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Abstract: Adhesions are the body’s natural response to various inflammatory causes, with surgery
being the most common cause. However, the formation of post-operative adhesions can lead to
significant complications, including intestinal obstruction and chronic pain. To prevent such post-
operative complications associated with adhesions, developing effective strategies for adhesion
prevention has been a major focus of research. Currently, there are several therapeutic models which
have been developed to achieve this aim. These include pharmaceuticals, inert polymers, functional
biomaterials, and nanotherapeutics. Among the various strategies developed, nanotherapeutics,
though still in its early stages, proves to be a promising approach. While the other therapeutic models
are associated with adverse side effects and complications with regards to their application,
nanotherapeutic models are not only able to overcome the limitations of the other strategies, but they
also provide their own set of unique advantages. Hence, nanotherapeutics is an area that is worthy
of research, and more should be done to refine the existing nanotherapeutics for their use in the
clinical context, as well as to address any associated safety and ethical concerns with regards to their
clinical usage. Therefore, this article aims to review the various nanotherapeutic approaches that have
been developed to prevent post-operative adhesions and to explore its regulatory pathways as well
as some of the associated safety and ethical concerns.
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1. Introduction

Adhesions are bands of fibrous tissue that form between different layers of tissues in the body,
and they usually occur between soft tissue and other tissue types [1], as shown in Figure 1. Adhesions
are mostly found in the abdomen and pelvis as a natural response to various inflammatory causes,
with surgery being the most frequent cause [2]. Given that the organs in the abdominopelvic cavity
are all lined by the peritoneum, the pathophysiology of post-operative adhesion formation in the
abdomen and pelvis is similar.

Although the formation of adhesions plays a vital role in the post-surgical healing process, they
have been known to cause significant complications. For instance, the formation of peritoneal
adhesions inhibits the movement of organs, which can then cause bowel obstruction as well as
chronic abdominal pain [3]. Consequently, numerous methods have been developed to prevent post-
operative adhesions. While mechanical barriers are the most employed approach, their use is often
limited to cases involving small incisions and restricted surgical access. Additionally, mechanical
barriers can be challenging to apply to tissues with complex geometries and may adhere aggressively
to the surgeon's gloves during use [4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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(A) Soft Tissue (B) Tendon (C) Epidural Space (D) Muscle

Figure 1. Adhesions form most commonly between planes of soft tissue (A). They can also form between soft
tissue and tendon (B), epidural space (C) and muscle (D). Adapted from Park et al. [1].

With the recent advancements in nanotechnology, there has been a growing interest in its
potential to prevent post-operative abdominal adhesions. However, research and clinical experience
in this area remain limited. Thus, this paper aims to review the various nanotherapeutic approaches
which have been developed to prevent post-operative abdominal adhesions and explore their
potential for future clinical applications.

1.1. Pathophysiology of Post-Operative Abdominal Adhesion Formation

Post-operative adhesions occur in 50-90% of all open abdominal surgeries, representing a
significant clinical problem that affects hundreds of millions of patients each year [5]. These
adhesions can lead to serious complications, making adhesion prevention a critical area of focus.
Within ten years of abdominal or pelvic surgery, 35% of patients experienced readmission an average
of 2.1 times due to disorders directly or potentially related to adhesions [6]. To develop successful
preventive strategies, understanding how various cells and factors contribute to adhesion formation
is necessary. Simply put, adhesions arise when fibrin deposition occurs at a faster rate than
fibrinolysis. However, in reality, the process of post-operative adhesion formation is complex and
involves various systems, pathways, and cellular interactions [7]. The interactions between the main
pathways and the cell types involved are illustrated in Figure 2.

T

Fibrinolytic
system Fibrin clots , Anticoagulation
System
Matrix
Metalloproteinases

= upregulates

Adhesions =] downregulates

Figure 2. There are many pathways which interact with each other during the process of adhesion formation.
Fibrin deposition, which leads to the production of fibrin clots, is mainly regulated by the coagulation cascade,

inflammation system, anticoagulation system, and fibrinolytic system. Other elements which influence adhesion
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formation include matrix metalloproteinases and angiogenesis. When fibrin deposition exceeds fibrinolysis,

adhesions are formed. Adapted from Capella-Monsonis et al. [7].

Surgery disrupts the epithelium or mesothelium on the basement membrane. The resultant
exposure of the basement membrane triggers neutrophil and monocyte infiltration, which sparks
inflammation and fibrin-rich exudate secretion during initial healing [8]. Activated platelets release
cytokines, chemokines, fibrinogen and fibrin which recruit macrophages, neutrophils and epithelial
cells to the injury site, supporting inflammation and healing [9]. At the same time, platelet
aggregation and coagulation occur to reduce blood loss. The activated pro-coagulation factors
culminate in fibrin monomer formation, in a process mediated by thrombin. The fibrin monomers
will then aggregate with the activated platelets to form fibrin clots [10]. Inflammation and coagulation
are tightly intertwined. Inflammatory cytokines regulate the coagulation cascade, while
inflammation is regulated by coagulation proteases, which influence cytokine and growth factor
production [11].

Haemostasis requires the tight regulation of coagulation through the anticoagulation system. In
particular, the protein C pathway influences the formation of thrombin when thrombin binds to
thrombomodulin. This upregulates the activation of protein C, and inhibits fibrin formation as well
as coagulation [12]. In addition, inflammation downregulates the protein C pathway and vice versa
[11]. The fibrinolytic system involves plasminogen activators (PA) and plasminogen activator
inhibitors (PAI). The components of the fibrinolytic system rely on an intact mesothelium, and play
a vital role in fibrin degradation and limiting adhesion formation [9]. The fibrinolytic system
promotes the action of matrix metalloproteinases, which degrade extracellular matrix (ECM)
components [13].

Angiogenesis involves ECM degradation and neovascularization [14]. Though the exact
mechanism is unclear, it is thought to enhance the formation of adhesions directly via the recruitment
of pericytes, which adopt a fibroblastic phenotype. [15]. Coagulation and inflammation promote
fibrin deposition, while anticoagulation and fibrinolysis reduce deposition and break down the
matrix [7]. Persistent fibrin clots allow for the attachment of fibroblasts and inflammatory cells. Along
with vascular formation, this promotes an organized matrix deposition, leading to adhesion
formation. When the integrity of the mesothelium and basal membrane is compromised, fibrin
deposition exceeds fibrinolysis, causing adhesions [7].

In peritoneal adhesion formation, fibroblasts transform into an adhesion phenotype under
hypoxia [16], upregulating vascular endothelial growth factor (VEGF) production to reoxygenate
hypoxic tissue represented by fibrin clots [17]. The degradation of ECM also upregulates adhesion
formation [9].

2. Therapeutic Models to Prevent Post-Operative Abdominal Adhesions

Bowel obstruction is a common complication of post-operative adhesions. In some cases,
surgical adhesiolysis is required, where adhesion bands are cut to relieve the obstruction. However,
adhesiolysis is expensive and time-consuming, can lead to longer hospitalisations, and can negatively
impact patients’ quality of life. Thus, there is greater interest in methods to prevent adhesion
formation [2].

2.1. Pharmaceutical Strategies

Adjuvants are agents that either disrupt adhesion formation pathways or enhance inhibitory
pathways. Early studies on fibrin in adhesions explored fibrinolytic agents like fibrinolysin, pepsin,
trypsin, and PA [18]. These agents promote fibrinolysis or directly target fibrin clots. Current studies
examine tissue plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-1) and
streptokinase. However, their effectiveness is limited, and side effects like bleeding have been
observed.
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Another approach is the regulation of local inflammation. While hyaluronic acid (HA) is
primarily considered to be a mechanical barrier, it dissolves fibrin and is anti-inflammatory in nature
[19]. Although HA is an ideal anti-adhesion material, its rapid resorption limits its ability to prevent
adhesions. Hence, methods to prolong and maximise its anti-adhesive properties are being studied.
Other drugs which were studied include resveratrol [20] and pirfenidone [21], which target
inflammatory cytokines, including transforming growth factor-beta and tumour necrosis factor-
alpha. Although they were promising, they have not been clinically evaluated, and may increase
undesirable side effects [22]. Other agents, such as anticoagulants and antioxidants [23], have also
been studied. Although some were proven to be promising in animals, there is no data that supports
their efficacy.

Therapies that integrate mechanical barriers and drugs may be a feasible approach to preventing
adhesions. However, some combinations such as Interceed® with heparin, as well as Seprafilm® with
vitamin E, showed no improved efficacy [24,25], while others showed minimal improvements in
animals [26]. Although the use of adjuvants holds promise in theory, they present with inherent
limitations. Due to the complexity and interconnectedness of these pathways, studies have suggested
that a single extracellular mediator is insufficient in preventing adhesions, and utilising various
synergistic agents may be necessary [27,28]. Further challenges include, the ability to deliver agents
in a localised fashion and the permanency and side effects of the agents [26,29]. Therefore, more
research and clinical trials are still needed to assess the safety and efficiency of these agents in
different surgical procedures [7].

2.2. Mechanical Barriers

Apart from pharmaceutical strategies, there have also been efforts to develop mechanical
barriers, which include solid polymers, gels, and liquids that have been widely used in various tissues
to prevent adhesions [30] (Figure 3). However, in laparoscopic surgeries, liquid and gel barriers are
more convenient to apply than solid ones [31]. Significant research has explored natural and synthetic
polymers as barriers in the in vivo and clinical context [19]. In addition, combining mechanical
barriers of different structures offers various possibilities that are being investigated [32]. Recently,
tissue grafts, including allogeneic amniotic membranes, have been studied, but they yielded poor
results in peritoneal adhesion prevention [7].

no mechanical barrier used

(A) Adhesion Formation

---__--"’

mechanical barrier used

(B) No Adhesion Formation


https://doi.org/10.20944/preprints202501.1550.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 January 2025 d0i:10.20944/preprints202501.1550.v1

5 of 15

Figure 3. (A) When a mechanical barrier is not used, post-operative adhesions will form at the surgical site. (B)
The use of a mechanical barrier at the surgical site will help to prevent the formation of post-operative adhesions.
Adapted from Klicova et al. [30].

Recently, in a randomised clinical trial which involved 30 patients undergoing open abdominal
surgery, Seprafilm® effectively reduced adhesions [33]. Similarly, Interceed® reduced the formation
of adhesions from 85.5% to 37.5% in a clinical study involving 38 patients undergoing reconstructive
pelvic surgery [34]. The safety of Adept® was shown in a clinical trial which involved 300 patients
with small bowel obstruction [35]. On the other hand, another double-blinded randomised clinical
trial demonstrated that Adept® failed to prevent adhesions, but was safe to use [36]. Sprayshield™
demonstrated effective reduction of adhesion formation [7]. In a trial consisting of 43 patients,
Hyalobarrier® decreased the extent of adhesion, but it was not proven to reduce adhesion sites [37].
Table 1 presents a comprehensive overview of several of the key studies that highlight the use of
mechanical barriers.

Table 1. Clinical trial designs, their advantages, and disadvantages. Mechanical barrier products approved by
European and United States regulatory authorities and commercially available. Recent studies confirm their
safety, although their efficacy remains limited. Adapted from Capella-Monsonis et al. [7].

. ) Advantages/
Product Type of product Trail design type élerdhatoms Ref. No.
Solid Randomised clinical trial
Seprafilm® hyaluronate which 1r'1volved 30 patleflts Effectlvel}{ reduced 32]
undergoing open abdominal adhesions.
carboxycellulose
surgery.
Solid, oxidised Chm:?ile;ttzcil};ggozlr?g » Reduced the formation of
Interceed® ! p cersoms adhesions from 85.5% to [33]
cellulose reconstructive pelvic
37.5%.
surgery.
Clinical trial which involved
300 patients with small Safe to use. [34]
bowel obstruction.
N
Adept® I,Jquld' 4 to
icodextrin It failed to prevent
Double-blinded randomised . P
L . adhesions but was safe to [35]
clinical trial.
use.
Liquid, . .
Effective reduction of
g .
SprayShield poly(ethylene Not specified. adhesion formation. [36]
glycol)
Cel. auto- Decreased the extent of
Hyalobarrier® crosslinked Clinical trial consisting of 43 adhesion, but it was not [36]

patients. proven to reduce

hyaluronic acid
y adhesion sites.

Overall, although mechanical barriers in the form of films are commonly used, their application
to irregular surfaces and cavities is challenging. This is due to their fragility, difficulty in handling,
incompatibility with minimally invasive laparoscopic or catheter-based procedures, and limited
efficacy (~25%). Novel technologies are needed to overcome clinical limitations [38].
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2.3. Gene Therapy

With the recent advances in molecular biology, gene therapy is a feasible substitute or
complementing approach to adhesion prevention. Some strategies include delivering t-PA genes via
viral vectors to promote fibrinolysis, using small interfering ribonucleic acid to reduce hypoxic gene
expression, or decreasing the action of fibrinolysis inhibitors [23]. However, these methods have
yielded modest results. Similarly, transferring the hepatocyte growth factor gene via viral vectors
demonstrated only some reduction in peritoneal adhesions in rats [39].

3. Nanotherapeutics for the Prevention of Abdominal Adhesions

Currently, there are several nanotherapeutic solutions for the prevention of abdominal
adhesions. These include nanocomposites, hydrogels and nanofibers.

3.1. Nanocomposites

Nanocomposites offer exceptional advantages in preventing post-operative adhesions,
including their biocompatibility and enhanced mechanical characteristics. Furthermore, a wide range
of nanosized organic and inorganic substances can be mixed to generate diverse nanocomposites
with distinct physicochemical, physical, and biological properties [40]. Wei et al. (2022) noticed that
poly(dopamine) human keratinocyte growth factor nanoparticles combined with HA were not only
effective in preventing post-operative adhesions in the abdomen in rats by reducing collagen
deposition and fibrosis and inhibiting inflammatory responses, but also in promoting mesothelial cell
repair in the injured peritoneum [41].

A Dbiologically targeted, photo-crosslinkable nanopatch (pCNP), which consists of two
nanoparticles, for postsurgical adhesion prevention has also been developed. One of the
nanoparticles will bind to the site of injury and deliver Dexamethasone 21-Palmitate, which is an anti-
inflammatory drug that prevents adhesion formation. Based on the study’s trials which were
conducted in a rat parietal peritoneum excision model, the pCNP developed was more effective in
preventing surgical adhesions than Seprafilm, and did not show any significant toxicity [42].

3.2. Hydrogels

A hydrogel is a water-soluble polymer network structure [43], and it can be transformed into
multiple forms due to its ease of processing [44]. As such, hydrogels can be designed to possess
favourable characteristics that would enable them to address the limitations of anti-adhesive
products currently being used. This makes hydrogels an appealing alternative to commercially
available barriers.

A recent study developed the nanocomposite hydrogel Collagen Aldehdeylated Poly(ethylene
glycol) Cysteine HAS-18His Protein and Docetaxel (Col-APG-Cys@HHD) that is capable of
preventing intraperitoneal adhesions while simultaneously inhibiting tumour growth. The hydrogel
could adhere to the tissue on one side due to the presence of collagen, while the other side was
effective in preventing the adhesion of proteins or cells, thus reducing the probability of peritoneal
adhesion. The design of Col-APG-Cys@HHD not only overcame the limitations of traditional
hydrogels that lack a combination of tissue adhesion and anti-biological pollution but also provided
a means for both the prevention of post-operative abdominal adhesion and tumour recurrence with
minimal side effects [45]. Wang et al. (2019) designed a naproxen-loaded chitosan hydrogel which
harnessed both the anti-adhesion properties of chitosan hydrogels and the analgesic and anti-
inflammatory properties of Naproxen. Upon evaluation of the hydrogel’s efficacy in preventing
adhesions in a rodent abdominal adhesion model, it was found that the hydrogel was as effective as
commercial products in preventing post-operative adhesion, and it also demonstrated stable drug
release behaviour [4].

A novel “nanoengineered hydrogel” barrier has been developed based on silicate nanoplatelets
and poly(ethylene oxide) (PEO) to prevent post-operative adhesions. Due to its unique non-
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Newtonian properties, this novel nanoengineered hydrogel is injectable and sprayable. This
advantageous feature allows for its application to large surface areas even in minimally invasive
interventions and enables it to adapt to complex anatomies by coating their surface. Furthermore, the
PEO component impedes cell adherence, provides physical separation between tissues, and inhibits
the infiltration of collagen-secreting cells. Hence, this nanoengineered hydrogel is effective in
preventing post-operative adhesions in a variety of surgical procedures. Of the 3 hydrogel formulae
studied by the authors, the shear-thinning hydrogel barrier 10% by weight of silicate nanoplatelets,
3% by weight of PEO formulation was the best at preventing post-operative adhesions. However, all
of the hydrogel formulae studied were shown to have better outcomes than Seprafilm® [38].

3.3. Nanofibers

Planar nanofibrous layers act as a barrier between layers of soft tissues. Some advantages include
their potential biodegradability and ECM similarity [30]. Wang et al. (2022) developed electrospun
nanofibers with super-lubricated nano-skin grown on it. These nanofibers possess favourable tensile
properties, biocompatibility, and friction coefficients below 0.025. Compared to Interceed® and DK-
film®, they were more effective in preventing abdominal adhesions in rat models and had lower
production costs [46]. Recent studies show lidocaine has an anti-adhesive effect when loaded onto a
poloxamer-alginate-calcium chloride barrier in a rat planar incision model [47]. Building on this, Baek
et al. (2020) developed a lidocaine-loaded alginate/carboxymethyl cellulose/PEO nanofiber film,
controlling the degree of crosslinking to regulate lidocaine release and enhance alginate’s negative
charge to reduce cell adhesion. Calcium chloride is used to control drug release [48]. Figure 4
illustrates the functionality of nanofiber films loaded with drugs.

(A) Tissue

After abdominal operation Several days later

BN - Drug

Figure 4. (A) This shows the surgical site which involves the tissue and organ surfaces. (B) Nanofibers are one
of the newer approaches to preventing peritoneal adhesions. Drug-loaded nanofibers further prevent post-
operative adhesions through controlled drug release. (C) The majority of the drug is released several days

following the operation, and the nanofiber is left behind. Adapted from Baek et al. [48].

Dinarvand et al. (2012) fabricated biodegradable nanofibers from poly(caprolactone) (PCL),
nonabsorbable poly(ethylsulfone) (PES), poly(lactic-co-glycolic acid) (PLGA) and poly(L-lactide),
comparing their anti-inflammatory and antiadhesive properties with Interceed®. PCL and PLGA
were most noteworthy. PCL was as effective as Interceed® in preventing adhesions with less
inflammation while PLGA had the least inflammation and was the best antiadhesive [49].
Biodegradable PCL, which incorporated an antibiotic, was used to assess its anti-adhesive effect in a
rat model. The study has shown that PCL, with or without the antibiotic loaded, decreased tissue
adhesion, but the antibiotic significantly reduced adhesions and supported healing [50].

A recent study incorporated curcumin (CUR) into PCL film casts and electrospun nanofibers
[51]. PCL films were good at preventing adhesions, possibly because of their mechanical properties.
Furthermore, CUR-incorporated nanofibers outperformed PCL nanofibers without CUR. However,
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long-term in vivo studies and further investigation are needed [51]. Jiang et al. (2013) created a
double-layered nanofiber with an inner PCL layer loaded with HA to maintain tissue gliding. In rat
cecum abrasion models, the double-layered membrane had significantly better antiadhesive effects
than a single-layered PCL [52]. Shin et al. (2014) constructed PLGA-based nanofibers that release
poly(phenol epigallocatechin-3-O-gallate) to inhibit adhesion formation and speed up the healing
process. An in vivo rat model testing showed these membranes had a remarkable effect on preventing
adhesions, similar to Interceed® and superior to PLGA [53].

Another study blended PLGA with poly(ethylene glycol) (PEG) to reduce PLGA’s high
hydrophobicity [54]. The membranes prevented fibroblast attachment, proliferation, and penetration
of abdominal structures in the rat cecum model while being biocompatible and biodegradable. The
5% PEG concentration showed the best anti-adhesive effect [54]. Gholami et al. (2021) evaluated the
adhesion efficacy of poly(urethane) (PU) nanofibers macroscopically and histopathologically on a rat
cecal abrasion model. It was found that the 8% PU nanofibers had the best adhesion inhibition score.
Additionally, PU degraded faster than PMS Steripack®, a commercially-available mesh [55].

4. Regulatory Pathways for Nanotherapeutics

While the field of nanotherapeutics for adhesion prevention is still developing, there are already
several research papers on the topic, though many are preclinical studies. These strategies hold much
potential, and may even facilitate a shift towards precision medicine. However, any proposed
strategy must be safe, effective, and biocompatible. Hence, all prospective agents must be evaluated
rigorously in comprehensive clinical trials before they can be fully rolled out to be used universally
[56]. The primary development of any nanotherapeutic product includes tests to determine a
product’s translational potential, which will then form the basis for further preclinical development.
This involves tests for investigational new drug (IND) applications, new drug applications, and
abbreviated new drug applications by the United States Food and Drug Administration (FDA) [57].

Once a product is deemed to be a new research drug, investigations will be conducted to
determine its efficacy and safety during clinical trials. Clinical trials consist of three phases: the first
phase studies its safety, the second phase examines efficacy, and the third phase evaluates efficacy,
safety and dosage. Afterwards, the FDA can submit an IND application for the endorsement of the
new nanomedicine [58]. The FDA regulations mandate that it is essential to determine their potential
risks and hazards to biological systems [59]. Nanotherapeutics must be biocompatible, which means
that they would not elicit any undesired adverse reactions while performing their function [60].
Therefore, a comprehensive test of its biocompatibility is required during the preclinical stage to
resolve concerns about toxicology [61]. These studies would then determine the pharmacokinetics
and pharmacodynamics of the nanotherapeutic agent before it is applied in the clinical context.

Some of the existing nanotherapeutic agents are almost progressing to the clinical stage of their
trial. For instance, when the naproxen-loaded chitosan hydrogel was prepared, high concentrations
of 3-glycerolphosphate disodium salt pentahydrate (3-GP) and acid solvents were used [4]. However,
such high concentrations of 3-GP may cause the hydrogel to have greater toxicity. Therefore, to make
the naproxen-loaded chitosan hydrogel safe for clinical use in future, decreasing the concentration of
[-GP or developing other thermosensitive chitosan hydrogels without acid solubilization would be
necessary [4].

5. Safety and Ethics of Nanotherapeutics

Despite the exciting prospects of using nanotherapeutics, there are still several concerns
regarding its safety and associated ethical issues that need to be duly addressed.
5.1. Safety Concerns

There are several stakeholders affected by the potential safety hazards that chronic exposure to
nanotherapeutics and nanopollution poses. These concerns should be promptly resolved should

d0i:10.20944/preprints202501.1550.v1
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there be a widespread use of nanotherapeutics in future. The adverse effects and diseases that result
from the use of nanotherapeutics are a cause for great concern. For instance, nanomaterial exposure
and its subsequent accumulation can give rise to a multitude of complications, including cancers,
Parkinson's disease, cardiovascular disease, Crohn's disease, and birth abnormalities [62]. While it is
still unclear as to how exactly the accumulation of nanomaterials gives rise to the aforementioned
diseases, it is known that having a larger surface area would contribute to the increase in oxidative
stress exerted by the nanotherapeutic, which would then give rise to a greater risk of inflammation
and cytotoxicity in the lungs [63,64]. However, to fully elucidate the mechanisms involved in the
disease process, the effects of chronic exposure to nanomaterials still require further detailed study.

If there are insufficient measures to prevent potential harm, prolonged exposure to
nanomaterials may cause individuals who manufacture nanomaterials to have an increased risk of
harm or actual harm. However, as the risk from nanomaterials is still not well-known, workers will
have to make do with interim precautionary measures which have been extrapolated from the safety
recommendations for known industrial fine and ultrafine particles. This is concerning as exposure to
different nanomaterials can have varying degrees of risks; hence an ongoing evaluation of health
risks is needed alongside continued communication and development of management plans to
establish adequate safety precautions that will provide ample protection for workers [65].

Furthermore, the process of manufacturing nanomaterials leads to the generation of waste that
manifests as nanopollution [66]. According to recent studies, toxic nanomaterials can float for days
or weeks in air and water, creating significant dangers during manufacturing, shipping, handling,
consumption, trash disposal, and recycling operations [67]. The presence of nanomaterials in the
environment also affects the food chain - the metal components of nanomaterials in the soil can be
transferred from plant roots to edible plant parts [68], thus giving rise to toxic effects on the food
chain [69].

5.2. Ethical Concerns

There is an abundance of ethical concerns that surround nanotherapeutics which will need to be
addressed; two of these issues include the issues of unequal access and the potential inability to
obtain proper informed consent from patients.

As nanomedicine involves the convergence of high-cost technologies, nanotherapeutics are
likely to carry a significant cost, potentially making them inaccessible to financially challenged
patients [70]. Moreover, as the trailblazers in the field of nanomedical research are developed
countries including the United States, European countries and China [71], they are more likely to
secure patents for new nanotherapeutics [70]. This means that the issue of having unequal access to
new medical technology between the developed and developing world would be further
exacerbated, and patients in developing countries are less likely to enjoy the potential improvements
in quality of life that nanotherapeutics could bring.

Furthermore, obtaining real informed consent from participants in nanomedical trials may
prove to be challenging. As a result of the novel and developing nature of research in this field and
the unknown and/or unpredictable aspects of the behaviour of nanotechnology in the human body,
medical professionals may struggle to fully grasp the implications of nanomedical trials themselves
and hence find it challenging to provide patients with the comprehensive explanation that they need
to make an informed decision [70]. In addition, the fact that the associated risks of using
nanotherapeutics have not been fully established makes it even more likely that participants of the
clinical trials would underestimate the potential risks of nanotherapeutics, which then presents
further obstacles in obtaining fully informed consent from them [72,73].

6. Future Perspectives

The use of nanotechnology in preventing post-operative adhesions is an exciting area for future
research work, with numerous innovative opportunities. Nanotherapeutics offer many benefits that
the current therapeutic modalities have yet to cover, including a reduced risk of side effects.
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However, the biocompatibility of nanotherapeutics should be further investigated and the
development of nanotechnology should proceed with careful consideration, bearing in mind ethical
and safety concerns. Currently, the research on nanotherapeutics in animal models shows great
promise, with significant efforts to apply these findings to human models for future clinical use.
Further studies will help to prevent post-operative adhesions and reduce the healthcare burden of
treating them. This is especially so, given the rise in healthcare costs, which is a growing concern
universally. Therefore, to maximise cost efficiency, governments should acquire a deeper
understanding of the cost-effectiveness of nanotherapeutics [74].

7. Conclusions

Post-operative abdominal adhesions form due to the fibrin deposition rate exceeding the
fibrinolysis rate after surgery. They cause significant complications including intestinal obstructions
and chronic pain, hence necessitating a way to prevent them. Current methods like adhesiolysis,
pharmaceuticals, inert polymers and functional biomaterials have limitations that nanotherapeutics
may help overcome. The advantages of nanotherapeutics, including their low production cost, have
been demonstrated in animal models for preventing post-operative abdominal adhesions, offering a
promising outlook for their clinical application. Although further testing is needed, these approaches
have the potential to significantly reduce the long-term healthcare burden.
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