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BASIC SCIENCE

ELSEYIER

AUTOLOGOUS, CADAVERIC, AND SYNTHETIC MATERIALS
USED IN SLING SURGERY: COMPARATIVE BIOMECHANICAL
ANALYSIS

JONG M. CHOE, RUPA KOTHANDAPANI, LAURA JAMES, axno DOUG BOWLING

ABSTRACT
Objectives. To compare the biomechanical properties of allografts, autografts, and synthetic materials used
in sling surgery using the Instron tensinometer.
Methods. The sling grafts we studied consisted of autologous tissues (dermis, rectus fascia, and vaginal
mucosa), cadaver tissues (decellularized dermis and freeze-dried, gamma-irradiated fascia lata), and syn-
thetics (Gore-Tex and polypropylene mesh). The sling grafts were constructed into two types of slings: full
strip sling (FSS) versus patch suture sling (PSS). The slings were loaded onto the Instron tensinometer and
uniaxially loaded in tension until failure. From the load deformation curve, the mechanical properties of the
sling grafts were compared.
Results. A total of 140 sling grafts were analyzed. In rank order for the FSSs, cadaver allografts had the
strongest tensile strength followed by the synthetics and autologous tissues (P <0.05). The tensile strength
of the FSSs was greater than for the PSSs for all groups (P =0.001). In rank order for the PSSs, the synthetics
and dermal tissues (autograft and allograft) had the highest tensile strength followed by cadaver fascia lata,
rectus fascia, and vaginal mucosa (P <0.05).
Conclusions. The tensile strength of the FSS was greater than that of the PSS for the autograft, allograft, and
synthetic tissues. The autograft and allograft tissues were significantly weaker as a PSS. The synthetics were
more durable as a PSS compared with the organic tissues. When a PSS is constructed from autograft and

allograft tissues, the

risk of suture pull-through and

recurrent stress incontinence must be

considered. UROLOGY 58: 482-486, 2001. © 2001, Elsevier Science Inc.

ling procedures have been shown to be effec-

tive for treatment of all types of female stress
incontinence.! Slings vary in configuration, mate-
rials used, and method of fixation. A pubovaginal
sling may be constructed from a long strip, a me-
dium ribbon, or a short patch of supporting mate-
rial. The supporting materials used include autol-
ogous, cadaver, and synthetic grafts. Slings may be
fixed into position by sewing both arms of the sling
directly to the rectus fascia, by tying the suspen-
sion sutures over the rectus fascia, or by using bone
anchors (suprapubic or transvaginal). The type of
construction, materials used, and methods of fixa-
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tion vary. Most recently, cadaver slings have come
under scrutiny because of the inconsistency in cure
rates.>

This study was performed to determine whether
the supporting materials currently in use have in-
herently differing tensile strengths and whether
the architectural construction (full strip versus
patch suture) of the sling or the type of suspension
sutures used would affect the tensile strength of
the sling studied.

MATERIAL AND METHODS

SAMPLE GRAFTS

A total of 140 sample grafts were analyzed in a randomized,
prospective fashion. Two independent investigators per-
formed this study to eliminate intraobserver bias. The sample
grafts consisted of autologous tissues (dermis, n = 20; rectus
fascia, n = 20; vaginal mucosa, n = 20), cadaver tissues (de-
cellularized dermis, n = 20; freeze-dried, gamma-irradiated
fascia lata, n = 20), and synthetics (Gore-Tex, n = 20;
polypropylene mesh, n = 20). Nonfrozen cadaveric fascia lata
was not studied because it was not commercially available
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owing to an allograft shortage at the time of this study. The
sample graft dimensions were 2 X 5 cm; this size was chosen
because suburethral patch slings in clinical use employ grafts
that approximate this size.®

Dermis, rectus fascia, and vaginal mucosa were harvested
from 20 consecutive women undergoing vaginal prolapse sur-
gery by way of special consent. Their mean age was 61 years
(range 40 to 76) and their mean parity was 2.6 (range 0 to 3).
Seven women had a history of vaginal surgery: anterior repair
(n = 1), bladder neck suspension (n = 1), and hysterectomy
(n = 5). All three tissues were harvested from the same indi-
vidual, placed in normal saline, and studied within 2 hours of
harvest. Autologous tissues were full-thickness in depth: der-
mis, 4 mm; rectus fascia, 3 mm; and vaginal mucosa, 4 mm. Of
the study subjects, 16 women were premenopausal and 4 were
postmenopausal. All premenopausal women had normal ovar-
ian hormonal function and 4 postmenopausal subjects re-
ceived 6 weeks of preoperative topical estrogen therapy.

The cadaver tissues consisted of decellularized dermis (Al-
loderm; Life Cell, Woodlands, Tex) and freeze-dried, gamma-
irradiated fascia lata (Faslata; C. R. Bard, Covington, Ga). The
cadaver allografts (1-mm thickness) were rehydrated as per
the manufacturer’s recommendations and studied within 1
hour. The synthetic materials (1-mm thickness) included
polytetrafluoroethylene (W. L. Gore & Associates, Phoenix,
Ariz) and polypropylene mesh (Ethicon, Cincinnati, Ohio).

We also analyzed the comparative biomechanical properties
of No. 1 Prolene suspension suture (n = 10) versus No. 1
Vicryl suspension suture (n = 10). The suspension sutures
were compared with each other independent of the graft ma-
terial.

TENSINOMETER

The Instron tensinometer No. 4465 (maximum load 400 1b)
was used to study the biomechanical properties of both slings
(full strip sling and patch suture sling) and the suspension
sutures. For the full strip sling, the ends of the graft were
loaded onto the tensinometer and gripped by two grippers at a
10-mm gauge length. For the patch suture sling, the suspen-
sion sutures were tied to the ends of the grippers. For the
sutures, each end of the suspension suture was tied to the
grippers. Slings and sutures were uniaxially loaded in tension
with a crosshead speed of 5 mm/min until either the graft tore
or the suspension suture broke. From the load deformation
curve, the mechanical properties of the slings and sutures
were calculated: displacement at maximum load (in millime-
ters) and maximum load to failure (in newtons).

DEFINITIONS

The sling materials for the 140 sample grafts were con-
structed in two architectural forms—the full strip sling and
the patch suture sling. The full strip sling was defined asa 2 X
5-cm graft without suspension sutures. The patch suture sling
was defined as a 2 X 5-cm graft suspended by No. 1 Prolene
sutures. To construct the patch suture sling, No. 1 Prolene
suture was sewn to the patch at a distance of 4 mm proximal
from the lateral edge using three helical bites. For the patch
sling constructed from cadaver fascia lata, a cross-folded tech-
nique was used to place the suspension sutures. The size of the
full strip sling was 5 cm because autologous tissues were in
limited supply and the same tissues were being used for vagi-
nal reconstruction during the harvest. Prolene was used as a
suspension suture, since it is the most commonly advocated
material for use.”

STATISTICAL ANALYSIS
We compared the tensile strength and elasticity of the sling
materials within each subgroup (autograft, allograft, and syn-
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TABLE I. Displacement and maximum load of
full strip slings and patch suture slings
Displacement Maximum
(mm) Load (N)
FSS (n = 70)
Fascia lata (n = 10) 1.36 = 0.78 217 = 66
Alloderm (n = 10) 3.12 £ 1.89 144 + 44
Gore-Tex (n = 10) 57.0 =125 136 = 17
Prolene mesh (n = 10) 28.3 = 1.45 134 + 5
Dermis (n = 10) 8.83 + 5.68 122 = 64
Rectus fascia (n = 10) 587 +3.8 42 + 50
Vaginal wall (n = 10) 6.25 + 3.97 42 + 28
PSS (n = 70)
Fascia lata (n = 10) 31.5 +3.49 58 + 22
Alloderm (n = 10) 27.8 + 1.46 68 + 10
Gore-Tex (n = 10) 51.8+ 139 76 = 10
Prolene mesh (n = 10) 67.8 = 3.09 63 + 15
Dermis (n = 10) 489 + 22.4 75 + 6
Rectus fascia (n = 10) 30.7 = 12.0 38 + 21

15.5 £9.29 21 =18

Key: FSS = full strip sling; PSS = patch suture sling.

When full strip sling grafts were reconstructed into patch suture slings, the tensile
strength of cadaver grafts and autografts decreased dramatically (t = —7.2241, P
=0.0001); incidence of suture pull-through for cadaver fascia lata patch suture sling
vs. autologous rectus fascia patch suture sling vs. vaginal wall patch suture sling was
70% vs. 80% vs. 100%; all patch suture grafts (100%) remained intact; and the
incidence of suture pull-through was 0% for cadaver dermis, autologous dermis,
Prolene mesh, and Gore-Tex patch slings.

Vaginal wall (n = 10)

thetic). Then, we compared the tensile strength and elasticity
of the sling construction (full strip sling versus patch suture
sling) between each subgroup. The tensile strength and elas-
ticity of two types of suspension sutures (No. 1 Prolene versus
No. 1 Vicryl) were also compared. A two-way analysis of vari-
ance followed by Tukey’s test was performed.

RESULTS

We analyzed 140 sling materials for comparative
biomechanical properties using the Instron tensi-
nometer. When full strip sling grafts were com-
pared among each other as a group (cadaver versus
synthetic versus autografts), cadaver grafts had the
strongest tensile strength followed by synthetics
and autografts, in rank order. Specifically, cadaver
fascia lata grafts had a significantly higher mean
maximum load to failure (217 N) followed by ca-
daver dermis (144 N), Gore-Tex (136 N), Prolene
mesh (134 N), human dermis (122 N), rectus fas-
cia (42 N), and vaginal mucosa (42 N) (P <0.05).
Within the autograft slings, human dermis had the
highest mean maximum load to failure, followed
by rectus fascia and vaginal mucosa (P <0.05) (Ta-
ble I).

When full strip sling grafts were reconstructed
into patch suture slings, the tensile strength of the
cadaver grafts and autografts decreased dramati-
cally (t = —7.2241, P =0.0001). As a patch suture
sling, Gore-Tex had the highest mean load to fail-
ure (76 N) followed by human dermis (75 N), ca-
daver dermis (68 N), Prolene mesh (63 N), cadaver
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fascia lata (58 N), rectus fascia (38 N), and vaginal
mucosa (21 N). As a group, no statistical difference
was found in the mean maximum load to failure
among cadaver, synthetic, and human dermis
patch slings. However, a significant difference in
the mean maximum load to failure was seen with
the human dermis patch suture sling compared
with vaginal mucosa and rectus fascia patch suture
slings (P <0.05) (Table I).

Of the 10 cadaver fascia lata patch suture slings,
7 (70%) experienced suture pull-through; Prolene
sutures broke in 3 (30%) of 10 samples. Of the 10
autologous rectus fascia patch suture slings, 8
(80%) experienced suture pull-through; Prolene
sutures broke in 2 (20%) of 10 samples. All 10
vaginal mucosa patch suture sling grafts (100%)
experienced suture pull-through. The Prolene sus-
pension sutures broke and the grafts remained in-
tactin all 10 cadaver dermis patch suture slings, all
10 autologous dermis patch suture slings, all 10
Gore-Tex patch suture slings, and all 10 Prolene
mesh patch suture slings (all 100%).

The elasticity of the sling grafts varied within
each subgroup. The type of construction (full strip
sling versus patch suture sling) also affected the
elasticity (Table I). When constructed as full strip
slings, Gore-Tex had the greatest displacement or
elasticity (57.0 mm), followed by Prolene mesh,
human dermis, rectus fascia, vaginal mucosa, ca-
daver dermis, and cadaver fascia lata (1.4 mm).
When the supporting grafts were constructed into
patch suture slings, the Prolene mesh had the
greatest displacement (67.8 mm) followed by
Gore-Tex, human dermis, cadaver dermis, cadaver
fascia lata, rectus fascia, and vaginal mucosa (15.5
mm).

When we compared the biomechanical proper-
ties of the suspension sutures, No. 1 Vicryl suture
had a significantly higher mean maximum load to
failure than did No. 1 Prolene suture (89 N versus
54 N; P <0.05). However, both sutures had similar
displacements (98 mm versus 102 mm).

COMMENT

Pubovaginal slings have become a common
means of correcting all types of female stress uri-
nary incontinence. Aldridge® first reported the use
of rectus fascia as a pubovaginal sling in 1942. He
detached a strip of rectus fascia bilaterally, passed
both ends of the rectus flap under the bladder neck,
and tied them at the midline. McGuire and Lytton®
reported their version of the pubovaginal sling,
which was to implant a long strip of harvested rec-
tus fascia under the bladder neck. The ends of the
fascial sling were directed through the space of
Retzius and then sewn directly to the anterior ab-
dominal wall.®
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Since its introduction in 1978, by McGuire and
Lytton,° the rectus fascia pubovaginal sling has un-
dergone many modifications. Slings in use today
are constructed from long strips,'® medium-size
ribbons,'' and short patches®!213 of supporting
material. We define a pubovaginal sling as a long
strip of supporting material (ie, 2 X 14 cm) that
spans from one edge of the rectus abdominis to the
other. Both ends of the sling are affixed to the lat-
eral edge of the rectus abdominis, and the belly of
the sling supports the bladder neck. A medium-
size ribbon is defined as graft material between 2 X
14 cmand 2 X 4 cm (eg, 2.5 X 7 cm).'" A patch
sling is defined as a sling with a short graft (ie, 2 X
4 c¢cm) hung by suspension sutures. In this situa-
tion, the supporting material is positioned imme-
diately under the bladder neck and only the sus-
pension sutures enter the space of Retzius. In turn,
the suspension sutures are secured to the abdomi-
nal fascia, Cooper’s ligament, or bone anchors.

The success or failure of sling surgery depends
on several factors—its weakest link, scarification,
and the use of suspension suture and its insertion
site. A sling is as strong as its weakest link. The
weakest link may be the graft material, the suspen-
sion suture, or the origin or insertion site of the
suspension sutures. We theorized that scarification
of both sling arms within the space of Retzius
causes a “cementing effect” and glues the sling into
place. The success of a pubovaginal sling is predi-
cated on having the sling become completely en-
grafted or scarred in the retropubic space as the
tissue remodels postoperatively. The success of a
patch sling relies on the strength of the suspension
sutures and the origin and insertion site of the sus-
pension sutures. For the patch suture sling, uri-
nary incontinence may recur if the suspension su-
tures break or tear through the origin or insertion
sites during the early postoperative period of tissue
remodeling.

The supporting materials in use include au-
tografts, synthetics, and commercially processed
cadaver tissues. The autologous tissues in use in-
clude rectus fascia, fascia lata, and vaginal mucosa.
The synthetics in use include Gore-Tex, antimicro-
bial impregnated MycroMesh, and polypropylene
mesh. Commercially available human cadaver al-
lografts include dermis and fascia lata.

The advantages of synthetic materials include a
decreased operating time, less morbidity (eg,
smaller incision), and the potential for better long-
term durability. The potential risks are sling infec-
tion and tissue erosion. The advantages of allo-
grafts include a shorter operating time and
decreased morbidity. The disadvantages include
the risk of bacterial infection and early degrada-
tion. Autologous tissues have the advantage of hav-
ing the best biocompatibility with the host. The
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disadvantages include an increased operating time,
postoperative pain, and delayed convalescence.

In clinical practice, the dimensions of the patch
slings are approximately 2 X 5 cm. It has been our
experience that recurrent stress incontinence oc-
curs more commonly in women who undergo im-
plantation of autologous and cadaveric patch
slings than do those who undergo implantation of
full strip slings. Thus, we wanted to know whether
changing a full strip sling into a patch sling with
long suspension sutures would alter the overall
tensile strength of the sling. In this study, all the
patch suture slings were constructed by placing the
sutures at an equidistance—4 mm from the lateral
edge. The results of our study demonstrated that
when full strip slings were constructed, the ca-
daver allografts had a significantly higher maxi-
mum load to failure followed by the synthetic and
autologous tissues. However, when full strip sling
grafts were reconstructed into patch suture slings,
the tensile strength of the cadaver grafts and au-
tografts decreased dramatically. Although this lab-
oratory finding cannot be directly translated into a
clinical scenario, one can glean some important
information on how the tensile strength of a sling
may be affected by its architecture. It allowed us to
identify the potential sites of weakness of a patch
sling—that is, sutures can rip out at the insertion
point of asling as opposed to the sling giving way at
its center.

With respect to the cadaver tissues, the method
of tissue processing may weaken the tensile
strength of allograft slings. Webster et al.> evalu-
ated the outcomes of pubovaginal slings con-
structed from freeze-dried, nonirradiated, allograft
fascia lata (2 X 15-cm fascia with 1-0 polyglycolic
acid suture) from a sling tissue bank. At a mean
follow-up of 19.4 months, 76 (84%) of 91 women
reported being cured or improved.> They surmised
that their success was due to a special method of
processing the cadaver tissue that resulted in pres-
ervation of its tensile strength. Secrest and Paige?
compared the autologous rectus fascia and allo-
graft fascia lata pubovaginal slings. The allografts
used included Mentor Tutoplast (n = 32), Bard
University of Florida (n = 11), and other (n = 8).
Absorbable braided suture was used to secure the
sling in both groups. At a minimum follow-up of 6
months, 50 (86%) of 58 patients who received the
autologous fascia graft reported “positive out-
comes” versus 33 (65%) of 51 patients who re-
ceived the allograft fascia lata. The investigators
theorized that the autologous fascial grafts survive
as true fascial structures and the allograft slings
work primarily through scarification with fibro-
blast ingrowth and scar replacement of the allo-
graft material.

The method of affixing the suspension sutures to
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the cadaver allograft is especially important in
maintaining durable cure rates. Chaikin and Blai-
vas’ reported cadaver fascia lata sling failure from
suture pull-through. Human allograft (2 X 14-cm
freeze-dried fascia lata) was constructed into a
pubovaginal sling using 2-0 polyester sutures on
either end with two rows of horizontal mattress
sutures. Recurrent stress incontinence immedi-
ately occurred on postoperative day 3 because of
suture pull-through from both sides of the graft.
Sutaria and Staskin'# reported that the technique
for securing the suture to the fascial edge has a
definite effect on the “pull-through” strength. A
comparison of four different suture techniques re-
vealed that forces applied parallel to the fascial
grain cause separation of the fibers and tissue fail-
ure. When a cross-fold technique was used to re-
orient the fascial grain 45° to the applied force, the
tendency to “pull through” between the fibers de-
creased.

For synthetic slings, the cure rate for stress in-
continence remains high, independent of the sling
architecture. The cure rates for the synthetic slings
(patch slings and pubovaginal slings) have been
reported to be 77% to 90% at a mean follow-up
ranging from 4 to 8 years.!>-'® However, the infec-
tious complications of synthetic slings are well-
known. Silastic, polytetrafluoroethylene (Gore-
Tex), and polyester (Protegen) have the highest
incidence of erosion, ranging from 11% to
71%.19-22 Conversely, the reported erosion rates
for polypropylene mesh range from 0% to 3%.19-22
The incidence of sling erosion is proportional to
the size of the synthetic material used.2%-23 Further-
more, Choe et al.>* have reported that three factors
may decrease erosion rates: small graft size, anti-
bacterial properties, and a mesh-like configura-
tion.

Our laboratory findings revealed that when a full
strip sling is converted to a patch suture sling, the
tensile strength of the sling decreases precipi-
tously, especially when organic materials are used
as the supporting material. Patch suture slings are
weaker than pubovaginal slings because of the high
rate of suspension suture pull-through. We sur-
mise that the difference in tensile strength between
the full strip sling and patch suture sling may be
due to the composition of the graft in combination
with how and where the suspension sutures were
placed. With respect to the suspension sutures, it
has been a common belief that the Prolene suture
was inherently stronger than Vicryl. However, the
results of this study revealed that No. 1 Vicryl was
stronger than No. 1 Prolene suture. On the basis of
these data, it may appear that the risk of suture
pull-through by Vicryl suture should be greater
than that of Prolene suture. However, Vicryl un-
dergoes hydrolysis in situ and, as a result, the risk
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of suture pull-through may actually be less than for
nonabsorbable Prolene suture.

CONCLUSIONS

In this series, we were able to show that the full
strip sling has greater tensile strength than the
patch suture sling within each graft subgroup, re-
gardless of the material studied. Furthermore,
patch suture slings were weaker compared with
full strip slings when constructed from autograft
and allograft tissue. We realize that it is difficult to
apply this type of laboratory data to the clinical
setting. However, on the basis of this information,
one cannot help but wonder whether the variabil-
ity in the tensile strengths of the supporting mate-
rial and suspension suture is a contributing factor
to early failure after sling surgery. More studies are
needed using animal models to confirm these find-
ings.
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