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Strengths and limitations of this study

 ► This is the first report of an umbrella review in mesh 
fixation techniques for inguinal hernia repair.

 ► This study will summarise and integrate current ev-
idences of clinical effectiveness produced by sys-
tematic reviews and meta-analyses.

 ► Quality and bias of current evidences will be 
assessed.

 ► All additional relevant published data will be updat-
ed and integrated with previous meta-analyses.

 ► Definitions and time assessment of hernia recur-
rence and chronic groin pain may be varied, work-
ing on summary data may be limited in exploring 
heterogeneity.

AbStrACt
Introduction Inguinal hernia mesh repair is the standard 
care for symptomatic inguinal hernia. Mesh fixation is used 
to keep mesh in place for which various mesh fixation 
techniques have been used in open and laparoscopic 
inguinal hernia repair, but their effectiveness has remained 
inconclusive. Therefore, we developed a protocol for an 
umbrella review in order to summarise the evidences 
with integrate and update data of different mesh fixation 
techniques in both open and laparoscopic inguinal hernia 
repair.
Methods and analysis Previous systematic reviews and 
meta-analyses will be identified from Medline, Scopus, 
Cochrane Databases, EMBASE, Database of Abstracts of 
Reviews of Effects, PROSPERO Register, CINAHL, JBISRIS, 
EPPI-Centre, Wiley Online Library and Science Direct 
database. Two reviewers will independently determine 
studies for eligibility. Disagreement will be solved by 
consensus and arbitrated by the third reviewer. Data 
extraction will also be performed by two independent 
reviewers. For umbrella review, a descriptive analysis 
will be applied to describe evidence of mesh fixation 
effectiveness. Overlapping studies and excess significance 
test will be performed to assess whether previous 
evidences are bias. In addition, individual studies from 
meta-analysis and additional published studies will be 
pooled using network meta-analyses. We will use I2 
statistic and Cochran’s Q test to assess heterogeneity. 
Risk of bias and publication bias, if appropriate, will be 
evaluated, as well as overall strength of the evidence.
Ethics and dissemination This protocol has been 
registered with PROSPERO and approved with Institutional 
Review Board, Faculty of Medicine Vajira Hospital, 
Navamindradhiraj University, Bangkok, Thailand (COA 
167/2018). The results will be published in peer-reviewed 
journal.
PrOSPErO registration number CRD42018111773

IntrOduCtIOn
An inguinal hernia is the disease in which 
intraabdominal structures or parts of the 
intestine protrude though the triple triangle 
of the groin. This results in visible mass and 
pain, especially when the patients cough, 
stand for a period of time, bend over or lift 

heavy objects. Although it is not seriously 
dangerous, it does not improve on its own, 
and might lead to life-threatening compli-
cations such as intestinal obstruction or 
strangulation.1

Inguinal hernia repair is regarded as the 
standard treatment for adult symptomatic 
inguinal hernia following the international 
guideline for groin hernia management in 
which mesh is used to reinforce inguinal 
floor.2 Surgical mesh repair can be performed 
by open or laparoscopic techniques. Lichten-
stein repair is commonly applied for open 
approach whereas trans-abdominal preperi-
toneal repair (TAPP) and totally extraperi-
toneal repair (TEP) are commonly used for 
laparoscopic approach.2

Clinical effectiveness of hernia repair is 
usually concerned with hernia recurrence, 
chronic groin pain, length of hospitalisa-
tion, recovery time and complications, e.g., 
surgical site infection, seroma and hema-
toma.3–6 These outcomes are very dependent 
on surgical techniques, patient’s factors and 
type of mesh/mesh fixation techniques.3 7

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-031742 on 28 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-5373-7362
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-031742&domain=pdf&date_stamp=2019-010-25
http://bmjopen.bmj.com/


2 Techapongsatorn S, et al. BMJ Open 2019;9:e031742. doi:10.1136/bmjopen-2019-031742

Open access 

In mesh-based repair, flat mesh is recommended 
over three-dimension mesh, while self-gripping mesh is 
another alternative mesh.2 Several techniques for mesh 
fixations have been used including suture, glue or self-grip-
ping mesh for open hernia repair (OHR); metallic tack, 
absorbable tack, glue, suture, self-gripping mesh or even 
non-fixation techniques for laparoscopic hernia repair 
(LHR). Up to date, there have been eight systematic 
reviews and meta-analyses (SRMAs) on OHR8–15 (ie, glue 
vs suture (n=5)8 9 11 12 14 and self-gripping mesh vs suture 
(n=3))10 13 15 and one network meta-analysis (NMA).16 For 
LHR, comparisons were tack and glue (n=6),17–22 fixation 
versus no fixation (n=4)23–25 and one NMA26.

Although evidences were interesting, the overall results 
were inconclusive, that is, five SRMAs suggested non-su-
periority in self-gripping mesh among all mesh fixations 
in OHR,10 13 15 16 27 whereas five SRMAs favoured glue fixa-
tion in decreasing postoperative pain.8 9 11 12 14 Among 
LHR, three SRMAs favoured glue fixation to decrease 
postoperative pain,17 18 20 three SRMAs favoured no mesh 
fixation23–25 and one meta-study suggested all mesh fixa-
tions were comparable.19 In addition, clinical evidence in 
some aspects are still lacking, for example, whether clin-
ical results of OHR and LHR are different given the same 
type of mesh fixations and also different mesh fixation 
techniques. Given availability of multiple SRMAs, we will 
therefore conduct an umbrella review to explore all avail-
able SRMAs and to summarise their findings for inguinal 
hernia repair. The updated data by combining individual 
studies from previous SRMAs with new published studies 
since the last SRMA will be pooled and analysed using 
NMA. These outcomes will provide recommendations for 
surgeons.

MEthOdS And AnAlySIS
The protocol has been developed following the Preferred 
Reporting Items for Systematic Review and Meta-Anal-
ysis Protocols (PRISMA-P) guidelines28 29 with the PRIS-
MA-P checklist provided in online supplementary file 1, 
and registered at PROSPERO. In addition, our umbrella 
review methods will follow suggestions proposed by Ioan-
nidis30 and Aromataris et al.31 The review will be conducted 
during October 2018 to October 2019.

location of studies
Relevant studies will be evaluated in an attempt to cover all 
available published studies, unpublished studies, ongoing 
studies, conference proceedings, theses and disserta-
tions. The electronic databases will be used for searching 
include Scopus, Medline via PubMed, Cochrane Database 
of systematic reviews, EMBASE, Database of Abstracts 
of Reviews of Effects, PROSPERO Register, CINAHL, 
JBISRIS (JBI Database of systematic reviews and imple-
mentation reports), EPPI-Centre, Wiley Online Library 
and Science Direct published from January 2010 to June 
2018. In addition, reference list of identified studies will 
also be checked for more relevant studies.

Search strategies
Search terms will be constructed as follows:

 ► Patients (P) are adults who had uncomplicated 
inguinal hernia and underwent any inguinal hernia 
mesh repair (OHR, TEP and TAPP).

 ► Type of intervention (I) and comparator (C) could be any 
type of mesh fixation technique (ie, suture, glue and 
self-gripping mesh for open repair. Metallic tack, no 
fixation, absorbable tack, suture, glue and self-grip-
ping mesh for laparoscopic repair).

 ► Outcome (O) includes hernia recurrence, chronic 
groin pain, acute postoperative pain, operative time, 
recovery time (hospital stay, return to work or return 
to daily life), complication (seroma, hematoma, 
urinary retention).

 ► Study designs (S): systematic review and meta-analysis 
OR SRMAs.

These search terms will be combined within and 
between domains using conjunctions ‘OR’ and ‘AND’, 
respectively. The details of search terms are provided in 
online supplementary file 2.

In addition, individual studies will also be identified 
using the same search terms without specifying study 
design from the same databases indexes since the last 
search of the most recent SRMA.

Selection of studies
Studies published in English or other translatable 
languages using Google translate will be selected as 
follows.

Umbrella review
 ► SRMAs of randomised controlled trials (RCTs) of 

adult inguinal hernia who underwent OHR, TEP or 
TAPP repairs.

 ► Compared any pair of the mesh fixation techniques 
of OHR (ie, suture, glue and self-gripping mesh) or 
LHR (ie, tack, no fixation, glue, suture and self-grip-
ping mesh).

 ► Pooled any efficacy outcome or adverse events of 
mesh fixations.

Individual studies
All individual studies that will be included in the selected 
SRMAs and also new published RCTs will be selected if 
they meet the following criteria:

 ► Studies in adults who underwent inguinal OHR, TEP 
or TAPP surgery.

 ► Comparison of any pair of mesh fixation techniques, 
that is, suture, glue and self-gripping mesh for OHR; 
tack, no fixation, glue, suture and self-gripping mesh 
for LHR.

 ► Having any of the following outcomes: hernia recur-
rence, chronic groin pain, operative time, hospital 
stay, return to work, return to daily life, seroma, 
hematoma, surgical site infection, urinary retention, 
postoperative pain.

 ► Have sufficient data for pooling.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-031742 on 28 O

ctober 2019. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2019-031742
https://dx.doi.org/10.1136/bmjopen-2019-031742
http://bmjopen.bmj.com/


3Techapongsatorn S, et al. BMJ Open 2019;9:e031742. doi:10.1136/bmjopen-2019-031742

Open access

Outcomes of interest
The primary outcome of interests are hernia recurrence 
and chronic groin pain, which were defined according to 
original included studies.

The secondary outcomes are the postoperative pain, 
operative time, recovery time (hospital stay, return to work 
or return to daily life) and complication, for example, 
seroma, hematoma and urinary retention.

data extraction
Data extraction forms/will be constructed and stan-
dardised before being applied. Two reviewers (ST and 
ATa) will independently extract data directly from the 
published studies. Any difference of extracted results will 
be discussed and consensus reached or adjudicated by 
supervisor (AT).

For umbrella reviews, the general characteristics data 
of SRMAs and their findings will be extracted sepa-
rately by OHR, TEP and TAPP. For general character-
istics data, the following data will be extracted: citation 
detail (study titles, principle author, journal, publication 
year), objective of the included study, type of SRMAs, 
number of included studies, period of searching, publi-
cation year of included studies, risk of bias assessment 
tools, characteristics of participants (eg, age, sex), type 
of interventions, type of interested outcome, number of 
included participants and method of synthesis. In addi-
tion, findings of SRMA will also be extracted including 
intervention-comparator, number of studies, number of 
participants, method of pooling and pooled effect size 
(ES) along with 95% CI for each outcome, heteroge-
neity diagnostics (including τ2 and/or I2 and type of test 
along with p value), subgroup analysis if any, publication 
bias assessments, results (eg, Egger’s test, funnel plot) 
and various sources of bias (conflict of interest, funding 
sources, reporting bias, overall quality of evidence and 
so on). Furthermore, individual included RCTs for each 
SRMA will be extracted (ie, first author, year, journal) to 
construct study-citation matrix across all SRMAs. Lastly, 
results of findings from each outcome and baseline risk/
incidence of each included RCT will also be extracted, 
which will be used to estimate power of test and then 
excess significance test.

For individual studies, data from the original individual 
studies will be extracted, which will be recorded in sepa-
rate sheets for each outcome. This will include the data 
of authors, year of publication, intervention (mesh fixa-
tion), percent of male, mean age and SD, number of 
populations, number of events and number of no event.

Quality assessment
Methodological quality assessments will be performed 
separately by ST and ATa. Disagreements arising will be 
resolved by a third reviewer (AT). The quality assess-
ment will be performed both for umbrella review and 
individual studies. Risk of bias in systematic reviews 
checklist32 will be used for umbrella review concerning 
four domains: study eligibility criteria, methods used to 

identify and/or select studies, methods used to collect 
data and appraise studies, and regarding the synthesis/
findings. The Cochrane Collaboration’s tool33 will be 
used for quality assessment in individual studies, which 
consists of six domains including sequence generation, 
allocation concealment, blinding, incomplete outcome 
data, selective outcome report and other sources of bias. 
Both quality assessment tools will be graded as low or 
high risk of bias if there is sufficient information to assess. 
Otherwise, it will be graded as unclear.

Patient and public involvement
No patient involvement

data analysis
Data analysis will be performed as follows.

Umbrella review
Findings of SRMAs will be described separately by type of 
inguinal surgery (ie, open, TEP and TAPP) and outcomes. 
General characteristics, findings of intervention-compar-
ator pair and outcomes will be described.

Bias of SRMAs evidences will be assessed as follows: first, 
a degree of overlapping across included SRMAs34 will be 
determined by creating study-citation matrix, in which 
each row will refer to the individual studies included in all 
SRMAs (index publications) and each column refers to 
individual SRMA (index reviews), see online supplemen-
tary file 3. This citation matrix will be used to determine 
overlapping, that is, a number of the same study-citations 
across whole SRMAs. The degree of overlapping will be 
estimated using covered area (CA) and corrected covered 
area (CCA) using the following equations.

 CA = N
r∗c  

 CCA = N−r
rc−r  

where n is the summation of the included publications 
(included overlapping) in all SRMAs, while r and c are 
row and column products of study-citation matrix. A CCA 
score is classified as slight, moderate and high overlap if 
the score <5, 5–15 and ≥15, respectively.

Second, an excess significance test35 will be assessed 
with the following equation.

 χ2 =
[
O−E

]2

E +
[
O−E

]
n−E

2

  

An excess significance test aims to evaluate a relative 
excess of formally significant findings in each individual 
study. For each SRMA and outcome, results (signifi-
cance or non-significance at α level of 0.05) of individual 
included studies (n) will be extracted, and thus summa-
tion of these across total studies is the total number of 
observed positive results, that is, O. Power of test for 
each included study will be next estimated by assuming 
all included studies determining the same ES, that is, 
the pooled ES of that SRMA. Baseline risk according to 
that specific outcome will be extracted from each study, 
leading to estimate power of test given a total number of 
patients, a ratio of intervention per comparator and type 
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1 error of 0.05 of each included study. Expected value 
of each included study will then be further estimated 
by multiplying power of test with the total number of 
patients. Summation of this across included studies will 
result in a total expected value (E). χ2 statistic will be 
applied to test whether each SRMA has excess significance 
test result with a level of significance of <0.10. The details 
of study-citation matrix, formula to calculate percent of 
overlapping study, CA, CCA, and excess significant test 
will be provided in online supplementary file 3.

Integrated and undated data for network meta-analyses
Direct meta-analysis
The efficacy of each pair of mesh fixations of OHR, TEP 
and TAPP will be directly compared and pooled for 
each outcome of interest if there are at least two studies 
for each comparison. Risk ratio (RR) will be estimated 
and pooled across studies using a fixed-effect model if 
heterogeneity is not present (p value <0.10 or I2≥25%). 
Otherwise, a random-effect model will be applied. 
Heterogeneity will be assessed using Cochrane Q test and 
I2 statistics.36–38 Source of heterogeneity will be explored 
by fitting covariables (ie, age, sex, BMI, hernia size and 
mean follow-up time,) one by one in a meta-regression 
model and subgroup analysis will be performed accord-
ingly. Publication bias will be assessed using a funnel plot 
and Egger test. If one of these shows asymmetry, a contour 
enhanced funnel plot will be constructed to identify the 
cause of asymmetry.

Network meta-analysis
For each type of operation, NMA will be applied using a 
two-stage meta-analysis approach. In laparoscopic TEP or 
TAPP, interventions will be respectively coded as 1, 2, 3, 
4, 5 and 6 for metallic tack, no fixation, absorbable tack, 
suture fixation, glue and self-gripping mesh using metallic 
fixation as the reference group. In open repairs, interven-
tions will be respectively coded as 1, 2 and 3 for suture, 
glue and self-gripping mesh using suture as the reference 
group. A network map will be constructed consisting 
of nodes and edges, and the nodes will be weighted by 
number of studies. In addition, a contribution plot will 
also be constructed to show the number of included 
studies pooled in direct and indirect comparisons.

Relative treatment effects (ie, coefficients or ln (RRs)) 
and variance–covariance will be estimated for each study. 
A multivariate meta-analysis with consistency model will 
be applied to pool ln(RRs) between studies. Multiple 
treatment contrasts will then be estimated among all 
possible fixation techniques.

The probability of being the best mesh fixation tech-
nique in lowering hernia recurrence and chronic groin 
pain will be estimated using surface under the cumu-
lative ranking curve method; then the probability will 
be rank accordingly. Finally, inconsistency assumption 
(ie, difference between direct and indirect estimates) 
will be checked using a design–treatment interaction 
model. A predictive interval will be estimated considering 

uncertainty from heterogeneity and inconsistency of the 
network. All analyses will be performed using STATA 
software V.14.0; and p values <0.05 will be considered 
statistically significant, except for heterogeneity where 
p<0.10 will be used.

dISCuSSIOn
This study aims to use umbrella review methodology to 
synthesise available evidences from previous SRMAs. 
Quality of evidences, overlapping and excess significant 
test will be assessed. Umbrella review outcome will be 
summarising the evidence of mesh fixation techniques 
compared with SRMAs. In case that the evidence from 
umbrella reviews are controversial or have the new 
publication, we will repool data using individual studies 
that included in previous SRMAs plus additional recent 
published studies by applying NMA. The NMA is applied 
using a two-stage meta-analysis approach, in order to 
borrow information from common comparator to indi-
rectly compare among interventions where studies with 
direct comparisons are still limited. In addition, poten-
tial optimal mesh fixations that yield highest efficacy and 
lowest complication will be assessed for within and also 
between each type of surgery. Summarise the evidence 
from umbrella review together with relative treatment 
effect together and treatment ranking from the NMA 
will be taken together for consideration as a conclusion 
for mesh fixation techniques suitable for inguinal hernia 
surgery. Our findings should be useful in development of 
clinical practice guidelines for hernia repairs and further 
economic evaluations.

EthICS And dISSEMInAtIOn
Ethics approval for systematic review and meta-analysis is 
not required.

We will publish our findings in a peer-reviewed journal 
as well as disseminated through academic conference 
presentations. The data curation and deposition will be 
provided in supplementary documents.

In case of amendments to this protocol following its 
publication are needed, we will provide the date of each 
amendment, describe the change(s) and report the ratio-
nale for the change(s) in future publications arising from 
this protocol.
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