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Introduction
The Lichtenstein technique is currently the first choice to repair 

unilateral primary groin hernias.1 [Despite the demonstration of 
low morbidity and good long term results,2 several recent articles 
demonstrated an unacceptable high rate of chronic inguinal pain, with 
an average incidence of 12%, but sometimes reported as high as 53%.3–

11 Many studies considered chronic postoperative pain as a surgical 
primary outcome9 and few of them evaluated the social impact of 
post-herniorraphy chronic pain, that has been reported to affect social 
and work life of up to 6% of patient.3,5,10,12 Considering that some 
20 millions hernia repairs are performed each year worldwide,13 it 
necessarily follows that more than 1 million patients worldwide have 
their lives negatively modified by chronic pain after an “easy” hernia 
repair. Many factors have been blamed for the development of post-
herniorraphy chronic pain; i.e. experience of the surgeon, presence 
of pain even before the operation, surgical technique, mesh fixation. 
After the introduction of tension-free techniques, chronic groin pain 
can be due to nerve entrapment in the suture or in the postoperative 
scar tissue, inflammation of the periosteum of the pubic tubercle 
traditionally taken into the first stitch, foreign body reaction to the 
mesh.14,15 To avoid these problems and reduce the risk of chronic pain, 
different methods of mesh fixation have been considered and mainly 
tissue-compatible glues. The ideal adhesive material should be:

a.	 Biocompatible

b.	 Cheap

c.	 Easy to store and use.

Fibrin glue, even if it gave very good results,16–18 does not fulfil 
the requirements (b) and (c). In our opinion, long-lateral-chain 
cyanoacrylates represent the best choice for mesh fixation in open 

mesh repair of inguinal hernia. This randomized controlled clinical 
trial was designed to evaluate the impact of the mesh fixation method 
on postoperative pain, and in particular to demonstrate that the use of 
cyanoacrylate glue can reduce post-herniorraphy pain with respect to 
the usual method of mesh fixation.

Material and methods
This randomized controlled trial was carried out at the Aurelia 

Hospital of Rome, Italy, after approval by the Medical Director and 
the Local Ethical Committee of the hospital. Final data were discussed 
and elaborated at the Aurelia Hospital and the Noble’s Hospital of the 
Isle of Man. Male adults with primary unilateral groin hernia suitable 
for elective open mesh repair were involved in the study and gave 
informed consent. Exclusion criteria were: bilateral and/or recurrent 
hernia, femoral hernia, emergency presentation, chronic steroid 
treatment, coagulation disorders, ongoing chemotherapy, connective 
tissue disorders and psychological or physical disorders that could 
affect the ability to feel and elaborate pain.

Primary outcome was early and late postoperative pain. Secondary 
outcomes were use of painkillers after 24 hours, morbidity rate and 
recurrence rate. To make the two groups comparable and to reduce 
the risk of selection bias, all patients underwent a psychological 
evaluation with the STAI (forms x-1 and x-2), TAS20 and the BDI 
test. The STAI (State-Trait Anxiety Inventory) is a psychological 
inventory that consists of 40 questions on self-report basis. The 
STAI measures state anxiety (x-1, anxiety about a specific event) and 
trait anxiety (x-2, anxiety level as a personal feature). Higher scores 
are positively correlated with higher levels of anxiety. The TAS20 
(Toronto Alexithymia scale) is a tool to measure alexithymia, that is 
the incapacity to identify and describe emotions. It has 20 items, each 
of them can be rated 1 to 5. A total score less or equal to 51 means 
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Abstract

Background: The Lichtenstein technique for open hernia repair is associated to a high rate 
of postoperative chronic groin pain, mainly related to the mesh fixation technique. This 
randomized controlled trial was aimed to compare the classical suture fixation with glue 
fixation of the mesh.

Methods: Forty-five male patients with primary unilateral groin hernia were randomized 
to undergo open hernia repair with suture fixation (Group A) or cyanoacrylate glue fixation 
of the mesh (Group B). Primary outcome was early and late postoperative pain. Secondary 
endpoints were use of painkillers after 24 hours, morbidity rate and recurrence rate.

Results: Early postoperative pain and pain between 48 hours and 1 month after surgery 
were significantly lower in Group B. Only two patients had chronic pain, and both were in 
Group A. Clinical recurrences were two, both in Group A.

Conclusion: This trial demonstrates that mesh fixation with glue is a safe procedure that 
causes less early and late postoperative pain than the classical suture fixation in open mesh 
repair of groin hernias.
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no alexithymia, equal or greater than 61 means alexithymia, between 
52 and 60 means probable alexithymia.19,20 The Beck Depression 
Inventory is a self-report questionnaire to explore depression. We 
have used the last version of the BDI, revised in 1996, that contains 21 
questions, each being scored 0 to 3. A total score less than 14 means 
no or minimal depression, of no clinical significance, 14-19 means 
mild depression, 20-28 moderate depression, more than 28 means 
severe depression.21 Psychological evaluation has been performed by 
a psychologist. Patients who were suitable to be entered into the trial 
(no exclusion criteria) were randomized into one of the two groups:

a.	 Classical Lichtenstein technique

b.	 Sutureless Lichtenstein technique with mesh gluing with 
cyanoacrylate.

Randomization was conducted with the numbered closed 
envelopes method and occurred at the operation. The first part of the 
operation was the same in the two groups, according to the original 
description by Lichtenstein.1 Inguinal canal was prepared, alongside 
with the anatomical landmarks – pubic tubercle, conjoined area, 
inguinal ligament. The hernia sac was prepared and reduced. The 
mesh was shaped according to shape and size of the inguinal canal 
and put in place. In Group A the mesh was fixed with two running 
sutures both starting from the first stitch passed on the tissue above 
the pubic tubercle (avoiding the periosteum and with a 2 cm overlap 
of the mesh above the tubercle) and passed on the conjoined area 
and the inguinal ligament. The two posterior wings of the mesh were 
sutured together with two single prolene stitches. In Group B the mesh 
was fixed with n-butyl-2-cyanoacrylate tissue adhesive on the pubic 
tubercle, the inguinal ligament and the conjoined area. Attention was 
paid to avoid dripping the glue on the nerves. Only one vial of glue 
was used for each patient. The two posterior wings of the mesh were 
stitched with a single vicryl stitch paying attention to take only the 
mesh and not any tissue. All patients had the same polypropylene kind 
of mesh, irrespective of the fixation method. The fascia was closed 
in both groups with a vicryl running suture. Skin was closed with a 
subcuticular vicryl running suture. Nerves were never prepared or cut, 
in either group.

All operations were performed with spinal block. No postoperative 
analgesic device was used. Postoperative analgesic treatment was just 
intramuscular ketorolac upon request of the patient when patient was 
still in hospital, as required oral paracetamol was prescribed after 
discharge. Postoperative pain was measured with VAS by direct 
interview or by phone call at 3 hours, 24 hours, 48 hours, 7 days, 
15 days, 1 month, 3 months and 6 months after the operation by a 
psychologist who was blinded to the treatment allocation. Clinical 
check was done at 1 month and 6 months by a surgeon who was 
blinded to the treatment the patient received. According to Alfieri et 
al.22 chronic pain was considered pain at the surgical site still present 
at the 6th month follow-up. Data were anonymised and stored and 
elaborated in an electronic database. Data are reported as mean ± 
standard deviation or as raw number and percentage for descriptive 
purposes. Statistical comparison was conducted with the Mann-
Whitney test for independent samples for ordinal and continuous 
variables and the Chi-square test for proportions. P<0.05 was 
considered significant. Non-parametric tests were used instead of 
usual parametric tests for the low number of cases in each group and 
the non-normal distribution of data.

Results
The trial has been suspended before reaching the target number of 

100 participants due to evident clinical superiority of one treatment 
with respect to the other one. This decision was based on a general 
impression of all the surgeons involved in the study. In particular, the 
“glue” technique was considered easier and quicker. At postoperative 
follow-up it was clear that some patients had a smoother course, in 
terms of less pain and quicker return to their normal activities. For 
these reasons, four months after the beginning of the study data were 
analysed and results discussed. Decision was agreed to suspend the 
study due to evident superiority of one technique with respect to the 
other. Forty-five patients were finally included in the trial. Nineteen 
patients were randomly allocated to Group A (suture), 26 to group 
B (glue). Patients’ demographics and preoperative clinical details are 
listed in Table 1.

Table 1 Demographics

  Group A (Suture) Group B (Glue) p

N. of patients 19 26 0.086

Age 42.4±12.0 47.6±12.3 0.370

Type of hernia (Nyhus)36      

1 0 1  

2 0 3  

3a 6 4  

3b 12 17  

4 1 1  

Surgeon     0.741

Registrar / Trainee 2 2  

Experienced surgeon 17 24  

Psychological evaluation     0.423

STAI (x-1) 41.8±8.3 41.5±6.1 0.099

STAI (x-2) 36.8±5.4 34.9±6.7 0.182

TAS20 46.2±8.4 49.5±10.9 0.214

BDI 7.6±6.4 6.0±3.5  
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The two groups were matched for age, psychological behaviour 
and type of hernia. Only two patients each group were operated on by 
trainees. Table 2 shows the course of postoperative pain and compares 
the two groups. Postoperative pain had a peak after 24 hours, and 
then decreased progressively. The two curves of pain showed a similar 
trend, but Group B curve (patients whose mesh was fixed with glue) 
showed a lower level of pain. In particular, early postoperative pain 
and pain between 48 hours and 1 month after the operation were 
significantly lower in Group B. In postoperative day (POD) 1, pain 
score was similar in the two groups. Long term pain shows a clear 
difference, but this is not statistically significant maybe due to the 
low number of cases. Very few patients had painkillers after POD1; 
3 in Group A (15.8%) and 2 in Group B (7.7%), but this difference 
is not significant. There was no intraoperative complication and no 

mortality. General morbidity, including chronic pain was 21.1% in 
Group A and 3.8% in Group B. This difference shows a clear trend but 
it is still not statistically significant due to the low number of cases. 
However, morbidity was not clinically significant. In Group A one 
patient had superficial surgical site infection, one had a seroma, two 
had chronic pain and one had urinary retention (one patient had two 
complications). In Group B one patient had urinary retention. No 
major complications, no reoperation and no infection of the mesh 
occurred in either group. Two cases in Group A and none in Group B 
had still pain 6 months after surgery. Also this difference shows a clear 
trend but is not statistically significant. Clinical recurrences were 2 in 
Group A and none in Group B. Also this difference is not statistically 
significant but p-value is low.

Table 2 Postoperative pain measured by VAS

  3h 24h 48h 7d 15d 1m 3m 6m
Group A–Suture 4.5±2.1 5.1±2.0 4.3±1.9 2.5±2.0 1.8±1.8 0.9±1.8 0.8±1.9 0.8±2.0
Group B - Glue 3.9±2.2 4.8±1.8 3.4±1.7 1.4±0.9 0.7±1.0 0.1±0.2 0 0.1±0.4
p 0.018 0.228 0.056 0.021 0.017 0.040 0.185 0.238

Discussion
Open mesh repair of primary unilateral inguinal hernia is one of the 

most frequent operations worldwide.3 It is a straightforward operation 
in most cases, and is one of the first operations a surgical trainee 
performs without supervision. Nevertheless, it is cause of chronic 
pain, discomfort and reduced quality of life in an unacceptable number 
of cases.4–12 The method of fixation of the mesh is one of the factors 
that have been blamed for postoperative pain. Sutures, mostly non-
absorbable, have been demonstrated to increase postoperative pain 
by nerve entrapment or injury or chronic foreign body reaction.14,15 
Different methods of mesh fixation have been studied. Self-gripping 
meshes have been introduced quite recently and their use is still not 
diffuse, so currently they can be considered only a possible alternative, 
should their costs match those of “normal” meshes.23,24 

The use of tissue adhesives has had the most promising results in 
terms of clinical efficacy and reduction of postoperative pain.25 The 
ideal adhesive material should be:

1.	 Biocompatible

2.	 Cheap

3.	 Easy to store and use.

Despite its very good results,16-28,26 fibrin glue does not fulfil the 
requirements (b) and (c). In our opinion, mid or long-lateral-chain 
cyanoacrylates represent the best choice for mesh fixation in open 
mesh repair of inguinal hernia. In the presence of a lateral chain made 
by a methyl or ethyl radical, the polymerization of cyanoacrylate is 
too exothermic, with local production of high temperature. This can 
cause tissue injury and also systemic problems, but they are currently 
used in industry and everyday life. On the contrary, butyl- and octyl-
cyanoacrylates demonstrated very good tissue compatibility and 
have been used extensively in medicine and surgery. Cyanoacrylate 
tissue adhesive is quite cheap, with respect to fibrin glue, it is easily 
stored even for long time and can be easily applied. This prospective 
randomized clinical trial was aimed at comparing suture mesh 
fixation with glue mesh fixation in Lichtenstein open hernia repair. 
Unfortunately, some of the figures did not reach statistical significance 
due to the low number of cases. In fact, it was impossible to reach the 
programmed number of cases, due to the evident clinical superiority 
of glue with respect to suture fixation. A few months from starting the 
trial, the general feeling among the surgeons was that patients whose 
mesh was fixed with glue had less postoperative pain and quicker 
return to their normal activity. Moreover, operative time was shorter. 
For these reasons it was considered unethical to continue with the 
trial. The results were analysed and conclusions drawn.
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Unfortunately, operative time was not an endpoint of the study, so 
it was not recorded and no data are provided to support the assumption 
of a shorter surgical time in glued mesh hernia repair. However, the 
first impression and mostly the results of this pilot study convinced 
us of the superiority of glue vs suture in the fixation of mesh and we 
changed our practice as a result of this. Nowadays, we almost always 
use to fix our meshes with cyanoacrylate glue, both in open and 
laparoscopic hernia repair. Primary endpoint of our trial was early and 
late postoperative pain. According to Alfieri et al.22 chronic pain has 
been defined as the pain lasting 6 or more months after the operation.

In our study, the two curves of pain had similar trend but 
different levels of pain score. The peak of pain was in both groups 
24 hours after surgery, when the effect of intraoperative anaesthesia 
had completely vanished and patient had restarted his normal life. 
At this stage there was no difference between glue and suture, and 
maybe pain was mostly due to the surgical trauma itself and the 
local release of inflammatory mediators. Also the number of patients 
who were still on painkillers after 24 hours is comparable between 
the two groups. This is quite different from the figures reported in 
some meta-analyses that demonstrated also a reduction of acute pain 
with glue fixation.25,27 After that, pain gradually decreased to reach a 
plateau 1 month after surgery. Patients who have still pain 3 months 
after surgery most likely will have chronic pain. The most significant 
differences between the two groups are between 2 days and 1 month 
after surgery, maybe due to the low-grade local inflammation and 
reduced risk of nerve entrapment when glue was used. But there 
is an interesting trend also in the long run, as the only two patients 
who still had pain at the 6th month follow-up visit were in group A. 
However, the difference of average pain between the two groups is not 
significant at 3 and 6 months after the operation. In this respect, RCTs 
by Dabrowiecki et al.28 & Paajanen et al.29 failed to find any difference 
in long term pain. In this last study, however, the control group was 
of patients whose mesh was fixed with few absorbable stitches and 
not the classic polypropylene running suture. This can account for the 
totally overlapping results. Some recent meta-analyses and systematic 
reviews confirmed a reduction in chronic groin pain and a faster return 
to normal activities with the use of glue,25 whereas others did not 
reach the same conclusions.30,31 Duration of time to return to normal 
activities was not an endpoint of our study. With a longer follow up, 
Kim-Fuchs et al. have been able to demonstrate a trend for less pain 
in the glue group with respect to the suture group up to 5 years after 
surgery.32 This indicates that chronic pain is no more linked to local 
inflammation or micro environmental changes, but should be due to 
more anatomical reasons, such as nerve entrapment. However, this 
has not been confirmed in meta-analysis studies.27

Secondary endpoints were postoperative complications and 
recurrence rate; in our case both of them seem to be higher in the 
group of patients whose mesh was fixed with suture. The specific 
analysis of the single complications shows that none of them can 
theoretically be related to the fixation method. In 2010 Testini et al. 
reported an overall morbidity rate as high as 39% in “suture” patients, 
vs 11% in “cyanoacrylate” patients.33 This is quite impressive, but if 
we analyse the single complications, we can gather that the most of 
this difference is due to nervous complications (pain and numbness). 
If we don’t consider those events, morbidity rates come down to 
6.8% vs 1.8% (p = not significant). Assuming that fixation with two 
polypropylene running sutures is somehow the best guarantee against 
mesh slippage, we have not been able to understand the real causative 
factors of the higher recurrence rate in Group A. It is likely that 
those two recurrences are due to technical failure more than to the 
suture fixation of the mesh. Anyway, this figure contrasts with those 

reported by Kim-Fuchs et al., who found a recurrence rate in patients 
whose mesh was fixed with glue almost double than that in patient 
whose mesh was sutured.32 However, it has been demonstrated that 
cyanoacrylate glue produces more than adequate fixation strength, 
significantly better than that of fibrin glue.34

Many RCTs have been conducted to compare glue fixation with 
suture fixation. Most of them are of low or very low quality and 
heterogeneity is high.30 More significant results could come from 
systematic reviews and meta-analyses, but they are sometimes 
contrasting.22 This can be due to the ample heterogeneity of the studies, 
probably much more than reported in the published articles. In fact, 
groin hernia surgery is one of the less standardized procedures, as 
every single step of a “simple” operation as the original Lichtenstein 
technique has been modified by every surgeon. Some variables are skin 
incision (length, direction), preparation of the fascia (subcutaneous fat 
left on the fascia vs complete dissection), plication of the transversalis 
fascia, dissection of the pubic tubercle, treatment of cremasteric 
fascia, overlap of the mesh on the pubic tubercle, technique of closure 
only to cite a few. Each of them can affect postoperative pain. It 
would be interesting to perform a study aimed at exploring the many 
different techniques of open hernia repair. In our study we planned a 
standardized technique, trying to limit this bias, but we cannot exclude 
that occasionally the surgeon performed some “personal” steps to face 
unexpected intraoperative findings. This is an obvious bias of all the 
reported RCTs, and of this study in particular.

Clearly, this study has some other limitations. The most evident is 
the low number of cases. The original research plan was to conduct a 
pilot study on 100 patients, however this was stopped after four months 
due to evident better clinical results in the group of patients whose 
mesh was fixed with glue. This was based on a general impression of 
all the surgeons involved in the study. The clinical difference between 
the two groups is only partially demonstrated by the objective 
indicators hereby reported. The second limitation is the short follow 
up. During the study-planning it was decided that 6 months follow up 
could have been a reasonable time as pain still present at 6 months is 
to be considered “chronic”. Our primary endpoint was then achieved. 
Unfortunately, 6 months could be considered a non-sufficient interval 
to estimate the recurrence rate, as many of them can occur in the 
long term. Strength of this study is undoubtedly the preoperative 
psychological evaluation of patients. In fact, at our knowledge, no 
previous randomized controlled study matched the two groups 
also with respect to psychological trait. It is well demonstrated that 
postoperative pain is affected by psychology35 - anxiety, depression 
and attitude culture, education, personal history, religion and this 
should be considered a confounding bias in the clinical researches on 
pain perception. In our study this bias has been eliminated.

Conclusion
This trial demonstrated once again that mesh fixation with 

glue causes less postoperative pain-both acute and chronic than 
the classical suture fixation, with similar if not better morbidity 
and recurrence rates. A large scale well planned double-blinded 
randomized controlled trial with a standardized technique and long 
term follow-up could give more definitive results, in particular if it 
entails a multivariate analysis to understand the actual weight of each 
single factor in the genesis of post-herniorraphy chronic pain.
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