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Review article

Abstract

Open inguinal hernia repairs are a common general surgical procedure, and it can be divided
into mesh-based repairs and sutured based repairs. Mesh-based repairs are the most popular
open inguinal hernia repair with the Lichtenstein repair being the most common surgical
procedure. The sutured based repairs are not as commonly performed with the Shouldice repair
being the most popular repair, but the Desarda repair is slowly emerging as a viable sutured
based inguinal hernia repair. We have conducted this review article to look at the varies types of
mesh based and sutured based repairs for open inguinal hernia repair including their
complications and recurrence rate. We also looked at the effect of chronic pain and the role of
antibiotic prophylaxis in open inguinal hernia repair.
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Introduction

Inguinal hernia repair is a common general surgical procedure that is performed. Open inguinal
hernia repairs are still the most common hernia repair that is performed worldwide despite the
introduction of laparoscopic repair. The initial open inguinal hernia repairs were done under
tension with sutures to strengthen the posterior wall of the inguinal canal. The introduction of the
Lichtenstein repair which incorporated the use of synthetic material like mesh which was sutured
to posterior wall of the inguinal canal under no tension. This method has revolutionized the
management of inguinal hernias, and it has become the most performed procedure in the
world(1,2).

The open inguinal hernia repairs can be divided into tissue repair and mesh repair. Among the
tissue repair, the Shouldice repair is the most repair that is performed, with the Bassini repair and
Darning method being rarely performed. For the mesh repair, the Lichtenstein repair is the most
common procedure that is performed with plug and patch method by Rudkow and Robbins and
the Prolene hernia system being the other variants of the mesh repair(3). The surgical treatment
of open inguinal hernia can also be divided into mesh and non-mesh based repair with the
addition of the Desarda repair being latest tension free tissue based repair(4,5).

The advantage of performing open inguinal hernia repairs is that they can be performed under
local or regional anesthesia, the learning curve for these procedures are short they are associated
with very low complications. All open inguinal hernia procedures are also cost effective and are
associated with reduced stay in the hospital, and they do not require any additional and costly
operative material(6).



The European Hernia Society guidelines on the treatment of inguinal hernia in adults has
recommended the Lichtenstein repair as the best open inguinal hernia surgery as it has a short
learning curve, and it has a low recurrence rate of less than 2 %. For patients who opt out of
performing a mesh repair, the Shouldice repair is the best non mesh open inguinal hernia
operation that can be performed(7-9).

The HerniaSurge guidelines for the management of groin hernias have recommended that the
mesh and non-mesh-based repairs are the best and most effective surgical approaches. The mesh-
based approaches are associated with the least risk of recurrence. Shouldice repair is considered
the best non mesh based inguinal hernia repair for patients who do not want a mesh or where a
mesh is contraindicated. Shouldice repair is associated with the lowest recurrence among the
non-mesh-based or tissue repairs. The Desarda technique though is associated with a shorter
learning curve but is not recommended due to its limited data on recurrence and chronic
pain(10).

As open inguinal hernia repairs are still a common surgical procedure that is performed by
general surgeons, we have conducted this review article to investigate the common types of open
hernia repair including the mesh and non-mesh-based repairs, the recurrence rates and chronic
pain among these procedures and the role of antibiotic prophylaxis for open hernia repair. A
literature review was made on PubMed, Google Scholar, Semantic Scholar, and Cochrane
databases to look for original articles, observational studies, clinical trials, clinical reviews,
review articles and meta-analysis from 1995 to 2024.The following keywords were used “mesh
repair”,” open hernia repairs”, “tension free repair”, “sutured hernia repairs”, “chronic pain
“and” antibiotic prophylaxis”. All articles were in English language only and further article were
obtained by manual cross checking. Case reports, commentaries and editorials were excluded.
All articles with adults patients were included in this review. Pediatric patients and pregnant

patients were excluded from this review.

Discussion
Mesh Based open inguinal hernia repairs

Lichtenstein repair



This is the most popular open mesh-based repair that was introduced by Irving Lichtenstein in
1984, and is also known as the tension free inguinal hernia repair. This procedure was originally
performed under local anesthesia and after ligation of the hernia sac and identification of the
ilioinguinal and iliohypogastric nerves, the posterior wall of the inguinal canal is reinforced with
a synthetic mesh. The mesh is anchored with non-absorbable sutures to the inguinal ligament and
conjoint tendon. This procedure is not done under tension, and it is associated with reduced
morbidity and recurrence(11).The Lichtenstein repair has been retrospectively reviewed and the
risk of surgical site infection was low, the incidence of seroma formation and scrotal hematoma
were also low. The recurrence rate was around 1% for this type of inguinal hernia repair (12).The
learning curve for performing this operation among surgical residents and junior surgeons is
relatively short and 40 cases are usually sufficient before performing it independently(13).

Several technical modifications have been done for the Lichtenstein repair which include using a
larger mesh size, using interrupted sutures to anchor the mesh to the aponeurosis of the internal
oblique muscle and greater overlap of the mesh over the pubic symphysis. Further
recommendations include identification and preservation of the ilioinguinal and iliohypogastric
nerve, protecting the cremasteric fascia, management of the hernia sac, proper fixation of the
mesh to the rectus abdominus sheath, and using a mesh size of 7.5cm by 15cm(14-16).

The identification of the ilioinguinal and iliohypogastric nerve during the hernia repair is
important to reduce the risk of injury during dissection and fixation of the mesh. A systemic
review and meta-analysis by Moseholm et al on-nerve identification during inguinal hernia repair
concluded that the rate of identification of the ilioinguinal nerve was 82% and iliohypogastric
nerve was 62%(17,18).

The mesh repair was compared against the non-mesh repair of inguinal hernias by Smith et al,
and they concluded that mesh repair was associated with a reduced recurrence rate and the risk
factors for recurrence include obesity, history of smoking, and direct hernias(19).Bisgaard et al
and Butters et al followed up patients who underwent the Lichtenstein repair for 5 years and
concluded that the recurrence rate was 0,when compared to those who underwent sutured hernia
repair(20,21).

The Lichtenstein repair was compared to the Shouldice repair in a randomized trial by
Danielsson et al, and the recurrence rate was significantly higher in the Shouldice group, and the
number of sick leave taken was also higher in this group(22).A similar randomized control trial
comparing the Lichtenstein repair and Shouldice repair by Ahmadinejad et al also concluded that
the recurrence rate was lower in the Lichtenstein repair group(23).

The method of fixation of the mesh has been evaluated with sutured fixation being compared
with glue fixation. There have been several systemic reviews and meta-analysis that have been
conducted, with the use of fibrin or butyl-2-cyabiacrylate being used as the glue to fix the mesh.
These studies concluded that glue fixation is associated with reduced operative time and
comparable post operative pain, chronic pain and length of hospital stay. However, the duration
of follow up in all the studies were not consistent, hence further randomized trials will be needed



to evaluate the true recurrence rate and efficacy of glue fixation(24-28).A systemic review and
meta-analysis comparing the use of self-gripping mesh against sutured mesh fixation was
conducted by Sajid et al, and this study concluded that self -gripping mesh failed to demonstrate
any advantage over sutured mesh fixation with the incidence of post operative pain, chronic pain
and recurrence rates being the same(29).

The Plug and Patch and the Prolene Hernia System

The plug and patch repair involves the use of a mesh that is inserted in the pre-peritoneal space
and anchored to the tissues with sutures followed by a flat mesh is then inserted anchored to the
inguinal ligament and conjoint tendon. The operative time and post operative complications were
reduced, and it was introduced as an alternative to the Lichtenstein repair(30-32).The Plug and
Patch repair was compared to the Lichtenstein repair and the duration of operation, post
operative complications and recurrence rate were comparable(33).A randomized control trial
comparing the Plug and Patch repair with the Lichtenstein repair concluded that though the
operative time was reduced in the Plug and Patch repair, there was no difference with regard to
the post operative complication, chronic pain and recurrence rate(34).

The Prolene hernia system is a three-dimensional bilayer mesh that reinforces the posterior wall
of the inguinal canal and pre-peritoneal space during an open inguinal hernia repair. Blunt
dissection is done in the preperitoneal space, and it is inserted via the deep ring, and it requires
minimal sutures to anchor the mesh(35).Retrospective evaluation of this procedure showed that
the operative time was comparable to the other mesh repairs and most common complication was
hematoma formation, wound infection and the recurrence rate was 1.6% (36).Prospective
randomized control trial by Pierides et al comparing the Prolene hernia system with the
Lichtenstein repair concluded that both procedures were associated with comparable post
operative complications, chronic pain and recurrence rate(37).A meta-analysis by Decker et al
comparing the Prolene hernia system versus the Lichtenstein repair. This study included 1377
hernia repairs, and they concluded that there was no difference with regards to recurrence rate
and chronic pain(38).

A meta-analysis of randomized control trials of open mesh techniques for inguinal hernia repair
was conducted by Zhao et al.2708 patients were included in this study and they concluded that
the Lichtenstein, Plug and Patch and Prolene hernia System were associated with similar post
operative complications, chronic pain and mid -term recurrence rates(39).A prospective
randomized controlled trial comparing the three year outcome of the Prolene hernia system,
Lichtenstein mesh and the Plug and Patch for primary inguinal hernia repair was conducted by



Dalenback et al.472 patients had undergone hernia repair and they were follow-up to three years.
This study concluded that there was no difference with regards to the post operative
complications, recurrence rates and chronic pain(40).

Non-Mesh based Open Inguinal Hernia Repair
Shouldice Repair

Shouldice repair is the most common non-mesh based open inguinal hernia repair. The important
components of this operation include resection of the cremaster muscle, division of the posterior
wall of the inguinal canal, and reconstruction of the posterior wall that is conducted with
stainless steel wires(41).Hay et al conducted a multi-center trial on 1578 patients who underwent
the Shouldice repair and Bassini repair and the recurrence rates were 6.1% for the Shouldice
repair and 8.6% for the Bassini repair(42).The recurrence rate of the Shouldice repair is around
4.7% to 10.1% with the number of operations being performed has decreased due to the
introduction of the mesh based repairs(43).Certain centers have performed the Shouldice repair
and followed up the patients after five years have obtained a recurrence rate of 2.88%(44).

A Cochrane review was conducted by Amato et al comparing Shouldice repair versus other open
inguinal hernia techniques. A total of 2566 patients underwent Shouldice repair,1121 mesh repair
and 1608 non-mesh repair. The recurrence rate of the Shouldice repair was higher than the mesh
repair but it was the lowest among the sutured repairs. This study concluded that the Shouldice
repair was the best non-mesh hernia repair with reference to recurrence, but it requires a higher
learning curve and operative time(45).Kockerling et al compared the Shouldice repair with the
Lichtenstein and laparoscopic inguinal hernia repair and they concluded that in certain patients
with small hernias the Shouldice repair is indicated due to its low chronic pain rate(46).

Table I
Study Study type Year N=numbers | Lichtenstein | Shouldice
repair repair
recurrence recurrence

rate rate




Danielsson et | Randomized | 1999 178 0% 10.11%

al study

Butters et al Randomized | 2006 150 1.3% 10.12%
study

Table showing the recurrence rate between the Lichtenstein repair and the Shouldice repair

Desarda Repair

This inguinal hernia repair technique was introduced by Desarda where after excision of the
hernia sac, an incision is made on the external oblique aponeurosis and a strip of the external
oblique aponeurosis is excised and sutured to the posterior wall to reinforces it. This repair is
under no tension, and it functions to strengthen the posterior wall. Desarda operated on 400
patients and there was one patient who developed recurrence(47).Several other studies were done
on the Desarda repair, and the operative time and post operative morbidity and mortality were
low. The recurrence rates were low, and the cost of the procedure was also low(48-50).

The Desarda technique was compared with the Lichtenstein repair in several studies and these
studies concluded that there was no difference regarding post operative morbidity, mortality,
length of hospital stays, recurrence rate and chronic pain(51-55).A systemic review and meta-
analysis of randomized control trials comparing the Desarda technique versus the Lichtenstein
repair in primary inguinal hernias.2159 patients from 6 randomized control trials were included
in the study. This study concluded that both procedures were associated with reduced
complications and recurrence rates, with the Lichtenstein repair being associate with a slight
increase in seroma formation(56).A systemic review by Ge et al also compare the Desarda
technique and Lichtenstein repair for the treatment of primary inguinal hernias.1014 patients
were included in this study and this study also concluded that there were no differences with
regard to post operative complication, recurrence rate, chronic pain and hospital stay(57).A
similar systemic review and meta-analysis by Pereira et al comparing the Desarda technique with
the Lichtenstein repair also came out with the same conclusions(58).

A randomized control trial comparing the Desarda technique versus the Lichtenstein repair was
performed by Szopinski et al.208 patients were randomized to 105 who underwent the Desarda
repair and 103 the Lichtenstein repair. This study concluded that the incidence of chronic pain
and recurrence rates were equal among both groups(59).A systemic review and meta-analysis
was conducted by Ndong et al to look at the suitability of the Desarda repair in the emergency
inguinal hernia repair.199 patients were included in this study and the postoperative



complication, recurrence rates and seroma rates were similar, hence it has been suggested that the
Desarda repair can be used in emergency inguinal hernia repair(60).

Bassini Repair and other open repairs

This inguinal hernia repair was introduced by Eduardo Bassini and it involves suturing the
transversalis fascia and conjoint tendon to the inguinal ligament behind the spermatic cord and
employing a Tanner slide to prevent tension. This procedure was popular before the introduction
of the mesh-based repair and the major downside of this repair was that it was done under
tension and the recurrence rates were around 6% to 8%. This repair is commonly done in
countries where mesh is not available or is too costly(61).The Bassini repair was compared to
other repair methods like the Lichtenstein repair, Darning Method and Shouldice repair and
although there were no major post operative complications, the recurrence rate was high with the
Bassini repair and hence it is rarely used(62—64).

The Darning technique involves the approximation of the conjoint tendon to the inguinal
ligament with non-absorbable sutures thereby forming a weave in the posterior wall. This
method is done in cases where a mesh repair cannot be performed, and it has a higher recurrence
rate when compared to the mesh-based repairs(65,66).The McVay’s repair which involves the
approximation of the transversalis fascia to the cooper’s ligament, but this repair was under
tension and associated with post operative pain and a high recurrence rate(67—69).

Table I
Study Study Type Year N=numbers | Lichtenstein | Desarda
repair repair
recurrence recurrence
rate (%) rate (%)
Emile et al Systemic 2017 2159 0.98% 0.91%
Review/Meta-
analysis
Jain et al Randomized | 2021 87 0 0
control trial
Mohamedahmed | Meta-analysis | 2022 3177 0.9% 0.65%
et al

Table comparing the recurrence rate of the Lichtenstein repair and the Desarda repair
Chronic Pain after inguinal hernia repair

This is defined as pain arising from the surgical site that persists for more than 3 months after the
inguinal hernia repair. As the recurrence rates decreased after the introduction of the mesh -based
repairs, chronic pain has become a problem. The risk factors for developing chronic pain include
young patients, female sex and developing pain during the immediate post operative period. The

cause of chronic pain is still unknown, but several theories include the inflammatory reaction



from the mesh, nerve entrapment, type of mesh and fixation of the mesh(70-72). A systemic
review and Meta-analysis by Oberg et al comparing chronic pain after mesh versus non-mesh
repair for inguinal hernia and this study concluded that there was no difference with regard to the
type of hernia repair regarding chronic pain(73).The incidence of chronic pain is also not
affected by prophylactic division of the ilioinguinal nerve and also by the type and characteristics
of the mesh that is used(74-76).

Antibiotic prophylaxis for inguinal hernia repair

Inguinal hernia surgery is often considered a clean surgery and antibiotic prophylaxis is not
indicated for low-risk patients, but it is indicated for high-risk patients. Antibiotic prophylaxis is
also encouraged for centers with high rates of surgical site infection (77).Several systemic
reviews and meta-analysis were conducted to look if antibiotic prophylaxis is need and these
studies concluded that antibiotic prophylaxis is not indicated for inguinal hernia repair. However,
the quality of the studies that were included were not good and proper randomized control trials
should be done to establish if prophylactic antibiotics are needed(78,79).A Cochrane review on
the role of antibiotic prophylaxis for the prevention of post operative infection was unable to
conclude if antibiotic prophylaxis is indicated for inguinal hernia repair as the evidence that was
collected were of low quality(80).

Conclusion

Open inguinal hernia repair has seen a change in trend with the introduction of the mesh-based
repairs. The Lichtenstein repair is the most popular repair that is practiced worldwide. It is
simple to perform, requires a short learning curve, can be done under local anesthesia and it is
associated with the lowest recurrence rate among all the open inguinal hernia repairs. The other
mesh-based repairs like the Plug and Patch and the Prolene hernia system are not as commonly
used.

The Shouldice repair is the most popular sutured based repair, but it has a longer learning curve,
and although it can be performed under local anesthesia, the recurrence rate is still higher when
compared to the Lichtenstein repair. The Desarda technique is good tissue-based repair that can
be easily learned and since it is a tension free procedure, it can be an alternative to the
Lichtenstein repair. The only drawback of the Desarda technique is the long-term recurrence rate
which has not been established yet.

Chronic pain now is an emerging post operative complication that occurs especially after the
mesh-based repair, and there is no consensus on its management. The indication for prophylactic
antibiotics is an area where the operating surgeon will decide if antibiotic prophylaxis is
indicated or not. Open inguinal hernia repairs will continue to be one of the most common
operations that are performed worldwide, and it will retain its place in the surgical treatment of
inguinal hernias despite the introduction of laparoscopic inguinal hernia repair.
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