
Abstract 

Objective: The aim of the study was to compare the duration of surgery and postoperative outcome of 
securing mesh with skin staples versus polypropylene sutures in Lichtenstein hernia repair.
Method: A total of 96 patients with inguinal hernia undergoing Lichtenstein mesh repair were ran-
domly assigned into two groups. The mesh was secured by using either skin staples (group I) or poly-
propylene sutures (group II).
Results: Mesh fixation with skin staples is as effective as conventional sutures with the added advan-
tage of significant reduction in the operating time and complications. 
Conclusions: The staples can be applied much more quickly than sutures for fixing the mesh, thus 
saving the operating time. The infection rate is significantly decreased with staples. The staples are not 
associated with any significant complications or recurrence.
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Introduction
Hernia is defined as a protrusion of a 

viscus or a part of viscus through an abnor-
mal opening in the wall of its containing 
cavity. The most frequent of all hernias is 
inguinal hernia, which occurs in 73% of all 
hernia cases and is 20 times more frequent 
in males than females [1]. 

Lichtenstein (1989) reported that ex-
cessive tension on the suture line resulted 

in the high recurrence rate after the primary 
repair. In 1989, Lichtenstein et al. con-
cluded that with tension-free mesh repair 
of hernia, recurrence could be completely 
avoided. Although many new techniques 
are available today for hernia repair (plug 
and patch, TEP, TAPP, PHS), Lichtenstein 
tension-free repair is the most commonly 
used technique due to cost effectiveness, 
low recurrence rate, and better patient 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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satisfaction [2]. The Lichtenstein repair takes into ac-
count the important factors identified in the success-
ful outcome of hernia operation — supplementing the 
strength of transversalis fascia and a tension-free repair. 
The only disadvantage of the mesh operation is that it 
requires the use of prosthetic material with attendant 
risk of infection. Any modification which reduces this 
threat would be useful.

The main cause of recurrence of hernia is “Suture 
Line Tension” brought by suturing of overcasting be-
tween the annular and ligamentous flap, which are not 
normally in apposition. The valuable sling and shutter 
mechanism are destroyed by the tension created by su-
ture material on tissues. A needle hole also causes dam-
age to the tissue [3,4].

The latest trial in this aspect is securing mesh with 
use of skin staples instead of the usual polypropylene 
sutures. Staples are applied with a Proximate Plus MD 
(multidirectional) Release Skin Stapler. Staples are 
quick to use and reduce the operating time and mini-
mize the risk of wound infection [5].

Materials and Methods 
This study was carried out in the tertiary care center 

from June 2010 to June 2012. Ninety six adult patients 
(>18 yrs) with primary inguinal hernias were included 
in the trial, all as elective cases. Inclusion criteria were 
as follows: age >18 and <70, non-obstructed or stran-
gulated hernia, non-recurrent hernia. Exclusion crite-
ria were as follows: age <18 and >70, strangulated or 
obstructed hernia, recurrent hernia. After taking the 
informed consent, patients were randomized either to 
group I (where the mesh was secured with staples) or 
group II (where the mesh was sutured with polypro-
pylene sutures) by distributing either a yellow (group 
I) or red (group II) card. Two patients in each group 
underwent bilateral inguinal hernia repair, thus making 
50 mesh repairs in each group. Most of the operations 
were done under spinal anesthesia. A single dose of in-
travenous cefotaxime at 1 g was administered 1 hour 
prior to surgery. Direct hernia sacs were plicated, while 
very small ones were reduced or unopened. Small in-
direct sacs were dissected from the spermatic cord and 
divided. They were then transfixed and the distal part 
excised. A sheet of polypropylene mesh (11 x 6 cm) 
was cut to shape and laid over the posterior wall of the 

inguinal canal so that it overlapped the pubic tubercle 
by at least 1 cm medially, and extended superiorly to 
lay over the conjoint tendon and to a point at least 2 cm 
lateral to the internal ring. In group II, mesh was fixed 
in position by interrupted sutures of 2/0 Prolene (Ethi-
con, Johnson & Johnson, USA) along the inguinal liga-
ment inferiorly from the pubic tubercle to the lateral 
edge of the mesh. Interrupted polypropylene sutures 
were then placed medially and superiorly into the in-
ternal oblique and transversalis muscles. The spermatic 
cord was passed through a slit in the mesh. Lateral to 
it the overlapping free edges of the mesh were sutured 
together with two interrupted polypropylene sutures. 
In group I the positioning of the mesh was identical 
but a Proximate Plus MD (multidirectional) Release 
Skin Stapler (Ethicon, Johnson & Johnson, USA) con-
taining 35 preloaded stainless steel staples was used to 
secure it. A staple was placed into the pubic tubercle 
with between seven and nine staples along the ingui-
nal ligament placed 1–2 cm apart (Figure 1). A further 
four to five staples were placed in the internal oblique 
and transversalis muscle medially and superiorly and 
the overlapping free edges of the mesh were stapled 
together with two staples lateral to the cord (Figures 
2, 3). In both groups the external oblique aponeuro-
sis was closed with a continuous suture of 2/0 Prolene 
(Ethicon, Johnson & Johnson, USA) and the subcuta-
neous tissue was then approximated with 2/0 vicryl. 
Skin closure was completed in group II using interrupt-
ed sutures of 3/0 Ethilon (Ethicon, Johnson & John-
son, USA), which were removed 7 days after surgery. 

Figure 1. Arrow head showing staples along the inguinal ligament 
and pubic tubercle.
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Figure 2. Arrow head showing staples along the Transversalis Fascia 
and Conjoint Tendon.

Figure 3. Arrow head showing staples along the inguinal ligament 
laterally and conjoint tendon and fascia transversalis medially.

In group I, skin closure was completed using staples 
from the same staple gun. Staples were removed 7 days 
after operation. The time taken from the skin incision 
to the beginning of the mesh insertion and from the 
beginning of the mesh insertion to completion of skin 
closure was recorded to the nearest 30 seconds. Antibi-
otics were given post-operatively to all patients for one 
week. Post-operative patients were made ambulatory 
the day after surgery. Normal activity was permitted a 
week after. Strenuous exercise was discouraged for a 
month. Post-operative complications such as infection, 
hematoma, requiring drainage or in-patient admission, 
pain significant enough to cause alteration in lifestyle 
(assessed by a visual analogue scale), non-infectious 
urinary complications including acute urinary reten-
tion that prolonged the hospital stay, post-operative il-
eus, and other miscellaneous complications were noted 

daily. Patients were discharged as soon as possible de-
pending on the post-operative condition of the patient. 
All cases were performed by an experienced team of 
surgeons.

Patients were called into the out-patient depart-
ment on the 7th post-operative day, 2–3 weeks post-
op, 1–2 months later, and then for further follow-up till 
12–18 months. Check-up for any complication and re-
currence was carried out in detail and the observations 
were recorded.

Statistical analysis was performed using the un-
paired “t” test for continuous variables and Pearson chi-
square and Fisher’s exact test for categorical variables.

Results
Ninety-six adult patients (>18 yrs) with primary 

inguinal hernias entered into the trial. There was no sig-
nificant difference in the demographic profile between 
the two groups (Table 1).

The median duration of surgery in the staple group 
was 62 mins, whereas in the suture group there was a 
74-min difference of 12 mins. This difference was main-
ly because of the time difference from the mesh inser-
tion to the completion of the surgery. The difference in 
time from the skin incision to the mesh insertion was 
not significant between the two groups, but the differ-
ence in time from the mesh insertion to completion of 
the surgery was significant (p=0.0001). The differenc-
es in the total operating time between the two groups 
were also significant (p=0.007) (Table 2).

In the present study, no significant difference was 
seen in post-operative pain in either group.

Complications: six patients in the staple group and 

Table 1. Demographic profile, type of hernia.

*Mean (min-max) 

Staple 
Group (I)

Suture 
Group (II)

P 
value

Age in years* 48 (26-68) 46 (24-60) 0.31
Sex : 

M 48 47
1.00

F 0 1
Type of hernia

Bilateral 2 2
0.67Indirect 34 38

Direct 16 12
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Table 2. Comparison of Operative Time: Time one (T1), Time 
two (T2) and Total operative Time (TOT) in two groups.

Table 3. Comparison of various complications in two groups.

*p=0.0001 HS    **p=0.007 HS
T1-The time (minutes) taken from the skin incision to the begin-
ning of the mesh insertion.
T2- The time (minutes) taken from the beginning of the mesh in-
sertion to completion of skin closure was recorded to the nearest 
30 seconds.

Mean SD
Staple group (I)

T1 41.3 9.0
T2 20.7* 6.9
Total 62.0** 14.4

Staple group (II)
T1 41.3 8.8
T2 32.7* 8.3
Total 74.2** 16.2

Staple group (I) Suture group (II) P value

Urinary retention 6(12%) 4(8%) 0.74
Wound echymosis 0 0
Wound infection 2(4%) 12(24%) 0.00
Wound Hematoma 0 0
Wound Seroma 0 6(12%) 0.02
Wound Abscess 0 0
Scrotal Oedema 0 2(4%) 0.49
Scrotal Hematoma 0 2(4%) 0.49
Scrotal Abscess 0 0
Stitch Abscess 0 4(8%) 0.11

four patients in the suture group had urinary retention. 
Wound infection was seen in two patients in the staple 
group and in 12 patients in the suture group. Of these 
12 patients, six patients had serosanguinous discharge, 
four developed wound gaping, and two patients had 
minimal discharge. The difference was found to be sig-
nificant (p=0.0076).

In the suture group, six patients presented with 
wound seroma. All of them resolved within 2–3 
weeks with conservative management. Two patients 
in the suture group had scrotal swelling and a scrotal 
hematoma each. Swelling was managed conservative-
ly and hematoma was aspirated. Four patients pre-
sented with stitch abscess in the suture group. None 
of the above complications were seen in the staple 
group (Table 3).

Discussion
The treatment of inguinal hernia has evolved over 

the past 15 years when truss support was used and 
operation was reserved for life-threatening situations. 
Now hernia repair is done as an elective outpatient pro-
cedure [6].

Pure tissue repairs have a suture line after closure, 
which is under tension because the defect edges are ap-
proximated instead of being bridged. Suture line ten-
sion is at the heart of failed hernia repair and solving 
this problem would largely eliminate the recurrence 
[7]. Excessive tension on the suture line and the sur-
rounding tissue leads to tissue ischemia, and suture cut 
out leads to recurrence [8].

In tension-free or mesh-based repair, synthetic 
mesh is usually used to strengthen the transversalis fas-
cia to create a strong and tensionless repair [9]. Open 
mesh hernioplasty appears to be the gold standard 
when managing inguinal hernia [10].

Egger et al. first reported the use of skin staples for 
securing the mesh in the hernia repair [11]. Mills et 
al. [7] and Garg et al. [5] reported a similar study to 
compare the skin staples and polypropylene sutures for 
securing the mesh in inguinal hernioplasty.

The main advantage with application of staples for 
securing the mesh in Lichtenstein repair is reduction 
in the operative time. A difference of 12 minutes was 
found between the two groups in our study, which was 
significant. Our study results are comparable with those 
of previous studies such as Garg et al. [5] and Mills et 
al. [7]. According to Mills the difference can be impor-
tant as shorter operation time may be associated with a 
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reduced wound infection rate and also it decreases the 
risk of anesthesia [7].

In our study, with regard to previous studies such as 
Garg et al. [5], the staple used was a Proximate Plus MD 
(multi-directional) Release Skin Stapler. The staples are 
made from stainless steel with inert coating. The length 
of the prongs on the staples is 3.0 mm, which appears to 
be sufficient enough to provide good penetration into 
the tissue to fix the mesh. Mills had used a Proximate 
RH (rotating head) Skin Stapler in which accurate skin 
staple placement is facilitated by the design of the sta-
pler whose head rotates by 360 degrees, thereby allow-
ing maximum visibility and improved access [7].    

Wound infection is a major cause of hernia recur-
rence [2]. Wound infection was seen in two patients in 
the staple group and 12 patients in the suture group. Of 
these 12 patients, six patients had serosanguinous dis-
charge, four developed wound gaping, and two patients 
had minimal discharge. The difference between the two 
groups was found to be significant (p=0.0076). The 
incidence of decreased infection in the staple group 
could be because of the decreased operating time. The 
staples can be applied much more quickly than sutures, 
hence saving the operating time, less tissue handling, 
and reducing the risk of wound infection.

Van der Zwaal et al. [12] interestingly reported that 
there was no post-operative wound infection. They 
suggested that it could possibly be attributed to the in-
ert coating covering the stainless steel staples. Thus, it 
may be inferred that the rate of wound infection is sig-
nificantly less with the use of staples, but further stud-
ies are needed to confirm it.

There was no intra-operative or immediate post-
operative hemorrhage, as well as any bladder/bowel/
neurovascular injury in the present study. Gould SW 
suggested that it is safe to staple the mesh a little higher 
up on the inguinal ligament than one might with a su-
ture [13]. Mills et al. [7] also said that the risk of dam-
age to a major underlying vessel may be less than with 
insertion of conventional sutures.

In our study, six patients in the suture group pre-
sented with seroma of the wound. All of them resolved 
within 2–3 weeks with conservative management. 
None of the patients in the staple group had similar 
complaints. Garg et al. were the only authors to report 

this complication in both groups, but the seroma forma-
tion was almost equal in both groups [5].

In the present study, none of the patients in either 
group presented with nerve entrapment, showing there 
is no increased risk of entrapment neuropathy with the 
use of staples. Fligestone and Kingsworth stated that 
the use of staples in the laparoscopic inguinal hernia 
repair could damage the nerves and small blood vessel 
with harmful consequences due to relatively unsighted 
application of staples [14,15]. Cheek also stated that 
the use of staples is not without the risk of entrapment 
neuropathy; in early case series of laparoscopic hernia 
repair, this complication was not reported, but with the 
use of a stapler in later series, nerve injuries began to be 
described [16].

In the present study, no significant difference was 
seen in post-operative pain in both groups. Mills et al. 
have reported that there was no difference in pain score 
between the two groups [7]. Garg et al. also stated that 
there was no difference in the pain duration in both 
groups of their study [5]. Van der Zwaal et al. also re-
ported that pain scores were similar in both groups [12].

Patients were followed up in the out-patient depart-
ment on the 7th post-operative day, 2–3 weeks post-
op, 1–2 months later, and then for further follow-up till 
12–18 months. No recurrence was observed. There was 
no recurrence in the study conducted by Garg et al. [5] 
and Mills et al. [7], who followed the patients for 3–24 
months and 12 weeks respectively.  A very striking finding 
was by van der Zwaal et al. [12]: a high recurrence rate 
in the suture group (11%) compared to 1% in the staple 
group. Other authors have reported a recurrence rate of 
0.5–3.7% in the traditional Lichtenstein repair procedure.

It is known that recurrent inguinal hernia occurs in 
the medial side. Therefore, it is important to position 
the mesh 1 cm medial to the pubic bone. Furthermore, a 
tension-free position of the mesh is advocated. Their hy-
pothesis was that staple fixation is able to create a more 
tension-free position of the mesh than sutures, because 
sutures are more prone to tensioning than staples [12]. 

Thus, there is some evidence that securing the mesh 
with staples instead of sutures might reduce the recur-
rence rate. But a detailed study with prolonged follow-
up is required to comment accurately on the recurrence 
rate of inguinal hernia in both groups.

DOI:10.5455/aces.20131121023723 www.acesjournal.org
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Conclusion
The technique of Lichtenstein tension-free repair 

is simple, relatively easier to learn and less technically 
demanding. 

In our study it was concluded that:
•	 The staples can be applied much more quickly than 

sutures for mesh fixation, thus saving the operating 
time.

•	 This technique of mesh fixation is as effective as 
conventional fixation with polypropylene sutures.

•	 The stapler placement with a skin stapler provides 
good penetration into the tissue with secure fixa-
tion of the mesh, making this method technically 
easier.

•	 Infection rate is significantly decreased with use of 
staples.

•	 The use of staples is not associated with any in-
crease in post-operative pain.

•	 The use of staples is not associated with any in-
crease in complications, as compared to the use of 
sutures.
Thus, in our opinion, staples may be a better option 

for fixation of mesh than conventional sutures. 
This study needs to be evaluated further in a larger 

group of patients to explore the impact of reduced op-
erative time on post-operative complications and re-
currence rate.
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