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Abstract: The aim of this prospective randomized trial was to compare 2 main fixation devices in regard to pain and 
recurrence in laparoscopic ventral incisional hernia repair (LVIHR). A total of 51 patients were evaluated in this study 
(n = 25, nonabsorbable tack (NAT) and n = 26, absorbable tack (AT) groups). A visual analogue scale (VAS) was 
performed on both groups preoperatively and on the postoperative (PO) first day, second week, and sixth month. 
All patients were followed for recurrence by clinical examination, ultrasonography, and/or abdominal computed to-
mography. The median follow-up time was 31 months (15-45). The mean age and the mean body mass index (BMI) 
of the patients were 53.1 ± 11 years and 34 ± 5 kg/m2, respectively. The median defect size was 60 cm2 (35-150) 
and median operation time was 110 minutes (40-360). In 2 patients from AT group and 2 from NAT group (7.8%), 
recurrence occurred. The 2 groups had similar features regarding demographics, operation time, postoperative 
hospital stay, morbidity, and VAS scores. The 2 fixation methods were found similar for PO pain and recurrence. In 
our opinion, the choice of either of these fixation methods during surgery should not be based on the concerns of 
pain or recurrence. AT may be the preferable option in LVIHR due to the lower cost.
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Introduction

The laparoscopic technique offers a variety of 
advantages over conventional open surgery in 
repairing ventral hernias, such as shorter recov-
ery time and lower recurrence and wound com-
plication rates [1-3]. Despite these advantages, 
patients who undergo laparoscopic ventral inci-
sional hernia repair (LVIHR) tend to have more 
pain in the early postoperative period than 
after any other minimally invasive operations 
[4, 5]. The occurrence of postoperative pain in 
these patients has been ascribed to commonly 
used mesh fixation methods, transfascial 
sutures (TS), and metal fixation devices [6, 7]. 
For this reason alternative fixation methods, 
such as fibrin sealant and nonmetallic absorb-
able fixation devices, were developed, and they 
were compared in a variety of studies [8-10]. 
However, the comparison of nonabsorbable 
tack (NAT) and absorbable tack (AT) mesh fixa-
tion techniques regarding pain and recurrence 
has not been established by randomized clini-

cal trials. In this prospective randomized clini-
cal trial, we aimed to investigate whether pain 
and recurrence after LVIHR varied according to 
use of these 2 fixation devices.

Patients and methods

Patients

The protocol for this study was approved by the 
local ethics committee of Samsun Training and 
Research Hospital. Patients who were treated 
for midline incisional ventral hernia between 
December 2010 and June 2014 were consid-
ered for enrollment in the study. Patients who 
required urgent surgery were excluded. The 
other exclusion criteria were conversion to open 
surgery and contraindication for general anes-
thesia induction. All patients who enrolled in 
the trial provided an informed consent form. 
The American Society of Anesthesiologists 
(ASA) scores and visual analogue scale (VAS; 
range 0-10) scores were evaluated 1 day prior 
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to the surgery (VASP). Also, the scores on the 
PO first day (VAS1), second week (VAS2), and 
sixth month (VAS3) were recorded.

Procedures

Two staff surgeons of our clinic performed the 
operations. A pneumoperitoneum was pro-
duced by using a Veress needle in the left sub-
costal area. Three trocars were used. One 
10-mm trocar was placed as laterally as possi-
ble on the abdominal wall to obtain adequate 
distance from the hernia orifice. A 30° endo-
scope was inserted through this 10-mm trocar. 
Other trocars (5 mm) were inserted under direct 
visualization. The abdominal wall defects were 
freed from peritoneal and visceral adhesions 
by using electrosurgical dissection or a har-
monic scalpel (Ultracision, Ethicon Endosurgery, 
Johnson & Johnson, Cincinnati, OH, USA). When 
necessary, adhesiolysis was performed. The 
hernia was exposed, and the surrounding ante-
rior abdominal wall was prepared for mesh 
placement. A large-pore composite mesh 
(PhysioMesh; Ethicon, Johnson & Johnson 
Company, Germany) was used in all patients. 
The mesh was tailored to overlap all hernia 
margins, extending by at least 5 cm. The meth-
od of mesh fixation for each patient was deter-
mined by means of computerized random gen-
eration of a number just before the operation. 
The number was given to the surgeon, and the 
mesh fixation technique previously assigned to 
that number was used. Patients were randomly 
assigned to the NAT and AT mesh-fixation 
groups.

In the NAT group, titanium helical tacks 
(ProTack; TycoUSS, Norwalk, CT, USA) were 
placed approximately 5 mm inside the edge of 
the mesh along its entire perimeter, about 1.5-
2.0 cm apart. In the AT group, the mesh fixation 
was provided by absorbable tack (AbsorbaTack; 
Covidien, Mansfield, MA, USA). After fixation of 
the mesh, the trocars were removed, and the 
10-mm fascial defects were closed. Patients’ 
operative characteristics were recorded after 
the operations.

All patients received standard PO care, includ-
ing mobilization and return to normal diet as 
quickly as possible. A patient-controlled analge-
sia (contramal 100 mg) was provided for the 
first 24 hours after surgery. A nonsteroidal anti-
inflammatory agent (diclofenac 25 mg, intra-

muscular, 2 times daily) was provided until dis-
charge from the hospital.

Follow-up

All patients were scheduled to return for an out-
patient visit in the second week and every sixth 
month after the surgery. The primary outcome 
measure in the study was the presence and 
severity of PO pain, as determined by VAS 
score, which was obtained during the outpa-
tient visits (VAS2 and VAS3). Also, recurrence of 
the hernia was evaluated by clinical examina-
tion, ultrasonography, or abdominal computed 
tomography every 6 months. Any wound sero-
mas or hematomas were considered PO com-
plications when they limited daily activities or 
required drainage.

Statistical analysis

Statistical analysis was performed using IBM 
SPSS Statistics version 20.0 (SPSS Inc., 
Chicago, IL, USA, 2011) for Windows. Results 
were compared by Student t test or Mann-
Whitney U test for continuous variables, and 
chi-square or Fisher exact tests were used for 
categorical variables. A P value <0.05 was con-
sidered to represent statistical significance. 

Results

Fifty-one patients (NAT group, n = 25 and AT 
group, n = 26) were enrolled in the study, 32 
female (62.7%) and 19 male (37.3%). The mean 
age was 53.1 ± 11 years. The mean BMI was 
34 ± 5 kg/m2. The median defect size was 60 
cm2 (range 35-150).

The 2 groups had similar features regarding the 
patients’ demographics, BMIs, ASA scores, 
comorbidities, hernia size, number of previous 
surgeries, operation times, PO hospital stay, 
morbidity, and VASP, VAS1, VAS2, and VAS3 
scores (Tables 1, 2). The median operation 
time was 110 minutes (40-360). Serious peri-
operative complication was not seen in either 
group. PO complications are presented in Table 
3. The median PO hospital stay was 2 days 
(1-8).

The median follow-up time was 31 months (15-
45). In 2 patients from AT group and 2 from NAT 
group (7.8%), recurrence occurred. The mean 
VAS3 score was found to be higher in these 
patients (3 ± 0.8 vs 0.6 ± 0.8, P = 0.001). Other 
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factors were not found to be related to the 
recurrence of the hernias. One patient in the 
NAT group was readmitted to the hospital with 
an enterocutaneous fistula due to mesh migra-
tion into the small bowel. The patient was treat-
ed with mesh extraction and segmental small 
bowel resection in the PO third month. There 
was no mortality in the study groups during 
follow-up.

Regarding the cost effectiveness, the addition-
al charges of the tacks to the total operation 
costs were US $190 and US $325 for ATs and 
NATs, respectively.

Discussion

Pain remains a relevant complaint during the 
early PO period, leading to the increased con-
sumption of pain medications, delayed bowel 
function, and extended hospital stays. The inci-
dence of chronic pain after laparoscopic inci-
sional hernia repair has been reported to be 
approximately 1% to 3% [11]. PO pain after lap-
aroscopic ventral hernia repair was investigat-

ed in a variety of studies [4, 5, 7]. Most of these 
studies focused on the association between 
mesh fixation devices and PO pain. The mesh 
fixation technique has been one of the most 
controversially discussed topics in LVIHR since 
the introduction of laparoscopic surgery was 
described by LeBlanc and Booth in 1993 [12]. 
LeBlanc used transfacial suture (TS) and titani-
um tack together in the operations. However, 
over time, chronic pain of the patients after 
LVIHR caused new searches for fixation meth-
ods. The majority of reports describe the use of 
TS or tack fixation [13, 14]. These studies 
reported no difference between using only TS 
or tack for pain and recurrence. Subsequently, 
fibrin sealants and absorbable tacks were used 
by some researchers [10, 15, 16]. Although 
absorbable fixation devices have been devel-
oped to achieve a sufficient tensile fixation 
strength with acceptable PO pain compared to 
conventional nonabsorbable devices, their 
effectivity has not been confirmed by random-
ized controlled clinical trials. In this first pro-
spective randomized trial, we have found no 

Table 1. Patient demographic and hernia charecteristics, according to mesh fixation group
Characteristics Mesh fixation group Overall (n = 51) P values

NAT (n = 25) AT (n = 26)
Mean (± SD) age in years 56.1 (11.8) 50.7 (9.9) 53.1 (11) 0.110X
Sex: F/M 15/10 17/9 32/19 0.537Г
Mean (± SD) BMI (kg/m2) 35.4 (5.1) 32.9 (4.6) 34 (5) 0.102X
ASA class (no. of patients) 0.685Г
    1 5 3 8
    2 15 16 31
    3 5 7 12
Hernia size (cm2) 62.9 (22.4) 67 (23.1) 65 (22) 0.624X
Number of prior abdominal surgery (no. of patient) 0.559Г
    1 11 10 21
    2 12 13 25
    3 2 1 3
    4 1 1 2
Co-morbidity (no of patients) 0. 881Г
    Absent 7 9 16
    Diabetes 6 7 13
    Hypertension 3 6 9
    Asthma 4 6 10
    CAD 2 1 3
Recurrent hernia (% of patients) 8 7.6 7.8 0.685Г
ASA American Society of Anesthesiologists, BMI body mass index, NAT nonabsorbable tack, AT absorbable tack, CAD coronary 
artery disease. XDifferences between groups were determined by two tailed Student’s t-tests. ГDifferences between groups 
were determined by Chi-square test.
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significant difference between absorbable and 
nonabsorbable fixation devices in LVIHR regard-
ing PO pain and recurrence.

To date, several studies have confirmed the 
efficacy of tack-only fixation. Carbajo et al [17] 
reported a very low recurrence rate (4.4%) with 
this technique. Kitamura et al [13] reported the 
data of 83 patients: 33 in the suture group and 
53 in the tack group. Hernia recurrence 
occurred in 3 patients in the suture group, while 
in 2 patients in the tack group (P > .05). In the 
International Endohernia Society (IEHS) Gui- 
delines, which evaluated the outcomes of 5884 
patients in 23 studies, a cumulative recurrence 
rate of 3.95% for all 3 (sutures + tacks, sutures 
only, and tacks only) groups was reported dur-
ing a median follow-up period of 35.5 months. 
The recurrence rates for the groups were as fol-
lows: 3.65% (range 2.45%-5.75%) for the suture 
and tacks fixation group comprising 2211 
patients, 1.05% (0.82%-1.27%) for the sutures-
only fixation comprising 1121 patients, and 
4.5% (2.4%-6.17%) for the tacks-only fixation 
group comprising 2473 patients. The 3 groups 
did not differ significantly in terms of recur-
rence rates or follow-up periods [18].

To provide reliable mesh fixation with accept-
able PO pain, alternative mesh fixation tech-
niques were studied. Fibrin sealant fixation has 
been investigated in numerous studies, with a 
special intention toward pain reduction. Some 
of these studies suggested that this technique 

is safe and feasible, while others reported high-
er recurrence rates than the other methods, 
especially in larger hernia defects [8, 9, 19, 
20]. In a systematic review, Fortelny et al [8] 
reported that fibrin glue or fibrin sealant was 
associated with less acute and chronic PO pain 
than tissue-penetrating mesh fixation meth-
ods. Despite the proven effectivity and lower 
recurrence rates of mesh fixation with tacks, 
the quality of life outcomes of the studies are 
conflicting. Nguyen et al [14] showed no signifi-
cant difference at PO 1 week, 1 month, and 2 
months regarding pain assessment in suture (n 
= 29) and tack (n = 21) groups. Bansal et al [21] 
randomized 68 patients into nonabsorbable 
suture (n = 32) and tack (n = 36) groups. Tack 
fixation resulted in significantly higher pain 
scores than suture fixation at 1, 6, and 24 
hours and also at 1 week and 3 months postop-
eratively. They reported no significant differ-
ence in the incidence of chronic pain and sero-
ma development in the follow-up of 32.2 
months. In a randomized controlled trial that 
compared methods for securing the mesh dur-
ing LVIHR, the absorbable sutures with tacks (n 
= 56), double crown (n = 60), and nonabsorb-
able sutures with tacks (n = 56) techniques 
were associated with similar PO pain and quali-
ty-of-life findings [22].

Eriksen et al. reported the results of 40 patients 
who were assigned randomly into 2 groups: 
fibrin sealant fixation (n = 20) and titanium 
tacks fixation (n = 20). The assessment of 
acute pain (PO 0-2 days) by VAS showed signifi-
cantly less pain in the fibrin sealant group than 
in the tack group at rest (19 vs 47 mm, P = 
.025) and during activity (38 vs 60 mm, P = 
0.014) [9].

Table 2. Operative and postoperative character-
istics and VAS scores, according to mesh fixation 
group*

Mesh fixation 
group p-Value

NAT AT
VASP 0.5 (0.6) 0.5 (0.7) 0.872X
VAS1 3 (1.1) 3 (1) 0.778Г
VAS2 1.1 (0.8) 1.5 (0.7) 0.204X
VAS3 0.6 (1) 1.1 (1.1) 0.079X 
Postoperative stay (days) 2.5 (1.7) 2.1 (1.1) 0.312X
Operating time (min) 122 (50) 124 (58) 0.740Г
VAS visual analogue scale (0-10), VASP preoperative prior 
day, VAS1 postoperative first day, VAS 2 postoperative second 
week, VAS3 postoperative sixth month, NAT nonabsorbable 
tack, AS absorbable tack. *Values are mean (± SD). XDiffer-
ences between groups were determined by Mann Whitney U 
test. ГDifferences between groups were determined by two 
tailed Student’s t-tests.

Table 3. Complications of surgery, according 
to mesh fixation groups

Complications Mesh fixation 
group

No% of all 
patients

NAT AT
Seroma 5 4 9 (17.6)
Hematoma 1 1 2 (3.9)
Prolonged ileus - 1 1 (1.9)
Trocar hernia 1 1 2 (3.9)
Cellulitis 2 3 5 (9.8)
Hernia recurrence 2 2 4 (7.8)
Mesh migration 1 - 1 (1.9)
NAT nonabsorbable tack, AS absorbable tack.
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Reabsorbable tacks, which are a newer alterna-
tive method for mesh fixation in LVIHR, have 
been available for some years. Leper et al [10] 
have published one prospective multicenter 
trial investigating these devices. They per-
formed all mesh fixation with I Clip, and pain 
level was assessed with VAS. At PO 1 month, 
90% of patients (90/100) were totally pain free, 
and only 10 patients reported a mild pain. No 
mesh sepsis or recurrence was observed. 
Hollinsky et al [23] presented an experimental 
study and compared I Clip (Covidien Corp., 
Mansfield, MA, USA), Pro Tack (TycoUSS, 
Norwalk, CT, USA), AbsorbaTack (Covidien, 
Mansfield, MA, USA), and transfascial sutures. 
After 2 months, the retention strength of trans-
fascial sutures was significantly higher (13.2 N/
cm2) than that of ProTack (9.7 N/cm2) or 
AbsorbaTack (8.7 N/cm2). But these studies are 
not clinical trials. Guidelines of EAES (European 
Association for Endoscopic Surgery and other 
interventional techniques) and the EHS 
(European Hernia Society) reported that, at 
present, there are no adequate clinical studies 
about the use of absorbable devices, and they 
could not make any recommendation [24]. 
Therefore, we believe that this study will con-
tribute to the literature. In the study, we have 
found a 7.8% recurrence rate in 51 patients 
during our median follow-up period of 31 
months (15-45). In 2 patients from both the AT 
and NAT groups, hernias recurred. One patient 
in the NAT group was readmitted to the hospital 
with an enterocutaneous fistula due to mesh 
migration into the small bowel. This patient was 
treated with mesh extraction and segmental 
small bowel resection in the PO third month. In 
this case, whether it was due to mesh erosion 
or bowel adhesion to tacks could not be deter-
mined. The patients who experienced recur-
rence had a larger defect size (76 vs 60 cm2) 
than the others. Two of these patients had 
chronic obstructive pulmonary disease. The PO 
first day, second week, and sixth month VAS 
scores were found to be similar in both groups, 
with an exception in recurred patients. In these 
patients, the PO sixth month VAS scores were 
found to be significantly higher than the others. 
Permanent pain after the operation may be a 
presenting symptom of recurrence after LVIHR.

This study is not without limitations. Mainly, the 
number of patients is low. Another limitation of 
the study is the absence of quality-of-life 
assessment. Despite these limitations, we 

believe that this first randomized clinical trial 
provides beneficial information about the 
choice of absorbable and nonabsorbable tacks 
in LVIHR.

Finally, the most obvious advantage of ATs is to 
have lower cost than NATs. In Turkey the addi-
tional charges of ATs and NATs are US $190 
and US $325 for each LVIHR procedure, respec-
tively. ATs have a cost nearly 2 times smaller 
than NATs.

In conclusion, we have found no significant dif-
ferences between the 2 fixation techniques 
regarding recurrence, complications, and PO 
pain. ATs may be a preferable option due to 
lower cost in LVIHR. In our opinion, the choice 
of either of these fixation methods during sur-
gery should not be based on the concerns of 
pain or recurrence.
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