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Abstract
Introduction  Morbidity following open inguinal hernia repair is mainly related to chronic pain. ProGrip™ is a self-gripping 
mesh which aims to reduce rates of chronic pain. The aim of this study is to perform an update meta-analysis to consolidate 
the non-superiority hypothesis in terms of postoperative pain and recurrence and perform a trial sequential analysis.
Methods  Systematic review of randomised controlled trials performed according to PRISMA guidelines. Pooled odds 
ratios with 95% confidence intervals (CI) were calculated using the Mantel–Haenszel (M–H) method. The primary outcome 
measure was postoperative pain and secondary outcomes were recurrence, operative time, wound complications, length of 
stay, re-operation rate, and cost. Trial sequential analysis was performed.
Results  There were 14 studies included in the quantitative analysis with 3180 patients randomised to self-gripping mesh 
(1585) or standard mesh (1595). At all follow-up time points, there was no significant difference in the rates of chronic pain 
between the self-gripping and standard mesh (risk ratio, RR 1.10, 95% confidence interval, CI 0.83–1.46). There were no 
significant differences in recurrence rates (RR 1.13, CI 0.84–2.04). The mean operating time was significantly shorted in the 
ProGrip™ mesh group (MD − 7.32 min, CI − 10.21 to − 4.44). Trial sequential analysis suggests findings are conclusive.
Conclusion  This meta-analysis has confirmed no benefit of a ProGrip™ mesh when compared to a standard sutured mesh 
for open inguinal hernia repair in terms of chronic pain or recurrence. No further trials are required to address this clinical 
question.

Keywords  Open inguinal hernia · ProgGrip · Self-gripping mesh

Recent hernia guidelines still consider the Lichtenstein tech-
nique to be the reference standard for open inguinal her-
nia repair [1]. Recurrence rates are reported to be less than 
1% [1, 2]. Morbidity is primarily related to chronic pain, 
which can occur in up to 63% of patients and affects quality 
of life in 5–10% [3]. Several factors have been implicated 
in chronic postoperative pain, including recurrence, noci-
ceptive problems (tissue inflammation, foreign material, 
meshoma [4]) and neuropathic causes (direct nerve injury 
or perineural scaring) [3, 5]. The causes of neuropathic pain 
are nerve entrapment by mesh or sutures and neuroma for-
mation associated with complete or partial transection of 
the involved nerve [6]. Factors that may be responsible for 
chronic pain include taut fixation of the mesh, peri-ostial 
sutures into the pubic tubercle and herniotomy instead of 
repositioning of the hernia sac [7].

Self-gripping meshes have been developed, aiming at 
reducing short-term and long-term postoperative pain with 
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comparable recurrence rates. This is purported to be due in 
part to a reduced inflammatory response and a less intense 
foreign body reaction [8]. In addition, by avoiding suture 
fixation it is thought to reduce the risk of suture-related neu-
ropraxia, nerve entrapment, and nerve injury [9].

Early individual trials suggest a lower incidence of early 
postoperative pain with the use of self-gripping mesh com-
pared to suture mesh fixation for open inguinal hernia repair 
[10, 11]. Four meta-analyses of randomised trials, however, 
have consistently demonstrated no significant difference in 
pain scores with comparable recurrence rates [8, 9, 12, 13]. 
The only reported benefit is a reduction in operation time 
with the self-gripping mesh [8, 9, 12, 13].

The objective of this study is to perform an update meta-
analysis to consolidate the non-superiority hypothesis in 
terms of postoperative pain and recurrence when compar-
ing self-gripping with suture mesh fixation for open ingui-
nal hernia repair. Furthermore, to perform a trial sequential 
analysis and investigate whether the required information 
size has been reached and evidence is conclusive, or alterna-
tively compute the number of patients required to be enrolled 
in further trials.

Methods

The protocol for this systematic review was established 
prior to initiation of the study and was registered under the 
number CRD42018069266 in the International Prospective 
Register of Systematic Reviews (PROSPERO) database 
[14]. The reporting methodology conforms to the PRISMA 
(Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guidelines [15].

Eligibility criteria, study selection and search 
strategy

Randomised controlled trials only were included comparing 
standard sutured mesh fixation with self-gripping mesh for 
open inguinal hernia repair. No other study design was con-
sidered. Studies enrolling patients aged over 16 years with 
primary unilateral or bilateral inguinal hernias repaired by 
the open approach were included. No other exclusion criteria 
were applied. The intervention was any technique of open 
inguinal hernia repair using a self-gripping mesh and no 
other method of invasive fixation (i.e. including penetration 
of musculature, muscle fascia, and/or the pubic bone). The 
control group was any technique of open inguinal hernia 
repair including mesh fixation onto the posterior wall of 
inguinal canal with any method of invasive fixation.

The electronic databases of Embase, Medline through 
PubMed, the Cochrane Central Register of Controlled Trials 
(CENTRAL, provider Wiley Online Library) and OpenGrey 

were searched from their inception until January 2018. A 
combination of the following MeSH terms (Medical Subject 
Headings) were used: “inguinal”, “groin”, “hernia”, “herni-
orrhaphy”, “Lichtenstein”, “mesh”, “prosthetic material”, 
“self-gripping”, “self-fixing”, “self-adhesive”, “Velcro 
effect” and “Progrip” (see Online Appendix 1 for search 
syntaxes). No language restrictions were applied. Eligibility 
assessment was performed independently in an unblinded 
standardised manner by two reviewers. Disagreements were 
resolved by consensus.

Data collection

Three independent reviewers were involved in study selec-
tion. Reviewers were blinded to studies selected for inclu-
sion by the other reviewer. Discrepancies were resolved by 
a third party. Bibliographic references of published studies 
and reviews were also interrogated. Data were extracted 
using a standardised data collection form. One reviewer 
extracted the data and the second and third reviewers 
checked the extracted data. Attempts were made to contact 
authors of studies to verify extracted data and provide addi-
tional information.

The primary outcome measure was postoperative pain. 
Data related to the primary outcome measure were collected 
from the abstract, main text, tables or graphs. The time inter-
vals for short-term assessment of postoperative pain were 
defined as 6 h, 12 h and 24 h. Longer term follow-up inter-
vals were 1, 3, 6 and 12 months, 2 years and 3 years. If data 
on follow up were inadequate (less than 5 trials) then time 
intervals were merged to complete a set of 5 trials providing 
data. The longest duration of follow-up (minimum 1 year) 
was considered for trial sequential analysis (TSA). Most 
studies were expected to assess postoperative pain using the 
mean visual analogue scale (VAS) from 0 to 10. VAS scores 
ranging from 0 to 100 were converted to an 11-scale climax.

The secondary outcome measures were hernia recurrence; 
operative time; seroma/haematoma/soft tissue collection; 
wound infection; re-operation; hospital stay; and cost. The 
method of assessment of hernia recurrence was documented 
(clinical or radiological). Definitions of operative time, and 
descriptive data on seroma/haematoma/soft tissue collection 
(such as method of diagnosis) and on cost (hospitalisation, 
operative or material cost) were documented.

Synthesis of results

A fixed effect model was applied to synthesise data in the 
absence of statistical and conceptual heterogeneity. The 
presence of heterogeneity was evaluated by assessing the 
consistency of study population, intervention, perioperative 
care characteristics and method of outcome assessment, by 
inspecting the forest plots, and by computing the I2 values. 



2482	 Surgical Endoscopy (2021) 35:2480–2492

1 3

If significant heterogeneity among the included studies was 
identified, random-effects analysis according to DerSimo-
nian and Laird was used. Difference in means (MD) with 
95% confidence intervals (CIs) were calculated to assess 
the size of the effect of the use of self-gripping or conven-
tional meshes on continuous variables as appropriate. Where 
means and p values were given, we estimated the standard 
error and the standard deviation by calculating the standard 
error and t value using the given degrees of freedom. The 
standard error and standard deviation were obtained from 
confidence intervals using the formula suggested by the 
Cochrane Collaboration [16]. Pooled risk ratios (RRs) with 
95% CIs were calculated to measure the effect of each type 
of procedure on dichotomous variables. Publication bias was 
assessed visually evaluating the symmetry of funnel plots 
if at least 10 trials were included in the meta-analysis. Sta-
tistical analysis was performed using RevMan 5.3 (Review 
Manger 5.3, The Nordic Cochrane Centre, Copenhagen, 
Denmark).

Trial sequential analysis was performed to assess the 
possibility of type I error and to compute the information 
size. The Land and DeMets method was used to construct 
monitoring boundaries and set adjusted thresholds for sta-
tistical significance [17]. The information size was calcu-
lated at α = 0.05, β = 0.2, relative risk reduction of 50% and 
a cumulative incidence of chronic postoperative pain of 6.1% 
based on available trials. The Z value curve was constructed 
based on consecutive Z values calculated upon two-sided 
significant testing. Trial sequential monitoring boundaries 
were constructed using conventional testing and applying 
the O’Brien-Fleming α-spending function [18]. Futility test-
ing was performed and the respective futility boundaries 
were constructed to assess whether the two interventions 
differ more than the anticipated intervention effect. Trial 
sequential analysis was performed using The Trial Sequen-
tial Analysis software 0.9.5.10 Beta (Copenhagen Trial Unit, 
Copenhagen, Denmark).

Sensitivity analyses of studies comparing self-gripping 
mesh versus (i) suture or (ii) tack fixation were planned, 
provided at least 3 studies would be available for each anal-
ysis. Post hoc subgroup analyses considered comparisons 
of Parietex ProGrip™ versus standard mesh and Parietene 
ProGrip™ versus standard mesh.

Methodological assessment

Risk of bias of the included studies was assessed using 
Cochrane Collaboration’s tool [19]. This tool considers ran-
dom sequence generation, allocation concealment, blinding 
of participants, personnel and outcome assessors; incom-
plete outcome data, selective outcome reporting and other 
potential threats to validity.

IRB approval and written consent were not required for 
this study.

Results

Study selection and quality assessment

The searches of the electronic databases retrieved 176 
records. After exclusion of duplicates, 103 titles and 
abstracts remained for screening. From these, 21 articles 
were selected for full-text review and 19 articles reporting on 
randomised controlled trials (RCTs) fulfilled the eligibility 
criteria and were included in the qualitative analysis. There 
were 5 trials that included two papers; short and long-term 
follow up so overall 14 studies were included in the quan-
titative analysis. There was excellent agreement between 
the reviews with only 2 articles causing conflict which were 
resolved by a third reviewer (SAA) and one of these was 
subsequently included. Literature search processes are sum-
marised in Fig. 1. Search strategies can be found in Online 
Appendix 1.

Support was given to 2 studies by Covidien with one stud-
ies receiving a grant [20] and Jorgensen declared previous 
funding from Covidien for research support [21] but no con-
flicts of interest were declared. No other studies declared any 
conflicts of interest although this was not formally stated by 
3 studies [21–23]. During the writing of the meta-analysis 
the long-term results of one of the studies already included 
was published and hence included in the analysis [20]. The 
risk of bias assessment of articles that were judged to be of 
acceptable or high quality is illustrated in Fig. 2A, B.

Study characteristics

The 14 included RCTs were published between 2010 and 
2018 and all were written in the English language. A total 
of 3180 patients were included, randomised to ProGrip™/
self-gripping mesh (n = 1585) or standard mesh (n = 1595). 
Study characteristics are summarised in Table 1.

Of the trials reporting sex of patients, 97% were male 
with two trials recruiting only male patients [24, 25]. The 
time period the studies were conducted over was from 2007 
until 2013. Duration of follow up ranged from 6 months to 
6 years.

Chronic groin pain was the primary outcome measure in 
ten trials. Two reported primarily operative time [23, 26] 
and one recurrence [22]. Further details are presented in 
Online Appendix 2. Half of the trials used ProGrip™ Pari-
etene (polypropylene) and the other half Parietex (polyes-
ter). The control arm meshes were all made of polypropyl-
ene except for Molegraaf [27] who used a polyester mesh. 
The earlier seven trials had limited duration of follow up 
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to one year whereas the later trials extended their follow 
up to up to six years. Most of the trials only included 
patients with primary inguinal hernia except the trial by 
Ronka [28] where both primary and recurrent hernias were 

included. All the studies reported data on unilateral hernia 
repairs alone except the trial by Perrero et al. [24]. Only 
four trials reported the use of the intention-to-treat prin-
ciple [21, 27, 29–31].

Fig. 1   PRISMA flow chart of search history and study selection



2484	 Surgical Endoscopy (2021) 35:2480–2492

1 3

Two studies, the FinnMesh trial [28] and Fernandez trial 
[22], were three arm RCTs comparing the self-gripping 
mesh, glue fixation and suture fixation of mesh. For the pur-
pose of this meta-analysis the patients receiving glue fixation 
were excluded.

The trial by Kingsnorth/Sanders [11, 32] was the only 
one to perform a subgroup analysis. The self-gripping mesh 
group was divided into a subgroup without fixation and a 
group with a single suture fixation. There is a theory that 
even a single suture may lead to more postoperative pain. 
This study found that those without fixation had less pain at 
1 and 3 months follow up.

Two studies were abstract publications, hence limited 
data were available. The authors were contacted but did not 
wish to release any further data prior to publication of their 

work. One of these was the follow up to an earlier included 
study by Chatzimavroudis [33]. The other by Fernandez [22] 
reported only recurrence data but as the follow up was two 
years it was eligible to be included in the analysis.

Data synthesis

Chronic pain

Chronic pain was reported in 13 trials. The definition of 
chronic pain was variable and five studies did not provide 
a definition (Online Appendix 2). Rates of chronic pain 
were analysed separately at different follow-up time peri-
ods (3–12 months, 2 years and 3 years). At all follow-up 
time points there was no significant difference in the rates 

Fig. 2   A Summary of judgement on risk of bias across the RCTs. B Risk of bias graph
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of chronic pain between the self-gripping and standard 
mesh (RR 1.10, 95% CI 0.83–1.46) (Fig. 3). Between 3 
and 12 months a total of 1784 patients were analysed and 
7.3% (131) had chronic pain (69 self-adhering, 62 standard) 
(RR 1.13, CI 0.82–1.56). The frequency of chronic pain 
decreased over time for both groups but then reached a pla-
teau. At 2 years 330 patients were analysed and 4.5% (15) 
had chronic pain (8 self-adhering and 7 standard) (RR 1.16, 
CI 0.43–3.12). Between 3 and 6 years postoperatively 500 
patients were analysed and 5.4% (27) had chronic pain (13 
self-adhering, 14 standard) (RR 0.93, CI 0.45–1.93). A fixed 
effect model was used as there was no evidence of concep-
tual or statistical between study heterogeneity. The funnel 
plot did not suggest presence of small study effects (Fig. 4).

VAS scores were reported by 13 trials but specifically 
mean VAS scores were only reported by 9 trials. Jor-
gensen [21] reported the percentage of patients with VAS 
scores > 30 and it was not clear if the data by Fan [26] and 

Fig. 3   Forest plot of risk ratio for chronic pain between self-gripping and standard mesh for open inguinal hernia. M–H Mantel–Haenzel, CI 
confidence interval

Fig. 4   Funnel plot of treatment effect estimates against the standard 
error of the treatment effect for chronic pain
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Zwaans [20] were means as there was no clear statement. 
When specifically comparing studies that reported data using 
mean VAS scores at multiple time points there is no statisti-
cally significant difference between the self-gripping and 
standard meshes (24 h MD 0.02, CI − 0.65 to 0.69; 7 days 
MD − 0.31, CI − 0.69 to 0.08; 1 month MD 0.02, CI − 0.2 
to 0.24; 12 months MD 0.08, CI − 0.13 to 0.29), although 
the statistically significant difference at 2 and 3 years can be 
attributed to the relative weight of the RCTs by Molegraaf 
and Fan, respectively; (2 years MD 0.2, CI 0.19 to 0.21; 
3 years MD 0.01, CI 0.01 to 0.01) (Fig. 5). These differences 
are however of no clinical significance. The funnel plot sug-
gested some evidence of small study effects (Fig. 6).

Recurrence

Recurrence rates were reported in 12 trials over a range 
from 1 year to 6 years. Most trials assessed hernia recur-
rence by clinical examination. Three trials did not record 
the method of diagnosis of recurrence. Ronka et al. [28] 

Fig. 5   Forest plot of the mean difference for visual analogue scale (VAS) for pain between self-gripping and standard mesh for open inguinal 
hernia. CI confidence interval

Fig. 6   Funnel plot of treatment effect estimates against the standard 
error of the treatment effect for VAS scores for chronic pain
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assessed patients by clinical examination and ultrasound 
but only those that reported symptoms at a telephone 
follow up clinic. There were no significant differences 
in recurrence rates between the self-gripping and stand-
ard mesh. A total of 3203 patients were analysed with 
an overall 2.3% recurrence rate (73 patients—42 self-
adhering and 31 standard mesh) (RR 1.31, CI 0.84–2.04) 
(Fig. 7). There was low evidence of between study hetero-
geneity (I2 = 18%). The funnel plot did suggest the pres-
ence of some small study effects (Fig. 8).

Sensitivity analysis for recurrence rates by calculation of 
the risk difference (RD) was performed and found similar 
results (RD 0.01, CI 0.00–0.02). This has allowed the inclu-
sion of studies that reported a 0 recurrence rate [3, 5, 8, 9, 
12, 16] hence providing a more accurate analysis (Fig. 9).

Operative time

Operative time was reported by 12 trials and nine trials 
reported the mean operating time. The mean operating 
time was significantly shorter in the self-gripping mesh 
group (MD − 7.32, CI − 10.21 to − 4.44) (Fig. 10). There 
was considerable between study heterogeneity (I2 = 92%). 
The funnel plot was not suggestive of small study effects 
(Fig. 11).

Other results

Results for wound complications, hospital stay, re-operation 
rates and cost are displayed in Online Appendix 3.

Subgroup analyses

Post hoc subgroup analyses of Parietex ProGrip™ vs. 
standard mesh and Parietene ProGrip™ vs. standard 
mesh did not suggest substantial differences in effect 
estimates between Parietex and Parietene, although only 

Fig. 7   Forest plot of risk ratio for recurrence rates comparing self-gripping and standard mesh for open inguinal hernia. M–H Mantel–Haenzel, 
CI confidence interval

Fig. 8   Funnel plot of treatment effect estimates against the standard 
error of the treatment effect for recurrence rates
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a few analyses were informed by at least 3 studies (Online 
Appendix 4).

Trial sequential analysis

The information size was calculated at 1417 patients. The 
Z-curve did not cross the O’Brien–Fleming α-spending 

boundaries and the evidence of non-superiority of the self-
gripping mesh compared to the standard mesh can be con-
sidered to be conclusive (Fig. 12).

Fig. 9   Forest plot of the sensitivity analysis of recurrence rates between the self-gripping and standard meshes. M–H Mantel–Haenzel, CI confi-
dence interval

Fig. 10   Forest plot of risk ratio for operative time comparing self-gripping and standard mesh for open inguinal hernia. M–H Mantel–Haenzel, 
CI confidence interval
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Discussion

This meta-analysis of randomised controlled trials pro-
vides robust evidence on the comparative effect of self-
gripping and standard meshes for open inguinal hernia 
repair. It included 13 studies and 2786 patients. It shows 
no difference with respect to chronic pain or recurrence 
rates. The calculated information size suggests that the 
cumulative number of patients enrolled in published RCTs 
is large enough to draw solid conclusions on the non-
superiority of the self-gripping mesh for inguinal hernia 
repair and further trials are highly unlikely to change this 
outcome.

One important issue regarding all the included trials 
is the definition of what material constituted the meshes 
used as both the ProGrip™ and the ‘standard’ mesh in the 
control arm were variable. This is an important source of 

heterogeneity. Half of the trials reported data on ProGrip™ 
Parietene (polypropylene) which has subsequently been dis-
continued and the more recent studies on ProGrip™ Parie-
tex (polyester). All the trials except one used polypropylene 
mesh in the control arm, although of variable polymer fibre 
size; Molegraaf [27] used a polyester mesh. The trials that 
used different meshes were not just comparing method of 
fixation (self-gripping vs. suture) but are also comparing 
mesh material composition (which comprises polymer type, 
polymer fibre size, weave & porosity). For a true comparison 
of the effect of self-fixation in isolation meshes made of the 
same material should have been used, which was done by 
seven of the trials.

The main advantage of the ProGrip™ mesh lies in the 
reduction in operative time which has been shown to be sig-
nificant in agreement with previous meta-analyses [8, 9, 12, 
13]. This is due to the method of insertion i.e. placing the 
mesh onto the posterior inguinal wall rather than suturing 
to the inguinal ligament. Analysing the cost of the mesh in 
this review found on average that the ProGrip™ mesh was 
at least twice as expensive as the standard mesh. All health 
care services demand value which has been defined as out-
comes related to costs and encompasses efficiency [34]. It 
is difficult to justify a more expensive mesh without proof 
of clinical effectiveness. Molegraaf et al. [8], however, sug-
gested that the reduction in operation time and improved 
theatre efficiency would compensate for the higher cost of 
the mesh but no formal cost effectiveness analysis has been 
performed. Nevertheless, cumulative analysis suggests a 
mean difference of − 7 min in operative time, which would 
be probably of no significance.

Kingsnorth et al. [32] reported reduced infection rates 
with the ProGrip™ mesh (2 vs. 7%, p = 0.032) and this 
was supported by one previous meta-analysis which sug-
gested a lower risk for wound infection with the ProGrip™ 

Fig. 11   Funnel plot of treatment effect estimates against the standard 
error of the treatment effect for operative time

Fig. 12   Trial sequential analysis 
with conventional and α spend-
ing boundaries
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but this was not statistically significant [13]. The length of 
operation is proportional to the inoculation risk and it has 
been suggested that the reduced operating time with Pro-
Grip™ reduces infection due to the reduced time the mesh is 
exposed to the open wound [33]. No evidence of significant 
difference in the risk of wound-related complications was 
found in this meta-analysis.

This meta-analysis was registered with the PROSPERO 
database prior to commencing the review hence minimising 
reporting bias. There were no deviations from the protocol. 
A formal assessment of publication bias has been done by 
way of funnel plots. Two abstract publications were included 
in the review [22, 33] and the authors were contacted for fur-
ther information which they declined to provide prior to full 
publication of their results. Potential sources of bias include 
problems with the methodology of some of the trials. There 
were four studies that were not blinded introducing perfor-
mance bias. The CONSORT statement recommends use of 
the intention-to-treat principle for all randomised controlled 
trials, however, only four papers reported on the intention-
to-treat principle to analyse their data. It is however not 
likely that a significant proportion of patients in either group 
crossed over to the alternate intervention. Only three trials 
did not report pain as their primary outcome. This is particu-
larly important as there is evidence that secondary outcomes 
are rarely reported as well as primary outcomes [35].

A limitation of this and previous meta-analyses are incon-
sistencies between trials regarding the definition of chronic 
pain between trials and how they report pain, e.g. VAS ver-
sus VRS (verbal rating scale) making it difficult to compare 
studies. Some authors regard all patients who report pain 
during different activities as patients with chronic pain, 
VAS > 0, VAS > 30, VAS > 40 (scale ranging from 0–10 or 
0–100), or pain recorded by change in VAS scores compared 
with baseline (See Online Appendix 2). This high heteroge-
neity in part hinders the comparison of the outcomes of the 
trials. In contrast to previous meta-analyses, this review ana-
lysed both the number of patients with chronic pain and the 
mean VAS scores with the aim to give more accurate results. 
Ideally there would be a standardised format for reporting 
postoperative pain in inguinal hernia surgery. Bhangu et al. 
[36] have presented data showing that outcome reporting 
from RCTs concerning inguinal hernia repair is inconsist-
ent and poorly defined. This consequently has limited meta-
analyses. A core outcome dataset would standardise report-
ing and consequently improve quality of RCTs on inguinal 
hernias but as yet one does not exist.

Most trials reported only patients with primary inguinal 
hernias except for Ronka et al. [28] that included recurrent 
hernias. Recurrent hernias are associated with higher recur-
rence rates [37]. Perrero et al. [38] included only bilateral 
hernia repairs in their analysis which would no doubt have 
higher rates of early postoperative pain than the other trials 

reporting unilateral hernia repairs. The earlier meta-analyses 
reporting on self-gripping meshes included a short follow 
up of only 1 year [9, 12, 13]. The European Hernia society 
recommends a minimum 3 year follow-up for determining 
long-term outcome for pain [39]. Now several RCTs [26, 33] 
are available with follow up of up to 6 years allowing this 
analysis to draw more accurate conclusions.

In conclusion, this meta-analysis and trial sequential anal-
ysis report no benefit of the ProGrip™ mesh over the stand-
ard mesh. The evidence for non-superiority can be consid-
ered to be conclusive and no further trial data are required.
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