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ABSTRACT

Obijective: To assess the extent of shrinkage of meshes used for hernia repair.

Design: Experimental study in dogs.

Setting:University hospital, Germany and University Research Centre, Moscow.

Animals: 10 dogs had monofilament polypropylene meshes that weighed %(Marlexf) or multiflament reduced
polypropylene meshes combined with polyglactin 910 that weighed 55 @ait Hernia Mesli) implanted for either 3 or 6
months.

Main outcome measurestistological appearance and radiological assessment of the position and area of the mesh.
Results:After 4 weeks the area of mesh in the monofilament group was reduced from to 139 (11) to 75 (B}&hand that

of the multifilament from 116 (18) to 77 (20) én66%). The multifilament mesh with the reduced amount of polypropylene
showed less inflammatory response and less shrinkage. The mesh did not seem to have moved.

Conclusion:Meshes that contain a lot of polypropylene shrink to about 30%—50% of their original size after 4 weeks, requiring
an overlap of at least 3 cm if implanted subfascially. Reduction in the polypropylene content decreases both the inflammatory
response and the shrinkage. Meshes with big pores are less likely to fold and improve compatibility.

Key words:mesh shrinking, polypropylene, wound contraction, hernia repair.

INTRODUCTION studies. In one group we used a monofilament poly-

In hernia surgery meshes are essential to achieve %rolp%/'llene mesh ('\gf”‘”e{?" Barfd), ancé In tze second af
strong repair of the abdominal wall. The resulting scarmUtl llament combination of & reduced amount o
: nonabsorbable polypropylene (27%) and absorbable

decreases the recurrence rate but is often accompanie : . .
by appreciable complaints. (2, 3, 10). The appearanc Olyglactin 910 (Soft Hernia Mesh Ethicon) (Table

of dislocated mesh in bladder and bowel (5, 6, 13) as’
well as the histological examination of removed
meshes have shown that the incorporated alloplasti

The meshes measuredx8l0cm and were im-
glanted preperitoneally on the posterior sheet of the

o . ; rectus fascia and fixed in place with single sutures of 2/
material is not inert and causes a constant inflammator :
: o polypropylene. Both the mesh and the adjacent soft
response, folding and shrinking. To evaluate the

e : Otissue were marked with pairs of metallic clips, three
compatibility of nonabsorbable meshes we implanted__: hsi h . I h .
both monofilament and multifilament polypropylene pairs on each side. The fascia was closed with a running

meshes in dogs. The position and extent of the meshés'smLlre of 2/0 polypropylene and the skin with a

were followed radiographicall continuous 3/0 silk suture.
grap y We followed the position of the mesh and calculated

its size on anteroposterior radiographs taken on day 0,
7, 14, 28, 56, 74 and 148. The radiographs were taken
MATERIAL AND METHODS with the animals supine and sedated with 10%
We implanted two different meshes in dogs (weighingketamine 3-4 ml. The distance between the animal
15 (2) kg) for 3 (n=6) and 6 months1 € 4). The and the x-ray machine was 45 cm (magnifying factor
experiments followed the NIH guidelines for animal 1.5). We measured the length of the four sides and of
the two oblique lines. The area of mesh was calculated
as a composition of one rectangle and three triangles.
Finally the animals were killed and the complete
abdominal wall removed. The four edges of the mesh

* This study was supported by the interdisciplinary centre for
clinical research “BIOMAT” of the technical university of

Aachen. were cut for histological examination. The remaining
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Table I. Textile analysis of polypropylene meshes (L0 in each group)

Monofilament Multifilament

Weight (g/nf) 95 55
Thickness (mm) 0.7 0.7
Percentage of pores 85 91
Bending stiffness (N/cR) 0.35 0.07
Tear out test of seam (N)

Vertical 57 30

Horizontal 56 29
Subsequent tear-out strength (N)

Vertical 7 11

Horizontal 40 12
Maximum pulling force (N/5cm)

Vertical 432 387

Horizontal 567 627
Testing the pressing through the stamp

Tensile strength (N/cm) 59 32

part was stored in saline and tested mechanically within The two-dimensional analysis of the mesh area in the
24 hours. monofilament group showed shortening by 25% in both
Conventional light microscopy was done o  horizontal and vertical directions, as well as a shrinking
slices stained with haematoxylin and eosin, Giemsagof the mesh area of 46% after four weeks (Table ).
and van Gieson after they had been fixed in formalinThe shrinking of the mesh with the reduced amount of
and embedded in paraffin. Morphometric analysis wapolypropylene (multiflament) was less, having de-
made at the interface within 5@Q0n around the mesh creased by 12% in the horizontal and 25% in the
fibres. Finally, we calculated the partial volume and thevertical plane, which means a reduction in the area of
percentage of cells. To evaluate the shrinking of the34% (Fig. 2).
meshes we compared the width of the pores over a The textile analysis of the whole removed abdominal
distance of 2 cm in 10 slices/animal. wall by pressing it through a stamp (small stamp,
Statistical analysis was done using the softwarevelocity 50 mm/min, clamping length 40 mm, tested
Statistical package for the Social Sciences (SPS$rea 9.35 crf) was possible in one only animal of each
5.0.1% for windows).

RESULTS

Local infections developed in 3 animals in the
monofilament group and one in the multifilament
group. One animal with a monofilament mesh died of
septic complications. In the multifilament group there
was one haematoma, and one asymptomatic absce
after six months.

After mesh had been removed we saw obviou
folding of the material, crosswise to the filaments in
three of five animals with the monofilament polypro-
pylene material, which resulted in a pronounced
increase in bending stiffness (Fig. 1).

The radiographic examination of pairs of clips (259/
360 were detected) in situ showed neither a significan
increase in the distance between tissue and mesh clif
nor a significant difference between both materials anc
time after implantation (simple factorial ANOVA).
The biggest differences were recorded 4-8 weeks afteFig. 1. Removed monofilament polypropylene mesh after 3
implantation. months.
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Table Il.Mean (SD) area (cf) of meshes implanted in 100

dogs measured on radiographs 20 -
80 — Braided
Monofilament Multifilament T4 Ny L eeeme=--
Day No. Area No. Area g 60
U 50
0 5 139 (11) 5 116 (18) -’§
7 5 119 (13) 5 110 (16) = 40 Monofilament
14 4 71 (16) 5 85 (9) 304
28 4 75 (8) 5 78 (20) 20 -
56 4 45 (55) 5 74 (23) i
84 1 81 2 57/98 10
168 1 63 2 70/97 0 T T T T ]

T T 1
0 20 40 40 80 100 120 14C 140 180
Implantation time (days)

group because of the extensive shrinking of the mesHi9. 2. Percentage mesh area plotted over time (radiograph,

Despite the differences in weight the rupture strengttf°9s)-

was similar: for the monofilament mesh 1950 N when

stretched by 15 mm and for the multiflament mesh

2040 N at a stretching of 13 mm. granulomas, which showed signs of maturation with a
slightly increased number of giant cells. The fibrosis
seemed to be constant, and the necrosis had totally

HISTOLOGICAL EXAMINATION vanished.

Monofilament polypropylene mesh Multifilament mesh with reduced amount of polypro-

After three months we saw a predominant acute andylene combined with polyglactin 910

productive inflammation with typical foreign body The inflammatory response was considerably less than
granulomas including epithelioid cells and giant cells.in the monofilament group. The reaction was charac-
Adjacent to the mesh fibres there were parallelterised by granulomas and polymorphonuclear giant
orientated areas of fibrinoid necrosis with a densecells. Acute inflammation was rare with hardly any
infiltration of polymorphonuclear leucocytes. Lympho- fibrinoid necrosis. Some residual fragments of the
cytes and plasma cells were seen mainly in the outlyin@bsorbable polyglactin 910 were still visible. In general
area of the granulomas. There was pronouncethe fibrosis was moderate. The collagen fibres were
perifilamentous fibrosis with extensive collagen fibresorientated around the mesh filaments. There was no
which were mainly orientated parallel to the poly- scar plate as seen in the monofilament group. There
propylene fibres adjacent to the mesh. Further awawere few fibroblasts and increased vascularisation.
they formed an all embedding capsule. After threeAfter six months the histological appearance remained
months fibroblasts were still common, whereas vascuunchanged with minimal inflammatory signs, a slight
lar structures were rare. After six months the inflam-decrease in inflammatory cells, and a minimal increase
matory reaction was reduced but still visible within the in fibrosis and giant cells without necrosis.

Table IIl. Morphometric assessment of meshes implanted for three and six months. Data are expressed as mean
(SD) except where otherwise stated

Three months Six months

Monofilament Multifilament Monofilament Multifilament
Mesh material (n=6) (n=6) (n=6) (n=6)
Inflammatory cells (% partial volume) 24 (2) 14 (4) 21 (3) 8 (1)
Soft tissue cells (% partial volume) 57 (15) 29 (7) 61 (10) 30 (5)
Fat cells (% partial volume) 32 (6) 78 (20) 28 (8) 79 (22)
Vascular cells (% partial volume) 17 (4) 37 (8) 14 (2) 33 (12)
Polymorph leucocytes % 11 (2) 4 (1) 6 (3) 1)
Giant cells % 3 10 (2) 512 13 (1)
Macrophages % 36 (12) 45 (13) 38 (6) 42 (8)
Pore size mm 2 5 2 4
(% of initial material) 81 93 73 83
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In general the main tissue reaction in both groupsREFERENCES
seemed to be completed after three months (Table ”I)'l Amid PK. Classification of biomaterials and their related
Aiter 6 months the pores width of the mult|fl_ar_r!ent - complicaﬁons in abdominal wall hernia surgery. Hernia
mesh had markedly decreased from initially  1997:1: 1521
2.54+ 0.46 mm to 1.85+ 0.28 mm $<0.01). This 2. Beets GL, van Geldere D, Baeten CGMI, Go PMNYH.
corresponded to a reduced length of 27% and a Long-term results of giant prosthetic reinforcement of
reduced area of 47%. The pore size of the mesh with the visceral sac for complex recurrent inguinal hernia.

Br J Surg 1996; 83: 203—-206.
reduced amount of polypropylene decreased from 3. Bittner R, Leibl B, Kraft K, Daubler P, Schwarz J. Die

4.99+ 0.56 mm to 4.15+ 0.41 mm <0.01) corre- laparoskopische  Hernioplastik (TAPP)—Komplika-
sponding to a shortening of 16% and a shrinking of the  tionen und Rezidive bei 900 Operationen. Zentralbl

mesh area of 28%. This correlates directly to the data of Chir 1996; 121: 313-3109.

the X-ray analysis. 4. Cheng-Hui F, Alexander JW. Wound contraction
following transplantation of microskin autografts with
overlaid skin allograft in experimental animals. Burns

DISCUSSION 1990; 16: 190-192.
5. DeGuzman LJ, Nyhus LM, Yared G, Schlesinger PK.

Mesh material implanted in dogs for three to six  Colocutaneous fistula formation following polypropy-
months shrank considerably over time. Although a leéne mesh placement for repair of a ventral heria:
two-dimensional calculation of the area of the mesh gg;\lgnoss by colonoscopy. Endoscopy 1995; 27: 459-
neglects the curvature and underestimates the sizeg Hyme RH, Bour J. Mesh migration following laparo-
significant shrinkage could be shown on both radio- scopic inguinal hernia repair. J Laparoendosc Surg
graphic and histological examination compared with  1996; 6: 333-335.
the initial size on day 0. 7. Klinge U, Conze J, Klosterhalfen B, et al. Vaderun-

. : : gen der Bauchwandmechanik nach Mesh-Implanta-

.The quantity and struct_ure of alloplastic material tion—experimentelle Véraderung der Mesh-Stabilita
_dlctate:\s the extent of the inflammatory response, .the Langenbecks Arch Chir 1996; 381: 323-332.
induction of scar tissue, and therefore the mechanicalg. Klinge U, Conze J, Limberg W, Boker Ch, Qtinger
function of the abdominal wall. Experiments in rats AP, Schumpelick V. Pathophysiologie der Bauch-
have confirmed the correlation between weight of the i?g';t%?h;grnuég iﬁﬁg;?}: |—2|§r?z_§?ff'8ardwaj 5. Cone
mesh and bendmg stiffness of the abdominal wall (7). .J, Schumpelick’ V. Morbhologiscﬁe Korrelation der
The reduction in the amount of nonabsorbable poly-  fnktionellen ~ Bauchwandmechanik nach  Mesh-
propylene reduces the extent of the inflammatory Implantation. Langenbecks Arch Chir 1997; 382: 87-94.
response and the corresponding consecutive fibrosi. Langer |, Herzog U, Schupisser JP, Ackermann C,
(9). Our histological examination in dogs confirmed the ~ Tondelli P. Die praeritoneale Netzeinlage zur oper-

L : . ativen Versorgung der Rezidivleistenhernie. Chirurg
reduction in inflammation when a mesh with a reduced 1996: 67: 394-402.

amount of polypropylene_was used. _ 11. Nockemann PF Die chirurgische Naht. Stuttgart: Georg
The present data confirm the results of Amid, who  Thieme Verlag, 1992.

described a shortening of the mesh of 20% within 1012. Schumpelick V, Arlt G. Chronic inguinal pain following
months (1). This corresponds with a reduced area of TQFS’SP- A case of mesh shrinkage. Chirurg 1997: in
about 64%. _Shrl_nklng might be resp_on5|ble forﬁ& IOSoler M, Verhaeghe P, Essomba A, Sevestre H, Stoppa
secondary folding in cases of poor elasticity and small " R " ¢ traitment des \entrations post-opatoires par
pores. It is a consequence of the physiological wound prothse compose (polyester—polyglactin 910). Ann
contraction (11), initially by dehydration of soft tissue  Chir 1993; 47: 598-608.

and later by maturation and crosslinking of the collagen

fiores (4). The contraction depends on the extent oRESUME

inflammation and scar formation resulting from the But: Déeterminer le degrede rdrécissement des prothes
material used. We have recently published a case repoutilisées pour les cures de hernie.

of mesh shrinkage with a resulting secondary hernid ype d'¢ude: Expaimentale chez le chien.

and chronic inguinal pain after transabdominal pre_Provenance:HopltaI universitaire, Allemagne et centre de

. . . recherche universitaire, Moscou.
peritoneal placement of prosthesis (12). Textile analy-animaux:Dix chiens chez lesquels 4éamis en place pour 3

sis showed that many meshes introduced CIinicaIIy are 6 mois une protf’m en monofilament de polypropyie de
too strong for the physiological forces of about 16 N/95 g/nf (Marlex") ou une prothge composite de 55 gfm
cm at the abdominal wall (8). Improved compatibility associant polypropytee et polyglactine 910. _

can therefore be achieved by using meshes with le rincipaux critees de jugement:es aspects histologiques et

loplasti terial timised struct lasti- position et la surface de la prodee deéerminees
alloplastic material, optimised structure (more elas I'radiologiquement.

city and larger pores) and at the same time havinQResultats: Aprés 4 semaines, la surface des prege du
sufficient tensile strength. groupe monofilament avait diminak 139 (11) &5 (8) cnf
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(54%) et celle du groupe des prosies composites de 116 Schlisselwater: Netzschrumpfung, Polypropylen, Wundre-
(18) 277 (20) cnf (66%). Les prothses composites avec une traktion, Hernienchirurgie.

guantife plus faible de polypropylee provoquaient une

réponse inflammatoire moindre ettrégcissaient moins. Les

protheses ne semblaient pas s& delacees. PE3IOME

Conclusions:Les prothses qui contiennent une certaine
quantitede polypropylee se faactent d’environ 30 0%

de leur taille initiale apre 4 semaines, ce qui impose de les
faire depasser de 3 cm si elle sont dispeseen sous
péritoneal. Une proportion moindre de polypropplke dimin-

ue ala fois la rgonse inflammatoire et le déegrde
rétrécissement. Les proiBes ‘alarges mailles sont moins
suceptibles de se replier sur elles'mes et s'intgrent
mieux.

Mots-cles: R&récissement prothigue, polypropylee, re
traction cicatricielle, cure de hernie.

Ileab: M3yunTh NOpOLEHT “CMOpPIIMBAHUS’ HCKYCCTB-
€HHOM CeTH, UCHOJIb3YEeMOH ISl JIeUeHUs] TPbIKHU.
Xapaxmep uccae008anUA: 3KCHepIMEHTAIHHOE
UCCIIeTOBAHNE HA )KABOTHBIX (COOAKM).

Kaunuxa: YHuBepcuterckuil rocnuraib I'epmanHun u
VHuBepcuTeTcKii HayyHbI LEHTP B MockBa.
JKusommvie: 10 cobak, y KOTOPBIX ObLia MpoHM3BEIACHA
TJIACTHKA HOJIMIIPONMIEHOBOI CeThio ¢ BecoM 95 g/b”
(bxnyu) mwm xe MyIbTH(QHUIAMEHTHOW pEayIHpPOB-
AHHOM NOJIMIPONMUJIEHOBOM CEThIO, COCTOSIIEH U3
koMOuHanmii mosmriakTuHa 910 co cpemHEMM BecoM
54,55 gh>. CeTr 6GBUIM MMIUTAHTUPOBAHBI HA 3 WM HA

6 MecsIeB.
ZUSAMMENFASSSUNG 3aoauu uccaedosanusn: TUCTOIOTHYECKOE UCCIICIOBAHUE,
Ziel: Untersuchung des Ausmafles des Schrumpfens vom Takxke PEHTI€HOJIOIMYECKOE MCCJIEOBAHUE JJIs
Netzen in der Hernienchirurgie. omnpenesIeHUs! MO3ULUNA CEeTKH.
Studienanordnungexperimentelle Studie an Hunden. Pezyaomamepr: Tlocne 4 Henenb OTMEYEHA PENYKUUS
Studienort:Universitasklinik Deutschland und Universim ~ MoHo¢uIaMeHTHOM cetn u3 rpymnsl A ot 139 go 75
Forschungszentrum, Moskau. cn? (54%), a B rpymme My IbTUUIAMEHTHO ceTr oT 116

Tiere: 10 Hunde erhielten entweder ein monofiles Poly-no 77 cm® (66%) MynbTuduiaMenTHas CeTb C yMeH-
propylennetz mit einem Gewicht von 95 g%’r(’MarIex"—‘?‘) BIUIEHHBIM KOJIMYECTBOM IIOJIMIIPONMJIEHA ITOKa3bIBaJIa
oder ein multifiles reduziertes Polypropylenenetz kombiniertMeHbIIIy10  BOCHAJIUTEIbHYIO pPEAKLUIO U MEHbIIEEe
mit Polyglactin 910 mit einem Gewicht von 55 ¢rfiir ~ “cmopumBanme’. He 0ObBLIO  OTMEYEHO — Ciydacs
jeweils 3 oder 6 Monate. JIUCJIOKAIIUU CETH.

Endpunkte: Histologisches Erscheinungsbild und radiolo- Beigodsr:  MckyccTBeHHast — CeTb,  COCTOslIas — U3
gische Untersuchung der Netzposition und des Netzes selbstoymnponuiena “cMopiIuBaeTca’ NPUOIU3UTENLHO HA
ErgebnisseNach 4 Wochen hatte sich die NetZ8min der  30-40% cBoero nepBoHa4albHOTO pa3Mmepa nocie 4
monofilen Gruppe von 139 (11) auf 75 (8) tni54%)  Hemedb. YMEHbLICHUE COAECPKAHMS MOJIANPONMIIEHOBBIX
verringert. In der multifilen Gruppe hatte sich die Net43go BOJIOKOH NO3BOJISIET YMEHBIIHTH NPOLEHT MH(IAMATO-
von 116 (18) auf 77 (20) cf(66%) verringert. Die multifilen ~ pHOro orseta u “cmopimBanus’. CeTh ¢ KPYHHBIME
Netze mit dem reduzierten Anteil von Polypropylen zeigtenriopamu Jiy4ilie nepeHOCUMa OPTaHU3MOM.

weniger entZadliche Antwort und eine geringere Schrump- Kaiouessle cio6a: “CMOPIIMBAHUE" CETH, TIOJIMIPOIUIIEH,
fung. Die Position der Netze schien sich nicht'vetert zu  3aKpbITHE paHBI, TCPHUONIACTUKA.

haben.

SchluRfolgerungNetze mit einem hohen Anteil von Poly- Submitted August 21, 1997; accepted October 1, 1997
propylen schrumpfen auf etwa 30—50% ihrer Originago

innerhalb von 4 Wochen, sodal3 eilbéflappen von etwa 3 Address for correspondence:

cm bei subfascialer Implantation erforderlich ist. Eine U. Klinge, M.D.

Reduktion des Polypropylenanteils vermindert sowohl dieDepartment of Surgery of the Technical University Aachen
entZindliche Antwort als auch das Schrumpfen. Grof3porigePauwelsstr. 30

Netze neigen weinger zum Fallen und zeigen eine verbesbE-52074 Aachen

serte Kompatibilita Germany
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