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Abstract
Background  Inguinal hernia has a lifetime incidence of 27% in men and 3% in women. Surgery is the recommended treat-
ment, but there is no consensus on the best method. Open repair is most popular, but there are concerns about the risk of 
chronic groin pain. Laparoscopic repair is increasingly accepted due to the lower risk of chronic pain, although its recurrence 
rate is still unclear. The aim of this overview is to compare the risk of recurrence and chronic groin pain in laparoscopic 
versus open repair for inguinal hernia.
Methods  We searched Ovid MEDLINE, EMBASE and the Cochrane Database of Systematic Reviews for systematic reviews 
and meta-analyses. Only reviews of randomised controlled trials (RCTs) in adults published in English were included. Con-
ference proceedings and editorials were excluded. The quality of the systematic reviews was assessed using the AMSTAR 
2 checklist. Two outcomes were considered: hernia recurrence and chronic pain.
Results  Twenty-one systematic reviews and meta-analyses were included. Laparoscopic repair was associated with a lower 
risk of chronic groin pain compared with open repair. In the four systematic reviews assessing any laparoscopic versus any 
open repairs, laparoscopic repair was associated with a statistically significant (range: 26–46%) reduction in the odds or risk 
of chronic pain. Most reviews showed no difference in recurrence rates between laparoscopic and open repairs, regardless 
of the types of repair considered or the types of hernia that were studied, but most reviews had wide confidence intervals 
and we cannot rule out clinically important effects favouring either type of repair.
Conclusion  Meta-analyses suggest that laparoscopic repairs have a lower incidence of chronic groin pain than open repair, 
but there is no evidence of differences in recurrence rates between laparoscopic and open repairs.

Keywords  Inguinal hernia surgery · Laparoscopic repair · Open repair · Primary hernia · Recurrent hernia · Overview of 
systematic reviews

Inguinal hernia accounts for 75% of all abdominal wall her-
nias and has a lifetime incidence of 27% in males and 3% 
in women [1]. Several types of inguinal hernia have been 
identified and surgery to repair them, which began around 
the sixteenth century following the establishment of modern 
anatomy, has since evolved with a number of techniques 
currently available [2]. There has been ongoing debate about 
which form of repair offers the best patient outcomes and 
there is yet to be a unanimously agreed superior approach 
to the management of inguinal hernias.

Open inguinal hernia repair has long been the method 
of choice for most surgeons and is often recommended in 
contemporary literature as the optimal approach for primary 
unilateral inguinal hernia, which is a hernia occurring for the 
first time on one side of the groin, without any prior repair 
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[3, 4]. Open repairs have mainly been classified as open 
mesh (e.g. Lichtenstein) or open non-mesh (e.g. Shouldice) 
repairs based on whether a synthetic material has been used 
to re-enforce the repaired posterior wall [5]. Tension-free 
mesh repair (Lichtenstein technique) is usually considered 
the repair method of choice among open repairs due to its 
easy reproducibility by non-specialist surgeons. However, 
there are concerns about the risk of chronic groin pain, 
although recurrence rates have been noticeably very low [6].

Trans-abdominal pre-peritoneal repair (TAPP) and the 
totally extra-peritoneal repair (TEP) are two of the main 
laparoscopic (keyhole) techniques used. Laparoscopic 
approaches have grown in popularity recently with some 
surgeons appreciative of its significantly lower incidence of 
long-term post-operatively pain, but there have been some 
concerns regarding a possible increased risk of recurrence 
after TEP repair [7]. This has been reported more frequently 
in primary, unilateral inguinal hernia compared with recur-
rent hernia. Despite this concern, TEP has nonetheless been 
adopted as the procedure of choice because of a lower risk 
of intra-abdominal injuries compared to TAPP repair as well 
as the comparably good outcomes especially when it is done 
by skilled surgeons [3, 4, 7–10].

Several systematic reviews and meta-analyses have com-
pared laparoscopic and open repair techniques but there has 
not been any consensus on which technique offers better 
outcomes overall. This study aims to conduct an overview 
of existing systematic reviews, which is a relatively new 
methodology for summarising evidence. Compared with 
conducting a new systematic review, an overview takes con-
siderably less time and resources and can help researchers 
synthesise evidence across interventions, especially where 
conflicting evidence has been reported from existing system-
atic reviews, with the aim of establishing a comprehensive 
overview on the current best evidence [11].

This overview of reviews aims at informing clinical prac-
tice by identifying, analysing and synthesising the numer-
ous published systematic reviews assessing the comparative 
efficacy of open and laparoscopic repairs for inguinal hernia.

Materials and methods

Study design and protocol

An overview of systematic reviews was conducted according 
to the recommendations of the Cochrane Handbook of Sys-
tematic Reviews of Interventions to gain understanding of 
the currently available evidence for the efficacy of inguinal 
hernia repairs from existing systematic reviews in the litera-
ture [11]. The method of the overview was pre-specified in a 
research protocol based on the PRISMA reporting guidelines 
[12].

Types of reviews

This overview included systematic reviews (including 
meta-analyses and network meta-analyses (NMA)) of 
randomised controlled trials (RCTs) published in Eng-
lish. Systematic reviews that included a mixture of ran-
domised and non-randomised evidence were included if 
they reported RCT data separately. Conference proceed-
ings, protocols and editorials were excluded.

Types of participants

Males and females aged 16 years or above.

Types of interventions

Laparoscopic surgery was compared with open surgery 
for the repair of inguinal hernias. When possible, we 
also included studies assessing TAPP and/or TEP repairs 
separately. Similarly, we included studies assessing all 
open repairs as well as open mesh and non-mesh repairs 
separately.

Outcomes

Hernia recurrence and incidence of chronic groin pain.

Literature search

We searched Ovid MEDLINE, EMBASE and CDSR 
(Cochrane Database of Systematic Reviews) to identify 
systematic reviews and meta-analyses published up to 8 
May 2020. There were no restrictions on date or language 
of publication. An initial search strategy was generated 
for Ovid MEDLINE and adapted to other databases. The 
search focused on free-text and MeSH terms for ‘inguinal 
hernia surgery’, ‘open repair techniques’, ‘laparoscopic 
repair techniques’ and ‘systematic reviews and meta-
analysis’. Additionally, we checked the reference lists of 
retrieved reviews for additional eligible reviews.

Screening and study selection

Two researchers (NH, AA) searched for and selected 
reviews based on criteria pre-specified in the research 
protocol. Initially, the researchers screened the titles and 
abstracts identified by the search strategy independently. 
Disagreements were resolved by discussion or arbitration 
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by other authors. Selected studies were retrieved in full 
and assessed for inclusion by one author (NH).

Data collection

A data extraction form was developed and piloted to 
record relevant data from the identified systematic reviews. 
Recorded data included administrative data, bibliographic 
information, descriptive characteristics of reviews includ-
ing inclusion/exclusion criteria, information on the type of 
hernia and definitions of the outcomes. Data on hernia recur-
rence and chronic pain were extracted by one researcher 
(NH) in the form of effect sizes and their 95% confidence 
intervals (or credible intervals for NMA).

Quality assessment of included reviews

The quality of included reviews was assessed using the 
AMSTAR 2 checklist, a 16-item tool that has been devel-
oped to appraise the methodological quality of overviews of 
systematic reviews [13]. AMSTAR 2 classifies overall con-
fidence in the results of each review as ‘high’, ‘moderate’, 
‘low’ or ‘critically low’ based on ratings for selected items 
identified as the critical domains. The items considered 
critical domains for the purpose of this overview included 
‘duplicate study selection by review authors’ (item 5), ‘ade-
quate description of included studies in the review’ (item 8), 
‘use of appropriate method for meta-analysis’ (item 11) and 
either of ‘use of a satisfactory risk of bias (ROB) assessment 
for included studies in the review’ (item 9) or ‘assessment 
of the impact of ROB in interpretation of results’ (item 13).

Data synthesis

Quantitative outcome data were summarised in tables show-
ing effect sizes and 95% confidence/credible intervals for 
hernia recurrence and chronic groin pain, bearing in mind 
that results of the reviews may include overlapping stud-
ies. Where no results from meta-analysis were available, the 
reported conclusions were included in the tables. A narrative 
synthesis was then carried out.

Results

Literature search

The initial search retrieved 175 systematic reviews with an 
additional four reviews identified from the reference lists of 
the included reviews. During abstract screening, sixty-two 
duplicate reviews were excluded, and a further 66 reviews 
failed to meet the pre-specified inclusion criteria. After 

full-text screening of the remaining 51 articles, 21 reviews 
met the inclusion criteria (Fig. 1).

Study details

Details of the study characteristics are summarised in 
Table 1. The included reviews were published between 
1999 and 2020. The most recent search date for an included 
review was February 2019. The number of RCTs per review 
varied from 4 to 58, while the number of participants ranged 
from 404 to 17,510. The age of the participants ranged from 
16 to 100 years. All the reviews included participants of 
both genders. Five reviews [8, 21, 27, 29, 32] analysed only 
data on hernia recurrence and did not report chronic pain 
while the remaining 16 reviews [10, 14–20, 22–26, 28, 30, 
31] reported data on both outcomes. Five reviews [15, 16, 
19, 23, 25] compared outcomes in primary inguinal hernias 
only, and five reviews [20, 21, 24, 27, 28] examined recur-
rent inguinal hernias alone, while the remaining 11 reviews 
[8, 10, 14, 17, 18, 22, 26, 29–32] either considered both 
types of hernia or did not specify the type. One Cochrane 
review was identified which collected individual participant 
data (IPD) from the trialists which enabled reporting of sep-
arate subgroups for primary and recurrent hernias [10]. One 
NMA was also identified [15].

Methodological quality of included reviews

Two reviews [15, 16] were scored as high quality (both pub-
lished in 2019) (Table 2). Nine studies were judged to be of 
moderate quality [10, 14, 17–21, 23, 28]. Among the six 
older studies (before 2010), only the Cochrane review [10] 
was found to be of moderate quality and there were three 
reviews [29, 31, 32] of critically low quality.

Hernia recurrence

Table 3 presents the results for hernia recurrence, first 
for laparoscopic versus open overall and then for specific 
combinations of repairs. Results for primary and recurrent 
hernias are provided in separate columns where available, 
although usually the first of these columns represents a mix-
ture of primary and recurrent hernias or a situation where 
it was unclear which types were included. Overall, most 
reviews showed no evidence of differences in recurrence 
rates between laparoscopic and open repairs, regardless of 
the type of hernia studied. However, most of the reviews 
had wide confidence intervals (CIs), so we cannot rule out 
clinically important effects favouring either laparoscopic or 
open repair.

Six reviews [10, 15, 16, 19, 23, 25] presented data for 
primary inguinal hernias alone and most reported no sta-
tistically significant differences between laparoscopic and 
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open repairs. One review [25] showed lower recurrence for 
the open group versus both laparoscopic [RR 2.06 (1.26, 
3.37)] and TEP groups [RR 3.72 (1.66, 8.35)]. However, 
this review included fewer studies compared with earlier 
published reviews. Similarly, six reviews [10, 20, 21, 24, 27, 
28] presented results specifically for recurrent hernias and 
none reported statistically significant differences between 
laparoscopic and open groups.

Seven reviews [8, 17, 26, 29–32] did not report the spe-
cific hernia types they considered and were assumed to 
have included both primary and recurrent hernias (Table 3). 
These reviews generally reported considerable uncertainty 
in the magnitude and direction of their effects. Two [17, 26] 
of these reviews reported findings in favour of open repair 
techniques and one [26] showed a doubling of the odds of 
recurrence after laparoscopic repair [OR 2.17 (1.58, 2.98)]. 
However, it considered only six studies, significantly fewer 
than those included in earlier published reviews.

When comparing specific types of laparoscopic repair, 
most reviews comparing TAPP with open repair showed 
no statistically significant results. One study which used 
individual participant data (IPD) [10] found a lower risk 
of recurrence for TAPP versus open non-mesh repair, but 
this finding was not replicated in a more recent review [18].

When comparing TEP versus open repair, results of the 
meta-analyses varied considerably and most had wide con-
fidence intervals. Three reviews [17, 22, 25] found evidence 
of fewer recurrences for open repairs compared with TEP.

Chronic pain

Definitions of chronic pain varied and ranged from one 
month to one year after the procedure. Five reviews [15, 16, 
19, 23, 25] reporting this outcome studied primary inguinal 
hernias alone and another five [20, 21, 24, 27, 28] looked at 
only recurrent inguinal hernias (Table 4).

Most reviews of primary (or mixed primary/recurrent) 
hernias consistently suggested laparoscopic repairs to have 
a lower risk of chronic groin pain compared to open repairs, 
regardless of whether TAPP/TEP or open mesh/non-mesh 
was used, and although effect sizes varied, many reviews 
showed odds ratios around 0.5, indicating a 50% reduction 
in the odds of having chronic pain for laparoscopic repair 
compared to open repair (Table 4). In particular, in the four 
systematic reviews assessing any laparoscopic versus any 
open repairs, laparoscopic repair was associated with a sta-
tistically significant (range: 26% to 46%) reduction in the 
odds or risk of chronic pain. When considering the reviews 

Fig. 1   PRISMA flow diagram
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Table 1   Characteristics of included reviews

NR not reported, PH Primary inguinal hernia, RH Recurrent inguinal hernia, UH Unilateral hernia, BH Bilateral hernia, TAPP Transabdominal pre-
peritoneal repair, TEP Totally extra-peritoneal repair, Lap Laparoscopic procedure, * Age range normally reported but where not available, the age 
policy for review noted in brackets, + Mixed method studies with No. of RCTs/participants displayed and total no. of studies/participants in brackets

Review ID Search dates No. of 
studies 
analysed

No. of partici-
pants

Gender
All/M/F

Age in years
(study policy)*

Hernia types Comparison

Primary 
or Recur-
rent

Unilateral 
or Bilat-
eral

Lyu [14] Up to Sept. 2018 31 5594 All 25–69 PH, RH UH, BH TEP vs Lichten-
stein, TAPP vs 
Lichtenstein

Aiolfi 2019 [15] 2000 to Feb. 2019 12 3748 All 18–76 PH UH TEP vs Open, 
TAPP vs Open

Bullen 2019 [16] Up to April 2019 12 3966 All NR (≥ 16) PH UH Lap vs Lichtenstein
Gavrilidis 2019 

[17]
1989 to 2019 21 6573 NR 36–68 NR NR TEP vs Lichten-

stein
Patterson 2019 

[18]
Jan 1998 to May 

2018
58 17,510 All 23.6—65.4 NR NR Lap vs Open, 

TAPP vs Lichten-
stein, TAPP vs 
Shouldice, TEP 
vs Lichtenstein, 
TEP vs Shouldice

Scheuermann 
2017 [19]

Up to July 2016 8 896 All 19–84 PH NR TAPP vs Lichten-
stein

Pisanu 2015 [20] 1966 to 2013 7 688 All 42–75 RH NR Lap vs Lichtenstein
Li 2014 [21]+ Jan 1999 to Sept 

2012
6 (11) 643 (1311) NR NR RH NR Lap vs Open

Zheng 2014 [22] Up to Jan 2013 13 3279 All NR (18–100) PH, RH NR TEP vs Lichten-
stein

Koning 2013 [23] 1966 to Jan 2012 13 5404 All NR (Adults) PH UH, BH TEP vs Lichten-
stein

Yang 2013 [24] 1966 to May 
2012

5 429 NR 52–66 RH NR Lap vs Lichtenstein

O’Reily 2012 [25] Up to March 
2012

27 7161 NR 35.6—65.5 PH UH Lap vs Open, TEP 
vs Open, TAPP 
vs Open

Aly 2011 [26] 1995 to May 
2010

8 5300 NR 16–85 NR NR Lap vs Open

Dedemadi 2010 
[27]

1990 to 2008 7 663 All 55.8–64 RH NR TEP vs Lichten-
stein, Lap vs 
Lichtenstein

Karthikesalingam 
2010 [28]

1966 to 2009 4 404 NR NR RH NR Lap vs Open

Kuhry 2007 [29] NR 23 4231 NR NR NR NR TEP vs Open
Schmedt 2005 

[30]
Up to April 2014 34 7223 NR NR NR NR Lap vs Lichtenstein

McCormack 2003 
[10]

NR 41 7161 All NR (= / > 18) PH, RH UH, BH Lap vs Open, TEP 
vs Open, TAPP 
vs Open

Memon 2003 [8] Jan 1990 to Oct 
2000

29 5588 NR NR NR NR Lap vs Open, TEP 
vs Open, TAPP 
vs Open

Schmedt 2002 
[31]

NR 33 5053 NR NR NR NR Lap vs Lichten-
stein, Lap vs 
Shouldice

Chung 1999 [32] May 1994 to 
March 1997

14 2471 NR NR NR NR Lap vs Shouldice, 
TAPP vs Lichten-
stein
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of recurrent hernias alone, most studies did not show statis-
tically significant results, but results were based on small 
number of trials [10, 20, 24, 28].

Discussion

There was no clear evidence of a difference in recurrence 
rates between laparoscopic and open repairs for inguinal her-
nia in the systematic reviews and meta-analyses identified, 
although clinically important effects could not be ruled out 
due to the wide CIs reported. However, laparoscopic tech-
niques were generally found to have less chronic groin pain 
compared to open repairs, regardless of the specific open or 
laparoscopic repair considered, or the hernia type (primary 
or recurrent hernia) that was studied. Overall, conclusions 
remained similar when examining either primary or recur-
rent inguinal hernias alone.

Reviews assessing recurrence rates showed heterogene-
ity in the magnitude and direction of effects. Most reviews 
which looked at primary hernias, recurrent hernias and 
both types of hernias together were rated high to moderate 

quality, suggesting high confidence in their findings. Other 
reviews which did not report the specific hernia types also 
had uncertain results with four reviews [8, 17, 26, 30] of 
moderate to low quality showing statistically significant 
results in favour of open repair techniques, but the gener-
ally low overall quality of these reviews remains a concern. 
These findings are similar to those published in a recent 
clinical guideline [33] in which experienced hernia surgeons 
and researchers across the world made recommendations 
based on comparable recurrence rates between laparoscopic 
and open repairs. The guideline emphasised that the recur-
rence rates remain comparable especially where the surger-
ies were conducted by highly skilled surgeons.

For chronic groin pain, we found that laparoscopic repairs 
were consistently associated with lower pain compared 
with open repairs regardless of the type of open or laparo-
scopic repair or the types of hernia studied. This is despite 
the noticeable difference in the definitions of chronic groin 
pain across the reviews we included. A recent review [18] 
reported both early and late chronic groin pain with distinct 
definitions, but the findings are similar and consistent with 
those of other reviews in this overview. Two reviews [20, 24] 
were also noted to have included exactly the same studies 

Table 2   Summary of risk of bias for included reviews (AMSTAR 2 Checklist)

1-Participants, interventions, comparators, outcomes (PICO) components; 2- Predetermined protocol; 3-Explanation for study design choice; 
4-Comprehensive literature search; 5-Duplicate study selection; 6-Duplicate data extraction; 7-List of excluded studies; 8-Description of 
included studies; 9-Satisfactory risk of bias (ROB) assessment for included studies in the review; 10- Funding sources for included studies in 
the review; 11- Appropriate method for meta-analysis; 12-Impact of study ROB on results; 13- Impact of ROB in interpretation of results; 14- 
Explanation for heterogeneity in results; 15- Publication bias; 16- Conflicts of interest; Y- Yes; N- No; PY- Partial yes; NA- not applicable

Review ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Overall confidence rating

Lyu 202014 Y PY N PY Y Y PY PY Y N Y N Y Y N Y Moderate
Aiolfi 201915 Y Y Y PY Y Y PY Y Y N Y Y Y Y N Y High
Bullen 201916 Y Y N Y Y Y PY Y Y N Y Y Y Y Y Y High
Gavrilidis 201917 Y Y N Y Y Y PY Y Y N Y Y Y Y N Y Moderate
Patterson 201918 Y PY N Y Y Y PY PY Y N Y Y Y Y N Y Moderate
Scheuermann 201719 Y Y Y Y N N PY Y Y N Y Y N Y Y Y Moderate
Pisanu 201520 Y Y N Y Y Y PY PY Y N Y Y Y Y N Y Moderate
Li 2014 21 Y N N PY Y Y PY Y Y N Y Y N Y Y Y Moderate
Zheng 201422 Y N N PY N Y PY Y Y N Y Y N Y N Y Low
Koning 201323 Y Y N PY Y Y PY Y Y N Y Y Y Y N Y Moderate
Yang 201324 Y N N Y Y Y PY Y Y N Y N N Y N Y Low
O’Reily 201225 Y N N PY N N PY Y Y N Y Y Y Y N Y Low
Aly 201126 Y N N Y N N N Y Y N Y Y Y Y N N Low
Dedemadi 201027 Y N N Y Y Y N Y Y N Y Y Y Y Y N Low
Karthikesalingam 201028 Y N N Y Y Y PY Y Y N Y Y Y Y Y Y Moderate
Kuhry 200729 Y N N PY N N N PY N N NA NA N Y NA N Critically low
Schmedt 200530 Y N N N N N Y Y PY N Y Y N Y N N Low
McCormack 200310 Y Y N Y Y Y Y Y Y N Y Y Y Y N Y Moderate
Memon 20038 Y N N PY Y Y N PY Y N Y Y Y Y N N Low
Schmedt 200231 Y N N N N N N Y N N NA NA N Y NA N Critically low
Chung 199932 Y N N N N N N Y N N Y N N N N N Critically low
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and participants in a number of comparisons of hernia types, 
although their findings are consistent with similar reviews.

In recurrent hernias, there are concerns about the risk 
of chronic pain, which is determined mainly by the chosen 
approach to repair. The HerniaSurge group guidelines [33] 
noted that repair of a recurrent hernia is always challenging 
compared with a primary hernia, and they emphasised that 
re-entry through a scar tissue increases risk of nerve and 
blood vessel entrapment/damage and potentially increases 
the risk of chronic groin pain and testicular atrophy. There-
fore, the guideline recommends that if the prior repair is 
an open repair, then a laparoscopic approach is strongly 
favoured due to reduced risk of damage to structures.

The systematic reviews varied considerably in quality, 
included patients and outcome definitions. Attempts have 
been made to minimise the differences between reviews by 
categorising the review findings by hernia type and specific 
repair techniques to enable more meaningful interpretation 
of findings during the narrative synthesis. Because of the 
limitations of this narrative approach, a more robust syn-
thesis, for example, a series of pairwise and network meta-
analyses at different levels would be needed to provide 
comprehensive answers to research questions in this area 
including the type of mesh and the effect on different sub-
groups of patients.

This overview has a number of strengths including the 
pre-specification of methods in a protocol, which guided the 
conduct of the overview as recommended by the preferred 
reporting items for systematic reviews and meta-analysis 
(PRISMA) guidelines [12]. Study identification and selec-
tion were carried out by two researchers to enhance the integ-
rity of the study selection process. Only systematic reviews 
and meta-analyses of RCTs were included in the overview to 
avoid the intrinsic bias of observational studies. Limitations 
of the overview include difficulty in retrieving some articles, 
exclusion of reviews published in languages other than Eng-
lish, restriction of outcome analysis to hernia recurrence and 
chronic groin pain, single data extraction and quality assess-
ment and the exclusion of conference proceedings.

In conclusion, although the overview has found no clear 
evidence of differences in recurrence rates between laparo-
scopic and open repairs, laparoscopic techniques have gener-
ally been shown to have less postoperative long-term pain 
compared with open repairs.
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