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aBsTRacT
INTRODUCTION: The optimal repair of inguinal hernias re
mains controversial. It is recommended that an inguinal 
hernia be repaired using a mesh, either with a laparoscopic 
or an open approach. In Denmark, the laparoscopic ap
proach is used in an increasing number of cases. The lapar
oscopic repair has a learning curve of about 50100 cases 
and decreases chronic pain, but slightly increases the risk of 
serious complications compared with open mesh repairs. 
Therefore, a simpler kind of operation is needed. The ON
STEP technique is a possible solution to this problem. The 
objective of the present randomised clinical trial described 
in this protocol is to evaluate chronic pain after inguinal 
hernia repair using the ONSTEP method versus the lapar
oscopic approach.
METHODS: This study is designed as a noninferiority, two
arm, multicentre, randomised clinical trial, with a 1:1 allo
cation to ONSTEP or laparoscopic repair. Patients are  
re cruited from surgical departments in Denmark and fol
lowup is one year. In total, 188 patients will be included.
DISCUSSION: This protocol describes one of the first ran
domised clinical trials investigating the ONSTEP technique. 
To our knowledge, it is the first clinical trial comparing the 
ONSTEP technique with the laparoscopic technique. The re
sults from this study are needed before it can be decided 
whether the ONSTEP technique should replace the lapar
oscopic technique in general surgical practice.
FUNDING: This study has not received external funding.
TRIAL REGISTRATION: NCT01960777 (clinicaltrials.gov).

Inguinal hernia is a condition affecting millions of people 
worldwide, and it is estimated that 20 million repairs are 
performed annually [1]. The optimal repair for inguinal 
hernias has been sought for centuries, and it is recom
mended that an inguinal hernia should be repaired using 
either the Lichtenstein or the laparoscopic technique  
[2, 3]. 

The quality of repair for inguinal hernias has previ
ously been evaluated in terms of recurrence rates. How
ever, following the introduction of mesh repairs, the 
number of recurrences dropped and focus has shifted 
towards postoperative pain, both acute and chronic. 
Following repair of primary inguinal hernia, 1117% of 
patients are affected by chronic pain interfering with 
their daily activities [4]. One of the advantages of the 

laparoscopic approach is that it diminishes the risk of 
acute and chronic pain. Chronic pain that impairs daily 
activities was found in 8.1% of patients six months after 
repair [5]. However, the laparoscopic repair requires 
dedicated technical skills from the operating surgeon 
with a learning curve of 50100 repairs [6] and has a 
slight increase in the risk of serious complications com
pared with mesh repair [7]. Therefore, there is a need 
for a simpler operation with comparable outcomes that 
does not require the same learning curve or carries the 
same risk of serious complications as the laparoscopic 
repair. The ONSTEP technique is a possible solution to 
this problem, and the initial results are promising with 
no chronic pain and few recurrences [8]. 

Clinical studies are needed to evaluate this new 
technique and to investigate how it compares with 
lapar oscopic repair. The objective of the present non 
inferiority, randomised, clinical trial described here is to 
evaluate pain after inguinal hernia repair using the 
ONSTEP method versus the laparoscopic approach. 
Inclusion of patients has begun and is expected to con
clude in the winter of 2015 and followup is expected to 
conclude in the winter of 2016.

mEThOds
This study is designed as a noninferiority, twoarm, 
multi centre, randomised clinical trial. Patients are re
cruited from surgical departments in Denmark and fol
lowup is one year.

Patients will be assessed for inclusion when they 
visit the outpatient clinic at the participating centres. 
See Table 1 for inclusion and exclusion criteria. Fol
lowing inclusion and signing of the informed consent 
form, the patient will be booked for an inguinal hernia 
repair.

Following inclusion, an envelope containing the pa
tient’s allocation will be opened. This is done prior to 
the day of surgery to facilitate planning of the surgical 
rooms since there is a difference in operating time and 
equipment between the two procedures. Patients will 
not be blinded in this study because of the obvious dif
ference in surgical wounds between the procedures and 
because of the long followup. However, the persons 
conducting the data analysis will be blinded. An elec
tronic randomisation list with fixed block size is created 
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for each participating centre, using randomization.com, 
and allocation is packed in consecutively numbered, 
sealed, opaque envelopes.

Surgeons have to be familiar with the ONSTEP or 
the laparoscopic technique. It is required that the sur
geons have received dedicated training and have per
formed a minimum of ten ONSTEP procedures before 
operating patients for this study. This minimum require
ment is set in order to minimise the learning curve ef
fect, and it is based on prior experience from our de
partment. Furthermore, it is a requirement that the 
surgeons have performed at least 50 laparoscopic re
pairs of inguinal hernia. This limit was set based on a 
Cochrane review concluding that the learning curve of 
the laparoscopic repair is likely to be 50 or more proced
ures [6].

Both techniques will be done with the patient in 
general anaesthesia. The ONSTEP technique will be done 
according to the description from the inventors of the 
technique [8]. In short, the ONSTEP technique is per
formed through a 4cm horizontal incision approxi
mately two fingers cranially to the pubic bone and two 
fingers laterally to the midline. At this place, the fascia 
of the external oblique is reached and the fascia is in
cised. Following the incision, the plane between the ex
ternal and internal oblique is dissected digitally, see 
Figure 1. The spermatic cord is mobilised and lateral or 

medial hernias are identified. Before handling the her
nias, a perforation in the fascia transversalis is made 
digit ally, and a possible femoral hernia is visualised and 
withdrawn. The hernia is handled, the Polysoft mesh 
(Bard, Davol Inc., Warwick RI) is placed around the 
sperm atic cord, and the slit in the mesh is closed with 
three interrupted sutures. No sutures are used to fixate 
the mesh. The mesh is placed medially in the preperi
toneal space and laterally surrounding the spermatic 
cords between the internal and external oblique mus
cles.

The laparoscopic repair should be done as a trans
abdominal preperitoneal repair (TAPP) according to the 
guidelines described by the Danish Hernia Database [2]. 
The mesh should be at least 10 × 15 cm. Fixation of the 
mesh is done using absorbable tacks. Following removal 
of the laparoscopic ports, the skin is closed using sutures 
or staples.

Baseline characteristics of the patients are regis
tered preoperatively. Outcomes will be assessed at the 
following time points: First, second, third, and tenth 
days postoperatively, and then at 30 days and at six and 
12 months postoperatively. Patients are clinically evalu
ated on day ten, and questionnaires will be used preop
eratively and on all followups. The following question
naires will be used in their validated Danish language 
versions: Activity Assessment Scale (AAS) [9], the 
Inguinal Pain Questionnaire (IPQ) [10], the visual ana
logue scale (VAS) for pain [11] and Carolina’s Comfort 
Scale (CCS) [12].

For this study, it was decided to include three pri
mary outcomes, and make three individual sample size 
calculations to ensure that enough power would be 
achieved to cover all three outcomes. This would give us 
the opportunity to report the results in three separate 
publications if found reasonable after final data analysis. 
The three primary outcomes are: 1) prevalence of pain
related impairment of function at six months assessed 
by the AAS, 2) prevalence of pain related impairment  
at the 12month followup assessed by the AAS, and  
3) early postoperative pain (30 days) assessed by the 
VAS for pain. Secondary outcomes include: AAS score on 
day 30, pain assessed by the IPQ, Carolinas comfort 
scale score, operative time (minutes), length of hospital 
stay, time to return to normal daily activities, and other 
longterm complications assessed at the six and 
12month followup. 

sample size calculation based on prevalence  
of pain-related impairment of function  
at the six-month follow-up
In a previous study, using the AAS for outcome assess
ment, the prevalence of substantial painrelated impair
ment of function six months after TAPP repair was found 

TaBlE 1

Inclusion and exclusion criteria.

Inclusion criteria
Male patient > 18 yrs of age

Primary groin hernia which requires surgical intervention

Eligible for both ONSTEP and laparoscopic repair performed in general 
anaesthesia 

Exclusion criteria
Emergency procedures

ASA score > 3

Irreducible inguinoscrotal hernia

Local or systemic infection

Other abdominal hernias being operated at the same time or planned 
operated during followup

Previous surgery which has impaired the sensation in the groin area

BMI > 40 kg/m2 or BMI < 20 kg/m2

Daily intake of alcohol > 5 Ua

Known disease which impairs central or peripheral nerve function

Concurrent malignant disease

Impairment of cognitive function (e.g. dementia)

Chronic pain which requires daily medication

Mental disorder which requires daily medication

ASA = American Society of Anesthesiologists physical status classifica
tion; BMI = body mass index; ONSTEP = open new simplified totally  
extraperitoneal
a) 1 U = 12 g pure alcohol.
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to be 8% [5]. In a cohort study, a prevalence of chronic 
pain at six months after ONSTEP treatment was 0% [8]. 
We may expect a higher prevalence of pain in this study 
for the ONSTEP group since the procedures are spread 
across more surgical departments. The expected preva
lence of painrelated impairment is therefore set to 4%. 
Since the study is designed as a noninferiority study, it 
was decided that a difference of 5.0 percentage points 
or less is equal to noninferiority. This means that the 
95% confidence interval for the difference in favour of 
the laparoscopic approach does not exceed 5%. The 
sample size is calculated using SPSS Sample Power ver
sion 3. Alpha is set to 5% (onesided) and beta is set to 
20%. This will require a sample size of 85 patients for 
two groups. Due to possible dropouts, nine patients will 
be added in each group, which is considered a safe esti
mate [13, 14]. This results in a total of 188 patients.

Prevalence of pain-related impairment of function  
at one-year follow-up
One year postoperatively we expect the pain to dimin
ish in both groups compared with the sixmonth follow
up. We therefore expect 6% in the laparoscopic group 
and 2% in the ONSTEP group to experience painrelated 
impairment of function. This outcome will be analysed 
with the noninferiority assumptions. It was decided that 
a difference of 5.0 points or less is unimportant. Alpha  
is set at 5% (onesided) and beta is set at 20%. The re
quired sample size needed will be two groups of 59 pa
tients, a total of 118 patients. This sample is smaller 
than the sample for the outcome at six months, and 
therefore we do not need to increase sample size to 
clarify this outcome.

Pain in the early post-operative period
Results from a recently published study showed that 24 
hours after surgery, patients operated by the laparos
copic technique had a mean VAS score of 1.4 cm with a 
standard deviation of 0.6 [15]. The early postoperative 
pain has not yet been investigated following the ONSTEP 
repair. We expect the early postoperative pain in the 
ONSTEP group to be similar to that of the laparoscopic 
group and to have a similar standard deviation. A differ
ence of 0.5 cm on the VAS is considered acceptable,  
and this leads to the following assumptions: Early post
opera tive pain in the TAPP group mean (standard devi
ation, SD): 1.4 (0.6) cm. Early postoperative pain in the 
ONSTEP group, mean (SD): 1.4 (0.6) cm. With alpha set 
at 5% and beta set at 20%, the sample size needed is 
two groups of 19 patients, a total of 38. The study in
cludes 188 patients and therefore this outcome should 
be covered by the included population.

Statistical analysis will be performed using both par
ametric and nonparametric statistics depending on dis

tribution of data. A pvalue of ≤ 0.05 is considered signif
icant. Both per protocol as well as intention to treat 
analyses will be conducted.

Baseline characteristics of the participants will be 
reported as means and standard deviations or medians 
and ranges, depending on the distribution of data for 
continuous data, and as numbers and percentages for 
categorical data. No comparisons of baseline character
istics between groups are planned. The results from the 
AAS will be analysed by comparing the proportion of  
patients in each group with substantial painrelated im
pairment of function using Fisher’s exact test. Further 
more, a confidence interval will be calculated for the 
percentages. A mean and standard deviation will be cal
culated for the AAS score in the two groups; and if ap
propriate, the groups will be compared using a ttest. 
The results of the subscales for the AAS (sedentary, am
bulatory and work/exercise activities) will be analysed 
and reported.

The analysis of the visual analogue scale results will 
be done by comparing the mean in the two groups 24 
hours postoperatively, using the ttest if appropriate. 
Furthermore, the results of the VAS for postoperative 
days one, two, three and ten will be summarised for 
each patient as the area under the curve [16] and com
pared with the ttest.

This trial does not put any participants at increased 
risk compared with standard treatment of inguinal her
nias. The laparoscopic approach is widely used and sur
geons performing the procedure in this trial will be well
trained. Furthermore, there is no evidence that the 
ONSTEP technique carries an increased risk of chronic 
pain, recurrence or serious complications. This study 
was approved by the Danish Data Protection Agency 
(HEH2013069) and by the Ethics Committee (H12013

FigURE 1

Blunt dissection of the 
plane between the inter
nal and external oblique.
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084). The trial is registered at clinicaltrials.gov (NCT019
60777). Negative as well as positive and inconclusive re
sults will be published.

Trial registration: NCT01960777 (clinicaltrials.gov).

discUssiOn
This protocol describes the first randomised clinical trial 
comparing the ONSTEP technique with a laparoscopic 
technique. The preliminary results of the ONSTEP tech
nique are promising with no chronic pain at the one
year followup and no serious complications [8]. Further
more, experience from our own department and from 
departments participating in the Onli trial shows that 
the ONSTEP technique is easy and fast to perform [17]. 
The learning curve has not yet been ordinarily assessed, 
but it seems short.

Patients operated with the laparoscopic technique 
generally experience less postoperative pain and less 
chronic pain than patients operated with open methods 
[7]. However, the laparoscopic technique carries a  
slightly increased risk of serious complications and is 
more timeconsuming, more expensive and requires a 
long learning curve for the operating surgeon [7]. There
fore, the ONSTEP technique could be used instead of the 
laparoscopic technique if it turns out to be comparable in 
terms of pain and complications because it seems easier 
to learn and teach and it is less timeconsuming with 
short operating times of around 20 minutes [8]. There 
fore, this study is done as a noninferiority trial with the 
aim of determining if the ONSTEP technique performs at 
par with the laparoscopic technique in terms of acute and 
chronic pain. The results of this study, together with the 
results of the ONSTEP versus Lichtenstein trial [18], can 
be used to guide the choice of surgical methods for future 
hernia patients. If the ONSTEP repair is demonstrated to 
be superior to Lichtenstein repair and equal to laparo
scopic repair, then it may be the first choice for future pa
tients. However some issues remain to be addressed, 
prefer ably in prospective studies, such as recurrence and 
learning curve. These issues are important when evaluat
ing the ONSTEP technique, but are unfortunately beyond 
the scope of the ONSTEP versus laparoscopy study. 

cOnclUsiOns
The randomised clinical trial described in this protocol 
was designed with the aim of showing noninferiority 
comparing the ONSTEP technique with the laparoscopic 
technique. The results from this study, together with the 
results of the ongoing ONSTEP versus Lichtenstein study 
are needed to clarify if ONSTEP should be the first choice 
of repair for primary inguinal hernias.
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