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Thesis at a glance 

Publication Aim Method Results/Conclusion 
Paper 1  
Repeated groin hernia 
recurrences 

To analyse the risk for 
having a further 
reoperation after 
recurrent groin hernia 
surgery in relation to 
number of previous 
recurrent repairs. 

All recurrent groin 
hernia repairs 
registered in the SHR 
1992-2006 were 
analysed regarding risk 
for reoperation in 
relation to number of 
previous repairs. 

The risk for 
reoperation increased 
with each repair. 
Endoscopic repairs 
had a lower risk for 
reoperation compared 
to AMR after the 1st 
and 2nd recurrent 
repairs. 

Paper 2  
Recurrent groin hernia 
surgery 

To evaluate the risk 
for re-recurrent repair 
in relation to type of 
mesh repair after 
recurrent groin hernia 
surgery 

The risk for 
reoperation (SHR 
1992-2008) was 
compared for type of 
recurrent repair. The 
index repair was also 
taken into account. 

PMR had the lowest 
risk for reoperation 
after an anterior index 
repair. Women benefit 
even more than men 
from a PMR. 

Paper 3 
The impact of type of 
mesh repair on 2nd 
recurrence after 
recurrent groin hernia 
surgery 

To determine the 2nd 

recurrence rate after 1st 
recurrent repair 
comparing Anterior 
(AMR) with Posterior 
Mesh Repair (PMR). 

Population-based 
study on 815 
consecutive recurrent 
repairs at 5 hospitals in 
south-west Sweden. 
Follow-up with 
questionnaire and 
selective clinical 
examination. 

PMR was associated 
with a lower 2nd 

recurrence rate 
compared to AMR. A 
posterior approach 
after anterior index 
repair and anterior 
approach after 
posterior index repair 
is recommended. 

Paper 4  
Chronic groin pain 
and physical disability 
after recurrent groin 
hernia repair - Impact 
of anterior and 
posterior mesh repair 

To study the impact of 
AMR and PMR on 
chronic groin pain and 
physical disability after 
1st and 2nd recurrent 
groin hernia surgery.  

Population-based 
study on 671 1st 
recurrent repairs at 5 
hospitals in south-west 
Sweden. Follow-up 
with questionnaire and 
selective clinical 
examination. 

Endoscopic repair was 
associated with less 
chronic pain and 
physical disability 
compared to AMR. A 
high surgeon´s annual 
volume of open PMR 
reduces the risk for 
pain. The risk for pain 
is increased after a 2nd 
recurrent repair. 
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Foreword 

When I started my surgical training in Karlskrona in the mid-80s, inguinal hernia repair 
was one of the first operations you were expected to learn. At that time, hernia repairs 
were non-prestigious operations intended to fill the gap in the programme between 
large gastrointestinal operations. Interest in hernia surgery among senior surgeons was 
at a low level. This was reflected when it came to surgical tutoring, which often followed 
the principle of “See one, do one and teach one”. I performed my first groin hernia 
repair in 1986 together with Dr Einar Johannesson who was the most senior surgeon 
on the team and also, unwillingly, responsible for the hernia surgery. When I read the 
surgical record from that specific operation today, I realise that I understood very little 
of the principles of the operation. Unfortunately I do not think that Dr Johannesson 
understood these principles either! 

Continued training was carried out mostly on my own or together with my resident 
colleague and good friend, Peter Andersson. After some time we got a very clear message 
from Dr Johannesson “Boys, from now on you are responsible for the hernia surgery”! 
We accepted and he was relieved… 

After studying the literature and watching a demo operation on VHS video, we started 
to perform the Shouldice operation. We organised the surgical training for all residents. 
Much focus was spent on groin anatomy and all residents trained under strict 
supervision. After achieving sufficient competence, they were awarded a “surgical 
license” to perform a primary hernia repair on their own. All recurrent groin hernias 
were operated with a preperitoneal mesh repair, either through a Nyhus incision or 
with laparoscopy (TAPP). The Lichtenstein repair was introduced in the mid-90s. In 
1994 I started a local hernia quality register, which gave us the possibility to analyse 
our hernia surgery results on an annual basis. Based on these data we could make efforts 
to reduce the rate of recurrence.  

Together with a young colleague, Fritz Berndsen, we performed a study comparing the 
recurrence rate after hernia operations performed in 1990, with operations performed 
in 1996, before and after the introduction of new standardised techniques, the 
structured surgical training and the hernia register. The 5-year recurrence rate had 
dropped from 28% in 1990 to 3 % in 19961. 

After this positive experience of surgical development, my mission was clear! 

Surgical education, hernia surgery and quality register!!  

(…though, I never thought of writing a thesis at that time….) 
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Introduction 

History, definition and prevalence of groin hernia 

The word “hernia” originates from the Greek word “hernios” meaning bulge or bud. 
The disorder was first defined in the cultures of Mesopotamia and Egypt around 1550 
BC2. The term describes an abnormal protrusion of an organ through a weak area in 
the abdominal wall. In terms of a groin hernia, the contents from the abdominal cavity 
or preperitoneal fat protrude through a defect in the groin area.  

A groin hernia is either congenital or acquired. The congenital hernia has its origin in 
the foetal descent of the testicles from the abdominal position through the inguinal 
canal3. The acquired hernia develops with age and is often associated with impaired 
collagen formation4. 

The term “groin hernia” includes both inguinal and femoral hernia. The inguinal 
hernia is classified by localisation of the defect through which the hernia content 
protrudes. A direct or medial inguinal hernia is located medial to the epigastric vessels 
and the indirect or lateral inguinal hernia is located lateral to the epigastric vessels. The 
femoral hernia protrudes medial to the femoral vein, in the femoral canal. Femoral 
hernia constitutes 25 % of all groin hernias in women but only 1 % of all hernias in 
men5. 

Forty-eight per cent of men older than 75 years are either operated for a groin hernia 
or have a diagnosed hernia6. More than 20 million hernia repairs are performed in the 
world each year7. In Sweden the incidence of groin hernia operations, on patients above 
the age of 15 years, is approximately 200 repairs per 100 000 inhabitants per year. This 
makes hernia repair the most common operation performed by general surgeons. 
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Groin hernia definitions 

Irreducible hernia a hernia that cannot be reduced into the 
abdominal cavity 

Incarcerated hernia an irreducible hernia with acute symptoms – a clinical 
diagnosis 

Strangulated hernia a hernia with impaired blood circulation to the content 
of the hernia sac and/or bowel obstruction – an 
intraoperative diagnosis 

Sliding hernia a hernia containing a retroperitoneal organ, with or 
without its mesentery8, where the sliding organ can 
form part of the hernia sac 

Groin hernia symptoms 

Groin hernia may be non-symptomatic or have symptoms ranging from mild 
discomfort to severe pain. Usually the patient notices a lump in the groin associated 
with a varying degree of discomfort, especially during physical exercise. Large hernias 
can constitute a mechanical problem for the patient. Some patients experience their 
hernia as a cosmetic problem. In countries with limited access to surgical healthcare, 
untreated groin hernia affects young individuals causing significant psychosocial 
stigmata9, substantial morbidity and even mortality10. 

According to the annual report of the Swedish Hernia Register (SHR) 2013 an 
emergency hernia operation was performed in 4 % of all operations on men and in 13 
% of operations on women5. The cumulative probability of strangulation for inguinal 
hernia has been estimated to be 2.8 % in the first 3 months after onset of symptoms11. 
Femoral hernias run a high risk of incarceration and emergency surgery is seven times 
more common compared to inguinal hernias12. 

Pain localised to the groin, may be present without clear association with an existing 
hernia. In athletes the term “sportsman´s hernia” is often used13. Even though a 
traditional hernia is not obvious, a hernia repair seems to have a positive effect on the 
groin pain14,15. In other categories of patients, the cause of pain may be multifactorial, 
but is often related to musculo-skeletal conditions such as tendinitis. Physiotherapy 
remains the most accepted treatment for these patients16. 
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Figure 1. A bilateral inguino-scrotal hernia on a patient in Sierra Leone. Published with permission of 
the African Health Sciences Journal. 

Indications for surgery 

The only cure for groin hernia is surgery. A truss is not a permanent solution to relieve 
symptoms from a groin hernia and does not prevent incarceration17,18. The aim of 
surgery is to reduce symptoms and to prevent acute complications and emergency 
surgery. Men with a non-symptomatic hernia could be considered for a “watchful 
waiting” strategy19, without increased risk for serious acute complications. In the long 
run, however many patients are operated on because of the development of 
symptoms20,21. A study by O´Dwyer et al showed, on the other hand, that repair of an 
asymptomatic hernia may be beneficial to the patient in terms of improving overall 
health, without affecting the rate of long-term groin pain22. Male hernia patients in 
Sweden are considered for surgery if they experience discomfort or pain or if their 
hernia has a tendency to enlarge with time. 

Female patients with a hernia have an increased risk for incarceration due to the higher 
rate of femoral hernia23. In order to prevent emergency operations, there is a 
recommendation in Sweden suggesting hernia repair for all women with a diagnosed 
hernia, even in the absence of symptoms17. In a recent publication by Dahlstrand et 
al24, the awareness of a femoral hernia prior to emergency surgery was denied by 53 % 
of patients. The implication of that study is how important it is that those working in 
healthcare are informed on how to recognise these patients and make a quick and 
correct assessment. It also emphasises the importance of thoroughly examining the 
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groins, especially in women with acute abdominal pain and symptoms of 
gastrointestinal obstruction. Patients with signs of incarceration should be operated on 
without delay to prevent permanent intestinal strangulation25. Groin hernia is the most 
common cause of strangulation in patients with small bowel obstruction26. 
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The Swedish Hernia Register – SHR 

The SHR was founded and developed by Professor 
Emeritus Erik Nilsson (picture). The register 
started in 1992 with eight aligned hospitals. The 
aim was to become a national quality register to 
describe and analyse groin hernia surgery in 
Sweden. This was the start of a new era of 
structured hernia-data collection. The SHR 
contains data on groin hernia repairs performed in 
patients aged 15 years or older. During the years 
after the start of the SHR, several new methods of 
hernia repairs were introduced. At that time the 
Shouldice repair was the gold standard. The 
Lichtenstein and the laparoscopic TAPP techniques 
started in the early 90s and gained increasing popularity. The number of aligned 
hospitals has gradually increased over the years. From year 2000 until 2013 the number 
of hospitals affiliated increased from 53 to 86. Approximately 15 000– 16 000 groin 
hernia repairs are registered annually.  

Over the last 13 years the register has covered around 98 % of all hernia repairs in the 
country27. The total number of repairs registered between 1992 and 2013 was more 
than 253 000. The accuracy and completeness of the recorded data are validated 
annually. Five independent evaluators visit 10 % of affiliated units each year to check 
the validity of data registered as well as to check for unregistered groin hernia 
operations. Since each Swedish resident has a unique personal identification number, 
any hernia repair on a given patient can be linked to the previous registered repair in 
the SHR, wherever performed in the country. This gives Sweden as a nation and the 
participating units a unique possibility to obtain valid data on the cumulative incidence 
of reoperation. 

Each participating unit receives processed data annually. The units have the 
opportunity to analyse and compare their results with those nationwide. This has been 
the basis on which the participating units have begun their work to improve the quality 
of groin hernia surgery.  

Over the years there has been a huge shift from sutured repairs towards mesh repairs 
(Fig. 2). In 2013, mesh repair accounted for 99.1 % of all repairs5. The five year 
cumulative incidence of reoperations has decreased from close to 5 % (1992-1998) to 
2.5 % (2006-2013) probably due to the introduction of standardised techniques on a 
nationwide scale. 
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Primary groin hernia repair SHR 2013 

Outcome5 

• The Lichtenstein repair has the lowest cumulative risk for reoperation 
compared to all other methods of repair p<0.001. 

• Hernia repairs performed 2006-2013 have a lower cumulative risk for 
reoperation compared to hernia repairs performed 1992-1998 
HR 0.70 CI 0.66-0.74, p<0.001. 

• Women have a higher cumulative risk for reoperation than men 
HR 1.31 CI 1.21-1.42, p<0.001. 

• Femoral hernia has the highest cumulative risk for reoperation 
(indirect hernia as reference) HR 2.32 CI 2.06-2.62, p<0.001. 

• Surgeons performing 6-10 primary repairs per year have a lower cumulative 
risk for reoperation compared to surgeons performing 1-5 repairs per year 
HR 0.69 CI 0.62-0.76, p<0.001. 

• Emergency repairs have a higher cumulative risk for reoperation compared to 
elective repairs HR 1.32 CI 1.20-1.46, p<0.001. 

 

Figure 2. Methods of repairs used in primary groin hernia surgery between1992-2013 (SHR), based on 
222 897 primary groin hernia repairs. Since the number of aligned hospitals was few during the first 
years, these early results may not be representative for the country as a whole. 
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Register Studies 

The SHR database has become a unique source to conduct population-based studies 
on large numbers of hernia repairs. Results from SHR studies reflect the outcome after 
routine hernia surgery as it is practised in the community at large28. As the outcome is 
not limited to centres where facilities for hernia surgery are optimised, the external 
validity is high and the results are not only applicable to surgeons with a special interest 
in hernia surgery. This is in contrast to randomised controlled trials (RCTs) that are 
often performed at specialised units in selected patient cohorts29. In register studies the 
long-term outcome (rate of reoperation for recurrence) may be studied at a lower cost 
compared to RCTs. The larger sizes of study cohorts also enable the analyses of rare 
adverse events with a higher statistical power than most RCTs30.  

A potential disadvantage with register-based studies is the risk of incorrect or missed 
data, at least if the register is not sufficiently validated. Since the SHR applies to routine 
hernia surgery, the data collected must be carefully selected in order to obtain valid data 
from all surgeons, not only enthusiasts. The time needed for filling in the protocol must 
be limited in order to gain good compliance. This is carefully monitored by the steering 
committee of the SHR that constantly works on the protocol, as well as IT solutions 
for registration and giving feedback to users. So far, health-related quality-of-life has 
not been included in the protocol, but the steering committee is working on this as the 
next step in development.  

Another factor to bear in mind is that the SHR only supplies data on the incidence of 
reoperation and not the actual rate of recurrence. Specially designed studies are needed 
to address issues such as chronic groin pain, health-related quality-of-life and recurrence 
rate31,32. Many consider register studies as a valid complement to RCTs33 , and national 
registers have encountered an increasingly higher reputation internationally in recent 
years. More than 40 articles have been published based upon the SHR. This is the tenth 
thesis based on data from the SHR.  
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Education in hernia surgery 

During the first decennium of the 2000s there were large differences between hospitals 
in Sweden concerning the quality of education in hernia surgery. The main reason for 
this was that many hospitals lacked a uniform strategy for hernia surgery. Many 
hospitals questioned the quality of their own resident training programme. Indications 
for surgery and the methods of repair differed widely. Even “standardised” methods 
such as the Lichtenstein repair were often performed with great differences in technical 
performance. More than 60 % (949/1509) of repairs in women and 55 % (785/1440) 
of recurrent repairs were operated with an anterior mesh repair (Lichtenstein and Plug 
repairs) in 20095. 

 

National society for hernia surgery 

Hernia surgery is organised as a subsection of the Swedish Surgical Society named the 
SIKT (Swedish Society for Innovative Surgical Technology). Within this society there 
is a dedicated group working especially on the development of hernia surgery as a 
whole, including all types of hernia. This working group is closely attached to the 
steering committee of the SHR. The SIKT is also responsible for residents’ education 
in hernia surgery, and the spreading of information and knowledge to all hernia 
surgeons throughout Sweden.  

A national meeting for general surgeons, hernia specialists and surgical residents is 
arranged by the SHR and the SIKT. The meeting is held annually, and reports are 
given on the latest evidence for various strategies in hernia surgery. This is an important 
meeting for the spreading of information and updating of residents and surgeons on a 
nationwide basis. 

 

National course in hernia surgery 

A standardised concept for a national course in hernia surgery was demanded as part of 
the new curriculum of the residents’ education programme. A group of hernia surgeons 
were commissioned by the SIKT to design a national course in hernia surgery. A 
national faculty was formed and the first course was carried out in 2009. The course is 
now held at seven centres and is mandatory for all surgical residents in Sweden. The 
course curriculum is evidence-based and also includes results and information from the 
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SHR. The course has been a tremendous success, spreading sound and up-to-date 
strategies in hernia surgery to residents, and the concept has become an effective way 
of influencing the performance of hernia surgery in a nation-wide perspective. 

Many believe that all these efforts and the work that has been performed have had 
positive effects on the quality of hernia surgery in Sweden, which could also be seen 
over time in the SHR. One example is that women were operated with a posterior mesh 
repair (PMR) in 70 % and PMR were used in 60 % of all recurrent repairs in 2013. 

 

Conditions for hernia surgery training 

The conditions for surgical training have undergone tremendous changes during recent 
decades. The consequence of working hours regulations has been that surgical residents 
spend less time in the operating room and more time in structured education 
programmes including a broader programme for scientific and administrative 
education and more time in emergency care units. There have been strong demands for 
effective utilisation of operating room facilities and this has also affected the possibility 
for resident surgical training34. These circumstances have had a positive consequence 
on basic surgical training, which nowadays is performed in skills centres. Training is 
also performed in simulation-based models, which provide better conditions for 
structured learning of basic technical skills35. With these skills, the resident will be better 
prepared for further training in the operating theatre. 

Even the structure of teaching practical skills has improved in recent years. The Royal 
College of Surgeons introduced the “Training the trainers course” in 199436. This 
course presents a new concept in enhancing the effects of teaching surgical skills. The 
course concept was introduced in Sweden in 2006 and the principles are widely used 
in surgical training around the country. 

Groin hernia repair is still one of the first operations the surgical resident is expected to 
manage on her/his own. According to the description of Objectives in Surgical Education 
formed by The National Board of Health and Welfare and The Swedish Surgical 
Society, it is mandatory for all surgical residents to be able to perform an anterior mesh 
repair in men with a primary hernia37. To facilitate the training process it is important 
to standardise the procedure in such a way that the same teaching principles are used 
regardless of where in Sweden the operation is performed. The faculty of the “National 
Course in Hernia Surgery” has described The Swedish Anterior Mesh Repair in groin 
hernia38. This description is divided in two main parts, groin dissection and mesh repair, 
which are further sub-divided into more specific parts of the operation.  

The assessment of a resident´s proficiency in hernia surgery has always been based upon 
a subjective judgement. In Sweden it is up to the local hernia tutor to decide when the 
resident has achieved the goal of successfully managing the operation independently. 
In a study by Carlsen, a Danish group has designed a procedure-specific assessment tool 
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to be used for the Lichtenstein hernia repair39. The construction of the tool is based 
upon the OSATS40 (Objective Structural Assessment of Technical Skills) developed by 
Reznick, to assess surgical skills in a bench model. The Danish tool to assess the 
Lichtenstein procedure uses a 5-point Likert scale to assess four global skills and four 
procedure-specific skills (Table 1). The tool has been studied using video-recorded 
Lichtenstein procedures and has been found reliable and valid39. 
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Table 1. Lichtenstein hernia repair rating scale proposed by C.G. Carlsen39                                 
Published with permission from Springer/Hernia and the author. 
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Recurrent groin hernia surgery 

Historical background 

Recurrent groin hernia surgery has always been a challenge for surgeons. Before the era 
of meshes, all groin hernia repairs methods were based on the intention to restore the 
anatomy of the groin with various suture techniques41,42. During the 1940s and 1950s 
the McVay suture plasty was used for both primary and recurrent repairs43. Most repairs 
were perform through the trans-inguinal approach until Lloyd M. Nyhus 1959 
described a preperitoneal approach through a transverse incision above the inguinal 
canal44,45, through which the defect was closed by suturing. It was considered especially 
suitable for recurrent and incarcerated hernias. 

A new era of reinforced hernia repairs started after Usher introduced the polypropylene 
mesh (Marlex) in 195846. It took many years until the mesh was generally accepted 
among surgeons. In 1988 Nyhus reported 1 % recurrence after 203 recurrent repairs 
where a Marlex mesh was used as a buttress of the closed defect performed through a 
preperitoneal approach47. This technique was proposed as “the solution” for recurrent 
groin hernias48. The Lichtenstein repair was introduced 198649 and the technique was 
also going to be used in recurrent groin hernia surgery.  

Definitions 

Primary groin hernia  the first hernia repair in a groin. 

Recurrent groin hernia  a hernia in a groin after a previous hernia repair, 
inguinal or femoral, regardless of hernia anatomy at the 
preceding repair. 

1st recurrent repair  the first reoperation after a primary groin hernia repair. 

2nd recurrent repair  the second reoperation after a primary groin hernia 
repair. 
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Recurrence rate,  the “true” rate of recurrent hernia after a previous hernia 
repair, whether or not the hernia has been re-operated. 
Examination or the use of interventional diagnostic 
methods are needed to ensure the existence of a new 
hernia. 

Cumulative incidence  
of reoperation  the aggravated incidences of reoperation after a previous 

hernia repair. Non-re-operated recurrences are not 
included. Often used in hernia registers.  

 

Methods of mesh repair in recurrent hernia surgery 

Repairs can be divided in two main groups, depending on the approach from which 
the repair is performed. 

Anterior mesh repair (AMR) – the mesh is placed in the inguinal canal through a 
transinguinal approach. Repair of inguinal hernia 
only. 

Posterior mesh repair (PMR) –  the mesh is placed in a preperitoneal position 
behind the inguinal canal, through an endoscopic 
or open approach. Repair of both inguinal and 
femoral hernia. 

 

Anterior Mesh Repairs 

The Lichtenstein repair was developed by Irvin Lichtenstein and popularised by Parviz 
Amid50. The technique was described as tension-free, and is intended to reduce the 
hernia and create a flat posterior wall in the inguinal canal without tension. The mesh 
is anchored medially and to the inguinal ligament. Over the years the technique has 
been subject to many modifications, both from the Lichtenstein Institute51 and also 
among surgeons using the technique52. The modifications concern the closure of 
indirect defects, the use of different types of mesh (Polyester/Polypropylene, various 
pore size), the size of mesh, how the mesh is anchored (resorbable or non-resorbable 
sutures, staples, glue), repair of a combined inguinal and femoral hernia etc. The impact 
of these different modifications on recurrence and chronic pain has not yet been fully 
studied. This should be kept in mind when comparing the “Lichtenstein repair” 
between units and even between surgeons. 
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The Swedish Anterior Mesh Repair is a standardised description of the mesh method 
recommended by the faculty of the National Course in Hernia Surgery in Sweden.  
A description in Swedish is available at: 
http://www.laparoskopi.nu/_uploads/files/momentvidframrenatplastikreviderad130930.pdf 

 

 

Figure 3. Anterior Mesh Repair, left groin. The mesh is sutured with an overlap of the pubic tubercle 
and to the inguinal ligament. The Spermatic cord passes through a slit in the mesh. Illustration by 
Hanna Bringman. 
 

 

The Plug and Patch technique was developed by Ira Rutkow and Alan Robbins in 
199353. A polypropylene plug was inserted into the hernia defect of the posterior 
inguinal wall and was combined with an onlay flat, small mesh. It was popular in 
Sweden during the late 1990s and early 2000s. 
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Figure 4. At the top: A preperitoneal view of the right groin showing a direct recurrent groin hernia after 
a previous Anterior Mesh Repair. At the bottom: A Posterior Mesh Repair . Illustration by Hanna 
Bringman. 
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Posterior Mesh Repairs 

The Open Posterior Mesh Repair (O-PMR) was introduced by Rive and Stoppa in 
196854. The first articles were in French. In 1975 Stoppa published the first article in 
English55. The preperitoneal space was accessed through a midline incision in the lower 
abdomen. The method was used for bilateral, recurrent hernia repair. A large Dacron® 
mesh was positioned to cover both groins without fixation. A recurrence rate below 1 
% was reported55.  

Nyhus45 and Wantz56 described the entrance to the preperitoneal space through a 
transverse incision above the inguinal canal. A polypropylene mesh was used and 
sutured to the Coopers ligament. 

The TIPP procedure – Trans Inguinal PrePeritoneal is a third open approach to the 
preperitoneal space. It is performed via a transinguinal approach. This technique has 
been described by several authors. Kugel described a minimally invasive technique to 
place a non-sutured mesh in a preperitoneal position57. 

The PHS technique – Prolene Hernia System, was introduced by Gilbert58 in 1992. It is 
also performed through a transinguinal approach and the mesh used is a two layer 
prosthesis where one layer is placed in the preperitoneal position through an opening 
of the fascia transversalis and one layer is placed in an anterior position. The method 
was only sparsely used in Sweden. 

Endoscopic Posterior Mesh Repair (E-PMR). The first laparoscopic hernia repair was 
reported by Ger in 198259, who plugged the hernia sac with a mesh and ligated the sac 
intraperitoneally. The E-PMR was introduced 1992 by Maurice Arregui who described 
the TAPP (TransAbdominal PrePeritoneal repair60. A laparoscopic approach was used. 
The peritoneum above the inguinal canal was opened and the hernia sac reduced into 
the abdominal cavity. A mesh was placed in the preperitoneal position. The mesh was 
anchored with staples and the peritoneum was closed. The TEP (Total ExtraPeritoneal 
repair) was described the same year by Jean-Louis Dulucq61. By entering the space 
behind the rectus muscle with a laparoscopic trocar, the preperitoneal space in the groin 
was reached without entering the abdominal cavity. Initially he called the approach 
“pre-peritoneoscopy”. The hernia sac was reduced from the hernia defect and a mesh 
was placed to cover the entire groin region. 
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Methods reported in the SHR over time 

When the SHR started, sutured repair was the most frequently used technique in 
recurrent groin hernia surgery. After the introduction of mesh in the mid-90s, the 
AMR, E-PMR and O-PMR techniques were more frequently used. The popularity of 
AMR grew rapidly towards the end of the 90s since PMR techniques were considered 
more difficult to learn at that time, limiting their use. Since 2012, E-PMR has become 
the most frequently used method of repair in recurrent groin surgery in Sweden (Fig 5)  

 

 

Figure 5. Methods used in recurrent groin hernia repairs in the SHR 1992-2013.                          Based 
on 26 701 recurrent repairs. Since the number of aligned hospitals was few during the first years, these 
early results may not be representative for the whole country. 

 

 



35 

Outcome after recurrent hernia surgery 

Outcome after hernia surgery is often described in terms of the rate of recurrence and 
chronic pain. A major reason for embarking on this thesis was to describe and analyse 
the differences in outcome after primary and recurrent groin hernia surgery. 

Data from the SHR can be used to describe these differences. 

 

Reoperation due to recurrence 

The proportion of groin hernia repairs performed on recurrent hernias was 16.4 % in 
1992. The proportion has diminished over time stabilising at around 9 % since 2007 
(Fig 6). 

 

Figure 6. The proportion of recurrent hernia repairs registered in SHR 1992-2013. 
Based on 253 625 repairs. 
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Incidence of reoperation following primary and recurrent repairs 

Even though new methods of repair have had a dramatic effect on reoperation, the 
cumulative incidence of reoperation after recurrent repair is more than twice as high as 
after primary repair according to the SHR (Fig. 7). After 5 years the incidence is 2.7 % 
after primary and 5.8 % after recurrent groin hernia surgery. The risk for having a 
reoperation after a recurrent hernia repair is more than doubled compared to primary 
hernia repair, HR 2.18 CI 2.06-2.32, p < 0.001. The cause of this large discrepancy 
has not been fully explored. Factors that could affect the outcome could be patient-
related (gender, age, type of hernia, risk factors), surgeon-related (skills), complexity of 
the conditions at reoperation and technique-related (according to method of hernia 
repair). Recurrent repair is considered to be a more technically demanding procedure 
compared to a primary repair. 

 

Figure 7. Cumulative incidence of reoperation registered in the SHR 1999-2013. Based on 203 586 
primary repairs and 22 361 recurrent repairs. 
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Cumulative incidence of reoperation 

Impact of method of repair in primary and recurrent surgery 
 
According to the SHR, the cumulative incidence of reoperation in relation to the 
method of repair differs greatly between primary and recurrent groin hernia surgery.  

In primary hernia surgery, the AMR is the method associated with the lowest risk for 
reoperation compared to all other methods of repair. In a univariate Cox proportional 
hazard analysis with AMR as reference category, the HR for reoperation following E-
PMR was found to be 1.69 (CI 1.55-1.83), for O-PMR 2.37 (CI 2.01-2.80) and for 
Sutured repair 1.93 (CI 1.80-2.08) all analysis with p < 0.001 (Fig.8a). 

The outcome following recurrent groin hernia surgery differed from that of primary 
hernia repair. With AMR as reference category, the risk of a new recurrent repair is 
more than doubled after a sutured repair HR 2.06 CI 1.81-2.34, p<0.001. Both PMR 
methods are associated with a lower risk compared to AMR. The E-PMR has the lowest 
risk, HR 0.58 CI 0.50-0.67, p<0.001 and the O-PMR HR 0.83 CI 0.70-0.99, p=0.037 
(Fig. 8b). 

The cause of these discrepancies in outcome after PMR methods for primary and 
recurrent repairs is not fully understood. There is no reason to believe that a recurrent 
hernia is easier to operate using a PMR technique than a primary hernia. The results 
could reflect the learning curve among surgeons starting to perform PMR for primary 
hernias and that recurrent repairs are performed by surgeons specially trained in PMR 
methods. There is a longer learning curve for E-PMR compared to the Lichtenstein 
repair62. It is suggested that it requires between 50 and 100 E-PMRs to become 
experienced and that the first 30-50 repairs being the most critical as regard of risk for 
recurrence63,64. 
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Figure 8 a, b Cumulative incidence of reoperation in relation to method of repair registered in the SHR 
1999-2013. a. Based on 200 146 primary repairs. b. Based on 21 470 recurrent repairs. Un-published 
analyses, prepared for this thesis. 
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Impact of time period 

The cumulative incidence of reoperation has had a clear tendency to decrease over 
time. In a univariate Cox proportional hazard analysis the risk for a reoperation was 
decreased for recurrent repairs performed 2006-2013 compared to recurrent repairs 
performed 1992-1998, HR 0.55 CI 0.52-0.59, p<0.001 (Fig. 9). 

 

 

Figure 9.  Cumulative incidence of reoperation after recurrent repairs in different time periods, registered 
in the SHR 1999-2013. Based on 4 107 repairs 1992-1998, 10 532 repairs 1999-2005 and 11 614 
repairs 2006-2013 according to the SHR. Un-published analyses, prepared for this thesis. 
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Impact of surgeon´s annual volume 

In the absence of a clear definition of surgeon’s proficiency in hernia surgery, the 
surgeon´s annual volume can serve as surrogate measure. Surgeons performing 6-10 
primary repairs per year in Sweden have a lower cumulative risk for reoperation 
compared to surgeons performing 1-5 repairs per year(reference) HR 0.69 CI 0.62-
0.76,  p<0.00165. 

Surgeons performing 11-20 recurrent repairs per year have a lower cumulative risk for 
reoperation compared to surgeons performing 1-5 recurrent repairs (ref)  
HR 0.74 CI 0.61-0.90, p=0.002 (Fig. 10). 

 

 

Figure 10. Impact of surgeon´s volume on cumulative incidence of reoperation after 21 886 recurrent 
repairs registered in the SHR 1999-2013. Surgeon´s volume 1-5 repairs (1982), 6-10 repairs (1956),  
11-20 repairs (3758) and >20 repairs (14190). Un-published analyses, prepared for this thesis. 
 

 



41 

Chronic groin pain 

With the declining number of recurrences, chronic groin pain and discomfort have 
arisen as being the factors with greatest impact on health-related quality-of-life and 
ability to perform daily activities following hernia surgery32,66-68. The prevalence and the 
definitions of the condition vary widely in the literature69,70. Chronic pain has been 
defined as a pain lasting more than 3 months after surgery71. In a review by Aasvang 
moderate to severe chronic groin pain is reported in 10-12 % of patients, with 4 % 
having pain that impairs daily activities66. In a study by Poobalan et al on 351 patients, 
it was found that an operation for a recurrent hernia increased the risk for chronic pain 
4-fold compared to primary repair (p=0.005)72 A detailed prospective study on 419 
patients of which 21 % were operated on for a recurrent hernia, found a higher 
incidence of moderate to severe chronic pain 12 months after recurrent repair compared 
to primary repair (14 % vs 3 %, op<0.01)73.  

Several studies indicate that intense preoperative pain increases the risk for developing 
chronic groin pain after hernia surgery74-76. Pain seems to diminish over time. In a study 
on 120 patients that reported severe or very severe pain 3 months after surgery, 71 % 
still reported pain 2.5 years later, but only 26 % described the pain as severe or very 
severe77. Even immediate post-herniorrhaphy pain intensity may correlate with the risk 
for chronic groin pain conditions73. 

Preoperative chronic pain conditions such as headache, back pain, irritable bowel 
syndrome and pain from scars elsewhere in the body significantly correlated with the 
development of chronic groin pain in two studies76,77. 

Less chronic pain is reported after endoscopic repairs compared to open tension-free 
repairs for primary groin hernia67,78. This is in contrast to a meta-analysis by 
Karthikesalingam on 4 randomised controlled trials on recurrent groin hernia, that did 
not show any difference in the risk for chronic groin pain between endoscopic and open 
repair (OR 0.91 (CI 0.14-5.88) (p=0.921))79. In these studies however the previous 
hernia repair, prior to the recurrent repair, is not reported. 

Methods used to quantify chronic pain have varied in the literature from merely a 
dichotomous “yes” or “no” answer to a question on pain80 or by using a visual analogue 
scale (VAS)81,82 or a numeric rating scale (NRS)83. To measure quality-of-life, the Short 
Form (36) Health Survey (SF-36)84 and the Carolina Comfort Scale (CCS)85 have been 
used. 

The Inguinal Pain Questionnaire (IPQ) was designed to achieve a uniform assessment 
for persistent postoperative groin pain and its effect on daily activities. The instrument 
has been validated86 and used in several studies32,68 (Appendix 1). An “IPQ score” has 
been developed in order to quantify the combination of pain and ability to perform 
“everyday activities”. 
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Figure 11. Recurrent groin hernia on the right side, after a previous Anterior Mesh Repair. 

 

 

Figure 12. Laparoscopic view of bilateral, direct groin hernias. 



43 

Aims of the thesis 

Based on a national cohort 

• To describe various circumstances, that may increase the risk for further 
reoperation, after multiple groin hernia repairs. 

 

• To identify risk factors for reoperation after recurrent groin hernia surgery. 

 

• To investigate the risk for reoperation after recurrent hernia surgery, in relation 
to the method of previous repair.  

 

Based on a regional cohort 

• To study the impact of method of mesh repair at 1st recurrent groin hernia 
surgery on the risk for a 2nd recurrence. 

 

• To analyse the impact of anterior and posterior mesh repair, on chronic groin 
pain and disability after 1st and 2nd recurrent groin hernia repair. 
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Background 

Study 1 

Although relatively infrequent, recurrent groin hernia where several repairs have 
previously been undertaken constitutes a major problem in hernia surgery. Repeated 
repair on the same groin leads to deterioration in the mechanical strength of the tissues 
and distortion of anatomical landmarks. Since a mesh is nowadays used for almost all 
recurrent repairs, a re-exploration of the groin through the same approach as the 
previous operation may be cumbersome because of tight adhesions between the mesh 
and the surrounding tissues. If the first recurrent repair is not performed with care, the 
situation may result in a vicious circle of repairs and recurrences. Referral of patients 
with complex hernia conditions to surgeons/units with a particular interest and 
experience in this field has been suggested as a strategy for avoiding further 
complications87. Low numbers and heterogeneity have made it difficult to perform large 
prospective studies on patients undergoing repeated groin hernia repairs due to 
recurrence.  

The management of multiple recurrent hernias is poorly described in the literature. 
Identification of patients in this group, from primary repair to recurrent repairs and 
subsequent prospective follow-up is difficult to perform. A national register like the 
Swedish Hernia Register (SHR) offers the best conditions to perform a study on this 
group of patients. 

The aim was to describe various factors that may increase the risk for further 
reoperations, after multiple groin hernia repairs. 

 

Study 2 

According to the SHR the proportion of groin hernia repairs done for recurrence 
declined from 16.4 % in 1992 to 9.3 % in 20085. However, treatment of recurrent 
groin hernia remains an important surgical problem. The risk for further reoperation 
after recurrent groin hernia surgery is more than double that after primary hernia 
repair88. The choice of surgical method for recurrent hernia repair remains 
controversial. Although there is general acceptance that mesh should be used for 
recurrent repair, there is no consensus regarding method or approach. Posterior mesh 
repairs (PMR) such as endoscopic (E-PMR) and open (O-PMR) may be 
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advantageous89-91 , but favourable outcomes have also been obtained with the 
Lichtenstein technique92. A meta-analysis of RCTs on recurrent groin hernia surgery 
revealed no differences between AMR and PMR regarding re-recurrence79. 

The risk of overlooking a femoral hernia is well known when performing the repair via 
an anterior approach, if the transversalis fascia is not opened and the preperitoneal space 
explored93-95. 

The heterogeneous nature of recurrent hernias makes controlled trials in this field 
difficult particularly if the previous repair must be taken into consideration. A national 
hernia register makes it possible to study a large cohort of patients operated for 
recurrent groin hernia. A study based on the Danish Hernia Database (DHD) 
concluded that endoscopic repair should be recommended if the primary repair was a 
Lichtenstein repair96. However, outcome after O-PMR was not considered in this 
analysis. 

The aim was to identify risk factors for reoperation after recurrent groin hernia surgery 
and to investigate the risk for reoperation after recurrent hernia surgery, in relation to 
the method of previous repair. 

 

Study 3 

The recurrence rate after groin hernia surgery has decreased considerably over the last 
20 years mainly due to the introduction of standardised techniques and mesh 
reinforcement. Even so, recurrent groin hernia repair still accounts for 9.2 % of all 
hernias registered in the SHR5 2013.  

Although there are several plausible outcome measures after hernia surgery, studies 
from national hernia registers often focus on reoperation rates. According to the 2013 
annual report from the SHR, the overall reoperation rate five years after primary groin 
hernia was 2.7 %, whereas the reoperation rate after recurrent groin hernia surgery was 
5.8 %. The previous method of repair must also be taken into account when choosing 
the technique for the recurrent operation. The recommendation in the European 
Hernia Society (EHS) guidelines, is to adjust the technique depending on the previous 
repair and if possible, implant the mesh in an anatomic plane where no previous surgery 
has been performed97,98. 

To describe the “true” recurrence rate after groin hernia surgery, complete follow-up is 
necessary, including clinical examination and imaging diagnostic methods if required. 
The “true” recurrence rate three years after hernia surgery is estimated to exceed the 
reoperation rate by a factor of two, due to the fact that many patients with a recurrence 
are never re-operated or even diagnosed99. 

The referred study by Haapaniemi was based on 86 % primary hernia repairs using a 
postal questionnaire and selective physical examination for diagnosis of a recurrence. 
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This method however, has not been applied on patients operated for recurrent groin 
hernias.  

The aim was to study the risk for a 2nd recurrence after 1st recurrent repair, comparing 
AMR and PMR in a populations-based regional cohort of patients in the south-west 
region of Sweden. 

 

Study 4 

With the decline in the number of recurrences following hernia surgery, chronic groin 
pain and physical disability have become problems having greatest impact on health-
related quality-of-life and ability to perform everyday activities72,80,100.  

When evaluating long-term pain and physical disability after recurrent groin hernia 
surgery, the previous method of repair should be taken into account. The EHS´s 
guidelines recommend using a new anatomical plane for mesh implant, avoiding a 
repeated repair where previous hernia surgery has been performed97. Although this may 
seem an obvious rationale, there are to our knowledge no studies on chronic pain after 
recurrent groin hernia surgery supporting this this recommendation. 

The aim was to study the impact of AMR and PMR on the risk for chronic groin pain 
and physical disability after 1st and 2nd recurrent groin hernia surgery, taking the 
previous operation into account, in a populations-based regional cohort of patients 
from the south-west region of Sweden. The Inguinal Pain Questionnaire (IPQ) was 
used to assess pain. To quantify the combination of pain and physical disability, the 
IPQ-score was used68. 
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Patients and methods 

Overview of studies 

Study Design Subjects 

Study 1 Register-based national cohort study 16 648 recurrent repairs 
Study 2 Register-based national cohort study 19 582 recurrent repairs 
Study 3 Register-based regional cohort study. Questionnaire and 

selective clinical examination 
815 recurrent reapirs in 767 
patients 

Study 4 Register-based regional  study. 
Questionnaire and selective clinical examination 

671 recurrent repairs in 671 
patients 

Study 1 

All repairs for recurrent groin hernia recorded in the SHR between 1992 and 2006 
were identified. Data were retrieved from the register on the method of recurrent repair, 
gender, and when applicable, complications and reoperation(s). The number of repairs 
performed in the same groin was assessed, starting with the first recurrent repair 
included in the register. 

 

Statistical methods used in Study 1 

The incidence of postoperative complications was assessed with stratification for the 
numbers of previous repairs on the same groin. Similarly, the risk for reoperation by 
method of repair and the number of previous repairs was assessed using Cox 
proportional hazard analysis, with adjustments for gender and age. 

The log rank test was used to test for differences in reoperation rate according to 
numbers of previous repairs and operating unit. High volume units were defined as 
units where at least 250 repairs were performed in 2001. Differences in time elapsed 
since previous repair and operating time were tested with ANOVA. Differences in 
percentage of repairs performed as emergency procedures, prevalence of testicular 
atrophy and postoperative complications were tested using Kendall´s tau test. 
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Study 2 

The study was based on all patients included in the SHR for recurrent groin hernia 
repair from 1992 to 2008. The analyses were based on three groups: Group 1 - the 
whole cohort of recurrent repairs, Group 2 - a subgroup of recurrent repairs with 
completes data on all variables (age, gender, hernia anatomy, method of repair and 
hernia size), and Group 3 - a subgroup of recurrent repairs where details of the 
preceding repair were recorded in the SHR. All repairs performed on a groin after 
previous groin hernia repair (inguinal or femoral) were considered recurrent repair, 
regardless of hernia anatomy at preceding and reoperation. 

 

Statistical methods used in Study 2 

Age and gender distribution in each of the subgroups were compared to assess whether 
they represented a similar demographic population. Univariable and multivarable Cox 
proportional hazard analyses were performed on procedures in Group 2, performed 
before 31st December 2008. Age, gender, type of hernia, size of hernia defect and type 
of repair were included in the analyses. Surgery for re-recurrence was considered the 
endpoint. Two separate multivariable analyses were made, the first by excluding 
sutured repairs and the second by omitting recurrent repairs for femoral hernia. 
Separate Cox proportional hazard analyses were undertaken for each method of repair 
used at the recurrent repair using Group 3, adjusting for the variables found to 
significantly predict reoperation in the multivariable analysis described above, and 
stratified for method of repair at the previous repair. The preceding repairs were 
grouped together into: AMR (including Lichtenstein and plug repairs), PMR 
(including E-PMR and O-PMR), sutured repairs (including Bassini, Shouldice, McVay 
and other anterior non-mesh repairs) and others. 

Studies 3 and 4 

Five hospitals in the south-west region of Sweden participated in the study, two 
university hospitals, one county hospital and two day-case surgery units performing 
elective surgery only. One of the day-case units is associated with the two university 
hospitals and the other with the county hospital, resulting in three separate units for 
registration in the SHR (referred to as A, B and C). All 1st and 2nd recurrent groin hernia 
repairs registered in the SHR at these units were considered for inclusion. Exclusion 
criteria for both studies were death before September 2008 and patients operated with 
a non-mesh repair. The units joined the SHR in different years; A joined in 1998, B in 
2003 and C in 2000. Operations registered from the time each unit joined the SHR 
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until the 31st of December 2007, were eligible for inclusion. The first operation for a 
recurrent hernia at respective groin side for each patient registered in the SHR was 
considered the 1st recurrent repair and fulfilled the criteria for inclusion. The 1st 
recurrent hernia repair was classified into two groups; AMR and PMR. All repairs 
performed on a groin after previous groin hernia repair (inguinal or femoral) were 
considered recurrent repairs, regardless of hernia anatomy at the preceding repair and 
reoperation. The second reoperation, defined as the 2nd recurrent repair, was identified 
by searching the SHR for a new registration of a hernia repair on the specific groin. 

 

Follow-up 

A questionnaire was sent to all patients alive in September 2008. Two reminders were 
sent.  

The questionnaire consisted of two questions: to be answered Yes or No:  

Have you noticed a new lump in the groin after surgery?  
Have you had any problems or discomfort after surgery?  

The patient was invited for a clinical examination if either of these questions was 
answered with a “Yes”. Two reminders were sent. Clinical examinations were 
conducted in 2009 by an independent surgeon, according to a standardised protocol 
(Appendix 2). Both groins were examined in patients who were operated bilaterally. 
Recurrence was defined as the presence of a lump or an expansile cough impulse in the 
operated groin. The questionnaire and the procedure for selective clinical examination 
have previously been evaluated99. 

 

The index repair 

The index repair was defined as the original operation for the primary hernia. To begin 
with, data on the type of operative method were retrieved from a previous registration 
in the SHR. In case the index operation was not included in the SHR, a manual search 
was performed in the patients’ medical records. The repairs were classified as the 
“Anterior index group” that consisted of both sutured and anterior mesh repairs and 
the “Posterior index group” that consists of both E-PMR and O-PMR operated 
patients. 

 

Mesh methods for the 1st recurrent repair 

The analysis was based on the two groups of mesh repairs, AMR and PMR. The PMR 
group was further sub-divided into Endoscopic Posterior Mesh Repair (E-PMR) and 
Open Posterior Mesh Repair (O-PMR) groups. The AMR group included patients 



52 

operated with a modified Lichtenstein technique. The E-PMR group included patients 
operated with Total ExtraPeritoneal (TEP) or TransAbdominal PrePeritoneal (TAPP) 
techniques. The O-PMR group included patients operated with an open approach for 
a preperitoneal position of the mesh. The O-PMR was either performed through a 
transverse incision above the inguinal canal (Nyhus/Wantz)47,48,56, through a midline 
abdominal incision (Stoppa)55,101, or through the inguinal canal (TIPP – Transinguinal 
PrePeritoneal)102. 

 

Surgeon´s operating volume 

Each surgeon was identified by a unique local identity code in the SHR. The mean 
annual volume for each surgeon was calculated for each type of mesh repair. The sum 
of both primary and recurrent repairs performed with each type of repair for each 
surgeon during the study period was estimated, until the year of the 1st recurrent repair. 
The number was divided by the number of years the surgeon had registered procedures 
in the SHR. The mean surgeon´s annual volume was dichotomised in two groups, ≤5 
repairs/year and >5 repairs/year, in accordance with a previous study based on the 
SHR65. 

Study 3 

A patient could be included twice, if fulfilling inclusion criteria for both sides. Patients 
included were registered for baseline data at the 1st recurrent repair for age, gender, type 
of hernia and size of hernia defect. 

 

2nd recurrence 

A 2nd recurrence was considered the endpoint. This was confirmed either by registration 
of a 2nd recurrent repair in the SHR or at physical examination. The SHR was checked 
for any 2nd recurrent repairs from the time of the 1st recurrent repair until December 
31st 2013. The median follow-up was calculated from the date of the 1st recurrent repair 
until the 2nd recurrent hernia was diagnosed (operation or clinical examination) or else 
until death by cross-matching with the Swedish Cause of Death Register. If none of 
these occurred, the patients were followed until December 31st 2013. 
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Statistical methods used in Study 3 

The primary endpoint was a 2nd recurrence, comparing anterior mesh repair (AMR) 
with posterior mesh repair (PMR) consisting of the merged group of preperitoneal 
mesh repairs (E-PMR and O-PMR). A subgroup analysis was performed on the E-
PMR and the O-PMR groups. Age was described as mean, with standard deviation 
(SD). The follow-up and time between index operation and 1st recurrent repair were 
described as median years, with interquartile range (IQR). The Pearson Chi-Square test 
was used to analyse differences in the ratio of repairs in women and emergency repairs. 
The tests were two-sided and p< 0.05 was considered significant. The Mann-Whitney 
U test was used to compare times between different methods of index repair and 1st 
recurrent repair. 

Plots showing cumulative rate of 2nd recurrence were generated by the Kaplan-Meier 
method and differences in 2nd recurrence rates were compared using the Log rank test. 
Cox proportional hazard analyses were performed to estimate the risk for a 2nd 
recurrence for the various mesh methods, stratifying for the index hernia repair. 
Statistical analyses were performed using the SPSS® version 22.0 (IBM, Armonk, New 
York, USA). 

Study 4 

The analyses were based on either of two study cohorts, one with 1st recurrent repairs 
only and one with both 1st and 2nd recurrent repairs, as follows. 

 

Study cohort 1st recurrent repair 

This cohort was based on all 1st recurrent repairs. Exclusion criteria were death before 
follow up; patients with bilateral repairs; patients registered for a 2nd recurrent repair in 
the SHR during the study period; and non-mesh repairs. Entrance for each patient to 
the study was defined as from the date of the first operation for a recurrent hernia 
registered in the SHR. Each patient was included once only, with a 1st recurrent repair 
on either of the groins.  

The 1st recurrent hernia repairs were classified in two groups; Anterior mesh repair 
(AMR) and Posterior (preperitoneal) mesh repair (PMR). All repairs performed on a 
groin after previous groin hernia repair (inguinal or femoral) were considered recurrent 
repairs, regardless of hernia anatomy at the preceding repair and reoperation. Included 
patients were registered for baseline data at the 1st recurrent repair for age, gender, type 
of hernia and size of hernia defect. The SHR and medical records were reviewed for 
information on the method of index (operation prior to the first recurrent repair) repair. 
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Study cohort 2nd recurrent repair 

A second reoperation, defined as the 2nd recurrent repair, was identified by searching 
the SHR for a new registration of a hernia repair on the specific groin during the study 
period. In order to compare the risk of an IPQ score > 0 between the 1st and 2nd 
recurrent repairs, a cohort was formed including patients re-operated for a subsequent 
2nd recurrence on the same groin prior to December 31st 2007. Exclusion criteria were 
death before follow up; patients with bilateral repairs; and non-mesh repairs. 

 

Inguinal Pain Questionnaire – IPQ (see Appendix 1) 

The IPQ is a validated instrument for the assessment of chronic groin pain and its 
impact on daily activities86 It is based on a seven-grade rating scale to assess pain linked 
to pain behaviour, ranging from “no pain at all” to severe pain defined as patient seeking 
“prompt medical advice”86. The pain intensity is assessed on three separate occasions: 
before surgery (estimated retrospectively); when answering the questionnaire (“pain 
right now”); and the maximum intensity of pain during the week before answering the 
questionnaire (“worst pain during the past week”). In addition there are six questions 
regarding difficulties in performing specific everyday activities: getting up from a low 
chair; sitting for more than 30 minutes; standing up for more than 30 minutes; 
climbing stairs; and performing sporting activities. 

 

IPQ score 

The IPQ score was developed by Dahlstrand et al. in order to quantify the combination 
of the “worst pain during the past week” and the six questions on “everyday activities”68. 
Each positive answer to the six questions on “everyday activities” added 1 point and the 
degree of “worst pain during the past week” rendered a value from 0 (no pain) to 6 
(prompt medical advice is sought) points. The “IPQ score” thus ranges from 0 (no 
pain, no disability) to 12 (maximal pain, maximal disability)68. 

 

Statistical methods used in Study 4 

The primary endpoint was pain or physical disability of any degree (IPQ score > 0). All 
analyses were based on the study cohort of 1st recurrent repairs. The study cohort of 2nd 
recurrent repairs was used only to compare pain between 1st and 2nd recurrent repairs. 
The IPQ score was used as a dichotomous variable; IPQ score of 0, meaning no pain 
and no disability and IPQ score > 0, meaning pain or disability of any degree. Age was 
described as mean, with standard deviation (SD). The follow-up and time between 
index operation and 1st recurrent repair were described as median years, with 
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interquartile range (IQR). The Pearson Chi-Square test was used to analyse differences 
in the ratio of repairs in women and emergency repairs and to analyse differences 
between responders and non-responders regarding gender and method of repair. The 
tests were two-sided and a p < 0.05 was considered significant. The Independent T-test 
was used for differences in age. The Mann-Whitney U test was used to compare times 
between various methods of index repair and the 1st recurrent repair. 

In analyses on the risk for chronic pain a multivariate logistic regression analysis, with 
adjustments for age and gender was performed, for method of repair, mean surgeon´s 
annual volume, acute/elective repair, complications and follow-up time. Subgroup 
analyses on the outcome after the 1st recurrent repair based on the method of repair at 
the index operation were also performed. 

Statistical analyses were performed using the SPSS® version 22.0 (IBM, Armonk, New 
York, USA). 
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Ethics 

All papers included in this thesis are the result of projects approved by the Regional 
Research Ethics Committee in Lund, Sweden. Papers 1 and 2 are purely based on data 
registered in the SHR regarding previously performed surgical procedures.  

In papers 3 and 4, patients were identified from the SHR. After informed consent, they 
were included in the study and requested to answer a questionnaire, and were invited 
to a clinical examination in selected cases. 

The risk of harm for participating research subjects was considered low. The potential 
benefit for the patients was that they were offered a clinical examination if they had any 
discomfort after their hernia repair. They also were given the possibility to discuss their 
problems and receive medical advice including the offer of a new hernia operation in 
some cases. 
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Results 

Study 1 

From 1992 through 2006, 142 578 hernia repairs were registered in the SHR of which 
16 648 repairs were performed for recurrent groin hernia in 14 856 patients. In 12 104 
repairs, the preceding operation was not recorded in the SHR. In these cases, the 
preceding repairs were either performed before 1992 or before the unit, at which the 
repair was undertaken, was aligned to the SHR, For the remaining 4 544 repairs, the 
preceding repair was included in the register. 

The percentage of emergency repairs decreased (p < 0.001), whereas the risk for 
reoperation increased with each recurrent repair (Fig. 13). The time interval between 
the preceding repair and reoperation decreased with increasing number of hernia repairs 
in the same groin (p < 0.001). The operating time increased with each repair (p = 0.03). 
The risk for developing postoperative complications or testicular atrophy was not 
associated with the number of recurrent repairs. In a logistic regression analysis there 
was no difference in risk for testicular atrophy between AMR (reference) and PMR 
(OR 0.96, CI 0.810-1.139, p = 0.643). 

The relative risks for reoperation following the various methods of repair, adjusted for 
age and gender, are presented in Table 2.With increasing number of previous repairs 
that had been performed, the more disadvantageous were the sutured repair techniques 
and the more favourable the outcome after PMR, including E-PMR and O-PMR. The 
risk for further reoperation was significantly lower after E-PMR than after Lichtenstein 
repair for the first 2 recurrent repairs (both p < 0.05). 

Five years after surgery the cumulative risk for reoperation was 7.5 % (95 % confidence 
interval CI, 6.9 % - 8.1 %) after the first recurrent repair, 9.7 % (CI 8.6 % - 10.8 %) 
after the second recurrent repair, 13.0 % (CI 8.3 % -17.7 %) after the third repair and 
16.5 % (CI 1.9 % - 31.1 %) after the fourth repair. 

The risk for a repeated reoperation after the second procedure was lower when the 
reoperation was undertaken at a different unit compared to the unit where the previous 
repair was performed (Fig. 14, p < 0.05). However was this difference not significant if 
adjusted for method of repair. 
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Figure 13. Kaplan-Meyer plot for cumulative incidence of reoperation by number of recurrent groin 
hernia repair performed in the same groin. (p< 0.001). 
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Figure 14. Kaplan-Meyer plot for cumulative incidence of reoperation by unit in which the repair is 
performed (same as previous repair versus new unit p < 0.05). 
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Study 2 

Between 1992 and 2008, a total of 174 527 groin hernia repairs were registered in the 
SHR. Altogether 19 582 were recurrent repairs in 17 386 patients (study Group 1). 
Data on age, gender, type of hernia, size of hernia defect and method of repair were 
available for 13 165 of the repairs (study Group 2). The preceding repair was included 
in the register for 5 565 of these recurrent repairs (study Group 3) (Fig. 15). For the 
remaining 14 017 repairs, the preceding repair had been performed before the unit 
became affiliated to the SHR. 

Patients in study Group 2 were slightly younger than the rest of the cohort (64.2 versus 
64.8 years, p = 0.005), but there was no difference in sex distribution. Patients in study 
Group 3 were also younger than the remaining cohort (62.2 versus 65.6 years, p < 
0.001) and included a higher proportion of women (9.6 versus 3.3 %, p < 0.001). 

Of 4 039 E-PMRs, 3 043 (75.3 %) were performed as TEP and 996 (24.7 %) as TAPP. 
The 1 835 O-PMRs were performed through a transverse incision above the inguinal 
canal (Nyhus) in 997 repairs (54.3 %), through a transinguinal preperitoneal approach 
(TIPP) in 231 (12.6 %) and through a midline incision (Stoppa) in 147 procedures 
(8.0 %). The incision was not recorded in 460 (25.1 %) of the PMRs. 

 

Study Group 1 

Follow-up was 5.3 (3.8) years (mean (SD)). In 6.7% (1 316 of 19 582) a reoperation 
for a re-recurrence was recorded in the SHR (Fig 15). A Kaplan Meier plot describing 
the cumulative incidence of reoperation for the various methods of repairs in Study 
Group 1 is presented in Fig. 16. 
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Figure 15. Flowchart on recurrent groin hernias registered in the SHR 1992-2008, showing Study 
Groups 1-3. The total reoperation rate was 6.7 %.

All hernia repairs in the  
SHR 1992-2008

n = 174 527

Study Group 1
All recurrent repairs

in the SHR
n = 19 582

Study Group 3
Recurrent repairs with

preceding repair in SHR
n = 5 565

Recurrent repairs without
preceding repair in SHR

n = 14 017

Reoperations after recurrent
hernia repair included in SHR

n = 1 316 (6.7 %)

n = 859 n = 457

Study Group 2
Recurrent repairs with
complete data in the 

SHR
n = 13 165
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Figure 16. Cumulative incidence of reoperation after recurrent groin hernia repair based on 19 566 
procedures in the SHR (Study Group 1). Of the 19 582 recurrent repairs, 16 procedures were not 
included because the date of recurrent repair was prior to the date of the previous repair. 
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Cox proportional hazard analyses in Study Group 2 

Univariable and multivariable Cox proportional hazard analyses of factors predicting 
reoperation after recurrent hernia repair in Study Group 2 are presented in Table 3. As 
defect size was not included during the first years of the register, there is a predominance 
of patients treated more recently. Accordingly, a relative small number of patients 
undergoing sutured repair was included in the multivariate analysis.  

The Cox proportional hazard ratio analyses showed a significantly higher risk for a 
subsequent reoperation for sutured, Lichtenstein, plug and O-PMR repairs with E-
PMR as reference category, adjusted for patient age and type of hernia (Table 3). 

In a separate subgroup analysis with stratification by gender and adjustments for type 
of hernia and age, the risk for a subsequent reoperation was found to be 2.27 (CI 1.27-
4.05) (p = 0.005) for women and 1.64 (CI 1.43-1.88, p = 0.001) for men following an 
AMR compared to PMR as reference. 

The reoperation rate was significantly higher after AMR (Lichtenstein and Plug) repair 
compared to PMR as reference, in a subgroup analysis that excluded sutured repairs 
and was adjusted for age, gender, hernia defect size and type of hernia (HR 1.32 (CI 
1.06-1.65, p < 0.015). 

In a separate analysis, omitting recurrent repairs of a femoral hernia and adjusting for 
the same co-variables, the PMR gave a significantly lower risk for reoperation than 
AMR (HR 0.78 (CI 0.62-0.98, p=0.031). 
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Table 3. Cox proportional hazard analysis of variables predicting reoperation after recurrent groin hernia 
repair, based on 13 165 repairs with complete information available for all variables (Study Group 2). 

 
Values in parentheses are *percentages and †95 % confidence interval. E-PMR – Endoscopic Posterior 
Mesh Repair, O-PMR – Open Posterior Mesh Repair 

 

 

 

 

 

 

  Univariable analysis Multivariable analysis 

 No of patients*  
Hazard Ratio† 

 
p 

 
Hazard Ratio† 

 
p 

Age (years) 
  < 65.82 
  > 65.82 

 
6581 (50.0) 
6584 (50.0) 

 
1.0 (ref) 
0.85 (0.73-0.99 

 
 
   0.037 

 
1.0 (ref) 
0.82 (0.71-0.96) 

 
 
  0.007 

Gender 
  M 
  F 

 
12 472 (94.7) 
      693 (5.3) 

 
1.0 (ref) 
1.13 (0.82-1.55) 

 
 
   0.466 

  

Type of hernia 
  Lateral 
  Medial 
  Femoral 
  Combined 
  Other 

 
4 515 (34.3) 
6 585 (50.0) 
    590 (4.5) 
 1 209 (9.2) 
    266 (2.0) 

 
1.0 (ref) 
1.44 (1.21-1.72) 
1.55 (1.08-2.23) 
1.42 (1.08-1.88) 
2.33 (1.53-3.54) 

 
 
< 0.001 
   0.017 
   0.013 
< 0.001 

 
1.0 (ref) 
1.44 (1.21-1.73) 
1.22 (0.84-1.78) 
1.54 (1.16-2.03) 
1.89 (1.23-2.89) 

 
 
< 0.001 
   0.285 
   0.003 
   0.003 

Size of hernia (cm) 
  < 1.5 
  1.5 – 3 
  > 3 

 
2 637 (20.0) 
6 832 (51.9) 
3 696 (28.1) 

 
1.0 (ref) 
0.94 (0.77-1.14) 
1.03 (0.83-1.28) 

 
 
   0.520 
   0.766 

  

Method of repair 
  E-PMR 
  Sutured 
  Lichtenstein 
  Plug 
  O-PMR 
  Other 

 
2 587 (19.7) 
   350 (2.7) 
6 457 (49.0) 
1 897 (14.4) 
1 192 (9.1) 
   682 (5.2) 

 
1.0 (ref) 
2.37 (1.54-3.64) 
1.46 (1.14-1.86 
2.21 (1.68-2.89) 
1.30 (0.91-1.85) 
3.02 (2.19-4.15) 

 
 
< 0.011 
   0.002 
< 0.001 
   0.149 
< 0.001 

 
1.0 (ref) 
2.55 (1.66-3.93) 
1.53 (1.20-1.95) 
2.31 (1.76-3.03) 
1.36 (0.95-1.94) 
3.08 (2.22-4.29) 

 
 
< 0.001 
   0.001 
< 0.001 
   0.091 
< 0.001 
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Cox proportional hazard analyses in Study Group 3 

Hazard ratios for each method of recurrent repair, adjusted for type of hernia, gender, 
age, and stratification for type of preceding repair, are shown in Table 4. By using data 
from patients with full details on both the recurrent and previous repair, the hazard 
ratios for reoperation was compared for the type of preceding repair, with PMR (E-
PMR and O-PMR) as reference category and adjusted for type of hernia, gender and 
age were 2.30 (CI 1.61-3.27, p < 0.001) for sutured repair; 2.06 (CI 1.47-2.90,  
p <  0.001) for Lichtenstein repair; and 2.13 (CI 1.38-3.38, p=0.001) for other repair. 

In a separate analysis adjusting for the same variables, E-PMR and O-PMR combined 
as a single category (PMR), were found to be associated with a lower risk for reoperation 
than AMR when the previous repair had been an anterior repair (p < 0.001), but no 
method of repair differed significantly from the other following a preceding PMR 
(hazard ratio 2.17 CI 1.69-2.79). 

At reoperation in Study Group 3, a femoral defect was found in 353 recurrent repairs 
for which a defect other than an isolated femoral defect had been recorded at the 
previous repair. Whereas PMR was used in 21 612 (12.4 %) of 174 527 repairs in the 
entire cohort, it was used in only11 (3.1 %) of 353 repairs where a femoral defect was 
found at subsequent repair (p < 0.001). 
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Study 3 

During the study period, 926 recurrent groin hernia repairs were performed in 870 
patients. A total of 103 patients were excluded according to Figure 17. 

 

Figure 17. Flow chart of inclusions and exclusions. Unilateral repairs were performed on 719 and 
bilateral on 48 patients. Six patients had bilateral repairs with a combination of different methods and 42 
had bilateral repairs with the same method on both sides. 
 

Altogether, 815 recurrent groin repairs in 767 patients were included in the analyses. 
Unilateral operations were undertaken in 719 patients and 48 were operated bilaterally 
within the study protocol. Of these operations, 401 were AMRs and 414 PMRs, of 
which 208 were E-PMRs (182 TEP and 26 TAPP) and 206 were O-PMRs. 
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The median follow-up after the 1th recurrent operation for the whole material was 9.1 
years (IQR 3.6) subdivided into groups as follows: AMR 10.0 years (IQR 4.8), and 
PMR 8.7 years (IQR 3.0), and for PMR subgroups: E-PMR 8.3 years (IQR 2.6) and 
O-PMR 9.2 years (IQR 3.4). 

Emergency surgery was performed in 48 of the 815 groin operations (5.9 %). The rate 
of emergency repairs was for Unit A 19/339 (5.6%), Unit B 15/219 (6.8%) and Unit 
C 14/257 (5.4%) with no difference between the units (p=0.58). The AMR was used 
more frequently than PMR in the emergency setting, 33 and 15 repairs respectively 
(p=0.005). Emergency recurrent repairs were not associated with a higher rate of a 2nd 
recurrence compared to elective recurrent repairs, 4/48 (8.3 %) and 63/767 (8.2 %) 
respectively (p=0.98).  

 

Questionnaire 

The questionnaire was sent to 767 patients, of whom 48 patients underwent surgery in 
both groins for a 1st recurrent groin hernia, yielding a total number of 815 groins 
operated. The questionnaire was answered by 509 patients (66%), representing patients 
who had been operated in a total number of 523 groins. A total of 141 patients (28%) 
indicated a new lump or other discomfort in the groin. Physical examination was 
undertaken in 97 of 141 patients (69 %). The remaining patients chose not to be 
examined. 

 

Index operation 

Data on the index operation were available for 674 of the procedures (83 %) of which 
139 (17 %) repairs were registered in the SHR and 535 (66 %) were retrieved from 
patients medical records. Of these, 560 repairs were performed prior to December 2001 
(83%). The anterior group consisted of 534 sutured repairs and 87 anterior mesh 
repairs and the posterior group consisted of 29 E-PMRs and 12 O-PMRs. Twelve 
repairs could not be classified as anterior or posterior repair (Table 8). The median time 
from the index operation to the 1st recurrent operation was 10.0 years (IQR=17.0) for 
all index repairs. The corresponding time for suture repair was 13.0 years compared to 
2.0 years for mesh repair (AMR 2.0 years and PMR 3.0 years) (p<0.001). 
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Gender differences  

Twenty-nine repairs (3.6 %) were performed on women. The women were operated 
with a PMR, (E-PMR or O-PMR), in 24 of the 29 repairs (83 %) with a statistical 
difference compared to AMR (p=0.001). Of these 29 repairs, a femoral hernia was 
found in 12 repairs (41.4 %). The index repair was identified in 27 out of the 29 repairs 
in women (93 %). An anterior index repair was reported in 21 repairs. At the 1st 
recurrent repair, a femoral hernia was found in 10 of these 21index repairs (47.6%). 

Men were operated with a PMR in 390 of 786 repairs (49.6 %) and a femoral hernia 
was found in 24 of the 786 repairs (3.1 %). A total of 20 femoral hernias were found 
at the 1st recurrent repair in men, after 600 anterior index repairs (3.3 %). 

There was no difference in 2nd recurrence rate between women and men, 1 out of 29 
repairs (3.4 %) and 66 of 786 repairs (8.4 %) respectively (Log rank test p=0.461). 

 

 

Figure 18. A visible femoral hernia in a woman. The hernia is localised below the inguinal ligament in 
the right groin. 
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2nd recurrence in relation to method of mesh repair 

A 2nd recurrence was found in 67 out of 815 1st recurrent groin hernia repairs (8.2 %). 
Fifty-two of these repairs (78%), in 52 patients, were registered in the SHR for a 2nd 
recurrent repair and 15 2nd recurrences (22%) were found in 15 patients at clinical 
examination. 

Altogether a 2nd recurrence was found in 44 of 401 (11.0%) in the AMR group and in 
23 of 414 (5.6 %) in the PMR group. The AMR group was compared to the PMR 
group in a Kaplan-Meier analysis with a Log rank test showing a lower rate of a 2nd 
recurrence for the PMR group (p=0.025) (Figure 19). A 2nd recurrence was discovered 
in 14 of the 206 (6.8%) in the O-PMR group and in 9 of 208 (4.3%) in the E-PMR 
group (p=0.276) (Figure 20). A subgroup analysis was performed on the O-PMR group 
for the different approaches through which the repairs were performed (Figure 20). 
The proportion of TIPP in the O-PMR group was 32 out of 206 repairs (15.5 %). 
Nine of 32 TIPPs had a 2nd recurrence (28%). The corresponding figures for repairs 
performed through a transverse incision (Nyhus), was 4 out of 161 (2.5 %). The 
difference between TIPP and Nyhus was tested in a Log rank test. (p=0.001). There 
was no difference in the rate of 2nd recurrence for patients who had bilateral 1st recurrent 
repairs compared to patients with unilateral repairs (p=0.917). 

 

 

 

Figure 19. Kaplan-Meier plot presenting the cumulative rate of 2nd recurrence after 1st recurrent groin 
hernia repairs comparing Anterior Mesh Repairs (AMR) and Posterior Mesh Repairs (PMR)  (p=0.025). 
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Figure 20. Flow chart showing the distribution of 2nd recurrences for the various methods of 1st recurrent 
repairs. The O-PMR group is subdivided due to the different incisions through which the repairs were 
performed; TIPP (Trans Inguinal PrePeritoneal), Nyhus (transverse incision above the inguinal canal), 
Stoppa (midline abdominal incision), not specified. Numbers of 2nd recurrences are given in relation to 
the total number of repairs. The 2nd recurrence rate after Nyhus approach was significantly lower 
compared to the TIPP (p<0.001) 
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2nd recurrence in relation to index method of repair 

The impact of the index operation on the rate of 2nd recurrences was studied using a 
univariable Cox proportional hazard analysis. The anterior index group was a mixture 
of 534 sutured repairs and 87 anterior mesh repairs and the Posterior index group from 
29 endoscopic and 12 open posterior mesh repairs. Of the known 674 previous repairs, 
12 repairs were excluded, since they could not be classified as either anterior or posterior 
repair. An increased hazard ratio 3.21 (CI 1.33-7.44, p=0.009) for a subsequent 2nd 
recurrence was seen after an anterior index repair followed by an AMR compared to an 
E-PMR. A decreased hazard ratio 0.08 (CI 0.01-0.94, p=0.045) for a subsequent 2nd 
recurrence was seen after a posterior index repair followed by an AMR, compared to an 
E-PMR (Table 5). 

 

Table 5. Cox proportional hazard ratio of 2nd recurrence after the three different methods of 1st recurrent 
repair, depending on the index method of repair. E-PMR was defined as reference category. 
 

 Index method of repair 

 Anterior 
(n=621) 

Posterior 
(n=41) 

Method of 1st 
Recurrent repair 

 
n 

 
Hazard Ratio (CI)† 

 
p 

 
n 

 
Hazard Ratio (CI)† 

 
p 

 
E-PMR 

 
179 

 
Ref 1.0 

 
- 

 
5 

 
Ref 1.0 

 
- 

 
AMR 

 
263 

 
3.21 (1.33-7.44) 

 
0.009 

 
29 

 
0.08 (0.01-0.94) 

 
0.045 

 
O-PMR 

 
179 

 
1.75 (0.65-4.73) 

 
0.271 

 
7 

 
0.45 (0.04-5.17) 

 
0.525 

E-PMR - Endoscopic Posterior Mesh Repair, AMR - Anterior Mesh Repair, and O-PMR - Open Posterior 
Mesh Repair. P < 0.050 versus reference category (Cox proportional hazard analysis). Values within 
parentheses show †95 % Confidence Interval. 
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2nd recurrence in relation to the surgeon´s annual volume 

The 2nd recurrence rate for each method for the 1st recurrent groin hernia repair was 
analysed in relation to the mean surgeon´s annual volume. In the AMR and E-PMR 
groups there was no difference in rate of 2nd recurrence between the surgeon´s annual 
volume, ≤ 5 repairs and > 5 repairs (AMR p=0.622 and E-PMR p=0.204, Log rank 
test). For the O-PMR group (Figure 21) the 2nd recurrence rate was higher if the mean 
surgeon´s annual volume was ≤ 5 repairs (p<0.001, Log rank test).  

 

 

Figure 21. Kaplan Meier plots presenting rate of 2nd recurrences after Open Posterior Mesh Repair (O-
PMR) for 1st recurrent groin hernia repairs, with mean surgeon´s annual volume of  ≤5 repairs and >5 
repairs (p<0.001). 
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Study 4 

Study cohort 1st recurrent repair 

During the study period 9 720 hernia repairs were performed at the five hospitals of 
which 926 (9.5 %) were recurrent groin hernia repairs performed in 870 patients. A 
total of 199 patients were excluded according to Figure 22. Altogether 671 unilateral, 
1st recurrent repairs were included in the analysis. Of these repairs, 329 were AMRs and 
342 PMRs, of which 161 were E-PMRs (139 TEP and 22 TEP) and 181 O-PMRs.  

The three SHR units had different strategies for recurrent groin hernia operations. Unit 
A performed 62.3 % of all AMRs, Unit B performed 80.1 % of all E-PMRs and Unit 
C performed 60.2 % of all O-PMRs.  

The median follow-up from the 1st recurrent operation for the whole cohort was 9.3 
years (IQR 3.0). The median follow-up times for the groups were: AMR 10.3 years 
(IQR 5.0), E-PMR 8.3 years (IQR 2.0) and O-PMR 9.5 years (IQR 3.0). A 
multivariate logistic regression analysis was used to compare the risk for chronic pain 
and physical disability (IPQ score > 0) in relation to the length of follow-up after the 
1st recurrent repair. The risk did not differ between patients with follow-up times, < 10 
years and ≥ 10 years (reference), (OR=1.14 (CI 0.76-1.72), p=0.517).  

Emergency surgery was performed in 42 out of 671 patients (6.3 %). The AMR was 
used more frequently in the emergency setting compared to the PMR, 28 and 14 repairs 
respectively (p=0.018). The risk for pain or physical disability of any degree (IPQ score 
> 0), did not differ between emergency and elective recurrent (ref) repairs in a 
multivariate regression analysis (OR 1.16 (CI 0.46-2.93) (p=0.745)). 

A total of 28 repairs (4.2 %) were performed on women. The women were operated 
with a PMR, (E-PMR or O-PMR), in 23 out of the 28 repairs (82 %) with a statistical 
difference compared to AMR (p=0.001).   
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Figure 22. Flowchart of inclusion and exclusions, study cohort of unilateral 1st recurrent repairs  Four 
hundred seventy-four patients answered the questionnaire and 75 were examined clinically.  
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IPQ and clinical examination 

The IPQ was sent to 671 patients, of whom 474 answered (70.6 %). In 343 out of 474 
(72.4 %) “No pain at all” was described. A total of 27 out of the 474 patients (5.7 %) 
had a pain-score between 4 and 7, implying pain that could not be ignored and at least 
interfered with daily activities (Figure 23).  

A total of 124 patients (26 %) stated a new lump or other discomfort in the groin and 
were offered a clinical examination and 75 (60 %) of these attended after two 
reminders.  

The 197 patients (29.4 %) that did not answer the IPQ (non-responders) were analysed 
and compared with the 474 patients who answered the IPQ (responders). There was 
no difference in mean age between the groups, responders 64.0 (SD 12.8) and non-
responders 63.7 (SD 14.5) (p=0.816). Fewer women answered the IPQ 13/28 (46 %) 
compared to men 461/643 (71.7%) (p=0.004) and the number of IPQ answers from 
the E-PMR group was 102/161 (63.4 %) compared to AMR 238/329 (72.3 %) 
p=0.061. 

Of the 75 patients examined clinically, 48 (64 %) were found to have radiating pain or 
increased sensitivity in the groin, interpreted as signs of a nerve lesion (Table 6). A 2nd 
recurrence was found in 10 of the 75 clinically examined patients (13.3 %). 

 

Figure 23. Distribution of 474 answers to the Inguinal Pain Questionnaire in respect of “worst pain past 
week” 
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Table 6. Baseline characteristics on IPQ score (combination of “Worst pain past week” and “everyday 
activities”), ranging from 0 (no pain, no disability) to 12 (maximal pain and disability) for 474 patients 
answering the IPQ. 

IPQ 
Score 

No clinical 
examination 
n=399 

Clinical examination 
n=75 

Total 
 
n=474 Patients without signs of 

nerve lesion 
n=27 (36.0) 

Patients with signs of nerve 
lesion 
n=48 (64) 

0 309 (77.4) 13 (48.1) 13 (27.1) 335 (70.7) 
1 52 (13.0) 5 (18.5) 10 (20.8) 67 (14.1) 

2 15 (3.7) 2 (7.4) 11 (22.9) 28 (5.9) 
3 10 (2.5) 3 (11.1) 8 (16.6) 21 (4.4) 
4 2 (0.5) 1 (3.7) 0 3 (0.6) 
5 3 (0.8) 0  3 (6.3) 6 (1.3) 
6 4 (1.0) 0 1 (2.1) 5 (1.1) 
7 1 (0.3) 1 (3.7) 1 (2.1) 3 (0.6) 
8 3 (0.8) 1 (3.7) 1 (2.1) 5 (1.1) 
9 0 1 (3.7) 0 1 (0.2) 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 

Values within parentheses show % 

 
Index operation 

Data on the index operation were available for 558/671 (83 %) of the patients, 
including 108 (16 %) repairs registered in the SHR and 450 (67 %) retrieved from 
patients medical records. Of the 558 index repairs, 446 repairs were performed prior to 
January 2001 (80%). The anterior index group consisted of 443 sutured repairs and 75 
anterior mesh repairs and the posterior index group consisted of 18 E-PMRs and 11 
O-PMRs. Eleven repairs could not be classified as anterior or posterior repairs.  

The median time from the index operation to the 1st recurrent operation was 11.0 years 
(IQR=16.0) for all index repairs. The time for suture repair was 14.0 years (IQR=13) 
compared to mesh repair 2.0 years (IQR=3) (AMR 2.0 years (IQR=3) and PMR 3.0 
years (IQR=5) (p<0.001). 
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IPQ score  

An IPQ score > 0, representing any groin pain or physical disability, was reported by 
139 of the 474 patients answering the IPQ (29.3 %) (Table 6). The risk of having signs 
of nerve lesion found at clinical examination in patients with an IPQ score > 0 
compared to patients with an IPQ score of 0 was OR 2.50 (CI 0.93-6.71), p = 0.069. 
If patients who responded that they did not have persistent symptoms were assumed to 
lack signs of nerve lesion, the same analysis gave a strong association between signs of 
nerve lesion at clinical examination and the IPQ score (OR 7.99 (CI 4.03-15.83), 
P<0.001). Neither gender, age, method of recurrent mesh repair or surgeon´s volume 
could predict an IPQ score > 0 in univariate logistic regression analysis. 

 

1st recurrent repair in relation to index repair 

Out of the 474 patients who answered the IPQ, data were available for 389 index 
repairs (82 %), of which 371 were anterior and 18 posterior index repairs. When taking 
the index repair in to account, and comparing the methods of 1st recurrent repair, a 
decreased risk for an IPQ score > 0 was seen after an anterior index repair followed by 
an E-PMR compared to AMR (OR 0.54 (CI 0.30-0.97, p=0.039) (Table 7). The group 
of patients where the index repair was performed with a posterior approach was too 
small to allow statistical analysis. 

 

Table 7. Method of 1st recurrent repair as risk factor predicting IPQ score >0, after anterior and posterior 
index repair in 389 patients.. Logistic regression analyses adjusted for age and gender. 

 Anterior index repair 
n=371 

Posterior index repair 
n=18 

1st Recurrent 
repair 

 
n 

 
Odds Ratio (95% CI) 

 
p 

 
n 

 
Odds Ratio (95% CI) 

 
p 

AMR (ref) 158 1 - 16 1 - 
O-PMR 121 0.91 (0.55-1.51) 0.717 2 - - 
E-PMR 92 0.54 (0.30-0.97) 0.039 0 - - 

AMR-Anterior Mesh Repair, O-PMR-Open Posterior Mesh Repair, E-PMR-Endoscopic Posterior Mesh Repair 
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Surgeon´s volume and surgical approach 

The risk for an IPQ score > 0 after a 1st recurrent groin hernia repair was analysed in 
relation to the mean surgeon´s annual volume for the different surgical techniques used 
(Table 8). There was no difference in risk of an IPQ score > 0 between the surgeon´s 
annual volume for the AMR and E-PMR groups. However for the O-PMR group there 
was a lower risk of having an IPQ score > 0 if the mean surgeon´s annual volume was 
> 5 repairs (OR 0.42 (CI 0.19-0.94, p=0.034) (Table 8). 

 

Table 8. Mean surgeon´s annual volume, on method of 1st recurrent repair, as risk factor for  an IPQ 
score >0. Logistic regression analyses adjusted for age and gender. 

 ≤ 5 repairs/year (ref) 
 

> 5 repairs/year  

1st recurrent repair n Odds Ratio n Odds Ratio (95% CI) p 
All Repairs 91 1 383 0.65 (0.40-1.06) 0.088 

AMR 41 1 197 0.96 (0.46-2.04) 0.924 
O-PMR 37 1 97 0.42 (0.19-0.94) 0.034 
E-PMR 13 1 89 0.92 (0.22-3.82) 0.913 

AMR-Anterior Mesh Repair, O-PMR-Open Posterior Mesh Repair, E-PMR-Endoscopic Posterior Mesh Repair 

 

The O-PMR group was also analysed regarding the risk of an IPQ score > 0 in relation 
to the surgical approach used for the preperitoneal mesh repair. The transverse incision 
above the inguinal canal (Nyhus) was used in 113 patients and compared with a group 
of 21 “other O-PMR techniques” (17 TIPP and 4 Stoppa). The Odds Ratio of an IPQ 
score > 0 was 2.58 (CI 0.97-6.87), p=0.057) for “other O-PMRs” compared to the 
“Nyhus” approach. 

 

Postoperative complications 

A postoperative complication was registered in the SHR in 63 of 671 (9.4 %) patients 
in the entire study cohort of 1st recurrent repairs. Among the 474 patients with an IPQ 
answer, 42 patients (8.9 %) were registered in the SHR for a postoperative 
complication. A registered complication did not increase the risk for an IPQ score > 0 
compared to patients not having a complication (OR 0.80 (CI 0.39-1.66, p=0.554). 

  



83 

Study cohort 2nd recurrent repair  

The cohort included 719 patients of which 509 completed the IPQ (70.8 %) (Figure 
24). A total of 48 patients were operated with a subsequent 2nd recurrent repair prior 
to 31st December 2007. This group was compared with 474 patients without a 2nd 
recurrent repair, regarding the risk of having an IPQ score > 0 during the same time 
period. Patients having had a 2nd recurrent repair had a higher risk for an IPQ score > 
0 (OR 2.28 (CI 1.14-4.57), p=0.020). 

 

 

Figure 24. Flowchart of inclusion and exclusion of the study cohort of 2nd recurrent repairs to compare 
the risk for pain and disability with the cohort of 1st recurrent repairs. 
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Discussion  

Studies 1 and 2 

Both studies are based on national data from the Swedish Hernia Register and focus on 
risk factors predicting repeated recurrent groin hernia operations and risk factors 
affecting the cumulative incidence of reoperation after recurrent groin hernia surgery. 
To our knowledge, no prospective studies on the management of hernias after multiple 
repairs have previously been published. These studies represent the largest population-
based cohort studies on recurrent groin hernias in the literature. 

These studies present the outcome after routine, recurrent groin hernia surgery as 
performed in Sweden over more than twenty years. During this time period there was 
a dramatic change in methods of repair used in recurrent groin hernia surgery. This, of 
course, must be kept in mind when interpreting the results. 

 

Reoperation after recurrent hernia repair 

These studies show that Endoscopic Posterior Mesh Repair for recurrent groin hernia 
surgery is associated with the lowest cumulative incidence of reoperation. Both studies 
suggest that posterior mesh repair, whether endoscopic or open, should be preferred 
after previous hernia repair employing an anterior approach. The outcome after open 
posterior mesh repair following a previous posterior index repair was favourable, 
although not significantly different from results obtained with endoscopic techniques. 
The recommendation in the EHS guidelines to use a new anatomical plane for mesh 
implantation compared to the previous repair, is supported by this study as regard PMR 
after a previous anterior repair. If these guidelines are to be followed, an AMR should 
be used after a previous posterior repair. The results from this study do not support this 
recommendation, since neither Lichtenstein nor plug repairs were associated with a 
lower risk for reoperation compared to PMR techniques.  

The relative advantage of endoscopic methods of repair following anterior repair has 
been shown in previous studies103,104. However, previous studies have lacked the 
statistical power to compare the outcome following previous posterior repair. Assuming 
similar reoperation rates at 5 years after surgery as in the present study (4.7 % for E-
PMR and 6.9 % for Lichtenstein repairs), a controlled trial would require more than 
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4 000 patients to achieve an 80 % chance of detecting a significant difference between 
the two procedures. 

The age and sex distribution in Study 2, varied slightly between the different groups. 
The differences in age may be explained by the shorter follow-up of patients in Groups 
2 and 3, owing to the lack of complete data for all variables during the first years of 
registration. These differences should not be considered to limit the validity of this 
study. The SHR provides data on the outcome after hernia surgery as it is practised in 
the community, without selection of any specific patient group or focus on specialised 
units. 

The study also indicates that women with a recurrent hernia benefit even more than 
men from a PMR. This was due to the higher incidence of femoral hernia in women, 
which may be overlooked if the recurrent repair is performed through an anterior 
approach. These results are in accordance with other studies94,105. 

Even if all femoral hernias were excluded from the analysis, the PMR methods were 
still associated with a significantly lower risk for reoperation than AMR. This might 
indicate a mechanical advantage of the posterior position of the mesh compared to an 
anterior mesh position, for recurrent inguinal hernia, and not just being related to the 
risk of overlooking a femoral hernia. 

Previous studies have suggested that E-PMR is the method of choice for preperitoneal 
access96,103,106. The outcome after O-PMR however is almost equivalent (Table 3). Beets 
et al found in a RCT study, a lower recurrence rate after bilateral O-PMR (1.9 %) 
compared to the TAPP procedure (12.5 %) (p < 0.04)104. In Study 2, the majority of 
the Open Posterior Mesh Repairs were performed through a transverse incision above 
the inguinal canal according to the described approach by Nyhus47 and Wantz107. A 
smaller number of repairs were performed using a midline incision, as described by 
Stoppa55, or through a transinguinal approach108. This study has not analysed the 
impact of the various approaches in the O-PMR group on the risk for reoperation, 
which could affect the outcome of the whole O-PMR group. The choice between E-
PMR and O-PMR is often a matter of local tradition and surgeon´s preference. 

 

Repeated groin hernia surgery 

The risk for further reoperation increased with the number of previous repairs 
performed on the same groin. The correct choice of repair in patients with a recurrent 
groin hernia is important since the more repairs that are performed, the more 
advantageous the PMR becomes. The difference between E-PMR and the Lichtenstein 
repair was statistically significant for the first two recurrent hernia repairs (p < 0.05). 
Repairs without mesh had the worst outcome109, and the condition and outcome 
worsened with each succeeding unsuccessful repair. Operating time also increased, with 
increasing number of recurrent repairs. 
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The risk for a further recurrent repair was lower when reoperation was undertaken at a 
different unit to that where the previous repair was performed. This confirms the 
importance of the unit’s gathered competence in recurrent groin hernia surgery, to 
prevent patients operated for multiple recurrent repairs ending up in a vicious circle of 
further repeated repairs. Basically this reflects the surgeon´s expertise in both anterior 
and posterior mesh repairs, in order to customise the choice of mesh repair for each 
individual patient. 

The incidence of testicular atrophy or absence at recurrent hernia repair was 4.2 % for 
all repairs. It did not rise as much as would have been expected considering the potential 
trauma to the testicular circulation during repeated explorations in the same groin. This 
could be explained by incomplete registration of complications and perhaps an 
underestimation of testicular atrophy when patients were assessed prior to the re-
recurrent repair. 

As multiple recurrences are relatively rare and constitute a heterogeneous group, it is 
impossible to perform a randomised controlled trial on these patients. Hence, the best 
evidence for this group of patients is obtained from large, population-based register 
studies28,110. 

The results presented here are based only on repairs included in the SHR. The number 
of repairs performed on each patient may thus be an underestimation since some 
patients underwent hernia repairs before the first repair was registered in the SHR. This 
may have diluted the effect of previous repairs in this study. When assessing the 
outcome after recurrent hernia repair the approach used in the previous repair must be 
considered, not only the number of previous repairs. In Study 1, the preceding repair 
was not recorded in the SHR in12 104 cases. As most of these repairs were performed 
before 1992, they can be assumed to be sutured repairs in most cases27. 

In Studies 1 and 2, the same patient may have been included twice if operated 
bilaterally. This could have caused a minor bias when risk factors for reoperation were 
analysed, since a risk factor related to the patient may have played a role in the 
recurrences in both groins. 

Although a difference in outcome was seen if the repair was undertaken at a different 
unit than the previous, there was no difference in reoperation rate between large (> 250 
repairs/y) and small volume units (<250 repairs/y). This underlines the importance of 
having the surgical expertise to meet the challenges of recurrent groin hernia surgery, 
as a large unit volume alone is not sufficient to guarantee high quality. 

Primary hernia repairs can usually be managed according to standardised routines, but 
the management of recurrent hernia requires an approach that must be adapted to the 
specific circumstances of each patient, including age, gender, type of previous repair, 
type of hernia and size of defect111. This implies that units managing recurrent repairs 
must have suitable equipment, staff and surgeons experienced in performing both 
anterior and posterior mesh repairs. 



88 

The difference in risk for reoperation if the repeated repair is performed at the same or 
new unit does not remain significant if adjusted for method of repair. In other words 
the quality of repair may be sufficient even if it is performed at the same unit, as long 
as an adequate method of repair is applied. The E-PMR and O-PMR techniques has 
however not been performed at all units operating groin hernia in Sweden. 
Centralisation is sometimes proposed as an option that may solve the problem of 
providing the most suitable method of repair for each patient112. Another option would 
be a national focus to improve education and training in PMR methods at the national 
level, preferably using the endoscopic technique. 

These studies focused on reoperation for re-recurrence as the major endpoint. There 
are, however, equally important factors to be considered in recurrent groin hernia 
surgery, such as chronic pain. The technical difficulties when dissecting through scarred 
tissue, where the usual anatomical landmarks are distorted, may lead to nerve damage 
and an increased risk for persistent pain. By approaching the recurrent hernia from the 
preperitoneal space, these problems may be avoided113. Whether or not the E-PMR and 
the O-PMR methods of recurrent groin hernia repairs can reduce the risk for chronic 
pain is addressed in Study 4. 
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Studies 3 and 4  

These studies were based on regional cohorts of patients who had undergone surgery 
for recurrent groin hernia. A follow-up was conducted using the IPQ and selective 
clinical examination in order to determine the prevalence of a 2nd recurrence and 
chronic groin pain and physical disability after 1st and 2nd recurrent groin hernia 
surgery. 

Study 3 

Risk for a 2nd recurrence 

Study 3 indicates that a 1st recurrent groin hernia should preferably be operated with a 
mesh repair in the previously non-touched space on the groin, in order to minimise the 
risk for a 2nd recurrence. This is in accordance with the EHS guidelines97. Endoscopic 
methods of repair were associated with the lowest rate of 2nd recurrence and anterior 
mesh the highest. These results are in accordance with the randomised study by 
Kouhia103, but in contrast to the latest review articles79,114, which could not find any 
differences in re-recurrence between endoscopic and Lichtenstein repair. A Cochrane 
review from 2003 was also inconclusive regarding the rate of recurrence when 
comparing endoscopic and anterior mesh methods of repair115. Most studies on 
recurrent groin hernia compare endoscopic and tension-free anterior repairs and do not 
include open posterior mesh repairs. National data from the SHR 2012, show that 18 
% of recurrent repairs were O-PMRs5. The proportion in the current study was 25 %. 
The study shows that open posterior mesh repairs as a group, is equally as favourable 
as endoscopic repairs. In sub group analyses however the TIPP technique does not seem 
to be as favourable as the Nyhus technique, which had the lowest recurrence rate of all 
PMR methods. 

 

Method of repair in relation to index operation 

A posterior mesh repair is the method of choice if the index operation, prior to the 1st 
recurrent repair, is an anterior repair. These findings are consistent with previous 
register studies96,116. In this study most index repairs were anterior suture repairs that 
are now considered outdated. 

For a relatively small group of patients who had a 1st recurrent repair after a previous 
posterior repair, this study shows a lower risk of a 2nd recurrence if an anterior mesh 
repair is used. Although not proven in previous studies, this is in line with the 
recommendations in the EHS guidelines97,98. To use the untouched anatomical space 
in the groin appears favourable after having a recurrence in order to diminish the risk 
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of having a 2nd recurrence. This seems logical, since the untouched space is more easily 
accessed, and more resembles the circumstances of a primary hernia repair. In this study 
42 % of the recurrent operations, were performed through a previously used space. 
Most recurrences follow an anterior approach, performed when the Shoudice procedure 
was the gold standard. To repair a recurrence in the same space after a sutured repair 
seems more feasible compared to a former mesh repair. We did not, however, made 
this group distinction since the numbers of index mesh repairs were few. The results 
are overwhelming with a more than three-fold higher risk for having a new recurrence 
when the same anterior space was used compared to an E-PMR.  

The number of patients with a former suture repair will diminish over time, but still 
these patients will be common. The median time to develop a 1st recurrence was 10 
years in this study. Our results indicate that recurrence appears earlier if the index 
operation was a mesh repair compared to a suture repair. This is in contrast to a study 
by Magnusson et al, who reported early recurrence after suture and endoscopic repairs 
compared to AMR117. Early recurrence, however, is often considered a result of 
technical failure. 

 

Approach in Open Posterior Mesh Repair (O-PMR) 

This study reveals large differences in 2nd recurrence rate after different O-PMR 
techniques, when correlated to the surgical approach. If the mesh was placed in the 
preperitoneal position through a transverse incision above the inguinal canal 
(Nyhus/Wantz) the 2nd recurrence rate was lower than all other mesh methods (2.5 %). 
With a transinguinal approach (TIPP) the 2nd recurrence rate came close to 30 %. These 
results may reflect the fact that these operations are often performed through scar tissue 
after previous anterior repairs, which makes dissection and placement of the 
preperitoneal mesh more difficult. The TIPP procedure should thus be avoided in 
recurrent groin hernia surgery. The Kugel herniorrhaphy was not used in the current 
study, though other studies have shown results comparable with endoscopic 
techniques57,118. 

 

Gender aspects 

Groin hernia repairs in women constitute 9 % of all hernia repairs registered in the 
SHR 2013. In this cohort of recurrent repairs the corresponding figure was 3.6 %. The 
proportion of women operated with a PMR was 83 %, which must be considered high 
from a nationwide perspective. The corresponding figure for men was 49.6 %. There 
was no significant difference in 2nd recurrence rates between men and women. 

The first annual report from the SHR that reported methods of repair in men and 
women separately was in 2008. Of the 1340 repairs in women that year, 761 (56.8 %) 
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were performed with an AMR (Lichtenstein and Plug repairs). This clearly indicates 
the need for a change in the operative management of hernia in women. This was 
supported by other studies that showed the advantage of the TEP procedure in 
detecting femoral hernia in women119 and large register studies have confirmed that 
PMR in women is associated with a lower risk for reoperation than AMR93,94. 

In the current study, a femoral hernia was found in 41.4 % of repairs in women and in 
3.1 % in men at the 1st recurrent hernia repair. These figures indicate a higher 
prevalence of femoral hernia at recurrent repairs compared to primary repairs. This is 
confirmed by non-published national data from the SHR 2004-2013, showing that 
men were found to have a femoral hernia in 0.9 % (1187/133627) of primary repairs 
and in 3.9 % (546/13980) of recurrent repairs. The corresponding data for women 
were 23.5 % (2953/12580) of primary repairs and 42.1 % (343/814) of recurrent 
repairs. 

When the index operation was an anterior repair, a femoral hernia was found at the 1st 
recurrent repair in 47.6 % of women and in 3.1 % of men. This indicates a high risk 
for a missed femoral hernia when performing anterior repair, if not taking specific 
actions to exclude the presence of a femoral hernia. 

These data support the use of PMR methods in women for both primary and recurrent 
groin hernia repair and in men with recurrent hernia. 

 

Impact of surgeon´s annual volume 

The impact of the surgeon´s proficiency on outcome after hernia surgery has to our 
knowledge only been addressed in primary inguinal hernia surgery120. In the absence of 
a scientific definition of surgeon´s proficiency in hernia surgery, the surgeon´s annual 
volume may serve as surrogate. This study indicates a lower risk for a 2nd recurrence, if 
the mean surgeon´s annual volume was higher than five open posterior mesh repairs. 
This however, was not the case for anterior mesh or endoscopic repairs. Regarding 
endoscopic repairs, the low risk for a 2nd recurrence could be explained by the fact that 
even the “low volume surgeons” who performed recurrent hernia surgery, were well 
trained long before the units started their registrations in the SHR. This was not the 
case for surgeons performing a low-volume of O-PMRs, who in the majority of cases, 
only occasionally performed hernia surgery. It could be suspected that the O-PMR was 
used in order to avoid a re-operation through an anterior approach The fact that the 
anterior mesh repairs are associated with the same risk for recurrence, regardless of 
surgeon volume, could indicate that an adverse effect of a re-operation through scarred 
tissue in the anterior space cannot be avoided even by a high volume surgeon. Even 
with stratification for annual volume, there may have been a selection bias in the choice 
of method. 
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Methodological considerations 

A weakness of the study is that the clinical examination was performed in 2009 
although 2nd recurrent repairs were included from the SHR until December 31st 2013. 
This means that clinically diagnosed 2nd recurrences that were not re-operated in this 
interval have been overlooked. An additional weakness is the incompleteness of answers 
to the questionnaire and of clinical follow-up. The study detected 67 2nd recurrences of 
which 15 (22 %) were found after having a 66 % response rate to the questionnaire 
and 69 % of patients having had a clinical examination after indicating a new lump or 
other discomfort. It is hard to draw any conclusions what this incompleteness means 
in number of missed 2nd recurrences. It could be assumed that the majority of patients 
with a symptomatic 2nd recurrence would most likely answer after several reminders 
and offers to become clinically examined. Our data suggests that the 2nd recurrence rate 
could be estimated by multiplying the reoperation rate registered in the SHR, with a 
factor of at least 1.3 (67/52). In the study by Ekelund et al, this factor was 2.790 and in 
the study by Haapaniemi 2.399. 

A strength of the study was the high level of completeness, including previous and 
subsequent repairs, which made it possible to analyse the impact of the index repair. 
This study has also supplemented the data taken from the SHR with a postoperative 
follow-up procedure to detect non re-operated 2nd recurrences. The study reflects the 
outcome after routine recurrent groin hernia surgery performed in the first decade of 
the 2000s. This is in contrast to the randomised controlled trials103,104,121, that were 
mainly conducted in the 1990s and included small numbers of patients. 

Ekelund at al90 reported a cumulative increase in 2nd recurrence rate from 6 % after one 
year to 19 % five years after the TAPP and 6 5 % after one year to 18 % five years after 
the Lichtenstein repair. These frequencies are high but at that time the meshes were 
smaller, which could have contributed to the high 2nd recurrence rate. A cumulative 
recurrence rate was also noted by us in the AMR group being 8% after five years and 
17% after 15 years. This is in contrast to the PMR group that reached a plateau of 5% 
after 7 years, suggesting this technique to be a good choice for a long-lasting repair. 
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Study 4 

Chronic pain and physical disability 

The current population-based study shows a very high incidence of chronic pain and/or 
physical disability remaining after a median of nine years after recurrent groin hernia 
surgery. A total of 29 % of patients stated persistent pain or disability and 6% stated 
pain that could not be ignored and that affected everyday activities. 

These results are difficult to compare with other studies since they generally lack a long 
follow-up time especially for patients having had a recurrent operation. This study 
underlines the importance of keeping chronic pain in mind as being a major factor 
influencing health-related quality-of-life in patients undergoing recurrent groin hernia 
surgery. In a recent meta-analysis by Yang et al, on randomised controlled trials 
comparing different surgical techniques for recurrent groin hernia repair, the overall 
rate of chronic pain was 10.3 %122. These results are difficult to compare with those of 
the current study, since the definition of pain as well as length of follow-up varies 
widely. 

There are to our knowledge no studies on recurrent groin hernia surgery describing the 
interference of pain on daily activities. A study on chronic pain after primary groin 
hernia surgery, using the IPQ, reported the same rate of pain interfering with daily 
activities (6 %)32 as does the current study after recurrent hernia surgery. Poobalan et 
al, reported a 4-fold increased risk (p=0.005) for chronic pain after recurrent hernia 
surgery compared to primary hernia surgery72. In a prospective study on 88 patients 
operated for a recurrent hernia, there was a higher incidence of moderate and severe 
chronic groin pain 12 months after operation compared to primary repairs (14 vs 3 %, 
p<0.01)73 

 

Chronic pain in relation to follow-up time 

Repeated surgical trauma to the groin tissue and the risk for nerve lesions associated 
with recurrent groin hernia surgery should be considered when performing recurrent 
hernia surgery. Even if chronic pain seems to diminish to some extent during the first 
years after a hernia repair90,123,124, it may limit the patient´s ability to perform daily 
activities and affect health-related quality-of-life67. Since this study was based on a very 
long-term outcome with a median follow-up of nine years, with only 1 % of patients 
having a follow-up shorter than 5 years, it is difficult to compare these results with those 
of other studies. The current study shows the same prevalence of pain and physical 
disability, measured using the IPQ score, in patients with a follow-up less than 10 years 
as those with a longer follow-up. This indicates that the problems did not seem to 
diminish with time in the present cohort. 
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Chronic pain in relation to method of repair 

When comparing different types of mesh repair technique and the risk for chronic pain 
after recurrent groin hernia surgery, the preceding (index) repair must be taken into 
account. The results from this analysis underline the importance of the index repair. In 
a univariate logistic regression analysis, not taking the index repair into account, the 
method of the 1st recurrent mesh repair was not a predictor of pain. In this study 95.4 
% of index repairs were anterior repairs. For this large cohort of patients, the E-PMR 
had a significantly lower risk for chronic pain and physical disability compared to 
AMRs. To our knowledge no other large follow-up study has provided data on chronic 
pain and disability after recurrent hernia surgery taking the index repair into account. 

The advantages of endoscopic techniques is supported by the latest meta-analysis on 
primary groin hernia surgery, that showed fewer patients with chronic pain after 
endoscopic compared to Lichtenstein repairs; 5.6 % versus 15.5 %, (OR 0.33 (CI0.17-
0.68), p=0.002)122. This however is in contrast to some other studies that could not 
demonstrate any differences in chronic pain between E-PMR and AMR79,115. 

There were too few posterior index repairs to be able to draw any conclusion on what 
approach to recommend for this small group of patients with a recurrence. The 
recommendations in the EHS guidelines to use the untouched plane for mesh 
implantation in a recurrent groin hernia could therefore not be supported by this study 
on this small group of patients97. 

The Nyhus approach was the most commonly used technique for open preperitoneal 
mesh placement. Although not significant, the Nyhus approach had a lower incidence 
of chronic pain compared to all other incisions (Stoppa and TIPP). No 
recommendation for open preperitoneal techniques can be made based on the results 
of this study. 

 

Impact of surgeon´s annual volume 

The impact of the surgeon’s proficiency on outcome after hernia surgery has, to our 
knowledge, only been addressed in primary inguinal hernia surgery120. In the absence 
of a scientific definition of surgeon´s proficiency in hernia surgery, the surgeon´s annual 
volume may serve as surrogate. This study indicates a lower risk for chronic pain and 
physical disability, if the mean surgeon´s annual volume is higher than five open 
posterior mesh repairs. This however, was not the case for anterior mesh or endoscopic 
repairs. Regarding endoscopic repairs, the low risk for pain could be explained by the 
fact that even the “low volume surgeons” who performed recurrent hernia surgery, were 
well trained long before the units started their registrations in the SHR. This was not 
the case for surgeons with a low annual volume of O-PMRs, who in most cases only 
occasionally performed hernia surgery. It may be that the O-PMR was chosen to avoid 
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a reoperation via an anterior approach. The fact that the anterior mesh repairs have the 
same risk for pain regardless of surgeon’s volume, could imply that adverse effects of 
reoperation through scarred tissue in the anterior space cannot be avoided even by a 
high-volume surgeon. Even with stratification for annual volume, there may have been 
selection bias in the choice of method. 

 

Chronic pain after 1st and 2nd recurrent repair 

A previous study has shown that the risk for further reoperation increases with the 
number of previous repairs89. The relationship between chronic pain and number of 
previous repairs has to our knowledge not previously been studied. In a separate cohort 
analysis, patients operated for a 2nd recurrent hernia repair had a higher risk for 
developing chronic groin pain and physical disability compared to patients operated for 
a 1st recurrent repair. It seems logical that the risk for chronic pain increases with 
increasing number of repairs. 

 

Methodological considerations 

A weakness of the study is its retrospective design resulting in the absence of IPQ data 
registered before the 1st recurrent repair. The results must be interpreted with some 
caution since the source of pain and functional disability may have been created at the 
index operation or may not have been related to groin hernia at all. 

In all multivariate analyses, adjustment was made for age and gender. There may still, 
however, be residual confounding factors. Length of follow-up did not have a 
significant impact on outcome, but we cannot exclude that there may be other factors 
that differed between the groups. Although the response rate was high, the non-
responders and patients who did not complete the follow-up may have differed from 
the rest. 

The strength of the study was the high level of completeness, including previous and 
subsequent repairs, which made it possible to analyse the impact of the index repair. 
The IPQ questionnaire as well as the items and procedure for selecting patients for 
clinical follow-up have been evaluated in previous studies68,86,99. All data in the SHR 
have a high national coverage and in-data are regularly validated, which limits the risk 
of selection bias. As the SHR is population-based, the results represent the outcome of 
hernia surgery as practised in the community at large in contrast to local case series and 
randomised controlled trials. 
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Conclusions 

• With increasing number of recurrent hernia repairs on the same groin, the risk 
for reoperation is increased. Endoscopic repair is associated with the lowest risk 
for reoperation in repeated groin hernia surgery. 

• Anterior Mesh Repair is associated with a higher risk for reoperation compared 
to Posterior Mesh Repairs (Endoscopic and Open) in recurrent hernia surgery. 
Women benefit even more than men from a Posterior Mesh Repair, due to the 
high incidence of femoral hernia in recurrent repairs. 

• The previous, index operation must be taken into account when performing 
recurrent groin hernia surgery. After an index anterior operation, a Posterior 
Mesh Repair is recommended and after an index posterior operation, an 
Anterior Mesh Repair is recommended. 

• An Open Posterior Mesh Repair in 1st recurrent groin hernia, performed 
through a Nyhus approach has a lower risk for a 2nd recurrence compared to 
the transinguinal approach. A mean surgeon´s annual volume > 5 Open 
Posterior Mesh Repairs reduces the risk of a 2nd recurrence compared to a 
surgeon´s volume ≤ 5 repairs. 

• After 1st recurrent hernia repair, 29 % of patients complain of chronic groin 
pain or physical disability and 6 % have pain that affects everyday activities. 
After an index anterior repair, Endoscopic repair was associated with a lower 
risk for pain and physical disability compared to Anterior Mesh Repair. 
Patients operated for a 2nd recurrent repair had a higher risk for chronic pain 
and physical disability compared to patients operated for a 1st recurrent repair. 
A mean surgeon´s annual volume > 5 Open Posterior Mesh Repairs, reduces 
the risk for pain compared to a surgeon´s volume ≤ 5 repairs. 
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Future perspective 
Biological aspects on hernia 

The fundamental mechanism behind hernia formation in adults is the loss of 
mechanical strength in the abdominal wall muscles and fasciae. There is evidence that 
genetic and extracellular matrix disorders may predispose patients to hernia 
formation125. An increase in Type III collagen in relation to Type I collagen126 has been 
shown to increase the risk for hernia development. An impaired collagen metabolism 
is caused by a defect in collagen gene regulation127. This knowledge has led us to the 
use mesh techniques in 99 % of all groin hernia repairs performed in Sweden. There 
are also data suggesting that groin hernia is most likely an genetic disease, even though 
a clear inheritance pattern not yet has been described128.  

Although it is an intriguing thought that in the future we might be able to prevent 
hernias through medical regulation of the patient´s collagen metabolism, surgery will 
in the foreseeable future remain the only treatment to cure groin hernia. 

 

Mesh in hernia surgery 

The advantage of lightweight compared to heavyweight mesh regarding reduced 
chronic pain, has been shown in many studies129,130. This seems to be the case for both 
open and endoscopic surgery. These meshes do not appear to be associated with a 
higher risk for recurrence compared to heavyweight meshes. There is today no evidence 
for the use of biological mesh in groin hernia surgery. The further development of mesh 
is hard to predict. The “perfect mesh” should have good biocompatibility with minimal 
tissue reaction whilst creating sufficient strength in the tissues to prevent recurrence, 
and, moreover, be produced at a low cost. Such a mesh has not yet seen the light of 
day! 

In order to diminish the risk for chronic pain, the trend in both endoscopic and open 
hernia surgery is to avoid “traumatic” fixation of the mesh131. The use of glue132 and 
“self-gripping” meshes133 has become popular. Reported results are promising but they 
should however be interpreted with caution due to a relatively short follow-up time. 

 

Technique in groin hernia surgery 

National registers are an invaluable source of data to follow the quality of groin hernia 
surgery, but they need to be further developed to include long-term quality-of-life also. 
It is possible to study large cohorts of patients and to gather results rapidly when new 
techniques are lounged. 
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The golden opportunity for successful hernia surgery is when the first hernia operation 
is performed on a patient. All efforts should be made to minimise the risk for having a 
recurrent hernia and chronic pain problems! 

There is reason to believe that minimally invasive techniques such as the TEP procedure 
will gain more acceptance and be used more frequently in elective groin hernia surgery. 
In the hands of trained and skilled surgeons, the outcome after endoscopic repairs 
regarding risk for recurrence and short and long-term pain, seems better than all other 
methods of repairs used today134,135. To be able to operate the majority of elective groin 
hernias with endoscopic methods would require the formation of specialised centres 
where dedicated surgeons and trained staff perform large volumes of endoscopic repairs 
and take the responsibility for education. In contrast to this development stands the 
option to perform the Anterior Mesh Repair in primary groin hernia in men. The 
advantage of this technique is that it may be performed under local anaesthesia and at 
a lower cost136. Open hernia surgery will still remain a cornerstone in emergency hernia 
surgery, and this is dependent on adequate training in elective hernia surgery. 

Hopefully there will be a more customised mix of open and endoscopic hernia surgery. 
The studies in this thesis have shown that the Endoscopic and Open Posterior Mesh 
Repair techniques should be preferred for recurrent hernia in both men and women 
after an index anterior repair. Other studies have shown an advantage of endoscopic 
techniques for women planned for primary hernia repair. The Anterior Mesh Repair 
could be used for primary hernia operation in men and for recurrent hernias after 
previous posterior mesh repair. 

 

Education in hernia surgery 
The growing interest in endoscopic techniques as a whole will probably result in 
educational changes in surgical training including more focus on the endoscopic hernia 
techniques. 

Nationally coordinated education programmes have the power to set a high national 
standard of education in hernia surgery. Courses should be held at different levels to 
guarantee quality of hernia surgery in general as well as in units specialised in more 
complex hernia surgery. A basic course for surgical residents which focuses on groin 
and abdominal wall anatomy and open hernia surgery and a post graduate course 
focused on more advanced hernia surgery and new tailored techniques, will lead to a 
high quality of care in hernia surgery nationwide. The possibility to train both open 
and endoscopic137 hernia surgery in simulation-based models, will hopefully be further 
developed in order to shorten the learning curve. 
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Populärvetenskaplig sammanfattning 

Vad är ljumskbråck och hur vanligt är det ? 

Bråck är en försvagning i bukväggen genom vilken bukhinnan och bukinnehåll kan 
bukta ut så att en knöl kan kännas. Bråck i ljumsken kan vara medfödda eller utvecklas 
med stigande ålder då vävnaden försvagas. Ljumskbråcken kan indelas i två typer: 
inguinala och femorala (lårbråck). De inguinala är lokaliserade ovan och de femorala 
nedom ljumskvecket. De inguinala bråcken är vanligast och endast 3 % är femorala. 
Bråck hos män är 10 gånger vanligare än hos kvinnor. De manliga bråcken är oftast 
inguinala emedan kvinnor i drygt 25 % har femoralbråck. Symtom från bråck kan 
variera från lättare obehag till svår smärta som kan uppkomma om bråcket blir inklämt, 
vilket kräver ett akut omhändertagande. Risken för inklämning är störst för de femorala 
bråcken.  

Bråck indelas ofta i förstagångsbråck och återfallsbråck. Nio procent av alla 
ljumskbråcksoperationer i Sverige är för återfallsbråck, vilket innebär att patienten är 
opererade minst en gång för bråck i samma ljumske. 

 

Operation av ljumskbråck 

Bråck kan bara botas genom operation. Operationen syftar till att eliminera symtom 
från bråcket samt att förhindra akut inklämning. I Sverige utförs årligen mellan 15 000-
16 000 ljumskbråcksoperationer på personer över 15 års ålder. Det är det vanligaste 
ingreppet som utförs av kirurger. 

Operationen syftar till att ta bort den utbuktande bukhinnan samt bukinnehåll från det 
försvagade området och förstärka detta område för att undvika återfall av bråcket. Vid 
drygt 99 % av alla operationer i Sverige används ett nät för att åstadkomma denna 
förstärkning. Operationen kan utföras med två olika placeringar av nätet. Antingen 
opereras nätet in framför det försvagade området i ljumsken, främre nätplastik eller 
genom att nätet placeras på baksidan av det försvagade området, bakre nätplastik. Den 
främre nätplastiken görs genom ett snitt i ljumsken och kan endast åtgärda inguinala 
bråck och den bakre nätplastiken kan utföras med titthålsteknik alternativt genom ett 
snitt och kan åtgärda både inguinala och femorala bråck. 
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Svenskt Bråck Register (SBR) 

I början av 1990-talet började svenska kirurger intressera sig för att studera kvaliteten 
av bråckkirurgin. Detta sammanföll med att nya operationstekniker introducerades och 
att nät som förstärkning i ljumsken började användas allt oftare.  

SBR är ett nationellt kvalitetsregister som startades 1992 med avsikt att samla in och 
analysera uppgifter om utförda ljumskbråckoperationer i landet med målsättning att 
delge dessa resultat till deltagande kliniker i syfte att förbättra kvaliteten av 
bråckkirurgin. Numer registreras ca 98 % av alla operationer för ljumskbråck som 
utförs i Sverige. SBR innehåller idag uppgifter om drygt 250 000 
ljumskbråcksoperationer.  

Eftersom alla svenska medborgare har ett personnummer, finns en unik möjlighet att 
följa upp alla opererade patienter, oberoende var i landet operationerna utförs. Eftersom 
många andra länder saknar denna möjlighet, har SBR fått en unik internationell 
ställning, inte minst ur ett vetenskapligt perspektiv. Mer än 40 vetenskapliga artiklar 
och 10 avhandlingar (denna inräknad) är baserade på data från SBR.  

 

Återfall av tidigare opererat ljumskbråck 

Ett av de kvalitetsmått som ofta används inom bråckkirurgin, är andelen patienter som 
får återfall efter operation av ljumskbråck. Från SBR kan alla deltagande enheter få 
uppgift om hur många av deras patienter som genomgått en omoperation efter tidigare 
bråckoperation. Denna andel har minskat dramatiskt under de senaste 15 åren. 
Faktorer som förbättrat resultaten efter ljumskbråcksoperation är till exempel, 
användandet av nätförstärkning, nya standardiserade operationsmetoder, förbättrad 
utbildning och inte minst ett ökat intresse och förhöjt status bland kirurger.  

Ett annat och mycket viktigt kvalitetsmått är risken att drabbas av kroniska smärtor och 
besvär från den opererade ljumsken. Tidigare studier har visat att andelen som får 
långvariga besvär efter operation av ett förstagångsbråck är betydligt större än andelen 
som får återfall. Andelen patienter som får kroniska besvär efter operation av 
återfallsbråck är bristfälligt utrett. Denna information finns inte i SBR, utan kräver att 
patienter genomgår en efterundersökning 

 

. 
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Avhandlingens bakgrund och syfte  

Risken för en patient att behöva genomgå en omoperation på grund av återfall av bråck, 
är mer än dubbelt så stor efter operation av ett återfallsbråck jämfört med ett 
förstagångsbråck. Fem år efter operation av ett förstagångsbråck, har 2.7 % av bråcken 
blivit omopererade på grund av återfall. Efter operation för återfallsbråck har 5.8 % 
blivit opererade för ännu ett återfallsbråck. Orsaken till denna skillnad är inte 
vetenskapligt klarlagd. 

Syftet med avhandlingen var att identifiera faktorer som påverkar risken för nytt återfall 
av bråck samt risken för kronisk smärta, efter operation av återfallsbråck. Målsättningen 
var att, med ledning från detta avhandlingsarbete, kunna ge kirurger praktiska råd om 
hur patienter med återfallsbråck skall opereras för att minimera risken för nytt återfall 
och kronisk smärta efter operation. 

 

Delarbete 1 och 2 

Båda studierna analyserar alla återfallsbråck i Sverige som registrerats i SBR under åren 
1992-2008. Dessa studier är till antalet inkluderade operationer av återfallsbråck de 
största publicerade materialen i litteraturen. 

Delarbete 1 visar att risken för ytterligare omoperation för återfallsbråck ökar med 
antalet tidigare utförda ljumskbråcksoperationer i samma ljumske. En bakre nätplastik 
innebar en lägre risk för omoperation jämfört med en främre nätplastik. 

Risken för omoperation var lägre om patienten opererades på en annan enhet än den 
enhet som utförde den föregående operationen. Detta kan bero på att man saknade 
kompetens att utföra en bakre nätplastik på den enhet där patienten genomgick 
föregående operation. 

Delarbete 2 visar att en bakre nätplastik med titthålsteknik har den lägsta risken för 
omoperation. Om föregående operation var en främre ljumskbråcksoperation, hade de 
bakre nätplastikerna en lägre risk för omoperation jämfört med en främre nätplastik. 
Studien visar att kvinnor som opereras för återfallsbråck skall opereras med en bakre 
nätplastik, eftersom de i större utsträckning än män har femoralbråck. 

 

Delarbete 3 och 4 

I dessa studier ingår patienter som opererats för återfallsbråck i Malmö, Lund, 
Landskrona, Helsingborg och Ängelholm under åren 1998-2007. Data från SBR har 
inhämtats och analyserats. Patienterna har dessutom fått besvara frågor om huruvida 
de återfått en knöl i ljumsken och om de hade några besvär i den opererade ljumsken. 
De har också fått besvara en omfattande enkät om ljumsksmärta. De patienter som 
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angav en ny knöl eller besvär från den opererade ljumsken, kallades för undersökning 
av läkare. Delarbete 3 har studerat risken att få ännu ett återfall och delarbete 4 har 
undersökt risken för kronisk smärta och försämrad fysisk förmåga. 

Delarbete 3 visade att en bakre nätplastik utförd med titthålsteknik eller genom öppen 
operation via ett snitt ovan ljumsken hade den lägsta risken för återfall. Studien visade 
betydelsen av att ta hänsyn till vilken operationsmetod som använts vid första 
ljumskbråckoperationen. Risken för ett nytt återfall var mindre om återfallsbråck efter 
tidigare främre ljumskbråcksplastik, opererades med en bakre nätplastik. Om den första 
bråckoperationen var en bakre nätplastik, innebar en främre nätplastik en lägre risk för 
återfall jämfört med en ny bakre nätplastik. Detta är inte visat i tidigare studier. 

Drygt 40 % av alla kvinnor med återfallsbråck hade ett femoralbråck, vilket endast kan 
åtgärdas med en bakre nätplastik. 

Om återfallsoperationen utförs av en kirurg som utför en årlig medelvolym större än 5 
öppna bakre nätplastiker, är risken för återfall mindre än om kirurgen utför mindre än 
5 öppna bakre nätplastiker. 

Delarbete 4 visar att 29 % beskriver en kronisk smärta i ljumsken eller försämrad fysisk 
förmåga efter operation av återfallsbråck. Sex procent av patienterna anger en smärta 
som inte kan ignoreras och påverkar dagliga aktiviteter.  

För de patienter som opereras för återfall efter en tidigare främre 
ljumskbråcksoperation, var risken för kronisk smärta och försämrad fysisk förmåga 
lägre efter en titthålsoperation jämfört med en främre nätplastik. 

Om återfallsoperationen görs av en kirurg som utför en årlig medelvolym större än 5 
öppna bakre nätplastiker, är risken för kronisk smärta och försämrad fysisk förmåga 
mindre än om operatören utför mindre än 5 öppna bakre nätplastiker.  

Patienter som genomgår en andra operation för återfallsbråck, har en högre risk för 
kronisk smärta och försämrad fysisk förmåga jämfört med dem som opererats en gång 
för ett återfallsbråck. Det är därför av största vikt att patienter som opereras första 
gången för ett återfallsbråck, får ett optimalt kirurgiskt omhändertagande för att 
minimera risken för ytterligare återfall och därmed risken för kronisk smärta. 
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Errata 

• In Paper 2, on page 1492, in the legend to Table 1, it should be: 

…based on 13 165 repairs for which…” 

• In the Paper 2, on page 1491, it should be: 

The reoperation rate was significantly higher after anterior mesh repair than 
after the posterior approach in a subgroup analysis that excluded sutured 
repairs and adjusted for age, gender, defect size and hernia anatomy. In a 
separate analysis, omitting recurrent repair of a femoral hernia and adjusting 
for the same co-variables, posterior mesh repair had a significantly lower risk 
for reoperation than anterior mesh repair. The outcome after both analyses was 
in accordance with the outcome for the whole cohort (Table 1) 

  



110 

  



111 

References 

1. Bemdsen, F. & Sevonius, D. Changing the path of inguinal hernia surgery decreased the 
recurrence rate ten-fold. Report from a county hospital. The European journal of surgery 
= Acta chirurgica 168, 592-596 (2002). 

2. Gray, S.W., Skandalakis, J.E., McClusky, D.A. & McClusky, J.E. Atlas of surgical 
anatomy for general surgeons, (Williams & Wilkins, Baltimore, 1985). 

3. Shono, T., Izaki, T., Nakahori, R. & Yoshimaru, K. Testicular Ascent after 
Laparoscopic Percutaneous Extraperitoneal Closure for Inguinal Hernias. European 
journal of pediatric surgery : official journal of Austrian Association of Pediatric Surgery ... 
[et al] = Zeitschrift fur Kinderchirurgie (2014). 

4. Franz, M.G. The biology of hernia formation. The Surgical clinics of North America 88, 
1-15, vii (2008). 

5. SHR (Swedish Hernia Register) web site, 
www.svensktbrackregister.se/index.php?lang=en.  (2014). 

6. Abramson, J.H., Gofin, J., Hopp, C., Makler, A. & Epstein, L.M. The epidemiology of 
inguinal hernia. A survey in western Jerusalem. Journal of epidemiology and community 
health 32, 59-67 (1978). 

7. Bay-Nielsen, M., et al. Quality assessment of 26,304 herniorrhaphies in Denmark: a 
prospective nationwide study. Lancet 358, 1124-1128 (2001). 

8. Bendavid, R. Sliding hernias. Hernia : the journal of hernias and abdominal wall surgery 
6, 137-140 (2002). 

9. Akpo, E.E. Bilateral giant inguinoscrotal Hernia: psychosocial issues and a new 
classification. African health sciences 13, 166-170 (2013). 

10. Mabula, J.B. & Chalya, P.L. Surgical management of inguinal hernias at Bugando 
Medical Centre in northwestern Tanzania: our experiences in a resource-limited setting. 
BMC research notes 5, 585 (2012). 

11. Gallegos, N.C., Dawson, J., Jarvis, M. & Hobsley, M. Risk of strangulation in groin 
hernias. The British journal of surgery 78, 1171-1173 (1991). 

12. Dahlstrand, U., Wollert, S., Nordin, P., Sandblom, G. & Gunnarsson, U. Emergency 
femoral hernia repair: a study based on a national register. Annals of surgery 249, 672-
676 (2009). 

13. Morales-Conde, S., Socas, M. & Barranco, A. Sportsmen hernia: what do we know? 
Hernia : the journal of hernias and abdominal wall surgery 14, 5-15 (2010). 



112 

14. Paajanen, H., Brinck, T., Hermunen, H. & Airo, I. Laparoscopic surgery for chronic 
groin pain in athletes is more effective than nonoperative treatment: a randomized 
clinical trial with magnetic resonance imaging of 60 patients with sportsman's hernia 
(athletic pubalgia). Surgery 150, 99-107 (2011). 

15. Messaoudi, N., et al. Surgical management of sportsman's hernia in professional soccer 
players. Orthopedics 35, e1371-1375 (2012). 

16. Weir, A., et al. Manual or exercise therapy for long-standing adductor-related groin 
pain: a randomised controlled clinical trial. Manual therapy 16, 148-154 (2011). 

17. Bringman, S.e.a. Indikationer för operation ljumskbråck Rapport 2011:07 Nationella 
medicinska indikationer. http://www.socialstyrelsen.se/SiteCollectionDocuments/nationella-
indikationer-operation-ljumskbrack.pdf (2011). 

18. Cheek, C.M., Williams, M.H. & Farndon, J.R. Trusses in the management of hernia 
today. The British journal of surgery 82, 1611-1613 (1995). 

19. Fitzgibbons, R.J., Jr., et al. Watchful waiting vs repair of inguinal hernia in minimally 
symptomatic men: a randomized clinical trial. JAMA : the journal of the American 
Medical Association 295, 285-292 (2006). 

20. Chung, L., Norrie, J. & O'Dwyer, P.J. Long-term follow-up of patients with a painless 
inguinal hernia from a randomized clinical trial. The British journal of surgery 98, 596-
599 (2011). 

21. Fitzgibbons, R.J., Jr., et al. Long-term results of a randomized controlled trial of a 
nonoperative strategy (watchful waiting) for men with minimally symptomatic inguinal 
hernias. Annals of surgery 258, 508-515 (2013). 

22. O'Dwyer, P.J., et al. Observation or operation for patients with an asymptomatic 
inguinal hernia: a randomized clinical trial. Annals of surgery 244, 167-173 (2006). 

23. Primatesta, P. & Goldacre, M.J. Inguinal hernia repair: incidence of elective and 
emergency surgery, readmission and mortality. International journal of epidemiology 25, 
835-839 (1996). 

24. Dahlstrand, U., Sandblom, G., Wollert, S. & Gunnarsson, U. Limited potential for 
prevention of emergency surgery for femoral hernia. World journal of surgery 38, 1931-
1936 (2014). 

25. Andrews, N.J. Presentation and outcome of strangulated external hernia in a district 
general hospital. The British journal of surgery 68, 329-332 (1981). 

26. Ihedioha, U., Alani, A., Modak, P., Chong, P. & O'Dwyer, P.J. Hernias are the most 
common cause of strangulation in patients presenting with small bowel obstruction. 
Hernia : the journal of hernias and abdominal wall surgery 10, 338-340 (2006). 

27. Haapaniemi, S. A Swedish thesis on groin hernia surgery. Hernia : the journal of hernias 
and abdominal wall surgery 5, 204-205 (2001). 

28. Flay, B.R. Efficacy and effectiveness trials (and other phases of research) in the 
development of health promotion programs. Preventive medicine 15, 451-474 (1986). 



113 

29. Devereaux, P.J., et al. Need for expertise based randomised controlled trials. BMJ 330, 
88 (2005). 

30. Kvasz, L. Kuhn's Structure of Scientific Revolutions between sociology and 
epistemology. Studies in history and philosophy of science 46, 78-84 (2014). 

31. Abbas, A.E., et al. Patient-perspective quality of life after laparoscopic and open hernia 
repair: a controlled randomized trial. Surgical endoscopy 26, 2465-2470 (2012). 

32. Franneby, U., Sandblom, G., Nordin, P., Nyren, O. & Gunnarsson, U. Risk factors for 
long-term pain after hernia surgery. Annals of surgery 244, 212-219 (2006). 

33. Lilford, R., Braunholtz, D., Harris, J. & Gill, T. Trials in surgery. The British journal of 
surgery 91, 6-16 (2004). 

34. Pellegrini, C.A. Surgical education in the United States: navigating the white waters. 
Annals of surgery 244, 335-342 (2006). 

35. Reznick, R.K. & MacRae, H. Teaching surgical skills--changes in the wind. The New 
England journal of medicine 355, 2664-2669 (2006). 

36. Peyton, R. Education for educating surgeons. College has found strong demand for 
training programmes. BMJ 312, 1301-1302 (1996). 

37. The-Swedish-Surgical-Society. Objectives in surgical education - Hernia Surgery. 
http://www.beta.svenskkirurgi.se/attachments/article/263/Utbildningsboken%20revision%20
120808%20PDF.pdf, 39-41 (2012). 

38. Sevonius, D.e.a. Description of the Swedish Anterior Mesh Repair in groin hernia. 
http://www.laparoskopi.nu/_uploads/files/momentvidframrenatplastikreviderad130930.pdf 
(2013). 

39. Carlsen, C.G., et al. Reliable and valid assessment of Lichtenstein hernia repair skills. 
Hernia : the journal of hernias and abdominal wall surgery 18, 543-548 (2014). 

40. Martin, J.A., et al. Objective structured assessment of technical skill (OSATS) for 
surgical residents. The British journal of surgery 84, 273-278 (1997). 

41. Bassini, E. Sulla cura radicule dell´erina inguinale. Arch. Soc Ital. Chir. 4, 380 (1887). 
42. Marcy, H.O. The anatomy and surgical treatment of hernia.  

(http://archive.org/stream/anatomysurgicalt00marc#page/n9/mode/2up Sept 2014, 
1892). 

43. Mc, V.C. & Chapp, J.D. Inguinal and femoral hernioplasty; the evaluation of a basic 
concept. Annals of surgery 148, 499-510; discussion 510-492 (1958). 

44. Nyhus, L.M., Stevenson, J.K., Listerud, M.B. & Harkins, H.N. Preperitoneal 
herniorrhaphy; a preliminary report in fifty patients. Western journal of surgery, obstetrics, 
and gynecology 67, 48-54 (1959). 

45. Nyhus, L.M., Condon, R.E. & Harkins, H.N. Clinical experiences with preperitoneal 
hernial repair for all types of hernia of the groin, with particular reference to the 
importance of transversalis fascia analogues. American journal of surgery 100, 234-244 
(1960). 



114 

46. Usher, F.C., Ochsner, J. & Tuttle, L.L., Jr. Use of marlex mesh in the repair of 
incisional hernias. The American surgeon 24, 969-974 (1958). 

47. Nyhus, L.M., Pollak, R., Bombeck, C.T. & Donahue, P.E. The preperitoneal approach 
and prosthetic buttress repair for recurrent hernia. The evolution of a technique. Annals 
of surgery 208, 733-737 (1988). 

48. Nyhus, L.M. The recurrent groin hernia: therapeutic solutions. World journal of surgery 
13, 541-544 (1989). 

49. Lichtenstein, I.L. & Shulman, A.G. Ambulatory outpatient hernia surgery. Including a 
new concept, introducing tension-free repair. International surgery 71, 1-4 (1986). 

50. Lichtenstein, I.L. Herniorrhaphy. A personal experience with 6,321 cases. American 
journal of surgery 153, 553-559 (1987). 

51. Amid, P.K., Shulman, A.G. & Lichtenstein, I.L. A critical evaluation of the Lichtenstein 
tension-free hernioplasty. International surgery 79, 76-79 (1994). 

52. Chastan, P. Tension-free inguinal hernia repair: a retrospective study of 3000 cases in 
one center. International surgery 90, 48-52 (2005). 

53. Robbins, A.W. & Rutkow, I.M. The mesh-plug hernioplasty. The Surgical clinics of 
North America 73, 501-512 (1993). 

54. Rives, J., Stoppa, R., Fortesa, L. & Nicaise, H. [Dacron patches and their place in 
surgery of groin hernia. 65 cases collected from a complete series of 274 hernia 
operations]. Annales de chirurgie 22, 159-171 (1968). 

55. Stoppa, R., Petit, J. & Henry, X. Unsutured Dacron prosthesis in groin hernias. 
International surgery 60, 411-412 (1975). 

56. Wantz, G.E. Giant prosthetic reinforcement of the visceral sac. Surgery, gynecology & 
obstetrics 169, 408-417 (1989). 

57. Kugel, R.D. Minimally invasive, nonlaparoscopic, preperitoneal, and sutureless, inguinal 
herniorrhaphy. American journal of surgery 178, 298-302 (1999). 

58. Gilbert, A.I. Sutureless repair of inguinal hernia. American journal of surgery 163, 331-
335 (1992). 

59. Ger, R. The management of certain abdominal herniae by intra-abdominal closure of 
the neck of the sac. Preliminary communication. Annals of the Royal College of Surgeons 
of England 64, 342-344 (1982). 

60. Arregui, M.E., Davis, C.J., Yucel, O. & Nagan, R.F. Laparoscopic mesh repair of 
inguinal hernia using a preperitoneal approach: a preliminary report. Surgical laparoscopy 
& endoscopy 2, 53-58 (1992). 

61. Dulucq, J.L. [Treatment of inguinal hernia by insertion of a subperitoneal patch under 
pre-peritoneoscopy]. Chirurgie; memoires de l'Academie de chirurgie 118, 83-85 (1992). 

62. Tocchi, A., et al. [Learning curve for "tension-free" reparation of inguinal hernia]. Il 
Giornale di chirurgia 19, 199-203 (1998). 



115 

63. DeTurris, S.V., Cacchione, R.N., Mungara, A., Pecoraro, A. & Ferzli, G.S. 
Laparoscopic herniorrhaphy: beyond the learning curve. Journal of the American College 
of Surgeons 194, 65-73 (2002). 

64. Edwards, C.C., 2nd & Bailey, R.W. Laparoscopic hernia repair: the learning curve. 
Surgical laparoscopy, endoscopy & percutaneous techniques 10, 149-153 (2000). 

65. Nordin, P. & van der Linden, W. Volume of procedures and risk of recurrence after 
repair of groin hernia: national register study. BMJ (Clinical research ed.) 336, 934-937 
(2008). 

66. Aasvang, E. & Kehlet, H. Chronic postoperative pain: the case of inguinal 
herniorrhaphy. British journal of anaesthesia 95, 69-76 (2005). 

67. Singh, A.N., et al. Testicular functions, chronic groin pain, and quality of life after 
laparoscopic and open mesh repair of inguinal hernia: a prospective randomized 
controlled trial. Surgical endoscopy 26, 1304-1317 (2012). 

68. Dahlstrand, U., Sandblom, G., Nordin, P., Wollert, S. & Gunnarsson, U. Chronic pain 
after femoral hernia repair: a cross-sectional study. Annals of surgery 254, 1017-1021 
(2011). 

69. Aasvang, E.K., Bay-Nielsen, M. & Kehlet, H. Pain and functional impairment 6 years 
after inguinal herniorrhaphy. Hernia : the journal of hernias and abdominal wall surgery 
10, 316-321 (2006). 

70. Aasvang, E.K., et al. Predictive risk factors for persistent postherniotomy pain. 
Anesthesiology 112, 957-969 (2010). 

71. Classification of chronic pain. Descriptions of chronic pain syndromes and definitions 
of pain terms. Prepared by the International Association for the Study of Pain, 
Subcommittee on Taxonomy. Pain. Supplement 3, S1-226 (1986). 

72. Poobalan, A.S., et al. Chronic pain and quality of life following open inguinal hernia 
repair. The British journal of surgery 88, 1122-1126 (2001). 

73. Callesen, T., Bech, K. & Kehlet, H. Prospective study of chronic pain after groin hernia 
repair. The British journal of surgery 86, 1528-1531 (1999). 

74. Liem, M.S., van Duyn, E.B., van der Graaf, Y. & van Vroonhoven, T.J. Recurrences 
after conventional anterior and laparoscopic inguinal hernia repair: a randomized 
comparison. Annals of surgery 237, 136-141 (2003). 

75. Page, B., Paterson, C., Young, D. & O'Dwyer, P.J. Pain from primary inguinal hernia 
and the effect of repair on pain. The British journal of surgery 89, 1315-1318 (2002). 

76. Wright, D., Paterson, C., Scott, N., Hair, A. & O'Dwyer, P.J. Five-year follow-up of 
patients undergoing laparoscopic or open groin hernia repair: a randomized controlled 
trial. Annals of surgery 235, 333-337 (2002). 

77. Courtney, C.A., Duffy, K., Serpell, M.G. & O'Dwyer, P.J. Outcome of patients with 
severe chronic pain following repair of groin hernia. The British journal of surgery 89, 
1310-1314 (2002). 



116 

78. Lau, H., Patil, N.G. & Yuen, W.K. Day-case endoscopic totally extraperitoneal inguinal 
hernioplasty versus open Lichtenstein hernioplasty for unilateral primary inguinal hernia 
in males: a randomized trial. Surgical endoscopy 20, 76-81 (2006). 

79. Karthikesalingam, A., Markar, S.R., Holt, P.J. & Praseedom, R.K. Meta-analysis of 
randomized controlled trials comparing laparoscopic with open mesh repair of recurrent 
inguinal hernia. The British journal of surgery 97, 4-11 (2010). 

80. Kehlet, H., Bay-Nielsen, M. & Kingsnorth, A. Chronic postherniorrhaphy pain--a call 
for uniform assessment. Hernia : the journal of hernias and abdominal wall surgery 6, 
178-181 (2002). 

81. Campanelli, G., et al. Post-operative benefits of Tisseel((R))/Tissucol ((R)) for mesh 
fixation in patients undergoing Lichtenstein inguinal hernia repair: secondary results 
from the TIMELI trial. Hernia : the journal of hernias and abdominal wall surgery 18, 
751-760 (2014). 

82. van der Pool, A.E., Harlaar, J.J., den Hoed, P.T., Weidema, W.F. & van Veen, R.N. 
Long-term follow-up evaluation of chronic pain after endoscopic total extraperitoneal 
repair of primary and recurrent inguinal hernia. Surgical endoscopy 24, 1707-1711 
(2010). 

83. Tolver, M.A., Rosenberg, J., Juul, P. & Bisgaard, T. Randomized clinical trial of fibrin 
glue versus tacked fixation in laparoscopic groin hernia repair. Surgical endoscopy 27, 
2727-2733 (2013). 

84. Dhankhar, D.S., et al. Totally extraperitoneal repair under general anesthesia versus 
Lichtenstein repair under local anesthesia for unilateral inguinal hernia: a prospective 
randomized controlled trial. Surgical endoscopy 28, 996-1002 (2014). 

85. Heniford, B.T., et al. Comparison of generic versus specific quality-of-life scales for 
mesh hernia repairs. Journal of the American College of Surgeons 206, 638-644 (2008). 

86. Franneby, U., et al. Validation of an Inguinal Pain Questionnaire for assessment of 
chronic pain after groin hernia repair. The British journal of surgery 95, 488-493 (2008). 

87. Nilsson, E. & Haapaniemi, S. Hernia registers and specialization. The Surgical clinics of 
North America 78, 1141-1155, ix (1998). 

88. Haapaniemi, S., Gunnarsson, U., Nordin, P. & Nilsson, E. Reoperation after recurrent 
groin hernia repair. Annals of surgery 234, 122-126 (2001). 

89. Sevonius, D., Gunnarsson, U., Nordin, P., Nilsson, E. & Sandblom, G. Repeated groin 
hernia recurrences. Annals of surgery 249, 516-518 (2009). 

90. Eklund, A., et al. Recurrent inguinal hernia: randomized multicenter trial comparing 
laparoscopic and Lichtenstein repair. Surgical endoscopy 21, 634-640 (2007). 

91. Farooq, O., et al. Anterior tension - free repair versus posterior preperitoneal repair for 
recurrent hernia. Journal of the College of Physicians and Surgeons--Pakistan : JCPSP 17, 
465-468 (2007). 

92. Gianetta, E., et al. Anterior tension-free repair of recurrent inguinal hernia under local 
anesthesia: a 7-year experience in a teaching hospital. Annals of surgery 231, 132-136 
(2000). 



117 

93. Mikkelsen, T., Bay-Nielsen, M. & Kehlet, H. Risk of femoral hernia after inguinal 
herniorrhaphy. The British journal of surgery 89, 486-488 (2002). 

94. Koch, A., Edwards, A., Haapaniemi, S., Nordin, P. & Kald, A. Prospective evaluation of 
6895 groin hernia repairs in women. The British journal of surgery 92, 1553-1558 
(2005). 

95. Glassow, F. Femoral hernia. Review of 2,105 repairs in a 17 year period. American 
journal of surgery 150, 353-356 (1985). 

96. Bisgaard, T., Bay-Nielsen, M. & Kehlet, H. Re-recurrence after operation for recurrent 
inguinal hernia. A nationwide 8-year follow-up study on the role of type of repair. 
Annals of surgery 247, 707-711 (2008). 

97. Simons, M.P., et al. European Hernia Society guidelines on the treatment of inguinal 
hernia in adult patients. Hernia : the journal of hernias and abdominal wall surgery 13, 
343-403 (2009). 

98. Miserez, M., et al. Update with level 1 studies of the European Hernia Society guidelines 
on the treatment of inguinal hernia in adult patients. Hernia : the journal of hernias and 
abdominal wall surgery 18, 151-163 (2014). 

99. Haapaniemi, S. & Nilsson, E. Recurrence and pain three years after groin hernia repair. 
Validation of postal questionnaire and selective physical examination as a method of 
follow-up. The European journal of surgery = Acta chirurgica 168, 22-28 (2002). 

100. Lau, H., Patil, N.G., Yuen, W.K. & Lee, F. Prevalence and severity of chronic groin 
pain after endoscopic totally extraperitoneal inguinal hernioplasty. Surgical endoscopy 17, 
1620-1623 (2003). 

101. Stoppa, R., et al. [Original procedure of groin hernia repair: interposition without 
fixation of Dacron tulle prosthesis by subperitoneal median approach]. Chirurgie; 
memoires de l'Academie de chirurgie 99, 119-123 (1973). 

102. Maillart, J.F., Vantournhoudt, P., Piret-Gerard, G., Farghadani, H. & Mauel, E. 
Transinguinal preperitoneal groin hernia repair using a preperitoneal mesh preformed 
with a permanent memory ring: a good alternative to Lichtenstein's technique. Hernia : 
the journal of hernias and abdominal wall surgery 15, 289-295 (2011). 

103. Kouhia, S.T., et al. Lichtenstein hernioplasty versus totally extraperitoneal laparoscopic 
hernioplasty in treatment of recurrent inguinal hernia--a prospective randomized trial. 
Annals of surgery 249, 384-387 (2009). 

104. Beets, G.L., et al. Open or laparoscopic preperitoneal mesh repair for recurrent inguinal 
hernia? A randomized controlled trial. Surgical endoscopy 13, 323-327 (1999). 

105. Andresen, K., Bisgaard, T., Kehlet, H., Wara, P. & Rosenberg, J. Reoperation Rates for 
Laparoscopic vs Open Repair of Femoral Hernias in Denmark: A Nationwide Analysis. 
JAMA surgery 149, 853-857 (2014). 

106. Tantia, O., Jain, M., Khanna, S. & Sen, B. Laparoscopic repair of recurrent groin 
hernia: results of a prospective study. Surgical endoscopy 23, 734-738 (2009). 

107. Wantz, G.E., Fischer E. Unilateral giant prosthetic reinforcement of the visceral sac. In 
Nyhus and Condon´s Hernia, Fitzgibbon R Jr (5th edn), 219-227 (2002). 



118 

108. Read, R.C., Barone, G.W., Hauer-Jensen, M. & Yoder, G. Properitoneal prosthetic 
placement through the groin. The anterior (Mahorner-Goss, Rives-Stoppa) approach. 
The Surgical clinics of North America 73, 545-555 (1993). 

109. Scott, N.W., et al. Open mesh versus non-mesh for repair of femoral and inguinal 
hernia. The Cochrane database of systematic reviews, CD002197 (2002). 

110. Bell, P.R. Surgical research and randomized trials. The British journal of surgery 84, 737-
738 (1997). 

111. Campanelli, G., Pettinari, D., Nicolosi, F.M., Cavalli, M. & Avesani, E.C. Inguinal 
hernia recurrence: classification and approach. Hernia : the journal of hernias and 
abdominal wall surgery 10, 159-161 (2006). 

112. Raigani, S., De Silva, G.S., Criss, C.N., Novitsky, Y.W. & Rosen, M.J. The impact of 
developing a comprehensive hernia center on the referral patterns and complexity of 
hernia care. Hernia : the journal of hernias and abdominal wall surgery 18, 625-630 
(2014). 

113. Kalliomaki, M.L., Meyerson, J., Gunnarsson, U., Gordh, T. & Sandblom, G. Long-
term pain after inguinal hernia repair in a population-based cohort; risk factors and 
interference with daily activities. European journal of pain (London, England) 12, 214-
225 (2008). 

114. Dedemadi, G., et al. Recurrent Inguinal Hernia Repair: What is the Evidence of Case 
Series? A Meta-Analysis and Metaregression Analysis. Surgical laparoscopy, endoscopy & 
percutaneous techniques (2014). 

115. McCormack, K., Scott, N.W., Go, P.M., Ross, S. & Grant, A.M. Laparoscopic 
techniques versus open techniques for inguinal hernia repair. The Cochrane database of 
systematic reviews, CD001785 (2003). 

116. Sevonius, D., Gunnarsson, U., Nordin, P., Nilsson, E. & Sandblom, G. Recurrent groin 
hernia surgery. The British journal of surgery 98, 1489-1494 (2011). 

117. Magnusson, N., Nordin, P., Hedberg, M., Gunnarsson, U. & Sandblom, G. The time 
profile of groin hernia recurrences. Hernia : the journal of hernias and abdominal wall 
surgery 14, 341-344 (2010). 

118. Li, J., Wang, X., Feng, X., Gu, Y. & Tang, R. Comparison of open and laparoscopic 
preperitoneal repair of groin hernia. Surgical endoscopy 27, 4702-4710 (2013). 

119. Schouten, N., et al. Female 'groin' hernia: totally extraperitoneal (TEP) endoscopic 
repair seems the most appropriate treatment modality. Hernia : the journal of hernias and 
abdominal wall surgery 16, 387-392 (2012). 

120. Neumayer, L.A., et al. Proficiency of surgeons in inguinal hernia repair: effect of 
experience and age. Annals of surgery 242, 344-348; discussion 348-352 (2005). 

121. Dedemadi, G., Sgourakis, G., Karaliotas, C., Christofides, T. & Kouraklis, G. 
Comparison of laparoscopic and open tension-free repair of recurrent inguinal hernias: a 
prospective randomized study. Surgical endoscopy 20, 1099-1104 (2006). 



119 

122. Yang, J., Tong da, N., Yao, J. & Chen, W. Laparoscopic or Lichtenstein repair for 
recurrent inguinal hernia: a meta-analysis of randomized controlled trials. ANZ journal 
of surgery 83, 312-318 (2013). 

123. Eklund, A., Montgomery, A., Bergkvist, L. & Rudberg, C. Chronic pain 5 years after 
randomized comparison of laparoscopic and Lichtenstein inguinal hernia repair. The 
British journal of surgery 97, 600-608 (2010). 

124. Koninger, J., Redecke, J. & Butters, M. Chronic pain after hernia repair: a randomized 
trial comparing Shouldice, Lichtenstein and TAPP. Langenbeck's archives of surgery / 
Deutsche Gesellschaft fur Chirurgie 389, 361-365 (2004). 

125. Franz, M.G. The biology of hernias and the abdominal wall. Hernia : the journal of 
hernias and abdominal wall surgery 10, 462-471 (2006). 

126. Junge, K., et al. Decreased collagen type I/III ratio in patients with recurring hernia after 
implantation of alloplastic prostheses. Langenbeck's archives of surgery / Deutsche 
Gesellschaft fur Chirurgie 389, 17-22 (2004). 

127. Lynen Jansen, P., Klinge, U. & Mertens, P.R. Hernia disease and collagen gene 
regulation: are there clues for intervention? Hernia : the journal of hernias and abdominal 
wall surgery 10, 486-491 (2006). 

128. Burcharth, J., Pommergaard, H.C. & Rosenberg, J. The inheritance of groin hernia: a 
systematic review. Hernia : the journal of hernias and abdominal wall surgery 17, 183-189 
(2013). 

129. Bringman, S., et al. Three-year results of a randomized clinical trial of lightweight or 
standard polypropylene mesh in Lichtenstein repair of primary inguinal hernia. The 
British journal of surgery 93, 1056-1059 (2006). 

130. Sajid, M.S., Leaver, C., Baig, M.K. & Sains, P. Systematic review and meta-analysis of 
the use of lightweight versus heavyweight mesh in open inguinal hernia repair. The 
British journal of surgery 99, 29-37 (2012). 

131. Sajid, M.S., et al. A meta-analysis examining the use of tacker fixation versus no-fixation 
of mesh in laparoscopic inguinal hernia repair. Int J Surg 10, 224-231 (2012). 

132. Ladwa, N., Sajid, M.S., Sains, P. & Baig, M.K. Suture mesh fixation versus glue mesh 
fixation in open inguinal hernia repair: a systematic review and meta-analysis. Int J Surg 
11, 128-135 (2013). 

133. Jorgensen, L.N., et al. Randomized clinical trial of self-gripping mesh versus sutured 
mesh for Lichtenstein hernia repair. The British journal of surgery 100, 474-481 (2013). 

134. Bansal, V.K., et al. A prospective, randomized comparison of long-term outcomes: 
chronic groin pain and quality of life following totally extraperitoneal (TEP) and 
transabdominal preperitoneal (TAPP) laparoscopic inguinal hernia repair. Surgical 
endoscopy 27, 2373-2382 (2013). 

135. Dahlstrand, U., Sandblom, G., Ljungdahl, M., Wollert, S. & Gunnarsson, U. TEP 
under general anesthesia is superior to Lichtenstein under local anesthesia in terms of 
pain 6 weeks after surgery: results from a randomized clinical trial. Surgical endoscopy 27, 
3632-3638 (2013). 



120 

136. Nordin, P., Zetterstrom, H., Carlsson, P. & Nilsson, E. Cost-effectiveness analysis of 
local, regional and general anaesthesia for inguinal hernia repair using data from a 
randomized clinical trial. The British journal of surgery 94, 500-505 (2007). 

137. Kurashima, Y., et al. Simulation-based training improves the operative performance of 
totally extraperitoneal (TEP) laparoscopic inguinal hernia repair: a prospective 
randomized controlled trial. Surgical endoscopy 28, 783-788 (2014). 

 
 

  



121 

Appendix 1 
Inguinal Pain Questionnaire 

 



122 

 



123 

Appendix 2 
Protocol clinical examination 
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