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Abstract Purpose Ingrowth of fibroblasts in a polypropy-

lene mesh may cause contraction and a later recurrence.

We assessed mesh contraction in intraabdominal and

retromuscular implantation after incisional hernia repair.

Methods A cohort of patients within an RCT on laparo-

scopic (LHR) versus open hernia repair (OHR) had their

mesh borders marked with metal clips. X-ray was per-

formed on postoperative day 1 and after 1 year. Total

length, width, and dislocation were measured. A tacker

fixated large-pore polypropylene mesh was used in LHR,

and a retromuscular small-pore heavy-weight mesh was

sutured to the midline in OHR. Patient’s pain was assessed

before surgery and after 1 year.

Results For analysis 37/47 patients remained: 20 LHR and

17 OHR. Hernia defect area was median 41 cm2 in LHR

and 25 cm2 in OHR (p\ 0.140). Implanted mesh size was

300 cm2 for LHR and 240 cm2 for OHR (p\ 0.341). After

1 year the mesh area decreased by 4.4% and 0.5% in LHR

and OHR, respectively (p\ 0.063). Longitudinal distance

decreased by 2.8% in LHR and by 2.6% in OHR

(p\ 0.269). Transverse distance decreased by 1.6% in

LHR but increased by 3.1% in OHR (p\ 0.005).

Dislocation was seen in four LHR and one OHR. Two

recurrent and one port-site hernia were diagnosed after

LHR. Measurements between observers were identical in

58% and consensus was made in the remainder. Pain was

not correlated to mesh area change.

Conclusions Mesh contraction after 1 year is not a clinical

issue for an intraperitoneal large-pore mesh or a retro-

muscular small-pore mesh. It is not correlated to postop-

erative pain.

Keywords Incisional hernia repair � Mesh contraction �
Retromuscular mesh � IPOM

Introduction

The use of mesh in incisional hernia repair reduces recur-

rent hernia formation [1]. Success depends on the ingrowth

of the mesh to the abdominal wall, as well as adequate

fixation. Mesh size and overlap of the hernia defect are also

important factors. Recurrences occur outside the mesh area

or if the mesh is displaced from its intended place.

Early meshes were manufactured with thicker fibers and

small pores. However, tissue responses to these early meshes

could generate a fibrous plate, encapsulating the mesh and

causing symptoms for the patient.A stiff abdominalwall and a

foreign body sensation have been described with such early

meshes. Animal studies have shown that the fibroblast

ingrowth of the mesh can cause 20–25% contraction of the

mesh size [2–6] and that a small-pore (\0.8 mm) mesh is

more prone to contraction than larger pore meshes [7].

However, few studies have verified these findings in humans.

The meshes are stronger than the abdominal wall tissues

[8]. Thus, dislocation as a result of contraction or insuffi-

cient fixation can expose the abdominal wall defect and
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cause a recurrence. Increasing the mesh size for a larger

overlap to compensate for contraction has been recom-

mended [2].

Severe complications (e.g., chronic infection) have often

been the indication for mesh explantation [9], which may

give a biased view of the problem of contraction. An

enhanced immunological response to the mesh material

might also induce contraction, as described in in vitro work

by Schachtrupp et al. [10].

The location of the implanted mesh may also play a role;

retromuscular, extraperitoneal and intraperitoneal locations

may induce different responses and behaviors of meshes. A

retromuscular-placed mesh has muscle on one side and

fibrous sheet on the other side, thus forming an envelope.

This gives little space for mesh dislocation or folding, as

well as a good environment for ingrowth that is further

facilitated by the elevated intraabdominal pressure.

The extraperitoneal space between muscle and peri-

toneum provides similar conditions for ingrowth of the

mesh, but with potentially more space for mesh folding,

due to less support from the peritoneum compared to the

fascia. The intraperitoneal location is less favorable. The

peritoneal surface is glossy and unfavorable for mesh

ingrowth. The peritoneum is loosely attached to the

underlying rectus sheet or to the muscles in the area below

the umbilicus and at the falciform ligament, making the

mesh more susceptible to dislocation.

Fixation of the mesh in the abdominal cavity is a pre-

requisite for success. It is especially problematic in areas

having only peritoneal coverage behind the muscles, where

fixation techniques may fail. Fixation is a technical chal-

lenge in all locations of the abdominal cavity, with

potential for long-lasting pain, or mesh dislocations with an

associated risk of recurrence [11].

This study aims to assess mesh size changes and dislo-

cation in the intraabdominal and retromuscular positions in

incisional hernia repair in a clinical context, and to review

the literature on in vivo clinical studies in humans.

Methods

The patients included in the study are a subgroup of the

PROLOVE trial [12, 13] treated at a single center. The

PROLOVE trial is a randomized controlled multicenter

trial comparing laparoscopic hernia repair (LHR) to open

hernia repair (OHR) for midline incisional hernias with a

width of less than 10 cm. The primary endpoint was

postoperative pain at 3 weeks after surgery. Highly stan-

dardized procedures were used, with a standard heavy-

weight mesh (ProLiteTM, Atrium) in the open repair and a

large-pore coated mesh (ProceedTM, Ethicon Surgery)

intra-abdominally placed with laparoscopic technique.

Metal clip markers were placed at the cephalic, caudal,

and lateral borders of the mesh in the OHR patients.

Laparoscopically implanted meshes were fixed with metal

tackers with a double-crown technique (one row of tackers

at the rim of the mesh with an intention of 15 mm spacing,

and a second row around the unclosed hernia defect). No

other fixation method was used. The hernia defect borders

were also marked with clips, similar to the OHR mesh

directions to facilitate detection of mesh dislocation. In the

open repair group, the mesh was placed in the retromus-

cular space, only sutured to the midline of the closed

posterior aponeuroses of the rectus abdominis muscles,

without any lateral fixation. All implanted meshes aimed to

overlap the hernia defect by at least 5 cm in all directions.

Within 2 days, a digital X-ray examination of the abdomen

was taken in the supine position, according to the protocol,

with a standardized stainless steel washer as a circular

marker with a 25 mm diameter and 10 mm central hole for

calibration placed on the skin of the abdomen, on the

former hernia location. Marker placement and patient

position at X-ray was checked for accuracy by comparing

marker size to the width of the body of lumbar vertebra 5,

or the distance between the sacro-iliacal fissures.

The patients were re-examined after 1 year, when a

second abdominal X-ray examination was performed with

identical instructions. All images were reviewed in the

Sectra Workstation IDS7 image system (Sectra AB, Swe-

den). The software was calibrated with the markers in the

image. Distance and possible dislocation of the mesh

markers were assessed and noted in the protocol. The

longitudinal and transverse distances between designated

mesh markers were recorded independently by an experi-

enced radiologist and two surgeons. When a difference was

encountered, the placement of the measuring points was

compared and discussed for agreement between observers.

The implanted mesh area was calculated as a rectangle

(length 9 width). Dislocation was defined as clearly

changed in relation to other markers and anatomic land-

marks. Distances were reported as a percentage of the

initial measurement. A recurrence seen on X-ray or at

clinical examination was noted.

In the PROLOVE trial design, pain was assessed before

surgery, daily during 4 weeks or until free of pain, and at

the 1-year follow-up. A 100 mm visual analog scale (VAS)

was used, with 0 representing ‘‘no pain’’ and 100 ‘‘worst

pain imaginable’’.

Review of the literature

A literature search was performed using PubMed, Web of

Science, Google Scholar, and reference lists. The search

strategy focused on human in vivo trials and included the

keywords ‘‘humans AND trial AND hernia AND mesh
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AND (shrink* OR contract*)’’. Publications published

before 2000 were excluded, as well as animal studies and

case reports on explanted meshes. The last search was

performed in September 2016.

Information was retrieved on type of study, hernia and

mesh size after implantation, type of fixation, and mesh

position. Long-term follow-up included: time for follow-

up, how the mesh size was assessed, change in mesh

dimensions and area, mesh dislocation, and recurrence.

Mesh size was assessed immediately after implantation and

at long-time follow-up. If information on mesh area was

missing, an estimate from linear scales was used for cal-

culation, assuming equal changes in vertical and transverse

directions. Individual mesh area size change was calculated

in percent points for a weighted average of studies on both

intraperitoneal onlay mesh IPOM and sublay mesh posi-

tions. The current study was included in the calculations.

Statistics

All patients in the current RCT were analyzed as intention

to treat. Statistical analyses were performed using IBM

SPSS Statistics v22 software. Student t tests were used to

analyze continuous variables, Mann–Whitney U tests for

non-normal distributed variables, and Pearson v2 or Fisher
exact tests for categorical variables. The correlation is

Pearson’s r.

Results

Fifty-two patients were initially included in the study, of

which 15 were excluded, giving a total of 37 patients for

analysis. The reasons for exclusion were nine lost/in-

complete X-ray examinations, two patients with inade-

quate images not including all markers, two deceased

patients, and two lost to follow-up (stroke and undiag-

nosed abuse).

Twenty patients received LHR and 17 OHR. There were

11 women in each group (p\ 0.549). The mean age of the

LHR group was 62, standard deviation (SD) 15 years and

mean age was 62, SD 10 years for the OHR group

(p\ 0.968). The body mass index (BMI) was 28.2, SD

3.9 kg/m2, in the LHR and 29.1, SD 4.6 kg/m2, in the OHR

group (p\ 0.499).

Hernia defects and mesh sizes at implantation and at

1-year follow-up are shown in Table 1. At 1-year follow-

up the longitudinal distance between markers decreased

by 2.8%, SD 5.2, in the LHR and 2.6%, SD 6.9, in the

OHR groups (p\ 0.278). The transverse distance

decreased by 1.6%, SD 5.4, in the LHR group but

increased by 3.1%, SD 4.0, in the OHR group

(p\ 0.002). Mesh area decreased by 4.4%, SD 6.6, in the

LHR group (p\ 0.008) but increased by 0.5%, SD 8.9, in

the OHR group (p\ 0.826). Examples of the measure-

ments on radiographs of both surgical procedures are

shown in Figs. 1 and 2.

Dislocation of the mesh markers was noted in four

(21%) LHR patients, of whom two had a recurrence. One

(6%) OHR patient had a dislocation but no recurrence. No

difference was noted in dislocation rate between the groups

(p\ 0.342). In the LHR group two upper midline recurrent

hernias occurred, and one port-site hernia was diagnosed.

The mesh area changes of the two recurrent hernias were

-13 and -7%.

Pain assessed before and 1 year after surgery is pre-

sented in Table 2. There are no differences between LHR

and OHR regarding pain and mesh area change. No cor-

relations were found between pain assessments and mesh

area change.

Review of the literature

The literature search returned 114 publications. After

reviewing the abstracts, six publications remained: three

randomized clinical trials [3, 6, 14], one retrospective study

[15] and two publications [14, 16] on imaging and mea-

suring implanted meshes in humans (Table 3). Mesh con-

traction in the IPOM position was addressed in three

publications and in the sublay position in one. Two pub-

lications on inguinal hernia repairs were identified: one

with a mesh in the anterior/interstitial position (Lichten-

stein repair) and one with a mesh in the posterior

extraperitoneal position (TAPP).

All publications included different meshes with partic-

ular textures, porosities, and weights. Three were made of

polypropylene [3, 5, 6], one of expanded polytetrafluo-

roethylene (ePTFE) [15], one of polyvinylidene difluoride

(PVDF) [17], and one was a composite mesh of

polypropylene and PVDF [14]. IPOMs were fixed using

transfascial non-resorbable sutures in combination with

permanent [3, 15] or resorbable [14] tackers. The ran-

domized trial on mesh fixation with resorbable versus

permanent tackers included 18 patients in each group [3].

In the retrospective study, 17 of 40 patients received non-

resorbable tackers.

The size of the meshes was assessed radiologically

with either conventional abdominal X-ray examination,

computer-assisted tomography (CT), or magnetic reso-

nance imaging (MRI). Preoperative radio-opaque treat-

ment or metal clips on the borders made the mesh

position visible on examinations. All except the retro-

spective study examined the mesh size within 1 week of

mesh implantation and at follow-up (3–18 months).

Mesh size change was reported as percent of the size at

the first examination. The area of the meshes in the IPOM
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position varied between -2.5 and -14%, resulting in an

overall mean area change of -6.4%, SD 6.4 (decrease),

corresponding to a linear change of -3.3%. The area of

meshes in the retromuscular position varied between a 12

and 16% increase (mainly due to a transverse increase)

resulting in an overall mean area size change of ?10%, SD

6.1 (increase), corresponding to a linear change of ?5%

(Table 4).

Discussion

We assessed the long-term behavior of meshes in the

IPOM and retromuscular position. At 1-year follow-up the

IPOM meshes had decreased marginally in size for both

directions, in contrast to the retromuscular meshes that

marginally decreased in the longitudinal, but surprisingly

increased in the transverse direction. Alterations in both

Table 1 Characteristics of mesh size changes over time

LHR (n = 20) p OHR (n = 17) p

Baseline 1 year Baseline 1 year

Hernia defect

Length, cm 9.0 SD 5.4 7.6 SD 5.8 \0.431

Width, cm 6.1 SD 2.8 4.6 SD 2.4 \0.107

Area (mn SD), cm2 68 SD 57 45 SD 48 \0.301

Area (md IQR), cm2 41 18–104 25 6–86 \0.341

Mesh size

Length (mn SD), cm 15.9 SD 4.7 15.4 SD 4.5 <0.023 11.1 SD 3.8 10.8 SD 3.5 \0.040

Width (mn SD), cm 16.2 SD 4.7 16.0 SD 3.5 <0.275 12.3 SD 2.5 12.6 SD 2.6 \0.007

Area, (mn SD), cm2 266 SD 114 253 SD 109 <0.011 143 SD 68 142 SD 68 \0.725

Area (md IQR) cm2 253 157–389 239 145–366 240 175–412 131 83–195

Mesh change % from start

Length, mn% -2.8 SE 1.15 <0.026 -2.6 SE 1.66 \0.134

Width, mn% -1.6 SE 1.21 <0.194 ?3.13 SE 0.98 \0.006

Mesh area, mn% -4.4 SE 1.48 <0.008 ?0.48 SE 2.16 \0.826

p\ 0.05 are presented in bold

mn mean, SD standard deviation, md median, IQR interquartile range, SE standard error, LHR laparoscopic hernia repair, OHR open hernia repair

Fig. 1 Abdominal supine examination after laparoscopic incisional hernia repair. The mesh is fixed with concentric rows of metal spiral tackers.

The marker has a 10-mm hole and a 25 mm diameter. a Postoperative 1 day. b Postoperative 1 year
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groups were marginal. The IPOM and retromuscular

meshes are not directly comparable, as they are designed

with properties specific for their intended position in the

abdominal wall. Provided adequate mesh placement, we

found that contraction alone cannot account for

recurrence.

The difference in length and width of the mesh in this

study was around 3% in the laparoscopic position, equal to

0.3 cm per 10 cm. Beldi et al. [3] performed an RCT on

laparoscopic hernia repair with a light-weight coated

polypropylene mesh, comparing tackers versus combined

tackers and transfixation, where mesh shrinkage in relation

to pain was studied. Radiological examination after

6 months was compared to immediate postoperative

examinations. In their tack fixation group, Beldi et al.

found a horizontal size difference of -3.1% and vertical

size difference of -2.8%, which is in line with our results.

Area size was estimated using a special software tool and

resulted in a -2.5% difference (indicating a -1.3% linear

change, from Beldi et al., Fig. 3c) in the tack group, a

clinically insignificant difference. No mesh displacements

were found.

We found no correlation between mesh area change and

pain. Postoperative pain has been regarded as a conse-

quence of surgical injury to nerves, fixing techniques, or

potential mesh contraction. Permanent transfascial sutures

have been associated with chronic pain in 1–11% [3, 11].

Severe pain occurs when sutures include nerves or cause

tension at the fixation points in the abdominal wall.

However, one cohort trial and one RCT on pain after LHR

comparing sutures to tackers did not show any difference

between fixation techniques [18, 19]. It is difficult to

Fig. 2 Abdominal supine examination after open incisional hernia

repair. Mesh is placed in the retromuscular plane of the rectus

abdominis muscles. Metal clips mark the longitudinal and transverse

edges of the mesh and the hernia defect. The marker has a 10-mm

hole and a 25 mm diameter. a Postoperative 1 day. b Postoperative

1 year

Table 2 Pain assessment and

correlation to mesh area change

(MAC)

LHR OHR p

Preoperative

VAS (mm) 2 (0–42) 23 (0–32) \0.650

Follow-up

VAS (mm) 0 (0–4) 0 (0–2) \0.564

MAC rp (p value) 0.109 (p\ 0.646) -0.208 (p\ 0.457)

Change

VAS (mm) -2 (-34 to 0) -14 (-32 to 0) \0.662

MAC rp (p value) -0.209 (p\ 0.406) 0.025 (p\ 0.938)

VAS values are median and interquartile range, rp Pearson correlation coefficient
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separate the amount of pain caused by tension or contrac-

tion versus fixation in LHR since fixation of the mesh is

mandatory. The intention of using resorbable fixation

devices in LHR is that pain caused by fixation is to dis-

appear over time, while biointegration will keep the mesh

in place.

This study was not designed to detect differences in

recurrences. All meshes were to cover the hernia defect and

the total incision by at least 5 cm in all directions. We

consider the two recurrences that occurred within

12 months in the LHR group as technical failures. Another

patient experienced a new port-site hernia, an inherent risk

with the laparoscopic technique.

The horizontal width of the mesh increased in the OHR

group. It may be an advantage for the OHR-operated

patients that the hernia defects were closed, thereby

increasing the relative overlap. The ‘‘readapted’’ hernia

borders at the midline in OHR stretch the abdominal wall

structures caused by the tension of the closing suture.

During the postoperative period an adjustment might take

place until equilibrium of tension forces is attained in tissue.

This may explain the horizontal extension of the mesh in the

sublay position after 1 year, even if the mesh properties

(heavy-weight with small pores) suggest otherwise. In an

RCT, Langer et al. [5] compared a light-weight small-pore

mesh to a heavy-weight middle-size pore mesh (both

polypropylene) in the sublay position. A small mesh con-

traction of 8% was found, all in the heavy-weight mesh

group. All remaining meshes displayed a horizontal

increase in size (but not vertical), in contrast to our study.

Using radio-opaque markers and X-ray examination has

weaknesses. The accuracy of the measuring method has not

been validated. A protocol for the imaging procedure was

pursued, attempting to replicate the setup of the images.

Placing the marker on the former midline hernia turned out

to be difficult due to the wound dressing in the initial image.

An improved, standardized placement of the marker, e.g., at

the umbilicus, or at a point triangulated from anatomic

landmarks such as the iliac spines and the symphysis, could

have optimized the imaging further. The distance between

the skin and the position of the mesh is the subcutaneous fat

and the muscular wall, usually a few centimeters. There is

Table 3 Review of mesh behavior in hernia repairs—study type and operative data

References Study n Mesh Mesh

material

Mesh position Mesh fixation Mesh

overlap (cm)

Hernia

defect (cm)

Ventral hernia studies

Schoenmaeckers

et al. [15]

2009, The

Netherlands

Retrospective 40 Dualmesh� ePTFE IPOM Transfix ? Protack� – –

Langer et al. [5]

2010, Germany

RCT mesh

type

27

23

Biomesh� • PP Hw

• PP Lw

Retromusc. PDS� 5 [4

Beldi et al. [3]

2011,

Switzerland

RCT mesh

fixation

36 Parietene

Composite�
PP IPOM • ProTack�

• Transfix

5 \8

Köhler et al. [14]

2015, Austria

Case report 10 Dynamesh

IPOM�
PP/PVDF IPOM Transfix ? Secure

Straps�
5 –

Rogmark et al.

[13] 2016,

Sweden

RCT op

technique

20

17

Proceed�

Prolite�
PP Lw

PP Hw

• IPOM

• Retromusc.

ProTack�

Suture

5 \10

Inguinal hernia studies

Silvestre et al.

[6] 2011,

Brazil

RCT mesh

type

15

15

Prolene�

Ultrapro�
• PP Hw

• PP Lw

Licht:n – – –

Ciritsis et al. [17]

2014, Germany

Case report 10 Dynamesh

Endolap�
PVDF TAPP – – –

Summary 4 RCT

3 Case R

173

40

153 PP

40 ePTFE

20 PVDF

106 IPOM

67 Retromusc.

30 Licht:n

10 TAPP

ePTFE expanded polytetrafluoroethylene, PVDF polyvinylidene difluoride, PP polypropylene, Lw light weight, Hw heavy weight, • identifies

group randomization
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about 1 m distance between the marker and the X-ray tube,

making the projection error between the 25 mm marker and

the mesh about 0.25 mm per 1 cm distance (rule of pro-

portions, regula de tribus). No record of BMI at follow-up

was recorded, as a major weight change could change the

relation between the observed measure of the markers and

of the mesh. CT would probably have returned easier

measurement points and facilitated complementary data

collection, but could hardly justify the increased radiation

exposure of the patient.

To our knowledge no standard polypropylene meshes

today are visible on a routine X-ray examination without

special treatment, which in turn may alter the immunolog-

ical response and degree of collagen deposition. The use of

Table 4 Review of mesh behavior in hernia repairs—mesh size change, dislocation, and recurrence

Reference Follow-up

(months)

Follow-up

modality

Mesh size change (%) Dislocation Recurrence Comment

Ventral hernia studies

Schoenmaeckers et al. [15]
2009, The Netherlands

IPOM

18 CT Tv: -7.5 ± 7.5

A: -14

– 2 Initial size from medical records

Area estimated from linear scale

17 fixed Protack

1 recurrence in uncovered incision
with 22% mesh contraction

2/3 had minimal contraction

Langer et al. [5] 2010,
Germany

Retromuscular

12 X-ray and
CT

A: Hw: ?12

Lw: ?16

– 0 Only transverse increase

Measured between

day 7 and 12 months

Only 4 patients (8%) in Hw with
decreased area (22, 8, 8, 3%)

Area change calculated from
author’s table

Graphs indicate about

8–12% transverse increase

\2% vertical increase

Beldi et al. [3] 2011,
Switzerland

IPOM:

tacks (t) vs sutures (s)

6 X-ray Vt: t -2.8 SD 6.1

s -0.7 SD 4.1

Tv: t -3.1 SD 3.9

s -0.1 SD 2.3

A: t -2.5

s ?3.1

0 2 More pain in suture group at 6 w:

2 nerve entrapments

2 recurrences (1 in each group)

Area change calculated from the
author’s graph.

Köhler et al. [14] 2015,
Austria

IPOM

3 MRI A: -4.2 – – 15 9 15 mesh implanted

Between preop and day 1: -15.6%

Between preop and day 90:
-19.1%

Rogmark et al., [13] 2016,
Sweden

IPOM (i) and

Retromuscular (r)

12 X-ray Vt: i -2.8 SD 1.15

r -2.6 SD 1.66

Tv: i -1.6 SD 1.21

r ?3.1 SD 0.98

A: i -4.4 SD 1.48

r ?0.5 SD 2.16

5 3 5 dislocation in IPOM

2 recurrences IPOM

1 new port-site hernia

Inguinal hernia studies

Silvestre et al. [6] 2011,
Brazil

3 X-ray A: Hw: -7.9

Lw: -4.3

– 0

Ciritsis et al. [17] 2014,
Germany

3 MRI A: -20.9 SD 7.1 – – 7 patients, 3 bilateral operations

Average weighted size change

IPOM Area: -6.4 SD 6.4

Linear: -3.3

Retromuscular (sublay) Area: ?10.4 SD 6.1

Linear: ?5

A area, Vt vertical, Tv transverse, Lw light weight, Hw heavy weight
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metal clips can only help in identifying the borders of the

mesh. One commercially available polyvinylidene difluo-

ride (PVDF) mesh has added superparamagnetic nanopar-

ticles of ferrofluids to make it visible in MRI exams [17].

This property of a mesh could facilitate studies of mesh

contraction, wrinkling, folding or displacement over time.

Successful integration of the mesh requires a flat mesh

that adheres to the abdominal wall [16]. This can easily be

achieved in the retromuscular position, where the mesh will

be kept in place in an envelope of fascia or peritoneum.

The intraabdominal wall pressure will also help by giving

the mesh good support for ideal ingrowth and to keep the

mesh in place. Fixation of the mesh can be reduced and

probably even abandoned in the retromuscular space due to

the pressure properties. This is a huge advantage in

reducing pain compared to the extensive fixation of the

mesh needed in the intraabdominal position using IPOM

techniques [12].

The majority of studies report on mesh ‘‘contraction’’ in

the IPOM position. However, it is unclear whether this is a

result of a true contraction due to fibrosis from a host

response, or because of partial detachment of the mesh due

to poor local conditions for mesh ingrowth and the physi-

ological activity of the abdominal wall resulting in small

‘‘wrinkling’’ of the mesh, which seems to increase the risk

for observed ‘‘contraction’’ and makes in vivo mesh mea-

suring prone to errors [17]. When placing a flat mesh using

laparoscopic technique, some ‘‘planned’’ wrinkles occur to

fit the dome-shaped cavity. The intraabdominal pressure is

often lowered during the operation when the mesh is

implanted, in an attempt to reduce wrinkles. This would

only marginally reduce the problem since the surgeon

would still need a proper view for mesh placement. At

desufflation even more wrinkles may appear, making per-

fect ingrowth hard to attain.

The abdominal cavity exhibits a huge variation in con-

ditions for mesh attachment and ingrowth. The abdominal

cavity has a well-attached peritoneal coverage over the

posterior rectal fascia, excluding the area of the fatty fal-

ciform ligament and from the midline below the umbilicus.

Peritoneum is more loosely attached to the lateral muscles

and very loosely attached below the arcuate line. As a

result, the conditions for mesh integration vary widely in

different locations. Surgical techniques used for prepara-

tion before placing the mesh at laparoscopy vary and are

seldom described in details in studies. Most surgeons

would advocate covering the mesh with the peritoneum

whenever possible. Transfixation sutures through the

abdominal wall of the mesh can cause severe pain, at least

initially, as well as nerve entrapment [3, 20].

Ingrowth of the mesh, i.e., fibroblast migration and

collagen synthesis enclosing the mesh fibers, fixing it to the

supporting tissue, is dependent on time and on physical

properties of the mesh. Several studies have reported on an

active phase with intensive immunological activity lasting

1–4 weeks [5]. After 3–6 months the activity subsides and

returns to normal activity, and after 6 months maturation of

the scar tissue has been seen [4, 21]. A heavy-weight mesh

induces stronger and more long-lasting tissue response with

active inflammatory processes even after 1 year [22], but

even after 5 years were the processes active in explanted

heavy-weight meshes [23]. However, these explants may

not be representative as it contained complications of

inguinal hernia meshes—recurrence (62%), infection

(25%), and chronic pain (13%)—explanted after median 20

(range 4–180) months. The authors concluded that for

heavy-weight meshes the biocompatibility increased over

time, and that complications were extremely rare 5 years

after implantation, the majority occurring within 3 years.

With diminishing immunological activity and maturation

of the collagen scar, further mesh contraction seems unli-

kely [24].

There is no standard approach for how to report on mesh

contraction. In some reports the linear scale is used and in

others a quadratic scale (i.e., the area). A 10% decrease in

the linear scale corresponds to a 19% decrease in the

quadratic scale (and 20–36%). From a clinical perspective,

an area size reduction of 10% would correspond to a linear

decrease in about 5–7 mm from the center of a 10-cm

mesh. Meticulous placement of a mesh of adequate size

will be important. The recommendation of at least a 5-cm

overlap of the mesh in the IPOM position [11] might be

insufficient to compensate for inadequate placement and

fixation. Tacker fixation is recommended to be put in

aponeurotic tissue. Transfascial permanent fixation may be

Fig. 3 Change of mesh measurements after 1 year relative to the

immediate postoperative measurement. The horizontal black line is

the mean change. Area defined as length 9 width
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more reliable, but has its shortcomings in causing possible

chronic pain by nerve entrapment or tension.

In conclusion, long-term mesh size changes are minimal

in both retromuscular and IPOM position and should not be

regarded as a clinical problem. Pain seems not to be cor-

related to mesh area change. Adequate mesh overlap,

positioning, peritoneal contact, and fixation are all impor-

tant for the prevention of recurrences, particularly in

laparoscopic intraperitoneal mesh placement.
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