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Abstract

Inguinal hernia is frequently diagnosed by clinical exam. Imaging tests are recommended in the absence of definitive signs or
associated symptoms that indicate complications. Ultrasonography (US) is the most common method used for examination of the
various types of hernias. Inguinal hernias are the most prevalent type of hernia. US (grayscale or color Doppler ultrasonography) is
suggested for examining inguinal hernias. CT is used to differentiate inguinal and femoral hernia based on the correlation between
the hernia sac and pubic tubercle. Magnetic resonance imaging (MRI) is favored for diagnosing occult inguinal hernias when there

are constraints associated with US and computed tomography (CT); or a lack of definitive diagnostic results.

Inguinal hernia is an acquired or congenital condition wherein the abdominal cavity contents protrude into the inguinal canal.
In men, the testes migrate from the abdomen into the scrotum through the inguinal canal. Thus, men (more than women) are more
likely to develop an indirect inguinal hernia. An indirect hernia can occur congenitally. Indirect inguinal hernias present on the lateral
side of the Hesselbach triangle and enter the inguinal canal through the deep or internal inguinal ring. Direct inguinal hernias consti-
tute inguinal hernias that protrude through the Hesselbach triangle, remaining medial and caudal to the inguinal canal’s origin at the
internal inguinal ring. These hernias are common in older males and carry a lower risk of strangulation. The characteristic sign of a

direct hernia on CT is a lateral fat crescent.

Developing biologically advanced meshes are part of ongoing hernia treatment and management research. Recently, a novel type
of mesh has been developed that releases drugs. Also, “smart biomaterials”—that change shape—are being studied and tested for
applications in hernia repair. Conservative management relies on reducing the hernia and applying a belt. Hernia belts or trusses
are ordinarily used today as a temporary measure to relieve pain and discomfort. Surgical management is one of the most routine
surgeries performed globally. Surgical repair and watchful waiting are generally recommended in asymptomatic or minimally symp-
tomatic patients. Currently, the application of mesh is preferred to direct suturing. There are various types of mesh and correspond-
ing procedures based on the mesh choice and degree, and type of herniation. Complications of surgery include death, infertility, and

recurrence—placing limitations for surgical repair.
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Abbreviations

CT: Computed Tomography; ePTFE: Expanded Polytetrafluoroethylene; NHANES: National Health and Nutrition Examination Survey; PE:
Polyester; PP: Polypropylene; SSI: Surgical Site Infection; TAPP: Transabdominal Preperitoneal Procedure; TEP: Total Extraperitoneal
Procedure; US: Ultrasonography

Introduction

Inguinal hernia is an acquired or congenital condition in which the abdominal cavity contents protrude into the inguinal canal. Inguinal
hernias are classified into three types: direct, indirect, and combined inguinal hernia. In a direct inguinal hernia, the abdominal contents
protrude through the external inguinal ring, medial to the inferior epigastric vessels. In an indirect inguinal hernia, the contents protrude
through the deep inguinal ring, lateral to the inferior epigastric vessels [1]. Moreover, the hernia sacs are on both sides of the inferior

epigastric vessels [2].
History

The term “hernia” is derived from the Greek word “hernios,” meaning “bud” or “sprout” [3]. The ancient Egyptians were aware of her-
nias as early as 1500 BCE. Hernias have been managed using a variety of surgical procedures and instruments for centuries. The followers

of Hippocratic medicine were able to differentiate hernia from hydrocele [4].

It is thought that the Egyptian pharaohs repaired hernias. Several mummies show evidence of hernia repair. In ancient times, Alex-
andrians and Greeks who had inguinal hernias were treated using bandages placed over the groin area. Hippocrates used the term “etru
rhexis,” meaning “rupture of the abdominal wall”. He also mentioned hernias in the pubic and inguinal areas. In the event of a sac rupture,

Hippocrates recommended using a “Golden Ligature” [5].

Marcy was the first surgeon to attempt to reduce the hernial orifice in 1871. In 1889, Bassini became the first surgeon to repair the
posterior wall of the inguinal canal. In 1890, he introduced tactical surgical principles to repair the posterior wall of the inguinal canal
to reduce the internal inguinal ring [6]. Before Bassini’s procedure, surgeons used the Czerny procedure, which involved repairing the
anterior wall of the groin. The patients who were treated by this surgical procedure had a 100% recurrence rate. The function of fascia
transversalis was discovered during 1942-1945, and Shouldice, McVay, and Anson further improved Bassini’s technique [7]. Shouldice
made inguinal hernia surgeries a daycare (outpatient) procedure by introducing local anesthesia. The end of the 19* century is known as

the “era of prosthetic repair [3]".

Ger was the first surgeon to perform a laparoscopic hernia repair in 1982. He closed the peritoneal opening with “herniostat” staples.
He did not dissect or ligate the sac, nor did he reduce it. Bogojavalensky later used prosthetic material (polypropylene mesh) to treat

indirect hernias in females in 1989. He completed the surgery by suturing the hernia sac [8].
Discussion
Presentation, signs, and symptoms

The most common symptom of an inguinal hernia is groin pain or swelling. These symptoms are mild intermittent, or moderately
severe, can be associated with physical activities and can adversely affect daily activities. The abdominal contents usually can be reduced

into the cavity from the hernia sac, but in non-reducible conditions, strangulation or ileus can occur.
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A reducible mass in the groin with cough impulse is a classic symptom of inguinal hernia. Strangulation of the herniated contents
causes tenderness, inflammation, and irreducibility. Acute complications are common in older patients and patients who have had an

irreducible hernia for a longer time [9].

For clinical diagnosis, a physical examination must be performed while the patient is standing. Bilateral asymmetries must be ruled
out first. The patient should be asked to strain down (Valsalva maneuver) while the physician checks for bulges. Palpation must proceed
from the scrotum to the internal inguinal ring—beginning at the spermatic cord and moving upward to the external inguinal ring (lying
medial to and just below the pubic tubercle). While palpating the internal inguinal ring, the surgeon asks the patient to cough or perform

a Valsalva maneuver. The examining physician feels a bulge that moves in and out with the cough impulse if a hernia is present [10,11].

It is essential to differentiate inguinal hernia from conditions with similar clinical manifestations, such as saphena varix, femoral her-

nia, hydrocele, lymphoma, testicular torsion, and femoral artery aneurysm.
Incidence and prevalence

Men (27%) have a higher lifetime risk of developing an inguinal hernia than women (3%), and the incidence increases with age [12]. A
hernia occurs in women at a later age than in men. It commonly occurs on the right side. The prevalence of hernia increases with varicose

veins, prostate hypertrophy, hemorrhoids, and lean body mass [13].

Inguinal hernias are more common in developed countries than in developing countries. A large retrospective study, published in
2013, analyzed a 20-year data set from Minnesota (USA), revealing a hernia repair rate of 217 per 100,000 person-years [14]. On the other
hand, as per the National Health and Nutrition Examination Survey (NHANES) study considering low- and middle-income countries, the
prevalence of inguinal hernia was lower in Tanzania (244 per 100,000 population) [15] compared to that of the USA (315 per 100,000
person-years) [16].

Inguinal hernias are most common in the world’s sub-Saharan African and Western Pacific regions [17]. The majority of studies consider
data generated during hernia surgery, resulting in an exaggeration of the actual prevalence. Furthermore, geographical differences
exist as a result of surgeons’ differing perspectives regarding the best treatment options. A study by Primatesta., et al. (1996) supports
this observation, which compared data from the USA and the UK [18]. Although inguinal hernia surgery is one of the most frequently
performed procedures, there are no pooled data to estimate the exact prevalence. Moreover, chronic cough, heavy weight lifting, smoking,

bowel disturbances, and pregnancy are risk factors for inguinal hernia [19].
Pathophysiology

In men, testes migrate from the abdomen into the scrotum through the inguinal canal (deep ring). The canal is more prominent in
males (than females), allowing easy passage of abdominal organs. Therefore, men are more likely to develop an indirect inguinal hernia.
An indirect hernia often occurs congenitally if the processus vaginalis does not stop after the migration of testes into the scrotum. General-
ly, due to the pinchcock action of the internal ring musculature, the intestine does not pass the patent processus. However, muscle paraly-
sis or injury, flattening of transversus abdominis aponeurosis due to exercise, higher position of the aponeurotic arch, post-appendectomy

and femoral vascular procedures, and surgical procedures involving lower midline abdominal incisions are risk factors for hernia in men

[2].

In normal conditions, the abdominal cavity has a 2-20 mm Hg pressure, which can rise to 150 mm Hg during coughing and vomiting.
Despite the increased pressure, equilibrium is maintained since the abdominal wall counters it. Failure of this counter-mechanism in

specific physiologic or pathologic conditions results in hernia [20,21].

Citation: Kerna NA, Carsrud NDV, Nwokorie U, Anderson II ], Akabike LU, Holets HM, Pruitt KD, Rashid S, Solomon EO. “Inguinal Hernias:
A Comparison of Surgical Options and Preventive Measures”. EC Gastroenterology and Digestive System 8.8 (2021): 53-65.



Inguinal Hernias: A Comparison of Surgical Options and Preventive Measures

56

Inguinal hernias that protrude through the Hesselbach triangle and remain medial and caudal to the inguinal canal’s origin at the in-
ternal inguinal ring are known as direct inguinal hernias. These hernias are common in older males and have a lower risk of strangulation.
The characteristic sign of a direct hernia on computed tomography (CT) is a lateral fat crescent, which appears when the typical fat of the

inguinal canal is pushed outward, forming a semicircle that resembles a crescent shape [22].

Indirect inguinal hernias occur on the lateral side of the Hesselbach triangle and enter the inguinal canal through the deep or internal
inguinal ring. In males, the hernias remain anterior to the spermatic cord, whereas females follow the round ligament into the labia ma-

jora [23]. Inguinal hernias of this type are most frequent [24].
Diagnosis

An inguinal hernia is often diagnosed by clinical examination. Imaging tests are recommended in the absence of conclusive signs or the
presence of associated symptoms that indicate complications. Ultrasonography (US) is the most common method used for examination. It
has a sensitivity of 86% and a specificity of 77%. A detailed examination requires a CT scan, which has a sensitivity of 80% and a specific-
ity of 65% [25]. Results from another systemic review have also favored the US; however, the technique is sensitive, and the technician

must have a clear understanding of anatomy [26].
Ultrasonography (US)

Grayscale or color Doppler US is recommended for examining inguinal hernias. For a real-time dynamic evaluation, the patient must
ideally perform the Valsalva maneuver while the test is in progress [27]. Location of the neck of the hernia, its connection to the inferior
epigastric vessels, and the characteristic movement of the sac contents concerning the transducer during provocative maneuvering help
differentiate the type of hernia [28]. Another provocative test is allowing the patient to stand for 30 seconds and then measuring the her-

nia defect. The patient can also be guided to walk for two minutes and then examined while standing before laying supine [29].

The physician must be aware of the conditions that can lead to a misdiagnosis. Physicians can incorrectly diagnose normal spermatic
cord movement as an indirect inguinal hernia and abdominal wall movement as a direct inguinal hernia [28]. Furthermore, the presence
of free fluid in the sac, organ edema, and the absence of bowel peristalsis may indicate ischemia. Color and power Doppler US help assess

if the contents of the hernia sac are ischemic. The “whirlpool” sign appears when the contents spin on themselves [30].
Computed tomography (CT)

CT is used to differentiate inguinal and femoral hernia based on the relationship between the hernia sac and pubic tubercle (hernia
sac remains medial to the pubic tubercle in inguinal hernia) [22]. Furthermore, venous compression is uncommon in inguinal hernias
and common in femoral hernias [31]. A CT scan is preferred in a patient if there is tissue fibrosis, obesity, or a contraction of abdominal

muscles [29].
Magnetic resonance imaging (MRI)

An MRI is preferred for diagnosing occult inguinal hernias when there are limitations associated with US and CT or a lack of diagnostic
results [32].

Management (conservative)

Physicians used various types of customized inguinal belts to retain the hernia sac within the body cavity in earlier times. These
procedures included manually reducing the hernia first and then putting the belt on it. Hernia belts or trusses are still used today as a

temporary measure to relieve pain and discomfort [33,34]. Previously, the truss was popular in the UK because of the long waiting times
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for surgery [9]. It should be noted that prolonged use of hernia belts might result in complications, such as atrophy of the spermatic cord,

fusion to the hernial sac, or atrophy of the fascial margins [35].

There is a lack of studies regarding alternative medicine treatment for hernias. Therefore, its role is unknown; however, it can be
practiced as palliative therapy. A quasi-experimental study investigated the effect of yoga therapy on non-complicated reversible inguinal
hernia. In this study, the patients reported a significant reduction in pain, aggravating factors (exercise, walking, bowel movement, blad-
der activity, lifting, coughing, and sneezing), and an increase in the relieving factors (sleeping, lying down, and sitting) after three months
of the therapy [36].

Management (surgical)

Inguinal hernia repair is one of the most common surgeries performed globally. However, there is no agreement on the exact patient
groups that require surgery. About one-third of the patients remain asymptomatic after diagnosed with inguinal hernia. However, patients
presenting with symptoms require surgery. Surgical repair and watchful waiting are generally recommended in asymptomatic or mini-
mally symptomatic patients. Fitzgibbons., et al. (2006) concluded that keeping a close watch is appropriate, but approximately 40% of

femoral hernias present with complications, such as incarceration or strangulation [37].

Such a high complication rate is a cause for concern and necessitates surgical intervention soon after an inguinal hernia is diagnosed
[38]. Several clinical trials found previously asymptomatic patients becoming symptomatic after some time [37,39]. According to the
literature, nearly 70% of asymptomatic patients require surgery within five years [40,41]. Therefore, it may be appropriate to correct the
defect surgically before any complications occur. Moreover, a recurring hernia requires a surgical approach. Different types of surgical

interventions are listed in Table 1 (below).

Basis of classification Type

Surgical approach e Open

e Laparoscopic - TAP/TEPP

Placement of mesh e Inlay
e  Onlay
e  Sublay
Usage of mesh e  Mesh-free

e  Tension-free

Table 1: Types of surgical intervention for hernia repair.

To repair an inguinal hernia, open (Lichtenstein procedure) or laparoscopic procedures are accepted. Both procedures use a mesh
to close the abdominal opening. Usher, in 1959, repaired hernias using a non-resorbable polypropylene mesh. The mesh was sutured
or attached using tissue glues, tacks, and staples. The advantages of all of these approaches are not universally accepted. Several studies
showed that laparoscopic surgery reduces chronic pain, mesh infection, and surgical site infection [42-44], whereas other studies did
not find any such benefits [45]. The choice of the optimal method depends on the preferences of the surgeon and patient. Mesh use and
proper fixation are likely critical factors that would eventually reduce the complications. There are three distinct techniques to position
the mesh [46]:
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1. Inlay: Mesh is situated between the edges of the layer of abdominal tissue.
2. Onlay: Mesh is set between the subcutaneous tissue and the anterior rectus sheath.

3. Sublay: Mesh is placed below the rectus muscle on the post-rectus sheath, either between the posterior rectus sheath and the

rectus muscle, or between the peritoneum and posterior rectus sheath.

There are two types of laparoscopic repair used for inguinal hernia [11]—the transabdominal preperitoneal procedure (TAPP) and
total extraperitoneal procedure (TEP). TAPP involves an intraperitoneal approach and thus is indicated for bilateral hernia repair, signifi-
cant defects, and recurrences. TEP, as the name suggests, does not involve intraperitoneal penetration. It is a quick and easy procedure but

is complicated by a narrow visual field for the operating surgeon.

Laparoscopic repairs have similar recurrence rates to open repairs. Compared to open surgery, the laparoscopic approach has been
shown to improve postoperative pain and enable patients to resume normal activities faster. However, laparoscopic repair is associated
with higher costs and requires a high technical proficiency. The risk of recurrences is higher if the surgeon is aged 45 years or older and

has performed less than 250 laparoscopic inguinal herniorrhaphies [47].

Based on the presence or absence of mesh, there are two types of hernia repair techniques: the conventional mesh-free technique and
the tension-free technique using mesh. The conventional technique includes Mayo’s surgery involving continuous or single-stitch suture

or fascia doubling [7].

Mesh became popular after the inclusion of hernia repair outpatient procedures, particularly after introducing the laparoscopic tech-
nique. However, this prosthetic repair is not without side effects. The typical complications are chronic pain, mesh fistulas, and mesh
infections [3]. Therefore, the need to develop better prosthetic devices arose. By reducing mesh weight, researchers were able to reduce
these complications. It was hypothesized that it would reduce foreign body reactions and thus postoperative pain. Later, composite mesh-

es were added to improve biocompatibility.

Another step forward was the development of meshes that included antibiotics or anti-inflammatory agents. These meshes are used
for infected hernias. Biologic meshes derived from porcine or bovine products are indicated [48]. These advances increased the benefits,
but they are also associated with increased cost, inherent wound infections, recurrence, graft failure, hematoma, and flap necrosis. There
are entirely resorbable meshes available that are composed of vicryl; however, the use of these meshes has a high incidence of recurrences
[49].

Various types of mesh

1. Non-absorbable and synthetic materials: Polypropylene (PP), polyester (PE), and expanded polytetrafluoroethylene (ePTFE)
based meshes. Coated (used outside peritoneal cavity) or uncoated (used intraperitoneally) PP meshes are available. Accord-
ing to a systemic review, PP meshes coated with hyaluronic acid and carboxymethyl cellulose reduced adhesion better than
non-coated PP meshes [50]. These meshes are heavy, induce inflammation, cause a thick scar, and shrink. To avoid significant
mesh shrinkage, surgeons must measure the surface area to ensure the correct fit. The newer lightweight PP meshes have better
compliance than the older versions. If infection occurs, patients can tolerate the effects with the help of appropriate medications,

and the mesh does not need to be removed [51].

PE meshes adapt better to the defect and promote tissue growth. These meshes are superior to PP meshes in terms of inflamma-

tion and foreign body reactions [52]. PE mosquito mesh has been associated with low infection rates and seroma [53].
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ePTFE meshes cause minimal inflammatory reactions and reduce scar formation [54]. However, these meshes have a long-term
susceptibility to infection. On the other hand, recurrence rates are higher since tissue integration is less [55]. Furthermore, the

mesh is fragile and requires proper repair [56].

2. Non-absorbable and synthetic with a barrier: The barriers on these meshes can be absorbable or non-absorbable. These
barriers prevent bowel adhesions and thus the initiation of an inflammatory cascade. The barriers are ePTFE, polyurethane,

oxidized regenerated cellulose, omega-3 fatty acids, collagen, or beta-glucan [51].

3. Synthetic and partially absorbable meshes: These are less dense but have high mechanical strength. As a result, they main-
tain long-term wound strength with low inflammatory response. Currently, synthetic meshes are generated by the fusion of

non-absorbable (PP) and absorbable materials (polyglactin 910 and poliglecaprone 25) [57].

4. Combined or composite meshes: The objective behind creating this type of mesh was to take advantage of the basic materials
combined to form the composite. For example, when meshes made of a combination of PE and PTFE are applied, they allow ab-
dominal wall tissue in-growth but prevent intestinal adhesion. Researchers have recently created a mesh with a PP or PET base
coated with absorbable polymers. In case of a hernia infection, these absorbable meshes can be placed directly in contact with
the intestine. This placement eliminates the need for a second surgery to remove the mesh, and the formation of a collagen layer
further strengthens the repair [52]. The visceral side of these meshes is smooth and degradable, preventing adhesion, whereas
the opposite side facing the abdominal tissue is rough, which helps in tissue infiltration [58,59]. The basic structure is similar to
PP-based mesh with a polymer to enhance its non-adhesive properties. Since the polymer has layers, the mesh must be placed

in a specific orientation to interact with different abdominal wall layers [46].

5. Biological meshes: Comprised of collagen scaffolds without cellular content and are employed for fibroblast in-growth and
collagen deposition. Collagen-rich human or animal tissues are utilized to make these meshes. Fewer inflammatory and immune
responses, induced angiogenesis, low rate of infection, and ability to perform even in contaminated and infected areas are some
of the advantages of using these meshes [49]. However, a significant disadvantage of biological meshes is forming a resultant

weak connective tissue, which leads to recurrence in a patient. Moreover, the mesh is not cost-effective.

With a variety of meshes available, the surgeon’s decision and the patient’s need directly affect the choice of mesh [46]. As can be seen
in the preceding section, each type of mesh has its own set of advantages and disadvantages. No study strongly supported any particular
type of mesh. Systematic reviews that included synthetic and biologic meshes have found no evidence that suggests that biological meshes

are superior to non-absorbable synthetic meshes [60,61].

Regarding absorbable meshes, the mechanical properties of poly-4-hydroxybutyrate composite mesh are superior to biological mesh-
es [62]. According to the consensus among researchers, synthetic meshes should be used in non-severe, non-infected hernias, whereas
biological meshes are recommended in infected hernias [63]. In addition to the materials used, the outcome of hernia repair surgery, like

all other surgeries, greatly depends on the surgeon’s skills and experience [64].
Complications of surgery

e Death has been recognized as an early complication. Surgeries performed in an emergency setting have a higher mortality rate

than those performed electively [9].

e  Other surgical complications include surgical site infections (SSIs), postoperative hematoma, urinary retention, and chronic pain

[65]. According to specific literature reviews, even prophylactic antibiotics do not reduce the occurrence of SSIs [66].
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e Although rare, infertility is a significant drawback to hernia repair. It can occur because of atrophy, resulting from vas deferens

injury or a testicular injury [67].

e  Recurrence is another common complication (limitation) of hernia repair. A 5-year retrospective data review study found that
57% of all inguinal hernia recurrences occurred within ten years after post-surgical repair. The study also found that recur-
rences could occur after a gap of more than 50 years. Recurrence can occur even after a long time, especially after non-mesh
repair [68].

A retrospective study analyzed 10-year follow-up data on 293 hernias. The analysis showed a significantly higher recurrence rate of
inguinal hernias compared to primary hernias. Age above 50 years, smoking, and family history of hernia were other independent risk
factors for recurrence [69]. Etiologies associated with recurrence in indirect hernias are incomplete dissection or ligation of the sac, wide
cord, or inadequate reconstruction of the internal ring [35]. A comparison among open mesh, open sutured, and total extraperitoneal
(TEP) techniques revealed a similar recurrence rate after open mesh and opened sutured repair. However, TEP techniques showed early

recurrences. Late recurrence rates were lowest in open mesh repairs [70].
Future Direction

There is a need for further research on hernia repair that focuses on the development of biologically advanced meshes while consid-
ering the complications and drawbacks of the existing variety of meshes. A new type of mesh has been disclosed recently that releases
drugs. PP mesh loaded with degradable polylactide-co-glycolide acid microspheres with rifampicin and carboxymethylcellulose gel load-
ed with chlorhexidine is an example of drug-releasing mesh. A successful advancement would be the use of “smart biomaterials,” which

would change shape and release the drug in response to environmental stimuli [46].
Conclusion

Inguinal hernia is an acquired or congenital condition wherein the abdominal cavity contents protrude into the inguinal canal. In men,
testes migrate from the abdomen into the scrotum through the inguinal canal. Thus, men (more than women) are more likely to develop

an indirect inguinal hernia.

An indirect hernia can occur congenitally. Indirect inguinal hernias present on the lateral side of the Hesselbach triangle and enter the
inguinal canal through the deep or internal inguinal ring. Direct inguinal hernias comprise inguinal hernias that protrude through the
Hesselbach triangle, remaining medial and caudal to the inguinal canal’s origin at the internal inguinal ring. These hernias are common in

older males and carry a lower risk of strangulation. The characteristic sign of a direct hernia on CT is a lateral fat crescent.

Inguinal hernias are often diagnosed by clinical examination. Imaging tests are recommended in the absence of conclusive signs or
the presence of associated symptoms that indicate complications. US is the most common method used for examination. Of the various
types of hernias, inguinal hernias are the most frequent. US (grayscale or color Doppler ultrasonography) is recommended for examining
inguinal hernias. CT is used to differentiate inguinal and femoral hernia based on the relationship between the hernia sac and pubic tu-
bercle. MRI is preferred for diagnosing occult inguinal hernias when there are limitations associated with US and CT or a lack of definitive

diagnostic results.

Conservative management relies on reducing the hernia and using a hernia belt. Hernia belts or trusses are commonly used today as
a temporary measure to relieve pain and discomfort. Surgical management of hernias is one of the most common surgeries performed
globally. Surgical repair and watchful waiting are generally recommended in asymptomatic or minimally symptomatic patients. Currently,

the application of mesh is preferred to direct suturing. There are various types of mesh and corresponding procedures based on the mesh
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choice and degree, and type of herniation. Complications of surgery include death, infertility, and recurrence—establishing limitations

for surgical repair.

Developing biologically advanced meshes are part of ongoing hernia management research. Recently, a novel type of mesh has been
developed that releases drugs. Also, “smart biomaterials”—that change shape—are being investigated and tested for application in hernia

repair.
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