
 

 

Linköping University Medical Dissertation No 1221 
 
 
 

Audit of Groin Hernia Repair II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Angelica Frisén 
 
 

Division of Surgery 
Department of Clinical and Experimental Medicine 
Faculty of Health Sciences, Linköping University 

SE-581 83 Linköping 
Sweden 



 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover page: Illustration of male and female groin anatomy 

 

 

 

© Angelica Frisén, 2010 

 

Copyright Angelica Frisén pages 1-45 and paper II and IV. Paper I and II have been 

reprinted with permission from British Journal of Surgery. All images by the author. 

 

The studies in this thesis were supported by the Research Fund from the University 

Hospital of Linköping – ALF. 

 

Printed by LiU-Tryck, Linköping, Sweden, 2010 

ISBN: 978-91-7393-262-2 

ISSN: 0345-0082 

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



 

 

Audit of groin hernia repair II 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my family, 

present and passed generations. 



 

 2 



 

 3 

Table of Contents 
 

Table of Contents p. 3 

Abstract p. 5 

Sammanfattning p. 7 

List of Publications p. 8 

Abbreviations p. 9 

Introduction p. 11 

Epidemiology and groin hernia anatomy p. 11 

Gender differences and femoral hernia p. 14 

History, techniques and meshes p. 15 

Surgical training  p. 16 

Audit of groin hernia repair p. 16 

Aims p. 17 

Patients and methods p. 18 

Results p. 20 

Discussion p. 27 

Methodological considerations p. 35 

Conclusions p. 38 

Future perspectives p. 40 

Acknowledgements p. 43 

References p. 44 

Appendix  I-IV 

 Paper I   

 Paper II   

 Paper III   

 Paper IV   

 



 

 4 



 

 5 

Abstract 
 

Groin hernia repair is one of the most common operations performed in general 

surgery, and every fourth man is expected to have a hernia operation during his 

lifetime. Although 8% of all repairs are performed in women, there is little published 

literature relating specifically to female anatomy, risk factors and techniques. There is 

a continuing development of new mesh materials and health care reorganization with 

specialized surgical clinics changing the availability of basic surgery for surgeons 

under training.  

 

In 1997 a thesis was published by Anders Kald, Audit of Groin Hernia Repair, which 

aimed to establish an audit of hernia surgery, evaluating management, risk factors, 

outcome and economy. The aim of this thesis was to continue the audit of hernia 

surgery in Sweden, allowing evaluation of gender issues, a new mesh material, and 

performance of surgeons under training. 

 

Our data showed that women have a higher incidence of emergency groin hernia repair 

than men, and an increased rate of femoral recurrence after an inguinal hernia repair. 

Time to reoperation suggests that a primary misdiagnosis is common. Detection of 

femoral hernias could be increased by using preperitoneal techniques, visualizing all 

three groin hernia locations. 

 

Patients who received a lightweight mesh at their hernia operation had a shorter 

convalescence, with faster return to work and normal activity. 

 

It might be more efficient, but not necessarily better to let a specialized hernia surgeon 

perform the repair. Surgical trainees had more postoperative complications, but fewer 

patients had chronic pain at the long-term follow-up. 
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Sammanfattning 
 

Ljumskbråcksoperationen är en av de vanligaste operationerna inom allmänkirurgi och 

var fjärde man förväntas bli opererad för ett bråck under sin livstid. Trots att 8% av 

alla operationer utförs på kvinnor, finns det sparsamt med litteratur publicerat som rör 

kvinnlig anatomi, riskfaktorer och operationstekniker. Det utvecklas kontinuerligt nya 

nätmaterial och omorganisationer inom sjukvården med specialiserade kirurgiska 

kliniker har förändrat tillgängligheten på allmänkirurgi för kirurger under utbildning. 

 

1997 publicerade Anders Kald sin avhandling, Audit of Groin Hernia Repair, vilken 

hade som syfte att etablera en kvalitetssäkring av bråckkirurgin, med utvärdering av 

handläggning, riskfaktorer, resultat och ekonomi. Syftet med denna avhandling var att 

fortsätta kvalitetssäkra bråckkirurgin i Sverige, med utvärdering av genusfrågor, ett 

nytt nätmaterial och prestationen hos kirurger under utbildning. 

 

Våra data visade att kvinnor har högre incidens av akut bråckoperation än män, och 

ökad frekvens av femoralbråcksrecidiv efter en inguinalbråcksoperation. Tiden till 

reoperation tyder på en initial feldiagnos och preperitoneala tekniker rekommenderas 

för att öka identifieringen av femoralbråck. 

 

Patienter som fått ett lättviktsnät vid sin bråckoperation hade en kortare konvalesens 

med snabbare återgång till arbete och normala aktiviteter. 

 

Det kan vara effektivare, men inte nödvändigtvis bättre att låta en specialiserad 

bråckkirurg att utföra operationen. Kirurger under utbildning hade fler postoperativa 

komplikationer, men färre patienter med kronisk smärta vid långtidsuppföljningen. 
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Abbreviations 
 

ASA score = American Society of Anaesthesiologists score of physical fitness 
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CI = Confidence interval 

IPQ = Inguinal Pain Questionnaire 
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MeSH = Medical Subject Headings 
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RR = Relative risk 

SD = Standard deviation 

SHR = Swedish Hernia Register 

SHS = Short Health Scale 
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Introduction 
 

A hernia (gr. hernios: bud, sprout) is the protrusion of an organ or the fascia of an 

organ through the wall of the cavity that normally contains it. The most common 

herniae develop in the abdomen, when a weakness in the abdominal wall evolves into 

a localized hole, or "defect", through which adipose tissue, or abdominal organs 

covered with peritoneum, may protrude.  

 

Epidemiology of groin hernia  

Groin hernia repair is one of the most common operations performed in general 

surgery, and every fourth man is expected to have a hernia operation during his 

lifetime. The incidence rate of hernia operations is estimated to more than 200 / 

100 000 persons and year, and approximately 8 % of all groin hernias occur in 

women1.  

 

Anatomy of the groin 

There is an inherent problem in the construction of the abdominal wall, letting some 

structures pass (e.g. testicles, nerves, and blood vessels) while keeping others within. 

There are three different types of groin hernia: the femoral hernia and the inguinal 

hernias, divided into indirect (lateral) or direct (medial), Figure 1 a and b. The femoral 

hernia appears trough the femoral canal, where the blood vessels and nerves supplying 

the lower extremity leave the abdominal cavity. The indirect hernia passes the inguinal 

canal in men along the spermatic cord, cremaster muscle, nerves and vessels that 

supply the testicles, and in women along the round ligament that runs from the uterus 

to the labia majora. The direct hernia protrudes through the Hasselbach’s triangle, a 

weakness in the abdominal wall caused by a void in some of the overlapping 

abdominal muscle layers.  
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Figure 1a Anatomy of the male groin 
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Figure 1b Anatomy of the female groin 
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Gender differences 

Because of anatomical differences between the genders, their susceptibility to the 

various types of hernia differs2. The female pelvis is wider, and the angle between 

Cooper’s ligament and the inguinal ligament is smaller than in men. Women have 

narrower Hesselbach’s triangles and the round ligament, being a structure of smaller 

diameter than the spermatic cord, leaves the internal inguinal ring correspondingly 

narrower. All of these factors are thought to lower women’s susceptibility to groin 

hernias3, but the musculoaponeurotic attachments are such that women are 

proportionally more prone to develop femoral hernias4. 

 

Femoral hernia 

Femoral hernias present as emergencies with higher frequency than inguinal hernias, 

because they pose a 10 times greater risk of strangulation or intestinal obstruction3, 5. 

The incidence of bowel resection at operation for a strangulated femoral hernia is 

approximately twice than that for inguinal hernia, and significantly increases the risk 

for postoperative complications and mortality6-8. Bendavid demonstrated that 

complicated femoral hernias are commonly associated with a delay in diagnosis and 

treatment, too often resulting in emergency resections, a difficult postoperative course, 

and prolonged convalescence9. All of this illustrates the importance of a correct 

diagnosis and prompt elective repair10. Femoral hernias account for a large proportion 

of emergency groin hernia repairs both in women and men, but in a study of more than 

36 000 hernias, mortality due to femoral hernia was only seen in women3.  
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History and development of techniques and meshes 

Hernia repair is amongst the oldest of surgical procedures, already described in 

Egyptian papyrus from 1552 BC. In 1887, the Italian surgeon E Bassini introduced the 

first anatomically based hernia repair, with high ligation and resection of the hernia 

sac; followed by reconstruction of the inguinal canal. The Cooper’s ligament repair 

was popularised by C McVay in 1949. In 1945 E Shouldice established a specialized 

hernia hospital in Canada, and had by 1952 refined the Bassini repair to the Shouldice 

technique as it is used today11.  

The preperitoeal approach was developed and described by LM Nyhus and associates 

during 1959-1989. In 1982 the first attempt to repair hernias laparoscopically was 

reported by R Ger. Two principal methods to laparoscopically place a preperitoneal 

patch developed in the early 1990s, the trans-abdominal route (TAPP) as described by 

E Felix and W Geis, or the total extraperitoneal approach (TEP) as described by G 

Ferzli and J McKernan3.  

 

In 1894 the first implantable mesh, hand-made by silver wires, was described, and 

since then new mesh materials are continuously being developed. By 1950 the use of 

polypropylene in surgery was introduced by FC Usher 3 and is now the most common 

mesh to be used in groin hernia surgery. The concept of tension-free repair with the 

use of a prosthetic mesh to reinforce the abdominal wall was introduced in 1989 by IL 

Lichtenstein and his colleagues, with excellent results reported from both specialized 

hernia centres and general surgical units12. Since then, recurrence rates have been very 

low and acceptable, and long-term analysis of groin hernia outcome have recently 

shifted focus to aspects of pain, discomfort, and quality of life13, 14. Standard meshes 

made from polypropylene, are sometimes associated with a strong foreign-body 

reaction15, probably causing the major part of postoperative discomfort. This reaction 

depends on the amount and structure of the incorporated material16, and new 

lightweight meshes, some with titanium layering or composite have been developed to 

increase biocompatibility17. They can be more expensive and demand higher technical 

skill at insertion; therefore, cost-benefit and long-term outcome need to be evaluated 

before recommendations for routine use.  
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Surgical training 

The Lichtenstein technique, using a mesh to reinforce the abdominal wall, has, slightly 

modified, become the gold standard for groin hernia repair because even inexperienced 

and non-specialized surgeons achieve low recurrence rates12. Standardized surgery like 

the Lichtenstein repair is amongst the first operations surgical trainees perform on their 

own, supervised when appropriate by more experienced surgeons. But organizational 

changes in the health care system with budget cuts in the public hospital economy 

have led to the relocation of outpatient surgery, and private clinics, in collaboration 

with the public health care system, have emerged and quickly become highly 

specialized in certain types of surgery, e.g. groin hernia repairs. This has made this 

type of operation less available to surgeons under training. Is it then justified to let 

surgical trainees perform inguinal hernia surgery?  

 

Audit of groin hernia repair 

Surgical strategies have reached currently accepted policies inspired by “minimum” as 

well as “maximum” rules of quality control; Minimum anaesthesia, surgical trauma, 

postoperative disability, complications and cost; Maximum rapid learning, easy 

training, quick performance of the procedure and reproducibility of satisfactory results. 

An audit may be defined as a systematic evaluation aimed at identifying the possibility 

of improvement and implementing appropriate changes. An audit in action should be 

able to answer the following questions; what do we do? Do we do what we think we 

do? What should we do? Are we doing what we should be doing? How can we 

improve what we do? Have we improved? An audit builds on scientific knowledge and 

assesses whether the knowledge is being applied in a given practice.18 



 

 17 

Aims 
 

Paper I 

The aim of this observational study was to assess differences in outcome after groin 

hernia repair between women and men by comparing hernia types, operation methods, 

mode of admission and complications. 

 

Paper II 

The aim of this observational study was to investigate outcome after groin hernia 

repair in women, comparing two different kinds of surgical approach; the inguinal 

techniques and the preperitoneal techniques, where both the inguinal and the femoral 

canal are visualized.  

 

Paper III 

The aim of this randomized trial was to compare objective and subjective outcome 

after inguinal repair using non-absorbable lightweight or heavyweight mesh. The 

primary outcomes of the study were time of convalescence and return to work and 

normal activity. Secondary outcomes were assessment of chronic pain, discomfort, 

recurrences and quality of life at the one-year follow-up.  

 

Paper IV 

The aim of this observational study was to compare hernia repair performance and 

results of surgical trainees with those of a specialized surgeon. The further aim sought 

to identify what factors may influence short and long-term outcome, and areas for 

improvement in surgical training.  

 



 

 18 

Patients and methods 
 

Swedish Hernia Register 

The Swedish Hernia Register (SHR)19, 20 records detailed information on the majority 

of groin hernia repairs performed in participating Swedish hospitals and constitutes a 

unique research source. The Register has been found to include 98% of the eligible 

operations 21, and an on-line list of participating units is available on the register’s 

webpage1. Surgical staff record data according to the SHR protocol following “skin 

closure”. The data recorded include characteristics of patients, mode of admission 

(emergency/elective), hospital stay, type of hernia, method of repair, anaesthesia, 

complications within 30 days, and reoperation for recurrence if applicable. Emergency 

surgery is defined as any operation carried out for incarcerated hernia within 24 hours 

of emergency admission. Clinical follow up is not mandatory, but any complication 

observed by the operating unit up to 30 days after surgery has to be recorded in the 

database. Each year an external reviewer visits the affiliated units randomly and 

compares data sent to the Register centre with a sample of operative records and 

patient files to check the validity of the data. The Register has permission to use the 

personal identification number, from which every Swedish citizen can be identified. 

This enables patients to be followed annually, to adjust life tables for deaths, and to 

link recurrent hernia repair to previously performed surgery.  

 

Ethical permits 

All studies were approved by the research ethics committee of Linköping University, 

Sweden. 
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Paper I 

A registry-based retrospective cohort study analysing data from 90 648 groin hernia 

repairs (6895 on women and 83 753 on men) from the Swedish Hernia Register, 1992-

2003. 

 

Paper II 

A registry-based retrospective cohort study analysing data from 10 971 groin hernia 

repairs on women from the Swedish Hernia Register, 1992-2006. 

 

Paper III 

A randomized, controlled, single-centre clinical trial, with the basic principle of one 

unit, one surgeon, one technique (Lichtenstein under general anaesthesia), comparing a 

standard heavy weight polypropylene mesh with a titanium-coated light weight mesh. 

317 patients estimated their pre- and postoperative pain and convalescence (primary 

outcomes), and had a clinical one-year follow-up with evaluation of recurrence, pain, 

discomfort and quality of life (secondary outcomes). 

 

Paper IV 

A non-randomized parallel cohort study was designed to compare a specialized 

surgeon with surgical trainees, performing the Lichtenstein repair in adult males. Two 

hundred repairs were included, of which 96 were performed by surgical trainees. 

Patient characteristics, surgical experience, and operative data including duration of 

procedural parts and surgical complexity were noted at surgery. Postoperative 

complications, recurrence, chronic pain and residual symptoms were assessed at long-

term follow-up after a median of 34.5 months. 

 



 

 20 

Results 
 

Paper I 

Women had a higher incidence of emergency groin hernia operations (17%) compared 

to men (5%), leading to bowel resection in 17% and 6% of these, respectively. During 

reoperation for recurrence, a femoral hernia was found in 42% of the women who at 

the primary operation were classified to have a direct or indirect inguinal hernia (table 

1). The corresponding number for men was 5% (p=0.012). The hernia repair could not 

be classified as a standard operation in 38% of women and 11% of men. Women had a 

significantly higher risk of reoperation for recurrence than men (RR 1.39), and the 

techniques that showed the lowest risk for reoperation in men had the highest risk for 

reoperation in women (table 2). 

 

Table 1 Types of hernia identified at reoperation in 2576 patients for whom the 

primary repair was registered in the Swedish Hernia Register. 

Hernia at primary 
Surgery 

 Hernia at reoperation  

  Inguinal Femoral Other Total 

Women Inguinal 105 83 15 203  

 Femoral 12 34 7 53  

 Other 6 3 2 11  

 Total 123 120 24 267  

Men Inguinal 1958 101 139 2198  

 Femoral 30 10 2 42  

 Other 53 2 14 69  

 Total 2041 113 155 2309  
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Table 2 Relative risk (95% CI) for reoperation following groin hernia repair in women 

and men, adjusted for gender, type of hernia, suture material, anaesthesia, 

postoperative complications, mode of admission, and previous repair, (data from and 

combination of tables 5 and 6, paper III). 

 Women Men 

 n Relative risk n Relative risk 

Gender 6 895 1.30 (1.13-1.49) 83 753 1 

Type of repair     

   Lichtenstein 1 339 1 35 468 1 

   Shouldice 1 009 1.01 (0.66-1.55) 11 557 2.14 (1.86-2.48) 

   Other open surgery 2 633 0.89 (0.61-1.31) 9 394 2.94 (2.54-3.40) 

   Inguinal mesh 548 1.00 (0.60-1.65) 5 808 1.65 (1.37-1.99) 

   Preperitoneal mesh 181 0.87 (0.41-1.82) 1 774 1.99 (1-57-2.52) 

   Plug 832 0.84 (0.52-1.36) 11 176 1.63 (1.39-1.91) 

   TAPP 180 0.31 (0.11-0.88) 2 805 1.61 (1.30-2.01) 

   TEP 173 0.41 (0.14-1.15) 5 771 1.86 (1.56-2.22) 
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Paper II 

Our data showed that the risk for reoperation was significantly reduced (RR 0.6 95% 

CI 0.4-0.8) by using a preperitoneal repair, and three times as many femoral hernias 

were diagnosed in elective repairs. Time to reoperation was increased from a median 

of 1 year to 3.5 years (p=0.002) when using a preperitoneal repair, and time to 

reoperation for femoral recurrence after an inguinal primary hernia was increased from 

1 year to 5.2 years (p=0.025; table 3). 

 

Table 3 Reoperations; type of surgical approach, findings* and time to reoperation. 

Primary surgery  Reoperation  Time to reoperation (years) 

Type of repair Hernia type Hernia type   N Mean SD Median 

Inguinal method Inguinal Inguinal 195 1.77 1.70 1.26 

  Femoral 134 1.49 1.56 0.99 

  Total 329 1.65 1.64 1.11 

 Femoral Inguinal 24 1.96 1.97 1.12 

  Femoral 47 1.74 1.63 1.12 

  Total 71 1.81 1.74 1.12 

Preperitoneal method Inguinal Inguinal 12 1.85 1.82 1.10 

  Femoral 4 4.95 3.29 5.22 

  Total 16 2.62 2.55 1.36 

 Femoral Inguinal 8 2.49 1.91 2.75 

  Femoral 11 3.61 3.50 3.26 

  Total 19 3.14 2.92 3.26 

*Inguinal hernias include direct, indirect, and combined direct-indirect hernias. Femoral hernias 

include femoral hernias and combined hernias with an inguinal-femoral component. 
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Paper III 

Patients with a light weight mesh (TiMesh) returned to work after 4 days versus 6,5 

days for patients with a standard heavy weight mesh (Prolene; p=0.04), a relative 

reduction of 38%. The light weight group returned to normal activity after 7 days, 

versus 10 days in the standard group (p<0.01), a relative reduction of 30%. There was 

no difference in postoperative pain or recurrence at the one-year follow-up.  

 

 

Table 4 Return to work and normal activity, median no of days (range) 

  Return to work   Return to normal activity  

 Prolene TiMesh P value* Prolene TiMesh P value* 

Heavy physical work1 14.0 (0-90) 8.0 (0-21) 0.069 14.0 (0-91) 12.0 (1-90) 0.086 

Medium physical work2 6.0 (0-18) 6.0 (0-24) 0.871 11.5 (1-34) 7.0 (1-60) 0.856 

Light physical work3 4.0 (0-36) 0.0 (0-28) 0.004 7.0 (1-50) 4.0 (1-63) 0.006 

Retired na na na 10.0 (0-49) 7.0 (1-36) 0.267 

All 6.5 (0-90) 4.0 (0-28) 0.040 10.0 (0-91) 7.0 (1-90) 0.005 

Patients with missing data excluded. 

1: daily lifting > 15 kg;  

2: daily lifting 10-15 kg;   

3: daily lifting <10 kg.  

*Mann-Whitney U test. 
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Paper IV 

Surgical trainees, when compared to a specialized surgeon, had longer overall 

operative time consume, with an unproportionally longer time for mobilising the sac 

and cord. They perceived exposure and mobilisation as more difficult than the 

specialist, and also a greater demand on own experience during surgery. The trainee 

repairs had a higher rate of postoperative complications (table 5), but the recurrence 

rate was the same as for specialist repairs. At long-term follow-up, specialist repairs 

had a higher symptom burden (figure 2) and more chronic pain. 

 

 

Table 5 Postoperative complications and mortality within 30 days, and recurrence in 

percent. 

 Trainee  Specialist P value* 

 % (n = 95) % (n = 100)  

Complications Yes 14.7  5.0 0.029 

 No 85.3 95.0 

Mortality Yes 1.1 1 1.0 2 1.000 

 No 98.9 99.0  

Recurrence Yes 3.1 3.8 1.000 

 No 96.9 96.2 
1 Died 24 days postop, postoperativ cardiac failure, preoperative ASA score 3,  
2 Died 24 days post op, “largest hernia the surgeon had seen”, preoperative ASA score 1, cause of 

death was heart disease with cardiac arrest. 

* Fisher’exact test. 
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Figure 2 Post operative symptom burden at long-term follow-up (mean 34.5 months), 

for the surgical specialist and surgical trainee cohorts. a) Surgical specialist and b) 

Surgical trainees. Sergel score is a 10 box visual scale where 1 = worst imaginable 

symptoms and 10 = no symptoms. 

a)  

 

b)  

 
p = 0.002 
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Discussion 
 

Papers I and II 

Paper I demonstrated that women are proportionally more likely to develop recurrent 

femoral hernias than men, leading to a greater incidence of emergency operations, with 

consequently higher rates of bowel resections, post-operative complications, and 

mortality. Furthermore, women had a significantly higher risk of reoperation for 

recurrence than men and the operative techniques that had the lowest risk for 

reoperation overall had the highest risk for reoperation in women.  

 

The rate of day case surgery among women was lower, and many of the groin hernia 

repairs could not be classified as a standard procedure (e.g. Bassini, Shouldice, and 

Lichtenstein) in 38% of women compared with 11% for men. The majority of the 

repairs in men utilised the Lichtenstein technique. We propose that problems with 

operation classification could be explained by the scarcity of proper descriptions of 

operative procedures in women, and also the anatomical differences described earlier 

cast doubt over the feasibility of performing a true Lichtenstein repair in a female 

groin.  

 

In women, femoral hernia repairs accounted for 16% of the elective and 53% of the 

emergency groin hernia repair. In men the corresponding numbers were 1% and 7%. 

Direct inguinal hernia in women is so rare that a primary groin hernia should be 

considered to be indirect until proven otherwise3. Our data indicate that the reported 

incidence of different hernia types in women should be questioned as we found 42% of 

women previously operated for an alleged direct or indirect hernia had a femoral 

hernia at reoperation (4% in men). This figure may be even higher as operations for 

groin hernia causing acute bowel obstruction sometimes are classified as ‘laparotomy’ 

or bowel resection, and would therefore not be included in the SHR.  
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We showed that women more often have a femoral hernia and are at risk of being 

misdiagnosed. Consequently, operative techniques where all three groin hernia 

locations can be visualized could be used to avoid this mistake. Our conclusions have 

lead to a change in the guidelines for female hernia stated by the European Hernia 

Society 22. 

 

The laparoscopic hernia repair (TAPP) in women had superior outcome compared 

with an inguinal technique in our series. The possibility of performing a preperitoneal 

hernia repair should be considered if the hernia diagnosis is unclear at the time of 

preoperative assessment. This operation can be carried out either with an open 23 or an 

endoscopic 24, 25 technique, and exposes the three possible locations for groin hernia. If 

the inguinal approach is used, the transversalis fascia should be opened and if a 

femoral hernia is diagnosed, the fascia can be sutured down medially onto the 

ileopectineal line as in the McVay/Cooper’s ligament operation.  

 

The reason for the increased incidence of femoral recurrence after a previous inguinal 

repair in women is unknown; however it seems likely that in many cases a femoral 

hernia is overlooked at the primary operation. Another possible explanation is the 

development of a new femoral hernia due to disruption or widening of the femoral 

canal caused by the primary repair. But Mikkelsen et al studied 34 849 groin hernia 

repairs 26 and concluded that the femoral recurrences occurred earlier than the inguinal 

recurrences, and therefore possibly being overlooked at the primary operation.  
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The data in paper II support this conclusion, reoperation for a recurrence after an 

inguinal repair occurred earlier if the diagnosed hernia was femoral, compared to 

inguinal hernia. There was no such difference in time to reoperation after preperitoneal 

repairs. We believe this is due to preperitoneal techniques visualising the locations of 

both inguinal and femoral hernias (figures 3 and 4), hence lowering the incidence of 

misdiagnosis and early “recurrences”. The risk for reoperation was significantly 

reduced (RR 0.6 95% CI 0.40-0.82) by using a preperitoneal repair, and time to 

reoperation was increased from a median of 1 year to 3.5 years. Three times as many 

femoral hernias were diagnosed in elective preperitoneal repairs and time to 

reoperation for femoral recurrence after an inguinal primary hernia was increased from 

1 year to 5.2 years (p=0.025). We found an increased rate of postoperative 

complications after elective preperitoneal repairs compared to inguinal repairs, and the 

increased risk for postoperative bowel obstruction following the TAPP herniorraphy 

should be considered 27. 
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Fig 3 Inguinal view of groin hernia locations 
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Figure 4 Preperitoneal view of groin hernia locations 
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Paper III 

In this randomized controlled trial using Lichtenstein’s operation a shorter 

rehabilitation time in the LW group compared to the standard mesh group was 

demonstrated. Both treatment groups had pleasing results with a reduction of median 

preoperative pain VAS score 14-15 (0-100) to zero at four weeks postoperatively, 

which corresponds to previous similar studies28. There was no difference between the 

groups concerning recurrences, but larger scale studies with longer follow-up are 

needed to exclude a possible increased risk with LW mesh with certanity. 

Previous studies have failed in proving a shorter convalescence after using lightweight 

mesh28, but in this study there was a significant reduction of two and a half days to 

return to work and three days reduction in returning to normal activity for the patients 

who had LW mesh. When the subgroups were analysed according to physical 

workload, patients with light physical work (repeatedly daily lifting <10 kg) had the 

greatest benefit from the lightweight mesh; both for return to work and normal 

activity. This might be explained by the operative trauma in the muscle tissue being 

the main limiting factor for a patient with a heavy or medium physical work load, and 

the choice of mesh having more impact in a patient not as dependent on the abdominal 

muscle function. 

At the one-year follow-up no statistically significant differences were found. This 

contrasts to previous studies where significantly less pain and discomfort was reported 

in the LW groups between one and three years postoperatively 29-31, but these studies 

used composite mesh with an absorbable component, which may influence results.  
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Paper IV 

We found no differences between the patient cohorts with respect to age, BMI and 

type or size of hernia, but the patients at the public surgical clinic were less fit with 

higher ASA scores. The surgical trainees needed approximately twice the time for 

each operative moment, and three times longer for mobilisation of the cord and sac 

compared with the specialized surgeon. Exposure and mobilisation of the cord and sac 

was perceived as more complex by the trainees, which corresponds with the long time 

consumed for this operative step. Also, not surprisingly, did the trainees report a 

greater demand on their own experience. These results indicate a potential for 

improvement. Surgical trainees must be taught a surgical technique that provides a 

good exposure to enable a safe and swift mobilisation of cord and sac as well as the 

insertion of the mesh. It seems possible to improve performance by targeted training to 

make operations easier. 

 

All repairs performed by the specialist in the private clinic, were discharged the same 

day, some a bit delayed because of difficulties urinating or postoperative hypotension, 

but all within regular opening hours. Fourteen repairs performed by trainees were 

admitted to the ward, which indicates a higher frequency of postoperative 

complications. An explanation for this could be the higher ASA scores with following 

higher risk to develop complications, or a more liberal attitude to admit a patient to a 

next door surgical ward. There were indeed significantly more postoperative 

complications amongst the trainee repairs, but no increased mortality (table 5). Long-

term follow-up (mean of 34.5 months) showed similar recurrence rates of 3.5%. 

Analysis of symptom burden using the Sergel score as described in paper IV, showed 

that some 54.5 % declared no symptoms (SS=10) three months postoperatively with 

no difference between the cohorts. At long-term follow-up, the trainee cohort had 

continued to improve (figure 2) with 68.1 % being symptom free, whilst the specialist 

cohort had worsened slightly, leaving 44.9% with no symptoms (p=0.002).  
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Long-term follow-up using the IPQ also showed less chronic pain for the patients 

operated by trainees. Some 79% reported no pain from the operated groin, compared 

to 63% of the specialist repairs. The remarkable difference in outcome at long-term 

follow-up made us suspicious of a bias in our study. So we compared our data to the 

data of another study on groin hernia pain in 2456 patients by Fränneby et al32. They 

reported a similar range of chronic pain, and there was no significant difference in 

preoperative pain and in when the postoperative pain subsided when compared to our 

results (p=0.242 and p=0.978). Our specialist cohort had no worse outcome 

considering postoperative pain during the last week of follow-up, than the patients in 

the Fränneby´s study (p=0.271), and our trainee cohort still had significantly better 

results (p=0.023). This indicates that the cases included in our study were 

representative for the typical Swedish groin hernia patient, and we can therefore 

interpret our data in favour of surgical trainees.  
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Methodological considerations 
 

Paper I 

The title of this paper may be misleading, since this study is a registry-based 

retrospective cohort study analysing prospective data from 90 648 groin hernia 

repairs (6895 on women and 83 753 on men). 

The strengths of this research include large study population, and high data quality 

ensured through numerous controls and annual external review1. Also the large 

number of observations made it possible to perform multivariate analyses of risk for 

reoperation using appropriate adjustments for possible confounding factors. 

The main limitation of the study, which is a problem inherent in all large-scale register 

studies of this type, is the use of reoperation as the endpoint which does not reflect 

total number of recurrences. However, the recurrence rate can be estimated by 

multiplying reoperation rates by 1.4, 33. 

 

Paper II 

The strengths and main limitation of this study are similar to paper I, but we had an 

even larger study population, and longer follow-up time. Also, the larger number of 

observations made it possible to perform subgroup analyses. Unfortunately when 

analysing recurrences after preperitoneal repairs, the patients in some of the subgroups 

are scarce. 
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Paper III 

The strength of this study is that we minimized the variation by using only one 

surgeon, one unit, one technique, had a short inclusion interval and a high follow-up 

rate. The patients and the independent examiner were still blinded at the follow-up. 

There is a weakness in using a highly specialized surgeon concerning generalizability, 

since many surgeons performing these operations are still in training during their 

residency.  

 

The primary outcome, short-term convalescence, was chosen to assess possible 

socioeconomic benefits with choosing a more expensive mesh with increased 

biocompatibility. We could have improved interpretations by including calculations on 

loss-of-income as a part of a cost-benefit analysis. 

The secondary outcomes of the study was the one-year follow-up results, since chronic 

pain, quality of life, and recurrence also need to be evaluated before introducing a new 

mesh for routine use to the Swedish market. Initially we planned to use the SF-36 

health declaration to evaluate quality of life, but several patients rejected the amount 

of paperwork it meant. We decided to increase compliance by switching to a shorter 

questionnaire, SHS, which was not validated for patients with groin hernia, and maybe 

not sensitive enough for measuring the effect a groin hernia repair may have on 

experienced quality of life. 
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We planned to include 300 patients, using randomization in blocks of 50. During the 

inclusion period that lasted from February 2004 to February 2006, we discovered that 

some patients had to be excluded after randomization for unexpected reasons, e.g. 

change in operative technique. We decided to add another 30 patients to ensure 150 

study patients in each group, it would have been better to add a whole randomization-

block of 50 extra patients.  

The original power calculation was lost due to a replacement of the computer hard 

drive, and inadequately described in the paper. In an attempt to rectify this mistake, we 

tried to recreate the power calculation as follows: We assumed a difference in 

convalescence of three days, with a standard deviation of seven days, so we needed 

150 patients in each group to achieve a power of 96% in a two-tailed t-test with an α  of 

0.05. 

 

Paper IV 

The strength of this study is a long follow-up time (mean 34.5 months) and a high 

follow-up rate of 88.5 %. The main limitation of this study is that neither the scale for 

estimation of perceived surgical difficulty, nor the self assessment form, SS, have been 

validated for use in groin hernia patients and surgery specifically. But the results in 

this study agree when we compared SS to a validated scale (IPQ) where possible, i.e. 

such as preoperative and long-term postoperative pain. Further on, power calculations 

were performed with operative time as the primary endpoint, while we had several 

more to analyse (estimated complexity, and secondary outcome such as recurrence and 

chronic pain). We planned to have a one-year follow-up for all patients, but inclusion 

time was prolonged, and by the time we sent out the first follow-up letters, a mean of 

34 months had already passed since surgery. 

The results with more postoperative complications for surgical trainees, but better long 

term outcome with less chronic pain, were puzzling and we tried several analyses to 

identify possible correlations.  
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Conclusions 
 

Paper I 

Women had a higher incidence of emergency groin hernia repair than men, with 

consequently higher rates of bowel resection, postoperative complications, and 

mortality. There are reasons to suspect that women are unnecessarily endangered when 

their groin hernia repairs are managed with surgical approaches and techniques 

developed for use in men. Operative outcome could be improved by discovering the 

true incidence of femoral hernias in women, increasing intra-operative detection of 

femoral hernias, improving knowledge of female anatomy, and identifying the most 

appropriate surgical technique to attain adequate repair. 

 

Paper II 

Operative outcome for groin hernia repair in women was improved and risk for 

recurrence reduced by the utilisation of a preperitoneal approach. More femoral 

hernias were diagnosed in elective repairs and time to reoperation for femoral 

recurrence after an inguinal primary hernia was increased We believe it is necessary to 

use a preperitoneal technique that visualizes all three locations for groin hernia in 

order to identify and adequately repair the hernia.  
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Paper III 

The choice of prosthetic mesh in groin hernia repair can affect time of convalescence. 

This study showed a shortened convalescence for the patients with lightweight 

composite mesh compared to standard heavyweight mesh. There was no difference in 

long-term outcomes measured.  

 

Paper IV 

Comparison of a specialized surgeon to surgical trainees in performance and outcome 

for inguinal hernia surgery shows it was more efficient, but not necessarily better to let 

a specialized surgeon perform the repairs. The better long-term outcome for surgical 

trainees stands in contrast to the prejudice that it is better to have an experienced 

surgeon to perform standard procedures. It seems likely that targeted training in 

dissection and mobilisation could decrease level of perceived complexity and shorten 

operative time consume for surgical trainees. We believe that adequately supervised 

hernia surgery should remain as a part of the surgical training. 
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Future perspectives 
 

Surgical text books describing operative techniques are focused on male anatomy, 

occasionally mentioning which operative steps may differ for women e.g. “in women 

the round ligament should be excised and the inguinal canal closed”34. We do not 

recommend this since the round ligament, or lig. rotundum alt teres uteri, originates at 

the uterine horns, passes through the inguinal canal and attaches the labia majora to the 

mons pubis. A common result of this excision is an asymmetry or droopiness of the 

labia major on the affected side. This can bother the patient, but she might be too 

embarrassed to address the surgeon about it at the postoperative control, if there is one, 

which decreases feedback and awareness of this problem. 

 

Paper I and II suggest that women should not be managed according to male standards, 

and anatomical differences need to be taken into consideration when diagnosing and 

treating groin hernia in women. In the future, descriptions of operative techniques 

based on female anatomy should also be available for surgeons performing groin 

hernia repair. There is a need for clinical trials to identify the best suited operative 

techniques for different hernias in women. 
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Paper III shows that patients with lightweight mesh had a shorter convalescence, with 

earlier return to work and normal activity. The greatest gain seemed to be for patients 

with a light physical work, which suggests that a selected use of LW could be of 

particular socioeconomic benefit for some patient categories.  

 

In paper IV we show that the specialist has a shorter operative time with a lower level 

of experienced complexity, and trainees had more postoperative complications. 

Questions that remain to be answered include: Why do trainees have a better long-term 

outcome in chronic pain and symptom burden? Is operative time consume a balance 

between to short time for proper dissection and nerve identification increasing risk for 

chronic pain and to long increasing risk for postoperative complications such as 

infection?  

Further research is needed to evaluate if targeted training for surgical trainees can 

improve surgical skill to enable safe and swift mobilisation, to decrease perceived 

level of difficulty, shorten operative time consume, and lower the risk for 

postoperative complications. 
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