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Jonathan, 

the border for scar plate formation in small pore standard weight meshes was set around 1000 J.lm (microns) 

So the pore size of ULTRAPRO/PROLIFT+M is far beyond that level, even before MONOCR YL is absorbed 
at 84days after implantation. 

Furthermore MONOCRYL has a positive influence on tissue reaction, minimizing the inflammation and the 
final fibrosis/scar formation. 

See literature attached: please find additional information in the ww marketing e-room in the ULTRAPRO LW 
folder. 
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Joerg L. Holste, DVM, PhD 
Senior Research Fellow 
Preclinical Research Europe 
Johnson&Johnson Medical GmbH R&D EUROPE 
Phone: +49-40-5297-5248 
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Fax: +49-40-5297-5761 
e-mail : DHOLSTE@ITS.JNJ.COM 
,This message and any attachments are solely for the intended recipient and may contain confidential or 
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and any attachments. Thank you ." 
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An: Holste, Dr. Joerg [MEDDE]; Meier, Peter [MEDDE] 
Cc: Hall, Lynn [ETHUS] 
Betreff: Question on Monocryl absorption 

Joerg and Peter, 
Would you mind guiding me on the answer to a question from a US KOL that I want to get back to with the 
correct answer. 

Q: If the Monocryl in GYNEMESH M takes 84 days to absorb, doesn't that mean that the FBR will be complete 
before the pore size can be maximized i.e the effect on scar bridging will be the same as any other 2.5mm graft 

Please can you craft a response that I can send on to her. 
Many thanks 
Jonathan Meek 
Worldwide Marketing Director 
ETHICON Women's Health & Urology 
P.O. Box 151, Route 22 West. Somerville, NJ. USA 08876=0151 
(+1) Office: 908 541-3863 I Mobile: 908 938 7590 I jmeekl@its.jnj.com Note: new email address as of August 
2008 
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The Argument for Lightweight Polypropylene 
Mesh in Hernia Repair 
William S. Cobb, MD, Kent W. Kercher, MD, and B. Todd Heniford, MD 

The development of polypropylene prosthetics revolutionized 
surgery for the repair of abdominal wall hernias. A tension· 
free mesh technique has drastically reduced recurrence rates 
for all hernias compared to tlss1111 repairs and has made It pos· 
slble to reconstruct large ventral defects that were previously 
Irreparable. The repair of abdominal wall defects II one of the 
most commonly perfonned general surgical procedures, with 
over 1 million polypropylene Implants Inserted each year. 
Surprisingly, little research has been performed to Investigate 
the Interaction of abdominal wall forces on a ventral hernia re­
pair or the required amount or strength of the foreign-body 
material necessary for an adequate hernia repair. The long· 
term consequenoos of lmplant.abla polypropylena progthedcs 
are not without concern. The body generates an Intense In· 
nammatory response to the prosthetic that results In scar plate 
formation, Increased stiffness of the abdominal wall, and 
shrinkage of the biomaterial. Reducing the density of pol· 
ypropylene and creating a "Nght weight" mesh theoretically In· 
duces less foreign-body response, results In Improved ab­
dominal wall compllanea, causes lass contraction or shrink· 
age of the mesh, and allows for better tissue Incorporation. A 
review of the laboratory data and short·term clinical follow-t.~p 
Is reviewed to provide a strong basts or argument for the use 
of "light welghf' prosthetics In hernia surgery. 

A surgeon can do more for the community by operat­
ing on hernia cases and seeing that his recurrence rate 
is low than he can by operating on cases of malignant 
disease. 

-Sir Cecil Wakely, 1 !)4S 
President 

Royal College of Surgeons 

The search for an effective repair of ventral her­
nia has long occupied the general surgeon. 

Historically, tissue repairs of abdominal wall defects 
were met with rates of recurrence of up to 50%. 1·3 
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care.org). 
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The work of Dr. Francis Usher with polypropylene 
(Marlex) in the late 1950s revolutionized the ap­
proach to abdominal wall defects and drastically 
lowered the recurrence rates.H His experience with 
polyethylene provided significant advantages over 
the metallic meshes used at the time. Polyethylene 
resisted corrosion and migration inherent to tanta­
lum and stainless steel meshes. 

In 1962, the weave of the standard polypropy­
lene mesh was changed from woven to a knitted 
construct. This alteration was made to prevent the 
ends of the mesh from unraveling when cut.? The 
polypropylene mesh that is used today has re­
mained largely unchanged over the past 45 years. 
Polypropylene is the most commonly used pros­
thetic worldwide for the repair of ventral and groin 
hernias. 

The surgical literature is replete with articles 
describing different mesh repair teclmiques for ven­
tral and inguinal hernias and their associated rates 
of recurrence. Despite hernia operations being the 
most commonly performed procedures by general 
surgeons over the last 50 years, little data exist con­
cerning the intraabdominal forces generated during 
normal or strenuous activity and the necessary 
strength of a prosthetic for repair. The standard 
polypropylene mesh may in fact be over-engineered 
or too stron~. In addition, the body's reaction to 
these dense or "heavyweight'' meshes results in in­
tense inflammation, mesh shrinkage, and loss of ab· 
domina! wall compliance. 

By reducing the amount of foreign body mate­
rial, lighter-weight meshes may provide ample 
strength for hernia repair with Jess associated side 
effects. Second- and third-generation prosthetic 
biomaterials have been developed that are inten­
tionally less dense, with less tensile strength 
(N/cm) than standard, nonabsorbable mesh. 
These bioprosthetics allow more freedom of ab· 
domina! wall motion, are more resistant to con­
traction because of reduced inflammation, and 
maintain or improve good tissue ingrowth. A 
strong argument for these "lightweight" meshes 
can be made from data concerning maximum 
burst strength, abdominal wall eomplianee, degree 
of foreign body response, amount of shrinkage, 
and advantages of larger pore sizes in the mesh. 
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Concept of Lightweight Mesh 

Although the reduction in hernia recurrence rates 
is undeniable when a tension-free mesh repair is 
performed, the long-term compliciltions of implan­
tation of polypropylene mesh have been well docu­
mented.8 The properties that serve polypropylene 
well for incorporation after hernia repair can also 
be detrimental. Polypropylene creates an intense in­
flammatory response that results in rapid and dense 
incorporation into the surrounding tissue. This ex­
cessive inflammatory reaction to heavyweight 
polypropylene tends to form a scar-plate around the 
prosthetic that results in a firm and contracted 
mesh. Reducing the amount of foreign body mater­
ial in these meshes may reduce the inflammatory 
response and decrease the degree of unorganized 
or reactive scar formation. 

Marlex (C.R. Bard, Inc, Murray Hill, NJ) is a 
standard monofilament heavyweight polypropylene 
mesh that is commonly used for hernia repair. It 
contains 95 g/m2 of polypropylene, is porous but 
has very small interstices, and is extremely strong. 
Several comparable formulations of heavyweight 
polypropylene are available with a similar 
polypropylene content as Mar lex, including Prolene 
(Ethicon, Inc, Somerville, NJ), Surgipro (US 
Surgical, Norwalk, CT), and Prolite (Atrium 
Medical, Hudson, NH) (Table 1). 

Companies have decreased the foreign body 
material in their mesh by reducing the density of 
polypropylene filaments that compose the mesh. 
These bioprosthetics now fall into 3 main cate­
gories-heavyweight, middleweight, and light­
weight-according to their polypropylene content. 
Prolene Soft Mesh (Ethicon, Inc) contains less than 
half the polypropylene ( 45 g/m2), has larger pores, 
and is more compliant than heavyweight meshes. 
Lightweight meshes tend to have 35 g/m2 of 
polypropylene or less. They also have very large 
pores, in the range of 3 to 4 mm. This reduction in 
prosthetic makes the mesh much softer and more 
flexible compared with standard meshes. An exam­
ple of the available polypropylene hernia prosthet­
ics and their densities is listed in Table 1. 

As mentioned, the reduced·mass meshes are 
very compliant or soft. Although this increase in 
compliance or decrease in stiffness is an advantage 
to patients, the dramatic increase in flexibility of the 
mesh could make it difficult for surgeons to handle 
or manipulate it in the operating room. A certain 
stiffrtess, or ability of the r'rtesh to hold its shape, 
eases placement of the prosthetic inside or outside 
the abdomen. 

In an effort to improve handling characteristics 
of these lightweight meshes, manufacturers incor­
porated absorbable filaments into the weave of the 
mesh. These absorbable components add stiffness 
during implantation but then readily absorb. Vypro 
(Johnson & Johnson) was the first lightweight par­
tially absorbable mesh. It contains lightweight 
polypropylene interwoven with multifilamented 
polyglactin 910 (Vicryl, Ethicon, Inc). The Vicryl 
component begins to dissolve immediately and is 
microscopically absent in 60 to 90 days. 

Because the multifilamented nature of the 
Vicryl in Vypro may contribute to increased surface 
area and potentially a higher infection risk, the next 
generation product included a partially absorbable 
monofilament woven within polypropylene. 
Ultrapro (Ethicon, Inc) is a recently introduced 
mesh that is composed of a weave of lightweight 
polypropylene and poliglecaprone, the same mate­
rial that is in Monocryl (Johnson & Johnson) suture 
(Figure 1). The poliglecaprone, which is a mono-fil­
ament, gives the mesh added stiffness for handling 
and dissolves in approximately 90 days. 

Burst Strength 

Calculations of intraabdominal pressure and com­
pliance of the abdominal wall have called into ques­
tion the need for heavyweight polypropylene. 
Schumpelick and colleagues9 have attempted to 
study the elasticity and tensile strength of the ab­
dominal wall. Calculations based on Pascal's princi­
ple of hydrostatics have predicted the maximum 

Table 1. Polypropylene meshes of differing densities. 

Surgiprot 110 g!m2 

Prolene• 105 glm2 

Mar lex< 95 glm2 

Prolite<' 90 glm2 

Prolene Soft Me$h• 4S gtm• 

Vypro II~ 35 glm2 

Ultrapro• 28 glm2 

•United States Surgical, Norwalk, CT 
bEthlcon, Inc, Somerville, NJ 
<CR Bard, Inc, Cranston, Rl 
dAtrium Medical Co, Hudson, NH 
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tensile strength of the abdominal wall to be 16 
N/cm.10 Standard heavyweight polypropylene mesh 
has been shown to have a bursting strength that is 6 
to 10 times this calculated force. From their mathe­
matic models and stereotaxy of the human ab­
domen, it can be hypothesized that the currently 
available prosthetics are, in fact, too strong, more 
dense, and less compliant than needed for an opti­
mal hernia repair.10 However, the abdominal wall 
pressures in their models are calculated and not a 
direct measure. 

The initial fixation strength of the various sur­
gical techniques and the tissue overlap of the pros­
thetic are the principal factors in the early success of 
a mesh hernia repair. Suture or metallic attachment 
devices must resist maximum intraabdominal pres­
sures, forces of wound contraction, and potential 
mesh migration. 

The long-term success of the repair ultimately 
depends on the fibrocollagenous ingrowth of the tis­
sue into the mesh. How strong a biomaterial needs 
to be and the required amount of incorporation of 
the mesh into the patient's tissues have yet to be de­
termined. In fact, the normal intraabdominal forces 
prosthetic biomaterials encounter in vivo had not 
been truly and accurately measured in a quantita-

t 

Figure 1. Electron micrograph at x60 magnification 
demonstrating the weave of Ultrapro partially absorbable 
mesh. The poliglecaprone (Mono cry!) appears white and 
is interwoven with two strands of lightweight polyp­
ropylene. 

tive manner. Previous cadaveric models have pre­
dicted that the maximum, instantaneous force gen­
erated in the abdomen to be about 150 mm Hg11 ; 

however, the forces acting on the abdomen during 
everyday activities were relatively unknown. 

To answer this question, we measured the 
ranges of maximum intraabdominal pressures (lAP) 
via bladder catheters in young adults during rou­
tine activities. 12 The maximum intraabdominal pres­
sures generated by healthy, non-obese individuals 
in our study occurred during coughing and jump­
ing. While coughing, the maximum intraabdominal 
pressures were 127 mm Hg while sitting and 141 
mm Hg standing. A pressure as high as 252 mm Hg 
was obtained while a test subject jumped in place. 
For Valsalva in this healthy adult population, the 
maximum pressures were 64 mm Hg while sitting 
and 116 mm Hg standing. 

Considering the abdominal cavity as a cylinder 
and using Pascal's principle of hydrostatics, the 
maximum tensile strengths would range from 11 
N/cm to 27 N/cm for these exercises. Biomaterials 
and their fixation should tolerate these pressures to 
minimize the risk of hernia recurrence. Klinge et 
al11 •13 demonstrated that the heavyweight poly­
propylene currently in use tolerates rupture forces 
of up to 100 N/cm. 

We used a porcine model to evaluate the bio­
mechanical properties of heavyweight (Marlex), 
middleweight (Prolene Soft Mesh), and lightweight 
(Ultrapro) polypropylene mesh after 5 months of 
implantation.l 4 The burst strengths for all meshes 
in this study were highly supraphysiologic. The 
burst load for the native abdominal wall fascia av­
eraged 232 N. The mean burst loads for the light­
weight (576 N) and middleweight (590 N) meshes 
were more than twice this. The heavyweight mesh 
demonstrated excessive burst loads of greater than 
1200 N. These burst strengths far exceed the nor­
mal forces acting on the abdominal wall fascia both 
before implantation and after 5 months within the 
abdomen. 

Recurrences of abdominal wall hernia repairs 
are rarely due to failure of the mesh itself. Indeed, 
there is only a single report15 of central mesh failure 
with a heavyweight polypropylene mesh. Rather 
than surmising that the mesh was too weak, the au­
thors postulated that the increased stiffness of the 
heavyweight mesh at its interface with the compli­
ant abdominal wall resulted in damage to the mesh 
or a fracture that caused its failure over years. 1 5 

Failure of hernia repairs nearly always occurs later­
ally at the mesh-tissue interface because of a fail­
ure of fixation, incorporation, or Jack of overlap. 
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Abdominal Wall Compliance 

There are consequences to the long-term implanta­
tion of polypropylene. As previously mentioned, 
heavyweight meshes elicit an intense inflammatory 
response that produces a scar plate or thick capsule 
around the mesh (Figure 2) and results in reduced 
compliance of the abdominal wall. 16 This was well 
demonstrated by ultrasound examination and 3D 
stereography in patients having undergone ventral 
hernia repair with both heavyweight and lightweight 
meshesY All meshes showed an increased stiffness 
of the abdominal wall with reduced height and di­
minished curvature at maximum abdominal disten­
tion. The extent of stiffness significantly increased 
in direct proportion to mesh weight and was in­
versely related to pore size, that is, a larger pore size 
yielded a more compliant or softer mesh in situ. 

The curvature of the abdominal wall increased 
over time with the lightweight mesh, which was not 
seen with any of the heavyweight meshes.J7 When 
heavyweight polypropylene meshes were removed 
from human subjects during reoperations, Klinge 
and colleagues microscopically confirmed what had 
been seen in animal experiments: the inflammatory 
process at the mesh-tissue interface demonstrated 
pronounced perifilamentous fibrosis and deposition 
of unorganized collagen fibers. The entire 
polypropylene mesh was encapsulated by connec­
tive tissue that formed a rigid scar plate. 18 This phe­
nomenon is believed to contribute to increased stiff­
ness of the mesh and abdominal wall. 

In our in vivo study mentioned previously, the 
medium- and lightweight meshes demonstrated sig­
nificant reduction in stiffness as the absorbable 
component dissolved compared with the heavy­
weight mesh. Following explantation, the light­
weight mesh was significantly more compliant or 
least stiff. However, before implantation, the ab­
sorbable Monocryl (poliglecaprone) component 
makes the lightweight mesh the stiffest of all the 
meshes (68.6 N/cm). 

As previously stated, the purpose of the poligle­
caprone interwoven with the thin polypropylene is 
to increase stiffness to improve handling during im­
plantation. However, the improvement in compli­
ance demonstrated after degradation of the poligle­
caprone much more closely approximates the phys­
iology of the abdominal wall. We are currently 
prospectively following patients after the implanta­
tion of lightweight mesh for large ventral hernia de­
fects. The endpoints of this study will include pa­
tient comfort, abdominal wall compliance, compli­
cations, and recurrence. 

Foreign Body Response 

The most important factor influencing the biocom­
patibility or tolerance of a subject to a foreign body 
is the intensity and extent of inflamm11.tion and the 
wound healing associated with the material. The 
degree of inflammatory reaction to a biomaterial af­
fects its incorporation into the implant site. The for­
mation of connective tissue correlates well with the 
degree of inflammation. Moreover, the extent of the 
foreign body reaction to mesh prosthetics depends 
on the amount of the incorporated material. 19 

The increased ingrowth of connective tissue 
when associated with inflammatory or giant cells 
does not necessarily translate into strength and 
durability after hernia repair. Lightweight mesh 
with reduced polypropylene density and larger pore 
sizes between filaments has shown a pronounced 
reduction in inflammation and improved integra­
tion into surrounding tissue in humans. 18 

Histologically, in a long-term study in a pig 
model, we observed more scar plate or capsule for­
mation with heavyweight mesh compared with 
lightweight mesh (Figure 2).2° The number of in­
flammatory cells was statistically less in the light­
weight mesh (Figure 3). As a result, the degree of 
overall tissue incorporation was substantially better 
with lightweight mesh compared with its heavy­
weight counterpart. 

In a rat model of ventral hernia repair, Klinge 
et aP 1 demonstrated that biomaterials with a larg­
er pore size and decreased polypropylene content 
exhibited a reduction in inflammation and fibro­
sis with microscopic attributes of normal healing 
tissue compared with more dense polypropylene­
containing materials . At the cellular level, mea­
surements of apoptosis and proliferation were ele­
vated in the heavyweight mesh groups, implying 
an increased amount of cellular turnover. The 
lightweight mesh appears to demonstrate more 
physiologic levels of turnover. 

The foreign-body reaction to nonabsorbable 
meshes was studied by histologically examining ex­
planted mesh specimens removed during revision 
operations.18 The investigators found that perma­
nent heavyweight meshes cause a persistent in­
flammatory reaction at the mesh-tissue interface for 
months to years after implantation. The host adapts 
to the "inert'' foreign body to a degree, and then en­
cases the mesh in a surrounding collagen capsule 
to protect the host tissues. 18 The persistence of this 
foreign-body reaction is important, especially in 
young patients in whom the mesh will remain for 
several decades. 
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Clinically, the reduction in foreign-body reac­
tion translates into theoretically fewer complaints 
of paraesthesias and functional complaints. Welty 
et aJ1 7demonstrated the superiority of lightweight 
polypropylene mesh biomaterials for indsional her­
nia repairs. 17 More complaints were seen in patients 
younger than 50 years of age. In the heavyweight 
Marlex group, 58% had complaints of paresthesia 
compared with only 4% in the lightweight Vypro 
group.U 

A 

B 
Figure 2. (A) Heavy weight mesh X40, Trichrome 
stain) induces a thick scar around the mesh with 
bridging fibrosis or unorganized collagen between the 
filaments. (B) Lightweight mesh (x40, Trichrome stain) 
demonstrates better tissue incorporation with Jess scar 
plate formation. 

Degree of Shrinkage 

One concern with the long-term implantation of 
mesh is the amount of shrinkage or passive com­
pression the material undergoes. All available 
meshes, regardless of their composition, experience 
a 20% to 50% reduction in their initial size. Factors 
of the mesh itself and the surrounding tissue in­
flammatory response contribute to this phenome­
non. The reality of mesh contraction, whatever the 
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Figure 3. (A) Tissue response 5 months after heavy 
weight mesh implantation (X400, Trichrome stain) 
demonstrates abundant inflammatory, giant cells. (B) 
The lightweight mesh (X400, Trichrome stain) produces 
much less inflammation, with more stromal cells and 
fibroblasts. 
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reason, strongly supports the concept of wide tissue 
overlap, which has been long advocated by propo­
nents of the retro-rectus repair and, more recently, 
the laparoscopic repair. 22 

In a dog model, the shrinkage of heavyweight 
polypropylene mesh and a lightweight polypropy­
lene mesh with absorbable polyglactin 910 were 
compared. It demonstrated that all polypropylene 
meshes shrink 30% to 50% of their original size 
within 2 to 6 months after implantation. The light­
weight mesh showed less inflammatory response 
and reduced shrinkage (34% vs 46%). 23 

Initially, macrophages are an important cell 
population associated with the inflammatory reac­
tion to biomaterials. The absorbable fraction of 
lightweight polypropylene mesh may be responsi­
ble for high macrophage counts at day 7 and a pro­
nounced reduction of the macrophage index after 
90 days. 19 The presence of the absorbable poligle­
caprone in Ultrapro mesh may initially create an in­
flammatory reaction that resolves as this portion of 
the prosthetic absorbs. Over a longer period of time, 
this effect may diminish and result in less passive 
compression of the lightweight mesh. 

Increased Pore Size 

The pore size of prosthetic mesh has an important 
effect on the biocompatibility of the foreign body 
after implantation. An in vivo study after implanta· 
tion of heavyweight mesh and an experimental 
lightweight polypropylene mesh demonstrated a 
significant increase of total and mature type I colla­
gen deposition with the lightweight mesh contain­
ing larger pores. The tensile strength of the large­
pore mesh increased after 30-day implantation in 
the dog, whereas it remained the same for the 
smaller-pore heavyweight mesh.24 

A similar study evaluated heavyweight, small­
pore Marlex mesh and lightweight, large-pore 
Vypro mesh with an absorbable component. The 
large-pore mesh was imegrated in a loose network 
of perifilamentous fibrosis with fat tissue present in 
between. In contrast, the small-pore mesh was in· 
corporated entirely in perifilamentary granulomas 
and scar tissue, which bridged the whole pore di· 
ameter of less than 1 mm. 21 It appears that the 
greater distance between pores resists the ability of 
"bridging fibrosis" (Figure 4), contributing to im-

Heavyweight 
Granuloma 

o. 8 mm Pore s;ze 

Lightweight Granuloma 

000000 
1 4.0 mm Pore Si2e 

Pljttte 4. Small pores of heavyweight polypropylene allow for intense peri-filamentous fibrosis with bridging to 
adjacent filaments. Macroporous meshes that have Jess polypropylene incite less of a foreign body reaction with 
less bridging fibrosis. 
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proved compliance and theoretically less passive 
compression of the biomaterial. 

Conclusion 

The use of a polyethylene polymer in a mesh con­
figuration has changed the face of hernia surgery 
over the past SO years. The techniques describing 
the precise method of placement of this mesh are 
exhausting, and recurrence rates have reached a 
nadir with the currently available mesh. The con­
tinued search for the ideal hernia repair with re­
duced long-term morbidity will shift away from dis­
cussing the type of repair and turn ro an evaluation 
of the type of mesh used in rhe repair. 

The implantation of a macro porous, lightweight 
polypropylene mesh results in less restriction of ab­
dominal wall compliance while providing more 
than adequate strength for the repair of ventral her­
nias. These new class of meshes for abdominal wall 
hernia repair are lightweight, or more correctly 
termed, physiologic-weight materials. Continued, 
prospective evaluations of various polypropylene 
mesh formulations in the clinical setting are re­
quired for a more thorough assessment of the role 
of these promising bioprosthetics in the repair of 
ventral hernias, and, as well, will determine "how 
low we can go" with the amount of foreign body 
material. 
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Review 

The lightweight and large porous 
mesh concept for hernia repair 
Bernd Klosterhalfent, Karsten Junge and Uwe Klinge 

In modern hernia surgery, there are two competing mesh concepts which often lead to 
controversial discussions, on the one hand the heavyweight small porous model and on 
the other, the lightweight large porous hypothesis. The present review illustrates the 
rationale of both mesh concepts and compares experimental data with the first clinical 

data available. In summary, the lightweight and large porous mesh philosophy takes 
into consideration all of the recent data regarding physiology and mechanics of the 
abdominal wall and inguinal region. Furthermore, the new mesh concept reveals an 
optimized foreign body reaction based on reduced amounts of mesh material and, in 
particular, a significantly decreased surface area in contact with the recipient host 
tissues by the large porous model. Finally, recent data demomtrate that aherations in 
the extracellular matrix of hernia patients play a crucial role in the development of 
hernia recurrence. In particular, long-term recurrences months or years after surgery 
and implantation of mesh can be explained by the extracellular matrix hypothesis. 
However, if the altered extracellular matrix proves to be the weak area, the decisive 
question is whether the amount of material as well as mechanical and tensile strength 
of the surgical mesh are really ol significant importance lor the development ol 
recurrent hernia. All experimental evidence and first clinical data indicate the 
superiority of the lightweight and large porous mesh concept with regard to a reduced 
number ol long-term compNcations and particularly, increased comlort and quality of 
life after hernia repair. 

E~pert Rev. Mi'd. D..vke< 2(1), xxx- xxx (2005) 

Surgical meshes today represent a group of 
Implants used mainly for lu•rnla repair. Mod­
ern hernia surgery i.~ no longer imaginable 
without the application of these special bioma­

terials. leading to about 1 million implanta­
tions each year, worldwide. The net-llke allo­
plastic mesh is used to close the hernial gap 
and, with extended overlap, to reinforce the 
abdominal wall. 

Since the Introduction or surgical meshes ror 
hernia repair in 1959 by Usher 11-31, the main 
interest of hernia surgeons in the past decades 
was rocused on surgir.al techniques to opUmize 
hemla repair and the application of the mesh 
14·8). The surgical mesh itself, however, seemed 

to have little impact on the clinical outcome 
after hemia repair. The meshe~ themselves 
wl're regarded as biologically inert. 

The trend changed In the early and mid 
1990s in parallel with increasing numbers of 
case reports reporting mesh-related complica­
tions after heavy mesh-based hernia repair 

19~121. Today, minor local complaints such as 
seromas, discomfort and decreased abdominal 
wall mobility are accepted to be frequent and 
can be observed In aboul half of I he patienu. 
Serious complications such as recurrence, 

chronic and persisting pain as well as Infection, 
including fistula formation are rare, but some­
limes force a surgeon to remove the surgical 
mesh. Nevertheless. these complications have 
been the rationale to examine the role of the 
mesh In hernia repair In delall and to b~ln to 

inVI>stigate the biocompatihility of diiTerent 
mesh modifications and to challenge old mesh 
concepts. As a consequence. knowledge 
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regarding the biocompatibility of different surgical mesh modi· 
flcattons has dramatically Increased in the last I 0 years since 
1995, based on numerous experimental studies and clinical 
observations. Two basic problems had to be solved; first, to 
learn more about the physiology and the mechanics of the 
abdominal wall to be able to define basic elements of the textile 

structure and, second. to understand the significance of the 
mesh construction Itself for the Integration of the mesh Into the 
recipient tissues after Implantation. 

As a consequence, today two major mesh concepts are dis tin· 
gulshed, the classical concept Including so-called heavyweight 
meshes with small pores and the new concept including light· 

weight meshes with large pores. Typically, the new mesh gener· 
atlon Is characterized by a reduced weight (depending on the 
specific weight of the basic polymer), a pore size of more than 
I mm. an elasticity of 20-35% (at 16 N/cm) and a physiologic 
umslle strength of 16 N/cm at minimum. 

Textile & mechanical features of heavy- & lightweight meshes 

Small and large porous heavy- and lightweight mesh modlnca­
tlons both represent a totally different pathophysiologic view 
and concept of hernia repair (FIGURE 1. TABLE 1) . Heavyweight 
meshes have been designed to guarantee a maximum mechani­
cal stability, based on the Idea of closln~ the hernial gap with a 

stiff. nonflexible device inducing maximum scar tissue II3.H].In 
this concept the mesh itself and Intense scar tissue formation 
ensure a durable and resistant repair of the hernia. Accordingly, 
meshes In the heavyweight group are designed with thick poly­
mer n~rs. small pores (<1 mm), a high tensile strength and a 
large surface area (FIGURiliJ\). 

In contrast. lightweight meshes are designed to mimic the phys· 
tology of the abdominal wall and the Inguinal region IJ5.16J. 

Meshes In this group are produced with small polymer fibers, large 
pores (>I mm) and a high flexibility (FIGURE 18). The tensile 
strength Is adapted to that of local tissues and the surface area in 

conlilct with the host t~ues is low. A wei-,------------------------------------------------- come and major side effect of U1e sensitive 

~ 
so 
45 
40 
35 

Pore size 

mechanical adoption of these meshes to the 
abdominal wall Is a significant reduction of 
scar tissue formation resulting In a long-term 
flexible repair 116-18). 

Heavyweight meshes with small pores 

versus lightweight meshes with large pores 
The question of what Is the Ideal mesh for 
hernia repair. at the very beginning of the 
development of the lightweight meshes, 

led to the following specification: the ideal 
mesh should; restore the abdominal func· 
tlon, be integrated physiologically into the 
abdominal wall based on a maximum of 
biocompatlbility. be without serious long· 
term complications such as recurrence, 

Infection or chronic pain and finally, have 
optimal handling characteristics for an 
easy, comfortable and safe hernia repair. 

~30 
25 

• Vypro The restoration of abdominal wall function 

20 
•vypro II 
•Marlex The abdominal wall and the Inguinal 

15 
10 
5 
0 I .... ll.lll.lllt•,n, ,D,a,•, , , ,-,O,D,D,ti,I.I,II,D,ct, , , , II IIIII, , 
~~##~~~~##~#~fi~~~ 
~- ~ , , ' ' ~~' ~ ~ ~ ~w ~~ o/ ~" c" ,§J" ~" !<' ..( K K ..( K !<' !<' ~, !<' ..( " 

Ill to: ,U> ,tf> ,t$> ,rJl .... ~ 'J,U> 'J,tf> ~<::> 'J,rJl 'J,~ ~U> 
Pore diameter (lim) 

Figure 1. Typical textlle •tructure of the heavyweight small porous mesh Mar1ex<" (A) and the 
hghtW!!oght large porcm ~h Vyproe (B) on scanning elecuon microscopy (127x). (C) Pore soze analysos 
or Vypro, Vyproll' and Marlcx: Vypro exhibilS pore s1zcs !Jet ween 3 and 5 mm (before absorpuon of the 
Vicryl' part), Vyproll between 1 and 2.5 mrn (again before absorption or the Vocryl part) and Marie< 
between 0.2 and 0.7 mm. 

region, both main areas for hernia devel­
opment, are complex systems of fascias 
and muscles. The whole system reveals 
certain rates of flexibility In different ana· 
tomlc directions, which could be meas­

ured from aulopsy specimens (FIGURE ZA). 
In order to define the physiologic 
requirements regarding elastlclty, It could 
be shown that the mean distension at a 
physiologic strain of 16 N. ranges 
between 11 and 32% jt9.20J. Textile analy· 

sis of hP.IIVywP.lght m~-Shlls revP.aiP.d an 
elasticity of only 4-16% at 16 N 

'------------------------- -------- (FICURE3. TABI.F.2). Therefore, a restriction 

2 Expm Rt" Mtd. Lloo•k1<2(1). (2005) 
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The 6ghtweight mesh concept 
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Cylindrical construction 
Fi= 2' r' L' p 
Fw=2'D'L'o 
F1= F w => o = r' pI D 
F mlt1 = o'2' 11 'rD/(2' 11 'r) = 32 N/cm 

F1 = Inner force 
F w = Force wall 
fJ =Tension streng1h 
r =Radius 
p =Pressure 
D = Thickness of wall 
L = Leng1h of cylinder 

Maximum pressure= 20 kPa 
Circumferenoo of 1he abdomen..- 100Gm 

Fi~J~re 2. Assembling mectwmica1 data of the abdominal wan. (A) Experimental design to measure the flexibility of the abdomlrlill wall at autopsy specimens 

{left) and results of the experiment comparing the elasticity of the abdominal wall in both sexes With the elasticity of the heavyweight mesh Atrium"' and the 
lightweight mesh Vyproe (right) (B) Calculmion of the m;mmum tensile f01ce of the abdominal wall on the basis of the law of laplace. 

of the abdominal wall is one consequence of the implantation 
of heavyweight meshes with low elasticity rates )16). Flexible 
lightweight mesh constructions with similar elasticity to the 
abdominal wall demonstrate their superiority with respect to 
a physiologic abdominal wall repair IZIJ. 

After the Introduction of the first lightweight mesh (Vypro"") 
to the German market, one main argument against the mesh 
appeared to be the signifi<'.antly lower tensile strength compared 
with common heavyweight meshes. However, based on the law 
of Laplace, the tensile strength of surgical meshes for abdomi­

nal wall replacement In large hernias (where the me~h has to 
replace all structures of the abdominal wall and the fascia can­
not be closed) Is theoretically 32 N/cm at maximum (FIGURE 2B). 

In abdominal wall augmentation in small hernias (where the 
fascia <'.an be closed), the tensile strength of the m .. sh can be 
reduced to 16 N/cm 119.22.23]. Tensile strengths of more than 

I 00 N/cm of convtmlional h!'!avywl'!lghl mt>sht>s 11rt> tht>rt>fort> 
disproportional and not required for an effective fascia closure 
or augmentatlon and lead to low flexibility wllh a subsequent 

www.fuLu1~-drugs.com 

restriction of the abdominal wall and discomfort of the patient 
(TABLE 2, FIGURE 3) 124,25). Furthem1ore, the stiffness of heavy­

weight and small porous meshes may result in central mesh 
ruptures IZ6J. 

Integral/on Into the abdominal wall: blocompaliblllty 

Modem blomaterlals Including polymers are physically and 
chemically Inert and stable. nonimmunogenic and nontoxic. 
However. not all these materials are biologically inert. In contra­
diction to their physical and chemical stabll1ty, the blomaterials 

trigger a wide variety of adverse responses In vivo Including 
inflammation, fibrosis. calcification, thrombosb or Infection. 
The quality of the Inflammatory reaction to foreign bodies of a 
different nature Is surprisingly constant, characterized by a rapid 
accumulation of huge numbers of phagocytic cells. in particular, 
blood monocytes and tissue-derived macrophages 127.23]. 

Today, It is not fully clt>.:u why inl!rt and nonimmunogPnlc 
materials induce this type of inflammation known as a foreign 
body reaction (FBR). However, the protein absorption theory Is 
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Table 1. A small selection of currently available heavyweight small porous, and lightweight large porous meshes. 

Mesh Producer Polymer Fiber 

Haavywel!l_llt/sma/1 pores 
Marlex• Bard. Inc . USA pp Mono 

Prolene 
. 

Ethicon. Inc .. USA pp Mono 

Atrium 
. 

Atrium Med Corp. USA pp Mono 

Li9.11Cwel9.hriLar9E_ Porus 
Vypro~ Ethicon GmbH. Germany PP/PG910 Multi 

Ultra Pro• Ethicon GmbH. Germany PP/Monocryl Mono 

TiMesh• GFE. Germany PP/li Mane 

Others 
IJuaiMcsh" Gore. USA ePTFE Foil 

Mersilene • [thicon. Inc. US/\ PET Multi 

Mom Mo110filamcfll; WtJit1 Multlfllomcnt Pfl Polyctl1yle<1<• - tcrcphtl<~lale: PP. PolyfYopyle<le 

widely accepled in biomaterial research and illustrates an under­
lying pathophysiologic process responsible for this typical type of 

chronic lnflammllllon. The 111m of this process is to Isolate thl! 
foreign body or biomaterial from the hosl tissues by forming an 
artificial outside world at lhe site of implantation. The same 
mechanism is true in tuberculosis for example. here again the 
host Is not able to remove the Inflammatory agent namely Myco­
bacterium tu/Ji•rculosls. The reaction is typical as well as relatively 

unifonii with the foniiatlon of grnriu]Mia, which is generally 
found at the interface of implanted blomaterials as well. Charac­
teristic of these granuloma are multinuclea~ed giant cells that 
originate from fused macrophages and monocytes seeding on the 
foreign body-recipient host tissues Interface 129]. 

Implant materials very quickly absorb a layer of host pro­

teins after implantation - in a process lasting a few seconds , 
which occurs well before an initial cellular response to the 
biomaterial can be observed. ]t Is generally belleved that 

phagocytes interact with these spontaneously absorbed pro­
teins rather than with the material itself. Immunologic activity 

from degraded protl'lns. si!Condary to their 11bsorptlon of the 
bionuuerial surface. triggers the acllvallon of the attached 
phagocytes 127] . Depending on the physicochemical properties 
of the surface area of the implant and the type of absorbed 
proteins, the rate of protein degradation should be variable 
and, therefore generates a typical FBR for each type of 

lniplant. In particular. 11brlMgen and fibdn6gen-derived 
products beside albumin should play a major pathophysiologic 
role in the occurrence of FBR 1281 . 

Finally. phagocytes may recognize the degradated proteins of 
the medical implants and respond by releasing a series of Inflam­
matory and wound-healing responses commonly Initiated by 

fibrin clot formation . The initial Inflammatory burst cauo;ed by 
the release of a huge cocktail of potent inflammatory mediators 
attract other cell types including T-cells, polymorphonuclear and 

Table 2. Textile and mechanical data of selected heavyweight (Prolene•) and lightweight (Vyproe, Vyproll• and 

4 

UltraPro•) meshes. 

Mesh Structure Polymer Weight Suture pull out force Stamp pressure test 

(glm2) LongiWdinal (N) Verticai(N) Burst pressure 96 Stretching at 76 Nlcm 
Pmax(mmH~) tension (96) 

Prolene"' Mono t SP PP 80-85 116 145 1630 6 

Vypro"' Multi ~ LP ppl 25' 30 24 360 31 

Vypro II"' Multi~ LP ppl 30' 40 31 430 28 

Ultra Pro"' Mono t LP ppl 28' 42 42 650 25 

Note t11c 5'9"'~c~ntly reduced wctch,ng rate or Pro!cnc~ at 16 Nicm and the 5'9"'r,cantly 111Crca5Cd burst pressure of the tJCavywc,ght m(l511 compared w•tll au tt•c 
lighlWi!•ghl rneshe~ in(ludcd. (Oat~ prCN•mi by Elhlfnn (imlJH. Nordcnletll. [iennany).'Refllil•nlrKJ nonllll!iO!hilh'e Jlilrl or PP.IP: Large pcY.Il'i: W.ono: Monoltlammc Mulu 
Mutt if•lanll!nt, PP: Po1ypropy1et1e, SP: Small por~ 

&p.u Nt~< Ml'<i. fl.• ·lm2(J). (2005) 
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The ightweight mesh concept 

In fact, all experimental and clinical stud­
ies Indicate a typlca I FBR at the Interface 
of all mesh modifications on the market 
today 132). 

The main polymers for the procluclion of 
surgical meshes are polypropylene (PP), 

polyester (polyethylene-terephthalat [PETJ) 
and expanded poly-tetra-fluoroethylene 
(ePTFE): all of whldl are nonabsorbable. 

Mesh modifications made of PP are fre­
quently used, the majority with small pores. 
Generally, PP Is stable, nondegradable and 

with an acceptable biocompalibility result­
Ing in a moderate chronic Inflammation of 
the foreign body type with an Intense fibro­
sis. PET histologically reveals an excellent 
biocompatlbllity with a decreased FBR com­

pared with PP. hOW@V@r, the long-trrm stubil­
ity PET Is rather low due to hydrolytically 
splitting of the polymer. The rate of degra­
dation of PET mesh modifications and Its 

Control Marelx Atrium Vypro 

Influence on the outcome of hemla repair 
remains unclear. In contrast to PP and PET. 

~PTFE again hi!toloateally tndieatM a AOod 
biocompatlbllity. Tissue integration of these 

patches depends on the micmporous modi­
fication of one patch surface. Rarely. small 
particles of ePTFE are detached from the 
surface (In particular In mesh infection )33)). 

which may then be round phagocytized In 
macrophages colonizing the Interface. curvature 

Figure 3. Textile elasticity of various mesh mollifications (A) and abllomlnal wall restriction after 
mesh implantation (8). T~c abdominal wall Indicates a reduced curvatum during pressing after incis•onal 
hernia rep<l ir with lloth ~eavywe1ght smal l porOllS meshes Marl ex' and Atrium'. where<~s the abdominal 
mil rnma1ns flexi~le after Vypro· impiMUJlion. 

Due to the disadvantages of PET and 
ePTFE. today. most of the new mesh 
modifications are composed of PP. Special 
mesh modifications are hybrid meshes 

with an absorbable and nonabsorbable 
'-------------------------------- part made ofVicryl® (polyglactine 910) or 

eosinophilic granulocytes, plasma cells and fibrocytes J30j. 

Within a few days this cell cocktail forms the early granuloma 
with a characteristic strattrlcalion of cell layers which can also 
be idenllfied during maturation recognized by the very typical 

foreign body giant cells and an outer layer of fibrosis (last stage 
of Inflammation). Moreover, late granuloma Is not a statlc type 
of chronic inflammation. but represents a chronic wound with 
an increased cell turnover even years after implantation J31,32J. 

Monocytes and tissue-derived macrophages at the interface and 

In contact with the polymer, undergo apoptollc cell death and 
are replaced by cells at the periphery. 

Before the introduction of the lightweight large pore meshes. 
biocompatibility of meshes has generally been regarded as excel­
lent. The fact that meshes induce a tiSSlH' response unfavorable for 
the outcome of U1e hernia repalr has not been under discussion. 

Surglr..al mPSh hr~s twn rtlgard@d i\.\ lnPrt anrl blocompatlbht 
However, if the foregoing chapters on FBR are correct. surgi­

cal meshes should also show the typical Inflammatory reaction. 

www. fulure-drugs.cona 

Monocryl® (polyglecaprone 25). An upcoming new polymer 
PVDF (polyvinylldenflourid) demonstrates promising results 
In experimental animal studies 134-38) . 

However, the FBR depends not only on the polymer, but 

also the surface area In contact with the host tissues. The 
surface area agaln strongly depends on textile properties 
such as the pore size or the diameter and number of fibers 
used. The lightweight and large pore size meshes have Jess 
surface area than the heavyweight mesh group, conse­

quently, the FBR In the lightweight mesh group Is signifi­
cantly reduced 1391. In addition to this significantly decreased 
typical chronic Inflammatory reaction, the fibrotic reaction 
around the mesh In total as well as around each single mesh 
fiber is greatly reduct>d (FIGURE 4). The fibrotic reaction as a 
result of the inflammatory response, however, considerably 
lnnwmcPs LhP Jong·tP.rm quality of lht! hPrnfa rl!patr. Today 
the tissue response to the mesh is understood as a chronic 
wound persisting over many years at the Interface of the 
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figure 4. Macroscopical aspect after long-term implantation of a lightweight polypropylene mesh with large pores (A) and a heavyweight mesh with small 
pores (8): note the thin lillrous layer aroundttoe ltghtweight mesh (A) all structures or the mesh are st•ll visible. In rome cases lightwetght meShes with large 
pores are hardly to idt•.mify during mlaparatomy, an o1Jserva1ion leading to the tdiom i~visible mesh In parallel, a specimen of a heavyweight roosh with small 
pores after long-term implantation (B) representing a fibrous mass composed of mesh and reciptent trssue due to the increased fibrotic reaction. Typ;cal 
histologicnl response on ltghtweight (C) and heavyweight (D) Polypropylene meshes; note the stgntftcantly imfi"OVed biologic response on the lightweight PP 

mesh with a stgniftcantly OO<:teased chronic innammatton and fibrosis around the polymer fibers {both hemawxyltn and eosin, 200x). Comparison of the fibrotic 
reaction after implantation of mesh modif,cations With small (E) and large pores (f): note that the pores tn (E) are fiiiOO with fibrous tissue skipping from one 
PP ftber to the next. a phenomenon called bridging: in (f) without bridging the mesh pores are ftlled with fat {both hematoxylin and eosin. 40~). 
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Table 3. Results of the postretrieval study including 347 explanted mesh specimens 123); the total number of each mesh was 
set at 100%; percentage of major complications of each mesh modification leading to explantation of the mesh. 

Mesh Polymer Features Fibers No. Months Recurrence (%) Chronic pain (%) Infection (%) Fistula(%) 

Mersilene• PEr LW/SP Multi 31 28 65 13 26 4 

Marlex• pp HW/SP Mono 90 26 57 34 22 8 

Prolene . pp HW/SP Mono 90 26 57 40 22 6 

Atrium . pp HW/SP Mono 64 20 67 33 17 9 

Surgipro . pp HW/SP Multi 17 24 70 35 17 9 

Vypro • PP/PG LW/LP Multi 34 15 82 6 12 0 

GorcTcx· ePTFE HW/SP 21 33 57 19 24 0 

Total 347 24 63 30 21 7 
ePif( h1Janded poly-te{ra-nooroetlly:"' '"· HW: lleavywe,gllt,lP large pores: lW [,glltwe,gllt. Mono: Monor,lamelll. Mult~: Multlrtlamcnt, PIT Polyethy:enc-
weplttltalale; PG Pulygta<;{tne; PP Pniyl•opylcne, SP Small pores 

mesh and recipient tissues. In western countries there is 
Increasing acceptance that the activity of this chronic wound 
should be diminished to the minimum where possible. 

Long-lerm biocompallblllty of surgical mesh: compllcarlons 
Our knowledge concerning the long-term biocompatibllily and 
tissue response of mesh In humans is still poor. although a few 
reports exist (FIGUREs, TABUlS 3 & 4). Nearly all of the data regard· 
lng the biologic behavior of Utese Implants are obtained from 
animal experhnf!nts. 

Prutretrieval studiM of Implants allow the possibility to gain 
a deeper Insight Into the local tissue reaction aner longer 
implamation intervals and lO get an idea of the main compli· 
cations of each Implant type. Serious complications such as 
recurrence, chronic and persisting pain as well as Infection 
(Including fistula formation), are rare. but sometimes force the 

surgeon to remove a surgical mesh. 
Since 1995 the authors have collected explanted meshes, 

which failed In hernia repair. Meanwhile, the authors' center 
has more than 700 explants of different meshes on record and 

has already analyzed more than 300. The results of the study 
are quite similar to data published in 2000 as a preliminary 
report with 121 specimens )32]. 

Briefly. the data demonstrate that heavyweight small porous 

mfsh~ have to be txplanted dut to chronic pain more fre· 
quently than lightweight large porous meshes (e.g .. 40% Pro· 
lene® vs. 6% Vypro). Fistula formation Is only observed In the 
heavyweight mesh group. Recurrences can be observed In all 
mesh modification Independently from the mesh construc­
tion. After a mean implantation interval of more than 

26 months. 99% of all recurrencM occurred at the edges and 
free margins of the mesh. Over 70% of all specimens 
explanted after recurrence revealed an altered ratio of collagen 
Types I and IIII23J, an observation which supports the hypoth· 
esls of ECM alterations as a ml!Jor pathophysiologic reason of 
hernia recurrence. Furthermore, the data pool of the retrieval 

study demonstrates that the reaction of dirferent hosts is 
highly different and IndividuaL These data reflect that the 
Individual reaction of the patient onto an Implanted mesh 
depends on the genetic background of each host 140]. 

Table 4. Results of the postretrleval study including 347 explanted mesh specimens (23]; the total number of each mesh 
was set at 100%; biocompatibility assessment of each mesh modification after long-tenn implantation. 

Mesh Polymer Features Fibers No. Months IF (PV %) CT (PV %) Ki67 (%) Tunel (%) 

Mar lex"' pp HW/SP Mono 90 26 36 41 22 

Prolene® pp HW/SP Mono 90 26 30 31 19 

Atrium"' pp HW/SP Mono 64 20 26 27 13 

Surgipro"' PP HW/SP Multi 17 24 41 39 25 

Vypro"' PP/PG IW/LP Multi 34 15 16 21 7 

Total - - - 295 22 30 32 17 
Cl: Conr.ew~~e t.-;suc rormatton: cPif£: [xpan~ed poly-wtra-niJ()(octhylenc: HW Hcai')"M!'!jht; If : lunammiltO<y tnf,IJrate. Ki67: K16l pos1ttlle. prolifera{ing cells tn tlte 
1merface mesnlreCiplllfH ttSSLtes,lP large pores.LW. t1glmwight Mono Mcrofliarnent; Multi. Mul{lfllnmem: PET: PolyeUlylene-terepllthalate. PG Polyglawne, 
PP: PoiYJ>Copylene, SP Small pores; lunel: Tunel-pos,ltve. apoptotl( r:ells ttl ti-e Interface meSillrP.CipiCnt ussue1. 
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Figure 5. (A) Example of rresh shrinkage after long-term implantation. The mesh surfate area was reduced from 20 x 30 em to 10 • 20 em aftef an 
Implantation peo iod or approximmely B year.;; 1t 1s not the mesh itself urdcrgo•ng the process or shrinkage, the phenomenon is a result of contracting sca1 
tissues around the mesh. (B) Chron1c pain in the maprity of tases is the result of nerve impairment during Implantation, in panicular, by clips during fixation or 

oy the mesh itselr: in me iiUltlOrs· postretrieval swdythe 1nvo1V1menl or nerve f11Jers was round in more than 60% or all mesh S!Ji!Cimens removed Clue to chronic 
pain; in the given example. the mesh traumatically disturbed the nerve, flrolly forming a post -traumatic neuroma (arrow; S100. 40x). (C) Scanning electron 
micrograph (4020•) indicating a major reason for late mesh infection: persis!lng bactena or the staphylococcus family; in the actual example. the mesn was 
removed 6 years after implantation due to rerurrente without signs or Infection. (D) A frequent observation after long-term implantation in the authors' 
postretrieval study aoe calcifications. especially in Gore lex" and heavywetght polypropytene meshes with small pores (E) long-term Stability of pol)'!thytene· 
tercphthalate is still under discussion m hcmia surgery. whereas degradatiOn of polyethylene·terephthalatc 1n vascUlar prosthesis is a well known phenomenon; 
•n the g1ven example the polyetttylene-terephthalate mesh Mersilene"' has been implanted for approximately 6 )'!ars; after explantation the author.; only foond 

JXJiyelhylene·ternphth~lilte rr~gmems pll~gocyl i zed by mocrophHgl!'l (h!mBtoxylln Rrd oosin. 400<) (F) Expiinded poly·retrH ·fluoroemytene histologically elicits 
an excellent t•ssuc n:sponse Wtth a mmor en rome inflammatory and fJllrotlc response on the polymer; rmcroporous ePTFE mesh or the newer gencrat1on w1th an 
improved tissue in-gmwrh after 3 year.; of implanUltion and small detached polymer part•cles ph~cyttzed by macrophage; (hematoxylin and eosin, 400, ). 
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Shrinkage 

At the beginning. the concept of shrinkage of the mesh was 
enthusiastically debated. However, there is now a broad accept­
ance that shrinkage is a common phenomenon after mesh 
Implantation 141 - 43] . It Is not the mesh that shrinks, but the sur· 
face reduction Is due to a simple retraction of the fibrotic scar 

tissues around the mesh. Retraction of the scar is a physiologic 
reaction of maturing scar started by a constant water loss and a 
subsequent surface-area decrease to an average 60% of the 
former wound region. It has been assumed that lightweight 
meshes with a notably decreas~d fibrotic tissue reaction demon­
strate a lesser degree of shrinkage, a hypothesis that still has to 
be confirmed. Nevertheless. shrinkage Is highly important for 
the repair technique. Sufficiem long-term hernia repairs can 
only be performed with large meshes overlapping the hernia 
gap by a minimum of 5 em each side (FIGURE 5AJ 144-46] . 

Fitlroti~; brigging 
Fibrotic bridging is a phenomenon which is, in the authors' 
opinion, closely associated with the occurrence of shrinkage. 
Moreover. the Incidence of bridging Is unrelated to the textile 
structure of the mesh. Bridging occurs In all mesh modifications 
with a granuloma size around each mesh fiber exceeding more 

thal't hAlf of th~ pore size or the mesh 1471. UsuAlly. the ph~Ytonle­
non of bridging Is observed In all mesh modifications with pore 
sizes of less than I mm. In all of these cases a granuloma of one 
fiber starts Lo become confluent with granuloma formations of 
the adjacent fibers and thus eventually the whole mesh is incor· 
poraled Into a larger area of granuloma side by side. Granulomas 

side by slde, however, elicit a common outer fibrotic capsule 
Joining each mesh fiber and forming a scar plate covering the 
whole mesh (FIGURE ~E & 4F) . The scar plate again results in the 
mesh becoming stiff and non flexible . Conversely, stiff and non· 
nexlble mesh repairs appreciably manipulate the abdominal wall 
function and quality of life. 

Fibrotic bridging Is mostly found In heavyweight small 
pore size meshes. Due to the parallel orientation of the scar 
formation to the mesh axis , theoretically, shrinkage In meshes 
with bridging should be more Intense- a theory to be proved 
In the future. 

In contra~!. lightweight meshes with large pores are con­

structed In such a way that the granuloma Is always notably 
smaller than half of the pore size. In some of these meshes. the 
pore size was increased more than six-times compared with the 
conventional heavyweight meshes, such that bridging Is not 
possible. Lightweight large pore size mesh modlficalions are 

characterized by a localized fibrotic reaction around the mesh 
fibers , with small granulomas allowing the mesh to stay flexible 
and smooth after Implantation. 

Recurrence 

In approximately 60% of all retrieved surgical meshes. recur· 

il'Oct' is thf' J'f'ason why mPshf'S arP Pxplanted J32J. Today, clinical 
studies indicate that recurrence rates of hernia repair based on 
the use of surgical meshes are slgnlncantly decreased compared 

www.fulure-druss.com 
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with suture repair. However. the same clinical studies reveal 
increasing recurrence rates over time for all types of hernia 
repair. Essentially. these findings may be lnLerpreted to suggest 
that today. none of the procedures currently used protects the 
patients completely from recurrence but the use of surgical mesh 
decreases their Incidence )4.48). 

In the postretrleval study the effectiveness of common mesh 
modifications on the market Is comparable concerning recur­
rence and Infection rate. Here, only the rate of recurrences In 
the Vypro mesh group seems to be higher. as this mesh Is 
mainly used in incisional hemla and, In particular, this light­
weight mesh indicates significantly decreased rates of chronic 
pain {TABLES 3 & 4) . 

Recurrence following mesh Implantation appears after 
26 months (mean value, range 3-180 months). The recurrent 
hernia develops in 99% of all cases at the free edges of the 
mesh , emphasizing again the Importance of a sufficient overlap 

of mrsh md hrrnia gap. Hrrnias in thr area of thr mrsh seem 
to be rare exceptions. 

The main reasons for the recurrences are technical faults dur­
Ing the operation (e.g .. Inadequate fixation In the first 2 weeks 
after Implantation and Insufficient overlap). the shrinkage of 
the mesh after implantation and, finally, alterations of the 

ECM that M~ stlll und~r hwtm!gatton !r. h~mla pall~r.ts. All 
data from ECM research in these patients Indicate an altered 
collagen metabolism (decreased ratio collagen IIIII) in the 
majority of patients with recurrent hernia 149-55) . 

The ratio and e"tent of intermolecular cross-linkage between 
collagen Type I and Ill Influences the tensile strength and mechan­

ical stability or connective and scar tissues 156.57). Hernias are there­
fore more common In patients with collagen disorders such as 

Marfan's and Ehlers·Danlos syndrome. cutis laxa, osteogenesis 
lmperfecta and hip dislocation In childhood 158,59]. Other factors 
sugsested to influence the collagen IIIII ratio and the recurrence 
rate of hernias are age. sex, smoking and genetic factors 123]. 

Chronic pain 

Chronic pain Is an upcoming Issue In the field of hernia repair 
and will probably become the most important topic to be dis· 
cussed and addressed by the responsible surgeons ]tt.li0-63]. 

CUntcal trials report high percentages of patients with chronic 

pain after hernia repair, Including mesh repair. In contrast to 
neuropathy-related complaints after Intraoperative damage of 
nerve fibers with pain immediately after surgery. the onset of 
chronic pain as a consequence of the FBR is typically more 
than 1 year after hernia repair. 

In the postretrleval study, most explants from all the 
patients with chronic pain In their medical history. Indicate 
nerve fibers and fascicle.~ In the Interface of the mesh IZJ]. 

Today, Immunohistochemical stains allow the detection of 
even the smallest nerve structures that are mainly found il1 or 
around the foreign body granuloma. Due to the nature of the 

Branuloma as a chronic inflammation. It may bt! SPf!Culatt!d 
that these nerve structures are Irritated by the inflammation 
and cause the sensation of pain. In some cases real traumatic 

9 

ETH.MESH.02148454 

PX97.24



Klostemalfen, Junge & Klinge 

neuroma can be found at the Interface of the mesh-recipient 
tissues, an indicator of the mechanical destruction of the 
nerve by the mesh (FIGURE 58). 

In total, all mesh modifications with small pores reveal unac­
ceptably high rates of chronic pain In the retrieval study, in par· 
tlcular, all heavyweight PP meshes (TABLES3 & 4). Vypro, a light­

weight large pore-constructed mesh. demonstrates a 
dramatically reduced surface area compared with all common 
mesh modlllcatlons on the market. In combination with a favo­
rable foreign body reaction. the small surface area leads to a 
minimum of nerve irritation and destruction. 

Infection 

Infection Is the third major complication after mesh implanta­
tion Jt2J. Due to the results of the retrieval study, all mesh modifi­
cations seem to have similar Infection rates. Multifilament mesh 
constructions as well as microporous ePTFE patches reveal no 

higlu~r ratr.:; of infoction il.'i the reason for explantalion. Further· 
more, scanning electron microscopy studies Indicate that colo· 
nles of bacteria Including blofllm-formlng colonies of Staphyloco­
ccus epldl'rmldls from skin, persisting at the surface of the 
polymer fibers may be responsible for late Infection months or, In 
rare Instances, years after the initial operation (FIGURE SCJ. 

Fistula & adhesion formation 

Fistula and adhesion fonnatlon belong to the most serious com­
plications after mesh repair (64.65). In particular, aner intraperito­
neal mesh application. adhesions and fistulas are mainly observed 
In the heavyweight smaU pore PP mesh group, however, they 

have also been observed rollowing extraperitoneal mesh Implan­
tation I66J. ePTFE appears to have favorable biologic behavior: 
therefore, GoreTex® mesh modiOcatlons have currently been the 
first choice in all intraperitoneal techniques (IPOM) for lnci­
sional hernia repair. However. in the last few years a number of 
special mesh modifications have been Introduced to the market 

for intraperitoneal hernia repair which seem to have some con­
siderable advantages compared with ePTFE patches. These new 
mesh modifications mainly work due t.o different types of films 
and surface modifications to prevent adhesion of the Intestines 
(e.g., Proceed® or Parietene Composite~ or at least with new 
antladheslve polymers like PVDF (DynaMesh® lpom). Beside 

enhanced anti-adhesive properties. the generation of new IPOM 
meshes fulfJis all the criteria of modem lightweight meshes with 
large pore;, In particular. the flexibility of the IPOM mesh is of 
Importance in considerallon of large defect areas In lnclsional 
hernia repair. 

Calcification & degradation 

Degradation of surgical meshes Is rare 123]. Mostly, calcifica­
tions are observed after long-term Implantation, especially 
In heavyweight small pore PP meshes as well as in mlcropo· 
rous ePTFE CFIGURESD). Calcifications are probably due to 

imall porous or even mlcroporous mesh modifications 
because until now, calcifying depositions have not been 
observed in large porous constructions. It may be speculated 

10 

that particularly the small pores disturb local metabolism 
and substrate exchange leading to a bradytrophlc area with 
Increased tendency to calcificate. 

Real degradation of the mesh fibers Is mainly observed in 
PET meshes after long· term Implantation (FIGURE SE). lncorpo· 
rated PET can be degraded hydrolytlcally. finally resulting in an 

Increased brittleness of the polymer with a loss of the mechani· 
cal features. Even ePTFE reveals an Increased fragility after 
long-term Implantation. ln some explants, small fragments 
phagocytized by local macrophages were observed (FIGURE SF), 

HandUng characteristics 

Handling characteristics of lightweight meshes have been 
Improved over the last few years. In particular, the first light­
weight large porous mesh. Vypro, seemed to most surgeons to be 
too soft and smooth for a safe, comfortable and quick hernia 
repair. Lightweight meshes of the second generation present 

more stablr textile structurn or are combined with nonabsorbil­
ble polymers to adopt mesh features exactly to the requirements 
In hemla surgery. 

The new generation: lightweight & large porous meshes 
Vypro• & Vypro 1,. 

Th~ Mn~~pt of Hghtw~1ght iarg~ porou~ rm~h~~ for hert'lill 
repair was first realized in 1998 with the introduction of Vypro 
and later Vypro II® by Ethicon, Germany. These meshes repre­
sent the first attempt to create a mesh to meet the physiological 
demands. The amount of remaining material was reduced to 
approximately 30% of common heavyweight meshes (Vypro 
25 g/cm2 vs . Prolene® 80-85 g/cn,Z, TABLE 2) and the poCf' size 
was Increased by up to 500-600% (Vypro 3-5 mm vs. Pro· 
Jene® <I mm, TARLE 2). The nonabsorbable part is composed of 
multifilament PP combined with an absorbable part made of 
Vicryl® (PG 91 0). which is nearly doubled In Vypro II. (Vypro: 
PP 27g/m2 and PG 910 27g/m2: Vypro II ; PP 35glm2 and PG 

910 45g/m2). The Vtcrylle part will be absorbed within the first 
6 weeks after implantation and has been added to the nonab­
sorbable PP to ensure appropriate handling characteristics for 
the surgeon. 

Generally, the construction of Vypro Is calculated to augmem 
the abdominal wall and is not deslsned for complete abdominal 

wall replacement In large Inguinal or lnclslonal hernias. In 
larger hernias without the pos.~Jblllty to close the fascia Vypro II 
or another lightweight mesh with a tensile strength of more 
than 32 N/cm should be used. 

First clinical trials confirm the expected superiority of the 

lightweight large porous mesh concepl concerning quallly of 
life after hernia repair ]25] . 

Polypropylene 
Most manufactures have added to their range of PP heavy· 
weight small porous mesh modifications, a lightweight large 
porous adapullon. Tht!ff! are also, numerous monofilament PP 
meshes on the market, which fulfill all of the criteria for a flexi· 
ble lightweight mesh with reduced material . An older member 
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of this group ls the Parletene00 mesh, a brand new member is 
the Dynamesh®. In particular, the Dynamesh Is matched to the 
physiologic values with reference to pulling forces and flexlbil­
ily of the abdominal wall. The textile structure of the warp­
knitted mesh generates excellent handling characteristics. All 
meshes In this group are produced of fibers reduced In diameter 

and pores of more than 2 mm compared with the heavyweight 
PP group. 

Biocompatlblllty of the new generation of llghtwelght PP 
meshes in experimental studies Is acceptable with a signifi­
cantly decreased FBR and only a minor fibrotic reaction 
around the PP mesh fibers afler long-term implantation in rats 

(FIGURI'.6A). However. clinical trials have yet to confirm the 
promising preclinical results j43j. 

TIMesh• light & extra light 

TtMesh® light (35 g/m2) and TiMesh® extra-light (16 g/m2) 

rtlpre~nt newer mrmb~s in the lightweight lilrgr porous 
mesh family. The special feature of these meshes is a surface 
modlflcallon with titanium, which is bound to the PP sur­
face. The basic mesh Is a monofilament PP mesh with an 
average diameter of 67 J-Im of each single PP fiber and pores of 
more than 1 mm. 

Both M@~h modlflcA!IM~ W@t@ annour.e~d M a r@volutiM 
on the mesh market and have the best blocompalib!llty possi­
ble. Indeed, the titanium-modified meshes exhibit a signifi­
cantly increased biocompatlbility compared with conven­
tional heavyweight small porous meshes 1~31. however. if the 
blocompalibillly of both titanium meshes Is compared with 

simp)@ lightweight large porous PP meshes without surface 
modification, the blocompatlbllity Is equal. Basically, Ula­
nium modification of the PP surface has no significant effect 
on FBR in soft tissue contact. This phenomenon has inde­
pendently been described by the authors' group (Hernia. in 
pr~ss: flGURE 68) and by Lehle and colleagues in 2004 167] . 

Another Important disadvantage of the TiMesh extra-light Is a 
tensile strength of 12 N/cm, a value significantly lower than 
the calculated minimum of 16 N/cm. 

UltraPro• 

UltraPro® represents the newest member In the ll~tnweight 
large porous mesh group. The mesh Is constructed of a mono­
fllament lightweight large porous PP mesh with pores of more 
than 3 mm. An absorbable Monor.ryl® (polyglecaprone 25) 
component is added to Improve handling characteristics and to 
optimize Implantation and lncrea~ed tensile strength In the 

flnt weeks of the repair. 
Monocryl (polyglecaprone 25) Is a monofilament derived 

from a segmented copolymer of t:-caprolactone and glycollde. 
This complex polymeric system contains soft segments of a 
random copolymer of &·caprolac:tone and glycolide, which 
provide good handling characteristics and hard segments of 

polyglycolid, that provid@ high str4!ngth . Both hard and soft 
segments are combined in the same polymeric chain. Evaluat· 
lng the toxicity potential of Monocryl sutures, no genotoxlc, 
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cytotoxic. teratogenic, Irritating or allergic effects were 
found. As suture material It was Introduced In 1995 and 
since then II demonstrated many preferable qualities includ­
ing a significantly lowered tissue reaction in the early phases 
of wound healing compared with polyglactlne 910 (Vicryl). 
Monocryl Is essentially absorbed without Increased cellular­

ity. inflammatory and fibrotic reaction within 84-140 days 
(FIGURil6C-FJ. Interestingly, the supplement of PP with 
Monocryl leads to slgnlflcantly decreased FBR compared 
with simple lightweight large porous PP meshes with identi­
cal textile structure: an effect still under Investigation. Over­
all, the Monocryl-PP-composlte UltraPro Is currently the 

member of the lightweight large porous mesh family with the 
lowest FBR and optimized handling. The flrst clinical studies 
produced encouraging results to move forward with this 
mesh concept 1681. 

lxpert opinion 
The lightweight large porous mesh concept is one of the most 
important developments In hernia surgery of the last decade. 
Mesh modlllcations of this group represent Implants for hernia 
repair with an optimum of blocompallbllity. The new light­
weight large porous mesh generation should reveal significant 

advantage~ Jr. th@ fl~ld of patlMt contfort and ehrMie patr.. 
More Important new data Indicate hernias (In general and 

recurrent hernias in particular) to be a disease of the connective 
tissues and the ECM. These findings explain why meshes can­
not protect the patients completely from recurrence and tell us 
that we have to learn more about basic pathophysiologic proc­

esses of hernia forn1at1on . These data wl11 be essential for future 
mesh modifications and to define populations at rlsk. 

Five-year view 

The next 5-year Interval tn hernia research wUI give further insight 
into the advantages or disadvantages of both mesh concepts. 

Important ongoing clinical studies Including multicenter trails wlll 
be finished and provide corresponding data. 

Furthermore, other nonflat mesh modifications such as plugs 
or whole systems for hernia repair will be rebuilt with large 
porous textile structures. 

The next generation In hernia meshes will be a bloactlve 

Implant. These meshes of the third generation (behind the 
heavyweight meshes of the flrst and the lightweight meshes of 
the second generation) will probably consist of an optiml7.ed 
lightweight large porous mesh construction with chemical 
and biologic surface and polymer mod!ncalions which 

directly Influence hernia development or r~urrence. The nexl 
5 years will finish the lightweight mesh period and will Intro­
duce a new epoch In hernia and mesh research with the for· 
matlon of Interdisciplinary research groups Including basic 
scientists In biology, polymer chemistry and tissue engineer­
ing. as well as pathologists and surgeons. Only these groups 

will b4! ahl4! to lllumlnat4! thP compiPx pathophysiology of 
hernias and use newest technologies to create the bioactive 
mesh of tomorrow. 
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Figure 6. Members of the lightweight and largo porous mesh family. (A) Lightwerght and large porous PP mesh without surface modrfication 182 days 
post rmplant.atron in Whiter rats wrth a mrnor fBR and frbrot1c tossue reactoon around the mesh fibers (hematoxylin and eosrn. 200 x ). (B) T 1Mesh' h!flt 182 
days after implantation in the same experimental setting; note the still persisting foreign body reacti[)(l which is at least equal to that of unmodified 
polypropylene (hematoxylin and eoson; 100x). (C) UltraPro' after 42 days; note !.he polypropylene and Mooocryl" composotc (hematoXylin and eosin, 200• ). 
(D) Macrophage response on the interface of UltraPro 42 days after implantation with a reduced macrophage response to the Monocryl part (CD68. 100x). 
(E) UltraPro 84 days after implantation; the Monocryl fl<lrl is absorbed by macrophages, but without increased inflammatory reactron and fibrosis !CD68, 

100x). (F) UltraPro 182 days after implantation; remaining PI' frbero with a remaining granuloma thickness of few ~m (hematoxylin and eosin, 100x). 
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Key issues 

• Lightweight large porous meshes indicate newer mesh modifications with main features such as optimized biocompatibility and 
adoption of the textile structure to physiologic values of the abdominal wall. In particular. mechanical characteristics such as tensile 
strength snd flexibility of mesh and abdominal wall have been the focus of interest during the development of these meshes. 

• The textile structure in generalis large porous. The large porous construction reveals a significantly improved Integration of the mesh 
into recipient tissues. In lightweight and large porous meshes a significantly decreased foreign body reaction can be observed. The 
reduced foreign body reaction correlates with decreased rates of connective tissue formation, shrinkage and bridging. 

• A postretrieval study of explanted meshes that failed after hernia repair demonstrate that mesh-related complications are rare. 
However, mesh-related complications might be serious and severe such as fistulas, adhesions, infection and. in particular, chronic 

pain. Overall, lightweight meslles with large pores seem to have less serious complications. confirmed by the postretrieval study 
and first clinical studies. 

• Recurrence is the most frequently observed complication in hernia surgery. Beside technical faults during operation. alterations of 
the extracellular matrix play a decisive role in the formation of long term recurrences. The type of mesh used for the hernia repair 
plays no or only a minor role in cases of biologic recurrence. 

• Future strategies to decrease thr. rate of biologic recurrences will be the Introduction of bloactlve meshes. 
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