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In Vitro Approach to the Dilative Behavior
of Knitted Vascular Prosthetic Grafts
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The purpose of this report is to propose an in vitro approach to predicting the long-term dilative
behavior of knitted polyester prosthetic grafts. Various techniques were applied to five warp knit-
ted fabric prosthetic grafts in order to determine the following fabric properties: knitted fabric
structure, textile structure, number and respective linear density of threads and strands, and
length of yarn in each stitch. Following these investigations, the prosthetic grafts underwent test-
ing to determine specific strength at break, breaking extension, and stressestrain curve. On two
prosthetic grafts, image analysis was performed during circumferential tensile strength testing in
order to monitor changes in structural features as a function of stress. Changes in the distance
between two wales and two courses of stitches and stitch surface were measured. In addition to
surface deformation, thickness was measured, using an induction sensor. Study of fabric struc-
ture showed many differences between the five models made by different manufacturers. Knit
fabric structure was Indeforma in three cases and half-tricot in two. Strand number and size var-
ied greatly from one model to another. Pattern also varied from one model to another, with knit
stitch density varying from 1 to 3. Specific strength at break testing showed great differences in
the mechanical properties of the grafts. These differences were especially obvious in the first part
of the rheograms, which reflects the ability of the graft to comply in response to low-strength
forces, i.e., much lower than those necessary to cause rupture. Image analysis of stitch behavior
under stress further confirmed differences in graft behavior depending on the fabric structure
adopted by the manufacturers. The in vitro approach proposed in this study to analyze the fabric
characteristics of knitted prosthetic grafts effectively revealed differences in construction and be-
havior. These differences could account for differences in the dilative behavior of grafts in vivo.

INTRODUCTION

Polyester prosthetic grafts are the most widely used

replacement conduits for vascular bypass, especially

in cases involving reconstruction of middle-sized

and large-diameter vessels. They may be made of

woven or knitted fabric. Although all graft models

have benefited from constant improvement, graft

deterioration is still a potential source of complica-

tions.1-3 The most frequent degenerative complica-

tion is dilation. Dilation can be diagnosed as

a result of either coincidental discovery on a radio-

logical image showing a localized or extensive graft

defect or complications such as rupture, thrombosis,
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or false aneurysm at the anastomotic site.4,5 The

incidence of dilation remains unclear due to lack

of reliable epidemiological data and of systematic

morphological evaluation of all knitted grafts im-

planted. Despite the constant efforts of manufac-

turers to improve graft safety, there are currently

no tests or assessment techniques able to reliably

predict occurrence of dilation after implantation of

a given knitted graft.6

This report describes a novel approach for in vitro

assessment of the dilative behavior of knitted polyes-

ter vascular grafts. The goal of this research is to im-

prove understanding of the laws governing the

behavior of different knitted textile structures and ul-

timately to develop a technique allowing prediction

of long-term dilation with different graft structures.

MATERIALS AND METHODS

Prosthetic Grafts

The following five knitted vascular prosthetic grafts

were studied:

� Dialine graft (DLG), manufactured by Cardial

(Saint-Etienne, France)

� Gelsoft graft (GSG), manufactured by Vascutek

(Inchinnin, UK)

� Microvel Double Velour graft (MDVG), manufac-

tured by Meadox (Oakland, NJ)

� Cooley Double Velour graft (CDVG), manufac-

tured by Meadox

� Polymaille graft (PMG) manufactured by Perouse

Implant Laboratory (Bornel, France)

Mechanical tests were performed on uncoated

grafts. When uncoated grafts were unavailable,

coating material was removed using our standard

cleaning technique involving soaking in gently

stirred 10% sodium hypochlorite for 3 hr. After

soaking, the prosthesis was rinsed with distilled wa-

ter, treated with a 0.5% oxygen peroxide solution to

neutralize hypochlorite residues, rinsed again with

distilled water, and dried.

The following fabric characteristics were deter-

mined for each prosthetic graft: knitted fabric struc-

ture, textile structure, and number and respective

size of threads and filaments. In addition, length of

yarn per stitch was measured using a stitchmeter.

Textile analysis was carried out in conformity with

the recommended national and international stan-

dards (NF GO7-316 and ISO 7211-5).

Each textile structure was analyzed by measuring

the number of stitch wales and courses per centime-

ter. Stitch density per square centimeter was

determined by multiplying these two measure-

ments. The mass of each stitch was determined by

multiplying the length of yarn in each stitch by

the corresponding thread size. The amount of mate-

rial in each knit was determined by multiplying the

stitch mass by the stitch density of the knit.

All data described in this report involve the stan-

dard knit accounting for 90% of the textile structure.

Specific textile features related to remaking line and

guide line were purposely not taken into account.

Circumferential Tensile Strength Testing

The prosthetic grafts were submitted to circumferen-

tial tensile strength testing (ISO/TC150/SC2WG3

standard), using a computer-assisted torque tensile

strength tester. Maximum force at rupture, elonga-

tion at rupture, and stressedeformation curve were

analyzed. The study was carried out using appropri-

ate-sized clamps for the diameter of the prosthetic

graft (Fig. 1).

Morphological Analysis of Knitted Fabric

during Circumferential Tensile Strength

Testing

Imaging analysis was carried out on two prosthetic

grafts (DLG and PMG) during stress testing in order

to observe structural features as a function of the ap-

plied force (number of stitches/cm2). Changes in the

distance between two stitch columns and between

two stitch rows and the stitch surface were mea-

sured. In addition to measurement of surface defor-

mation, thickness was measured using an induction

sensor (Fig. 2).

RESULTS

Knitted Fabric Structure

Dialine graft. The basic DLG knitted fabric struc-

ture was indeforma. All filaments had a round cross

section. Knitting was characterized by a combination

of 2 and 1 lapping structure and 1 and 1 lapping

structure. Threads in the 2 and 1 lapping structure

were longer between loops and textured, thus giv-

ing a velour appearance to the surface of the pros-

thesis. Threads in 1 and 1 lapping structure were

flat and less likely to work out of the textile struc-

ture. They ensured good overall mechanical perfor-

mance of the graft. Textile structure analysis showed

that the nominal diameter of the prosthetic graft had

almost no influence on stitch distribution in the

structure. The number of courses ranged from 24

to 26 per centimeter and the number of wales,

from 18 to 19. Based on these figures, stitch density
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