE),1 however their use 

is limited to large arteries given their thrombogenicity2 and their high propensity to develop intimal 

hyperplasia (IH).3,4,5 Development of suitable grafts to substitute for small size arteries (<6 mm in 

diameter), such as coronary arteries, still remains a daunting challenge.6  

Bacteria Cellulose (BC) is a polysaccharide produced by Accetobacter Xylinum Bacteria which exhibits 

high mechanical strength, high water content, high crystallinity and an ultra-fine highly pure nanofibril 

network similar to that of collagen.1 It is possible to fabricate bacterial cellulose tubes that can be used 

for the replacement of small to large size arteries with various dimensions.7 In addition, bacterial 

cellulose has been implanted into rats without eliciting any foreign body or inflammatory response3 and 

it has been shown that the surface of bacterial cellulose induces lowest thrombogenicity compared to 

Dacron and ePTFE.8 Bacterial cellulose tubes have shown good mechanical strength exhibiting a burst 

pressure of up to 880 mmHg.7 Furthermore, bacterial cellulose tubes may have the potential to be used 

as tissue engineered blood vessel scaffolds given that smooth muscle cells grow and proliferate on 

them1,9 and cultivation of endothelial cells (EC) onto the lumen of BC tubes has lead to development of a 

confluent layer of cells.3,10  

In spite of all of these favourable characteristics reported on bacterial cellulose, application of bacterial 

cellulose as a vascular replacement conduit requires more thorough exploration of its mechanical 

properties. Compliance mismatch has been found to play a key role in the development of intimal 

hyperplasia in arterial replacement and bypass procedures. In fact, a direct correlation has been found 



between the compliance of the most widely used natural and synthetic grafts and their long term 

patency showing  that low compliance significantly reduces the patency rate of vascular grafts.11 

In the present work a comprehensive examination of the mechanical properties of bacterial cellulose 

tubes is presented to investigate its suitability to match that of host bypass arteries. Based on the 

mechanical properties determined a constitutive model for bacterial cellulose is defined.  Constitutive 

models of arterial tissue have enabled highly accurate numerical models of arterial tissue of various 

types to be generated12,13 and such models can provide insights into medical device design and disease 

development. In this context, a constitutive model of BC could enable optimisation of the design and 

fabrication parameters of BC conduits to be established such that their compliance matches that of 

arteries of different types. Finally, some cell culture studies are presented to demonstrate the 

biocompatibility of BC and its potential suitability as a scaffold for vascular tissue engineering. 

2. MATERIALS AND METHODS 

2.1. Bacterial Cellulose tubes 

Bacterial cellulose tubes were produced by fermenting Acetobacter xylinum subsp.sucrofermentas 

BPR2001, trade number 1700178™, submerged in glass tubes of 70 ml by using a silicone support (Ø4 

mm, AvantaPure) as an oxygen permeable material. An oxygen ratio of 100% was blown into the oxygen 

permeable material at a rate of 100 ml/min. A complex media was used as described previously.7 Four 

cellulose colonies were grown for two days in a rough flask yielding a cell concentration of 3.7 x 106 

cfu/ml and later the bacteria were liberated from the resulting cellulose by vigorous shaking. 2.5 ml of 

the bacterial suspension was added to each fermentation vessel. The fermentation was completed after 

7 days and the BC tubes were purified by heating them in 0.1 M NaOH at 60°C for 4 hours and thereafter 

repeatedly in Millipore™ water. The BC tubes were steam sterilized (20 minutes, 120°C) and stored in a 

refrigerator for subsequent mechanical characterisation. 



2.2 Inflation tests   

Inflation tests were performed on six bacterial cellulose tubes with 4 mm luminal diameter to study the 

behaviour of the bacterial cellulose tubes under the physiological pressure range. 5 cm long bacterial 

cellulose tubes were cut and fixed onto the fittings of a custom built test rig, see Figure 1. The tubes 

were inflated using a hydrostatic pressure of a water column ramping from 0 to 160 mmHg. Expansion 

of each tube was determined by measuring the outer diameter of the tube using a precise video 

extensometer (MESSPHYSIK Material Testing, Austria) and relating it to the measured initial diameter 

corresponding to zero pressure. The tubes were tested applying no axial prestretch and preconditioning 

of the tubes was carried out before recording expansion by applying ten cycles of pressurization ranging 

from 0 mmHg to 160 mmHg to minimise hysteresis and achieve repeatability.  

2.3. Tensile tests 

Uniaxial tensile tests were carried out on samples obtained from the bacterial cellulose tubes 

immediately following the inflation tests to establish the stress-strain response of bacterial cellulose and 

later establish the constitutive material model. The tubes were cut open along the axial direction and 

flat sheets of bacterial cellulose were obtained. Axial and circumferential strips were cut out of the 

tubes. As the structure of BC shows no preferred direction in fibre dispersion an isotropic behaviour was 

expected in the axial-circumferential plane. This was confirmed by testing axial samples and comparing 

with the circumferential test results. The tubes did not spring open upon axial cutting indicating that no 

significant residual stress was present in the tubes. The strips were tested using a Zwick displacement 

controlled tensile testing machine utilising a 20 N load cell and the videoextensometer was used to 

verify that no slippage occurred in the grips and to record the strain in the tests. The thickness of each 

sample was measured using microscopy images of the cross section of the samples which showed an 

average thickness of 0.635±0.2 mm and an average luminal diameter of 4.18±0.12 mm for the BC tubes. 



Given the tubes were preconditioned during the inflation tests, the uniaxial tensile tests were 

performed immediately following the inflation tests without further preconditioning being performed. A 

preload of 0.001 N was specified for the tensile test machine as the criterion to initiate recording strain 

in all tensile tests.  The samples were stretched to full failure with a strain rate of 0.25 mm/s, however 

the dependence of the stress-strain response on strain rate was studied beforehand and proved 

insignificant. As the samples had the same width within and outside the grips they occasionally broke at 

the grips due to stress concentrations at the grip edges. Where this occurred the ultimate tensile 

strength data was disregarded. This limitation was due to the small diameter of the BC tubes rendering 

preparation of dog bone shaped samples difficult. The stress was determined by dividing the 

instantaneous load by the original cross sectional area and the stretch value was derived by dividing the 

instantaneous gauge length by the original gauge length.  

2.4. Constitutive modelling 

The concept of pseudo-elasticity was utilized and the loading response was modelled using a 

hyperelastic formulation.  The following Ogden strain energy function, of order three, for an isotropic 

incompressible material was implemented: 14 
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where U  is the strain energy per unit of reference volume of the incompressible hyperelastic material, 

iλ  is the principle stretch and iµ  and iα  denote the hyperelastic constants which are established based 

on the uniaxial tensile test data. The nonlinear regression routine available in Abaqus (Simulia, 

Providence, RI, USA) was used to determine the model that best fit the tensile test data. Although it is 

possible to fit to each individual sample, the average characteristic tensile properties of BC is of interest 



in this study and therefore the average characteristic tensile behaviour was chosen to obtain the 

hyperelastic constants. 

No restriction was imposed on the material constants and Drucker stability criteria,15 available in 

Abaqus, was utilised to ensure the stability of the model. This confirmed that the second derivative of 

the strain energy function with respect to strain remained positive definite and that the material model 

was convex. Although the Ogden model is highly capable of fitting to stress-strain data obtained from 

soft tissue and rubber like materials, it is very important to determine the hyperelastic constants with 

high precision since the model response is highly sensitive to the constants and small changes in the 

number of significant digits may dramatically alter the model behavior.16 

2.5. Numerical simulations 

A finite element simulation of the inflation test was carried out based on the constitutive material model 

established and the results were compared to the results obtained from the experiments. As uniaxial 

tensile tests are theoretically insufficient to fully characterize the three dimensional response of an 

isotropic incompressible material, the numerical simulation of the inflation test was used to assess the 

accuracy of the material model. A 5 cm long cylindrical tube geometry was generated. The thickness and 

diameter of the tube were defined as 0.635 mm and 4.18 mm respectively, on the basis of the average 

of those measured from the six bacterial cellulose tubes tested.  A uniform luminal pressure ranging 

from 0 mmHg to 160 mmHg was applied. The tube was fully constrained at the two ends thereby 

representing the tethering applied experimentally and the expansion of the tube was determined as the 

outer diameter divided by the initial outer diameter corresponding to zero luminal pressure. The tube 

was meshed by linear hexahedral elements with reduced integration and hybrid formulation and 

composed of a total of 47,670 elements with three elements through the thickness, chosen on the basis 

of a mesh sensitivity study.  



2.7. Compliance measurement 

Diametrical compliance, defined as the inverse of Peterson’s elastic modulus and expressed in percent 

per millimetre of mercury 210−× , was determined as follows: 
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where sD  and dD  are the tube diameter in systole and diastole and sP  and dP  are systolic and 

diastolic pressures respectively.17 

Compliance tests were carried out on five BC tubes. The tubes were tethered longitudinally on the same 

rig used for the inflation tests applying no longitudinal prestretch. The rig was then connected to a 

pulsatile flow pump (Harvard Apparatus, USA) and the external diameter of the tubes was measured 

using the video-extensometer. A pediatric pressure catheter (Abbot, IL, USA) connected to a pressure 

sensor (DTXPlus, BD, NJ, USA) and an amplifier and monitoring device (TA-100, CWE, PA, USA) were 

utilised for real time measurement of the intraluminal pressure. The mean luminal pressure was 

increased from 30 to 120 mmHg in increments of 10 mmHg and the compliance values were determined 

at each mean luminal pressure by application of a pulse pressure of 60 mmHg amplitude consistent with 

the experiments carried out by Sarkar et al.18 

2.8. Cell culture experiments 

Bovine aortic smooth muscle cells (Coriell AG08504, NJ, USA) were seeded on the luminal and abluminal 

surfaces of the BC tubes using a rotational seeding technique. The tubes were mounted on the fittings of 

a custom built bioreactor similar to the rig shown in Figure 1 and autoclaved. Later a suspension of 

smooth muscle cells (SMCs) (0.4 million cells/ml) in RPMI 1640 (Sigma R8758) supplemented with 10% 

fetal bovine serum (Sigma F9665) and 1% Penicillin-Streptomycin (Sigma P4333) was filled into the 



lumen of the BC tubes and also into the bioreactor space surrounding the BC tube to seed the abluminal 

surface.  The bioreactor was mounted on a rotator and placed in an incubator for 24 hours rotating at a 

speed of 2 rpm to allow homogeneous and confluent cell adherence to the BC surfaces. No adhesion 

molecule was used for SMC culture. Following rotational SMC seeding for 24 hours the bioreactor was 

connected to CELLMAX flow loop and cultured with a media flow of 10.7 ml/min and a pulsatile pressure 

of 14-21 mmHg for 28 days in a humidified atmosphere of 95% air, 5% CO2 and a temperature of 37 °C. 

The culture medium was changed every 2 days. In addition, in a separate experiment, bovine endothelial 

cells (Coriell AG08594, NJ, USA) were seeded (???cell/cm2) on the luminal surface of flat BC samples 

pretreated with fibronectin (Sigma F1141) and were cultured statically for a period of 4 days using the 

same medium and culture conditions as used for SMCs. 

In order to analyse the cell scaffold interaction the samples were vigorously rinsed with phosphate 

buffered saline to ensure that non-adhering cells were washed off. Samples were then fixed in a 10% 

buffered formalin solution overnight. The cell nuclei of the cells on the BC samples were stained using 

DAPI and the actin filaments were stained using Phalloidin (Sigma-Aldrich, St. Louis, MO). In addition 

separate samples obtained from the BC tubes with SMCs were embedded in paraffin and sectioned 

using standard protocols and were stained using hematoxylin (Sigma-Aldrich, St. Louis, MO) and counter 

stained with Eosin-Y (Sigma-Aldrich, St. Louis, MO). The stained samples were observed using a 

fluorescent microscope (Olympus BX51) and images were taken using an integrated camera (Olympus 

DP30BW). 

 
3. RESULTS 

3.1. Uniaxial tensile tests 

The stress-strain behaviour of all samples tested was found to be highly nonlinear. The cross section of 

bacterial cellulose tubes are composed of two distinct inner and outer layers with a denser inner layer 



and a more porous outer layer.1 The characteristic tensile test curves are comprised of four distinct 

regions; an initial nonlinear region which extends to the initiation of failure in the inner layer, a second 

region which is associated with the propagation of failure in the inner layer until rupture of this layer, a 

third region where only the outer layer remains intact and bears the load until a final region where 

complete failure occurs, see Figure 2. The ultimate tensile strength was determined based on the initial 

failure of the samples and was found to be 311±29 kPa for all samples that failed within the gauge 

length of 10 mm.   

The stress-strain response of the bacterial cellulose shows variation amongst the samples, see Figure 3, 

however a dominant average characteristic behaviour can be seen in samples 3 to 7 with samples 1 and 

10 exhibiting the highest and lowest stiffness behaviour, respectively. Axial and circumferential strips 

did not exhibit different tensile responses which could be due to the absence of a preferred fibre 

orientation of cellulose fibres. The stress-strain response of bacterial cellulose in uniaxial tensile tests 

reveals a nonlinear stress stiffening behaviour comprising a toe and a heel region very similar to that of 

arteries, see Figure 3. This nonlinear stress stiffening response could be attributed to the gradual 

recruitment of cellulose fibres upon loading which is analogous to the function of collagen fibres in 

arteries.12,13 This stress stiffening response is necessary in materials chosen for grafts and tissue 

engineered scaffolds if the compliance of arteries is to be matched. In contrast, many synthetic graft 

materials have linear stress-strain behaviour. The stiffness of PTFE, one of the most widely used 

synthetic graft materials, is significantly higher than that of BC, see Figure 4. 

3.2. Inflation tests and related numerical simulations 

Figure 5 shows the pressure-expansion curves of inflation tests obtained for six bacterial cellulose tubes. 

The tests show a nonlinear pressure-expansion response consistent with the uniaxial stress-strain 

response of the material. The stress-strain curve of sample 5, which exhibits the average characteristic 



stiffness, was chosen to determine the hyperelastic constants of the constitutive model for BC and the 

constants that yielded the best fit to the experimental data by least-squares error were determined, see 

Table 1. The fit of the constitutive model to the stress-strain tensile test results is given in Figure 4. The 

average pressure-expansion curve obtained from the inflation tests, along with the pressure-expansion 

curve calculated from the numerical simulation of the inflation test using the hyperelastic constitutive 

model, is also shown in Figure 5. Clearly the constitutive model proposed captures the nonlinear 

response of the bacterial cellulose tubes and compares very well with the average experimental inflation 

test results.  

3.3. Compliance tests 

Compliance test results of the five bacterial cellulose tubes are demonstrated in Figure 6. BC tubes 

exhibit varying compliance over the mean luminal pressure range of 30 to 120 mmHg and the 

compliance value lowers with luminal pressure increases. A significant variation in the compliance values 

of the tubes was observed which is consistent with the variations observed in tensile and inflation test 

results. The mean measured compliance of the tubes was found to be 4.27±1.51 210−× % per mm of 

mercury obtained over a mean luminal pressure range of 30 mmHg to 120 mmHg. 

3.4. Cell culture experiments 

Following 28 days of culture, SMCs infiltrated more than 100 μm into the abluminal side of the BC tubes 

where BC has a more porous structure, see Figure 7. In addition the cell culture experiments showed a 

confluent layer of SMCs adhere on the luminal side of the BC tubes, see Figure 8. However, there was no 

significant SMC infiltration from the luminal side into the BC due to the lower porosity and highly packed 

fibrous structure in the luminal side of the BC tubes. Also, culture of ECs on the luminal side of the BC 

tubes resulted in good adhesion of ECs to the luminal surface treated with fibronectin following 4 days 

of culture, see Figure 9. 



4. DISCUSSION AND CONCLUSION 

To-date the saphenous vein has been the ‘gold’ standard autograft for bypass procedures due to poor 

patency of available synthetic grafts, particularly as small calibre vessel substitutes.19 The lack of 

availability of the saphenous vein in one third of patients due to varicosity, previous use or incompatible 

calibre20 has encouraged development of vascular grafts and tissue engineered blood vessels. However 

most grafts suffer from poor patency rates due primarily to thrombogenicity and intimal hyperplasia 

(IH).17  

Thrombosis formation in vascular grafts depends primarily on the surface properties of the grafts and is 

due to activation of a cascade of events at the blood-graft interface which ultimately lead to formation 

of thrombin, a vital component in blood that facilitates cleavage of fibrinogen to fibrin. Fibrin eventually 

polymerizes to a network that is a main constituent of thrombosis. In a recent study by Fink et al.,8 the 

material induced blood coagulation of ePTFE and Dacron as the two widely used vascular grafts in 

clinical application was compared with that of BC and it was concluded that BC induced the least  and 

slowest activation of the coagulation cascade.      

On the other hand, development of IH following synthetic vascular graft implantation procedures occurs 

through two major mechanisms, 1) immune system related, and 2) compliance mismatch related.21 In 

the immune system related mechanism, the foreign body response activates macrophages and platelets 

which release growth factors such as TGF-β and PDGF and promote chemotactic migration and 

proliferation of vascular SMCs to the intima.21 The compliance related mechanism may be explained as a 

wall stretch and flow related cascade of events. It has been shown that increases in wall cyclic stretch 

inhibits rat vascular SMCs proliferation and enhances apoptosis22 and in another study by Sotoudeh et 

al.23 cyclic stretch was found to increase porcine VSMC apoptosis. The fact that over-proliferation of 

SMCs is the main mechanism involved in IH development24 suggests a strong link between the reduction 



in cyclic stretch due to low compliance of the grafts and the development of IH. On the other hand, 

several studies have shown the influence of compliance mismatch on hemodynamic factors. Stewart et 

al. numerically showed that low compliance of grafts disturbs the transport and distribution of growth 

factors and lowers the wall shear stress particularly in the vicinity of the distal suture in a model of an 

end-to-end anastomosis.25 In another study Stewart et al. experimentally showed that under pulsatile 

flow, low graft compliance can trap particles less than 40 µm in size near the wall at the distal 

anastomosis suggesting that this may contribute to the development of intimal hyperplasia.26 Zones of 

low shear stress and flow separation in the anastomotic region cause platelet adhesion and activation 

which release growth factors.21 Although the immune system related IH development may be treated by 

pharmaceutical interventions and surface modification,27,28 the compliance mismatch related IH seems 

to be the Achilles’ heel of most available synthetic grafts and tissue engineered scaffolds. Interestingly, 

the compliance response of bacterial cellulose tubes reveals a behavior very similar to that of saphenous 

vein, see Figure 6. The compliance of bacterial cellulose tubes lowered from a value of 5.96 % per 

mmHg×10-2 at a mean luminal pressure of 30 mmHg to 3.15 % per mmHg×10-2 at 120 mmHg which is in 

fact higher than that of saphenous vein, ePTFE and Dacron. This varying compliance response, 

characteristic of arteries and saphenous vein, is not exhibited by grafts such as ePTFE and Dacron and 

may be the key characteristic contributing to graft thrombosis during hypotensive states.29  

The interaction of bacterial cellulose with vascular cells, such as that demonstrated here for smooth 

muscle cells, may even suggest adaptive remodelling of bacterial cellulose grafts in-vivo and hence 

better compliance matching with host arteries in the long term. This is supported by the work of Greisler 

et al. where cellular ingrowth was found to increase the compliance of woven polyglactin 910 grafts 

implanted into rabbits.30 In addition, in the work by Roy et al. decellularisation of porcine carotid 

arteries was found to significantly reduce arterial compliance.31 Production of elastin fibres by vascular 

cells such as SMCs32,33 in the remodelling process of BC grafts could further improve their compliance 



response in the long term following implantation. The similarity of the cellulose fibre structure in BC 

with the collagen network in arteries suggests that elastinogenesis in the remodelling process in BC 

grafts could create a similar structure to arteries. Elastin fibres would then bear the load at lower 

pressures allowing for high extension while the cellulose fibres would be progressively recruited with 

the increase of luminal pressure, functioning like collagen fibres in arteries and therefore enhancing the 

compliance response. This speculation however, needs to be investigated by in-vitro and in-vivo 

implantation experiments. Also, Biodegradability of BC in the physiological environment remains to be 

investigated by in-vivo experiments in order to better understand the long term evolution of its 

mechanical properties following implantation.  In addition, studies have shown that production of 

extracellular matrix components in tissue engineered scaffolds serve to improve the ultimate tensile 

strength and suture holding properties of the tissue engineered blood vessels 34 and consequently given 

its biocompatibility, BC may serve as an excellent candidate for tissue engineering if not as a graft.  

The pressure-inflation response of the finite element model based on the established constitutive model 

is shown in Figure 4. By comparing the numerical simulation results and the experimental results of 

inflation it can be seen that the numerical model does capture the characteristic response of the BC 

tubes during inflation. Although the constitutive model is based on the average characteristic tensile 

behaviour of BC, the numerical model of the inflation captures the characteristic response of BC tubes 

on inflation and the presented approach can be applied to the stress-strain curves obtained from each 

tube to predict the response of the related tube upon inflation. Ogden’s Hyperelastic model has been 

widely used to model the mechanical response of soft tissues such as the human coronary artery35,36 and 

given its availability in most finite element software packages it can be easily applied to accurately 

model the stress-strain response of BC by assigning the parameters outlined in table 1 as the material 

input data. Considering the ready availability of accurate constitutive models for most host arteries in 

the literature12,13 numerical models of BC-artery anastomoses can be now used to design BC grafts with 



optimum geometrical and tensile properties to achieve the highest compliance matching with different 

host arteries. The inflation and compliance test data shown exhibit considerable variation in the data, 

consistent with the variations observed in the tensile test data, and these variations demonstrate that 

the fabrication parameters for the BC need to be more precisely controlled. The fabrication procedure is 

currently being refined using a more highly controlled environment and controlled variables such as 

porosity.9  
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Figure Legends 

Figure 1. Custom built inflation and compliance test rig 

Figure 2. Characteristic tensile test curve of bacterial cellulose tubes.  

Figure 3. Tensile stress-strain response of the preconditioned bacterial cellulose specimens, sample 

5 (dashed line) is chosen as the average characteristic curve.  

Figure 4. Curve fits to the tensile test data by the constitutive model proposed (ePTFE data adapted 

from reference 18)  
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Figure 5.  Inflation test results and comparison with numerical results. Error bars represent the 

standard deviation amongst 6 BC tubes. 

Figure 6.  Average compliance of the bacterial cellulose tubes in comparison to human iliac artery 

and widely used grafts. Error bars represent the standard deviation for the five BC tubes. 

(Saphenous vein, Artery, Dacron and ePTFE data adapted from Sarkar et al.) 

Figure 7.  Histological images of the cross section of bacterial cellulose tubes (abluminal side) with 

SMCs cultured for 28 days stained with H&E. The images show more than 100 μm of SMC infiltration 

in the abluminal side of the BC tubes.  

Figure 8.  DAPI and Phalloidin stained fluorescent image of the luminal surface of the BC tubes with 

SMCs cultured for 28 days. 

Figure 9. Dapi stained fluorescent image of ECs adhering to the luminal surface of a BC sample 

following 4 days of culture. 

 

 

 

 

Figure 1. Custom built inflation and compliance test rig 

 



 

 

Figure 2. Characteristic tensile test curve of bacterial cellulose tubes. 

 



 

Figure 3. Tensile stress-strain response of the preconditioned bacterial cellulose specimens, sample 

5 (dashed line) is chosen as the average characteristic curve. 

 

 



 

Figure 4. Curve fits to the tensile test data by the constitutive model proposed (ePTFE data adapted 

from reference 18) 

 



 

Figure 5.  Inflation test results and comparison with numerical results. Error bars represent the 

standard deviation amongst 6 BC tubes. 

 

 



 

Figure 6.  Average compliance of the bacterial cellulose tubes in comparison to human iliac artery 

and widely used grafts. Error bars represent the standard deviation for the five BC tubes. 

(Saphenous vein, Artery, Dacron and ePTFE data adapted from Sarkar et al.) 



 

 

Figure 7.  Histological images of the cross section of bacterial cellulose tubes (abluminal side) with 

SMCs cultured for 28 days stained with H&E. The images show more than 100 μm of SMC infiltration 

in the abluminal side of the BC tubes.  



 

 

Figure 8.  DAPI and Phalloidin stained fluorescent image of the luminal surface of the BC tubes 

seeded with SMCs following 28 days of culture. 

 



 

Figure 9. Dapi stained fluorescent image of ECs adhering to the luminal surface of a BC sample 

following 4 days of culture. 


