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Abstract: Anastomotic leakage and stricture after colorectal surgery are severe complications in gastrointestinal
surgery, with their incidence rates reaching as high as 5%-30% and 10%-20%, respectively. Traditional self-ex-
panding metal stents (SEMS) have limited clinical applications due to such drawbacks as non-degradability and
the requirement for secondary surgical removal. In recent years, biodegradable intestinal stents have become a
research hotspot due to their temporary support and degradable properties. Among them, silk fibroin-based stents
have stood out for their excellent biocompatibility and mechanical adaptability. This article systematically reviews
the clinical indications, material classification, latest advances, clinical challenges, and prospects of degradable in-
testinal stents, and focuses on discussing the value of silk fibroin-based stents in preventing intestinal anastomotic

leakage and stricture.
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Introduction

Studies have shown that colorectal cancer is
the third most common cancer worldwide, and
surgical treatment remains the most effec-
tive therapeutic approach for this disease [1].
However, anastomotic leakage and stricture
are common postoperative complications. Al-
though traditional metal stents can tempora-
rily alleviate obstruction or leakage, their non-
degradable nature gives rise to the risk of sec-
ondary surgery, long-term foreign body reac-
tions, and stent migration, which severely limit
their clinical application [2]. With the rapid
development of biomaterials science and tis-
sue engineering technology, biodegradable in-
testinal stents have gradually become the
research focus for replacing traditional thera-
peutic methods, relying on their characteristics
of “temporary support - sealing leaks - synch-
ronous degradation”. Not only can biodegrad-
able intestinal stents provide mechanical sup-
port for anastomosis and isolate intestinal con-
tents to promote tissue regeneration, but they
can also avoid foreign body residue through

degradation, thereby reducing the risk of infec-
tion and inflammation.

In recent years, the application of various bio-
degradable materials (such as magnesium-
based alloys, synthetic polymers, and natural
polymers) in stent design has been continuous-
ly expanded. Table 1 summarizes the resear-
ch content related to biodegradable intestinal
stents in recent years. Among them, silk fibroin-
based stents have stood out due to their unique
biocompatibility, regulable degradation kinet-
ics, and multifunctional modification potential.
Silk fibroin can match the intestinal healing
cycle by regulating its degradation time and
achieve synergistic anti-inflammatory, antibac-
terial, and anti-tumor effects through a drug-
loading system, thereby providing a novel st-
rategy for the prevention and treatment of
post-colorectal surgery complications. However,
numerous challenges still exist in the transla-
tion from laboratory research to clinical prac-
tice, including the precise matching of degra-
dation rate with tissue repair, the dynamic
adaptation of stent mechanical properties, and
the requirements for personalized design.
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Table 1. Examples of a biodegradable intestinal stent

Author Materials Technology

Structure

Feature

Wang et al. [87] PLGA Electrospraying

Sun et al. [16] Mg-Zn-Y-Nd alloy

Wang et al. [9] 1,3-propanediol,
1,2-propanediol,

and sebacic acid

Injection molding

Pérez et al. [7] PDO Weft-knitting
Fathi et al. [23] PCL/PDO 3D Printing
Zhang et al. [88] PTMC/PHA Electrospinning
Ren et al. [24] PTMC Electrospinning
Xie et al. [48] PDO/SF Weft-knitting
Son et al. [22] PLGA/Gelatin Electrospinning
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Extrusion molding
Dip coating process

Extrusion molding

Doxycycline drug-loaded covered stents

Mg-Zn-Y-Nd alloy was used as the base
material, and the surface was coated with
MAQO layer and PLLA layer in turn, and the
outermost layer was loaded with paclitaxel.

The shape of the stent was tubular, and the
ends were fixed with the assistance of trac-
tion sutures and polyglycolic acid sutures.

The stent was a tubular stent with a diameter
of 31/25/31 mm and a length of 6-8 cm. It
is divided into two types: polyethylene inner
coating (coated) and uncoated

The scaffolds were thin-walled cylinders with
a minimum external diameter of 30 mm and
different thicknesses (1 mm, 0.75 mm, 0.25
mm, etc.), four equally spaced 1 mm diam-
eter holes were designed at both ends.

The scaffold has a bilayer structure, and the
inner layer is PTMC/PHA nanofiber layer.
The outer layer is PVA co-spun with OHA and
added with gentamicin sulfate.

The scaffold was tubular and electrospun to
form a three-dimensional pore structure.

The scaffold is tubular with a nanofibrous
membrane loaded with CUR and 5-FU.

The scaffold was tubular and electrospun to
form a three-dimensional pore structure.

Biocompatibility

Degradability

Control of doxycycline loading and distribution, helps
inhibit local MMPs, reduce collagen degradation, and
maintain the strength of the anastomosis.
Biocompatibility

Degradability

The corrosion resistance is stronger, and the degrada-
tion rate is relatively slow. It significantly inhibited the
proliferation of intestinal cells.

Biocompatibility

Degradability

Biocompatibility

Degradability

Fixation was performed with cyanoacrylate, hemo-
static clips, or a combination of the two.
Biocompatibility

Degradability

Based on the CT image data of the patient, the 3D
model was generated by CAD technology, and then the
scaffold was prepared by 3D printing for personalized
customization.

Biocompatibility

Degradability

Antibacterial Properties

Chemical stability

Biocompatibility

Degradability

The antibacterial properties of the scaffold were
increased by the addition of TCS.

Biocompatibility

Degradability

It can inhibit the growth of intestinal tumor cells and
exert synergistic anti-tumor effects.

Sustained drug release characteristics
Biocompatibility

Adjustable degradability

Hydrophilic.
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Huson et al. [30] PVA/SIS

Feng etal. [49] SF/PCL

Chen etal. [52] SF/Chitosan

Chantarojanasiri SF/PDO
etal. [57]

Unknown

Electrospinning

Electrospinning

Weft-knitting
Dip coating process

Biodegradable intestinal stents

The overall length of the stent was 6 cm, the
diameter was 3.5 cm, and the wall thick-
ness was 1.5 mm. The PVA was used as the
core, and the outer eight layers of SIS were
wrapped around the PVA.

The scaffold was a tubular structure support-
ed by an internal PDO braided scaffold and
covered with PCF-loaded SF/PCL composite
fibrous membrane.

The scaffold has a double-layer structure,
and the inner layer is woven degummed silk.
The outer layer was freeze-dried from SF/CS
short fibers loaded with CUR/5-ASA to form a
porous structure.

The stent has a double-layer structure, with
the inner layer being a manually woven PDO
tubular structure, and the outer layer con-
sisting of a coating film formed by surface
treatment with a 0.5% concentration of silk
fibroin.

Biocompatibility
Degradability
Effective prevention of anastomotic leakage

Biocompatibility

Degradability

Drug sustained release characteristics
Hydrophilic

Biocompatibility

Degradability

High water absorption and porosity
Good mechanical properties
Anti-inflammatory

Biocompatibility

Degradability

Moderate hydrophilicity

Stable mechanical properties

Note: PLLA: poly-L-lactic acid; PDO: polydioxanone; SF: silk fibroin; PLA: polylactic acid; PCL: polycaprolactone; PLGA: poly(lactic-co-glycolic acid); MMPs: matrix metalloproteinases;
MAQ: micro arc oxidation; PTMC: Poly(trimethylene carbonate); TCS: triclosan; CUR: curcumin; 5-FU: 5-fluorouracil; SIS: small bowel submucosa; PVA: polyvinyl alcohol; PCF: Psoralea
corylifolia formula; CS: Chitosan; 5-ASA: 5-aminosalicylic acid; PHA: polyhydroxyalkanoate.
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Biodegradable intestinal stent can
support the intestinal tract and prevent
leakage at the anastomosis site.

wide study, the incidence of
anastomotic leakage was as

high as 30%; more important-
ly, the leakage-related mortali-

Indications
for use of

biodegradable

Treat postoperative anastomotic

stenosis, Crohn's disease, etc.,

prevent intestinal stenosis and
obstruction caused by it.

ty rate after gastrointestinal
resection and reconstruction

intestinal stents

has reached 60% [3]. Ana-
stomotic leakage can lead to a

Malignant
tumor

The coated stent loaded with anti-tumor
drugs has a direct inhibitory effect on
intestinal tumor cells.

series of severe consequenc-
es, such as peritonitis, ab-

Figure 1. Biodegradable intestinal scaffolds are suitable for benign and ma-

lignant gastrointestinal diseases.

Based on the current research progress, this
research systematically analyzes the clinical
value of biodegradable intestinal stents in the
management of anastomotic leakage, benign
strictures and malignant tumors, further ex-
plores the performance differences and optimi-
zation strategies of different biomaterials, and
focuses on the breakthrough advances of silk
fibroin-based stents in terms of mechanical
adaptability, drug-loading functionality and bio-
safety. Meanwhile, this review proposes an in-
depth analysis of the molecular biological be-
haviors such as the degradation mechanism of
silk fibroin, combined with cutting-edge tech-
nologies including 4D printing and artificial
intelligence, so as to provide theoretical sup-
port and technical enlightenment for promoting
the advancement of biodegradable intestinal
stents towards practical clinical application.

Clinical Indications

Biodegradable intestinal stents come in a vari-
ety of types, with distinct functions and clini-
cal applications. For instance, they can be used
to prevent anastomotic leakage during sur-
gery, to treat benign intestinal strictures under
endoscopy, or for the palliative management of
malignant tumors. Figure 1 demonstrates the
applications of biodegradable stents in the gas-
trointestinal field.

Anastomotic leak

Anastomotic leakage after colorectal surgery is
a crucial factor leading to increased morbidity
and mortality in patients, and traditional treat-
ment requires ostomy, which increases patient
suffering and medical costs. In a recent nation-
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dominal abscess, intestinal ne-
crosis, acute mesenteric isch-
emia, and intestinal obstruc-
tion; in severe cases, it can
even cause multiple organ fail-
ure, acute lymphoblastic leukemia, and septic
shock [4, 5]. In recent years, the introduction
of biodegradable intestinal stents has provided
a novel approach for preventing anastomotic
leakage. By providing mechanical support to
the anastomosis and isolating intestinal con-
tents, they can effectively promote tissue heal-
ing. Previous studies have shown that the app-
lication of endoluminal biodegradable stents
has gradually expanded from esophageal and
gastric surgeries to the colorectal field, demon-
strating remarkable clinical potential. For exam-
ple, the Tsereteli team found in a pig model that
after implantation of a 21 mm Polyflex self-
expandable covered polyester stent, no anas-
tomotic leakage or infection occurred in the
experimental group within 2 weeks postopera-
tively; in contrast, 63% of the control group
developed intra-abdominal infections (abscess-
es or fistulas), and 86% were complicated with
severe intestinal adhesions. This confirms the
key role of stents in reducing the risk of com-
plications [6]. In further clinical explorations,
Pérez et al. applied the SX-ELLA polydioxanone
(PDO) stent in 10 patients with colorectal anas-
tomotic leakage who had failed conservative
treatment; the stents successfully closed the
fistulas in 9 cases (with 1 case of recurrence),
and no stent-related severe adverse reactions
were observed, which highlights the advantag-
es of PDO materials in terms of biocompatibi-
lity and functional reliability [7]. Meanwhile,
another research team optimized the structu-
ral design of PDO stents. The researchers used
PDO monofilaments as the stent substrate and
prepared tubular stents via weft knitting tech-
nology. This stent can be disassembled by pull-
ing the monofilaments without surgical remov-
al, and can maintain more than 60% of its
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original radial force within 12 weeks, which sig-
nificantly improves the radial support force of
the stent [8]. In addition, a novel biodegrada-
ble stent developed by Wang et al., synthesiz-
ed from 1,3-propanediol, 1,2-propanediol, and
sebacic acid, exhibited excellent safety in a por-
cine rectal anastomosis model. Compared with
traditional manual suturing, it not only short-
ened the surgical time but also eliminated
intestinal obstruction and anastomotic leak-
age, laying a solid foundation for clinical trans-
lation [9]. Despite the positive progress achi-
eved in existing studies, large-sample clinical
trials are still needed in the future to verify the
long-term efficacy. Targeting challenges such
as stent migration and matching between deg-
radation rate and tissue repair process, in-
depth research on material modification and
structural optimization needs to be further car-
ried out.

Benign intestinal stricture

For benign intestinal strictures such as postop-
erative anastomotic strictures and Crohn’s dis-
ease-related strictures, traditional treatment
modalities, including endoscopic dilation and
metal stents, have difficulty avoiding high recur-
rence rates and harbor the risk of reoperation,
thus exhibiting significant limitations in clinical
application. Degradable stents avoid foreign
body retention through in vivo degradation and
have gradually emerged as a potential alterna-
tive. Jain et al. reviewed six international stud-
ies and explored the current application status
of biodegradable stents in the treatment of
benign intestinal strictures. The results indicat-
ed that these stents have a relatively high tech-
nical success rate, whereas there is consi-
derable variability in the stent migration rate
across different studies [10]. Currently, biode-
gradable intestinal stents are still in the pre-
clinical stage of material development and ani-
mal validation. In terms of the treatment of
benign intestinal strictures, there are only a
few studies which lack high-level clinical evi-
dence, and there is no standardized therapeu-
tic protocol in clinical practice guidelines. In
addition, stent migration is an important fac-
tor affecting clinical efficacy. Most intestinal
stents reported so far have been modified from
esophageal stents, and it is necessary to opti-
mize their structural design and fixation meth-
ods to adapt to the intestinal physiological envi-
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ronment. Future studies should clarify the
factors associated with stent migration and
explore their role in preventing postoperative
anastomotic strictures. In summary, biodegra-
dable intestinal stents remain a reasonable
therapeutic option for patients with intestinal
strictures who have surgical contraindications
or for those who refuse surgery.

Malignant tumors

Based on their functional characteristics, bio-
degradable intestinal stents are mainly catego-
rized into two major types: bare stents and
drug-eluting covered stents. Bare stents are
mostly fabricated into a reticular structure by
weaving metallic or polymeric materials. Al-
though such stents can effectively dilate the
strictures caused by tumor masses via radial
supporting force, their uncovered design pre-
disposes them to the invasive ingrowth of
tumor tissues into the stent meshes, which in
turn leads to secondary stricture and obstruc-
tion. This limitation has restricted the clinical
development and application of bare stents.
In contrast, drug-eluting covered stents can
achieve physical isolation of intestinal contents
through their outer drug coatings, thereby pre-
venting anastomotic leakage. Importantly, the-
se stents can be loaded with anti-tumor, anti-
proliferative and anti-inflammatory drugs, whi-
ch serves to inhibit the local proliferation of
tumor cells as well as reduce inflammatory
responses and intestinal fibrosis.

Types of biodegradable materials

Currently, global research into biodegradable
stents has stepped into an entirely new phase.
The primary classifications of biodegradable
stents consist of biodegradable alloy stents,
polymer stents and natural polymer stents.
Figure 2 lists all the types of degradable scaf-
fold materials.

Degradable alloys

In the past, metals have been the primary
choice for intestinal stents, such as nitinol
shape-memory alloy self-expandable stents
and stainless-steel stents. However, both fall
into the category of non-degradable metallic
stents: their high rigidity predisposes them to
intestinal perforation, and they may also inter-
fere with magnetic resonance imaging (MRI).
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Nowadays, biodegradable alloys have gradually
emerged as a promising new direction in the
field of metallic intestinal stents, by virtue of
their excellent mechanical properties, control-
lable degradation performance and favorable
biocompatibility. Current research has demon-
strated that biodegradable alloys primarily fall
into three main categories: magnesium-based,
zinc-based and iron-based alloys. These alloys
possess an average elastic modulus of appro-
ximately 35-45 GPa, a value close to that of
human bone (10-30 GPa), and a tensile streng-
th ranging from 180 to 300 MPa, rendering
their mechanical properties significantly supe-
rior to those of polymeric stents (e.g., polylactic
acid (PLA) with a tensile strength of 50-80
MPa). In vivo, these alloys undergo chemical
corrosion, and their degradation products are
essential trace elements for the human body
that exert no adverse effects on bodily tissues
[11-13].

Early studies have indicated that the addition
of 1~3 wt.% zinc (Zn) and 1 wt.% manganese
(Mn) to magnesium alloys can significantly
refine the alloy grains (with the grain size
reduced from 200 ym to 50 pym). After extru-
sion treatment, the yield strength of the alloy is
enhanced to 246 MPa with an elongation of
10%. In terms of the degradation mechanism,
zinc addition facilitates the formation of a com-
pact passive film, which can effectively inhibit
the infiltration of CI- and improve the corrosion
resistance of the material surface. However,
the local pH value rises significantly following

2813

a. Polylactic acld '”;
Ll |
S Yy
> W0 I, b.PTMC
2N\ \ee\ %% \‘Eﬁ},

d.Polycaprolactone

Uj
Y 2% ceo sz
= 5374',5 Types of =
'8 degradable ]
o

a. Slik fibroin

v I
y "l oy -

Figure 2. Biodegradable intestinal scaffolds are mainly divided into three
categories: alloys, synthetic polymers, and natural polymers.

the degradation of this alloy,
which disrupts the structural
integrity of erythrocyte mem-
branes and results in a high
hemolysis rate of 65.75%. This
finding suggests that surface
modification techniques are
required to improve its hemo-
compatibility [14]. Based on
the magnesium-zinc-yttrium-
neodymium (Mg-Zn-Y-Nd) alloy,
Wang et al. fabricated a bilayer
biodegradable intestinal stent
via micro-arc oxidation (MAO)
and poly-L-lactide (PLLA) coat-
ing, with the high-efficiency
antiproliferative drug paclitax-
el loaded onto the scaffold.
In animal experiments, it was
found that compared with the uncoated group,
this coating reduced the content of phosphorus
(P) and calcium (Ca) in corrosion products by
66% and 91%, respectively. This result con-
firmed that the coating technology improved
the intestinal corrosion resistance of the mag-
nesium alloy. Furthermore, immunohistochemi-
cal results demonstrated a significant down-
regulation of Bcl-2 expression in the intestinal
tissues of the composite stent group, which
could effectively inhibit the excessive prolifera-
tion of intestinal epithelial cells [15]. Based on
the above studies, the research team conduct-
ed an in-depth investigation into the degrada-
tion process and antiproliferative molecular
mechanism of the identical stent. Sun et al.
established an in vitro simulated intestinal cor-
rosion system using human feces. Scanning
electron microscopy (SEM) observations re-
vealed that only a small amount of intestinal
contents adhered to the stent surface at 14
days, with no obvious corrosive cracks detect-
ed. In vivo experiments, the stent underwent
complete degradation at 12 days post-implan-
tation due to the action of the complex active
organic microenvironment in the body. Impor-
tantly, the corrosion degree at the stent joints
was significantly higher than that at the non-
joint regions. This indicates that stress con-
centration is a critical factor accelerating the
corrosion of magnesium alloy stents. At the
molecular mechanism level, the implantation
of the bilayer composite scaffold resulted in a
significant decrease in proliferating cell nu-
clear antigen (PCNA) expression and a marked
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increase in Caspase-3 expression in intestinal
tissues. Meanwhile, both a-SMA expression
and the quantity of collagen fibers were signifi-
cantly lower in the bilayer composite stent
group than in the bare stent group. Although
the composite coating significantly delayed the
degradation time, the stent collapsed com-
pletely within 12 days in vivo and lost its me-
chanical supporting function. This degradation
rate failed to match the natural healing cycle of
intestinal tissues, which typically requires 2-4
weeks [16]. Therefore, an excessively fast deg-
radation rate remains the core challenge faced
by Mg-Zn-Y-Nd alloy intestinal stents. In con-
trast to magnesium alloys, iron-based alloys
exhibit a markedly slower degradation rate. For
instance, Lin et al. developed a drug-loaded
coated stent with a zinc barrier layer, which
achieved precise regulation of the degradation
rate of iron-based stents [17].

In summary, most biodegradable alloy materi-
als exhibit excellent biocompatibility and me-
chanical properties, yet their degradation time
fails to match the healing cycle of the intestinal
tract. Therefore, biodegradable alloys can meet
the practical clinical requirements for intestinal
stents through strategies such as the continu-
ous improvement of alloy elemental composi-
tions and the fabrication of biodegradable poly-
mer coatings.

Synthetic polymers

Synthetic polymeric scaffolds have overcome
the bottleneck of non-degradability associated
with traditional metal scaffolds, while simulta-
neously possessing excellent biocompatibility
and sufficient mechanical support properties.
Currently, commonly used synthetic polymeric
materials include polylactic acid (PLA), poly
(lactic-co-glycolic acid) (PLGA), poly-L-lactic acid
(PLLA), polydioxanone (PDO), polycaprolactone
(PCL), and polytrimethylene carbonate (PTMC),
each with distinct advantages and limitations.
For example, the degradation product of PLA is
lactic acid, which offers high metabolic safety.
However, its degradation rate is relatively slow
(typically 6-12 months), and it exhibits high
brittleness, making it difficult to meet the me-
chanical requirements of the dynamic intesti-
nal environment. By adjusting the ratio of lac-
tic acid to glycolic acid (e.g., 75:25 or 50:50),
PLGA allows for the modulation of its degrada-
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tion cycle and possesses excellent mechani-
cal strength (e.g., the tensile strength of PLGA/
gelatin 5/5 composite can reach 1.60 + 0.06
MPa). Nevertheless, its acidic degradation
products tend to induce local inflammation
(with pH dropping below 5.0), which limits its
long-term application. PLLA is suitable for long-
term support due to its high crystallinity and
prolonged degradation cycle, yet its hydropho-
bicity and acidic by-products may still lead to
tissue necrosis. In contrast, PDO has shown
potential for intestinal scaffold applications
owing to its superior flexibility and moderate
degradation cycle (with approximately 20%
mass loss within 20 days). Nonetheless, its
low mechanical strength (radial force only 0.4-
0.6 N/cm) makes it difficult to withstand the
peristaltic pressure of the intestine [18-21].

To overcome the drawbacks of single-compo-
nent materials, the composite material strate-
gy has been widely adopted. For example,
Son et al. fabricated PLGA/gelatin fibrous tubes
via electrospinning technology. In vitro experi-
ments demonstrated that these fibrous tubes
exhibited a low swelling ratio and a controlla-
ble degradation rate, with 71% degradation
observed within 360 hours. Furthermore, by
adjusting the gelatin proportion, the hydrophi-
licity and cell adhesion capacity were signifi-
cantly enhanced, as evidenced by the increas-
ed proliferation rate of IEC-18 cells with the
rise in gelatin content. In a rat model, the scaf-
fold degraded completely 14 days after implan-
tation. No inflammatory response was obser-
ved in the surrounding intestinal tissues, and
the need for secondary surgery was eliminated,
which verified the advantages of the composite
material in terms of short-term support and bio-
compatibility [22]. On the other hand, the PCL-
PDO composite material developed by Fathi et
al. achieved the precision fabrication of per-
sonalized scaffolds via 3D printing technology.
With an elastic modulus of 211 MPa, the scaf-
fold can withstand an intraintestinal pressure
of 1,765 Pa and exhibits excellent in vivo bio-
compatibility in a porcine model. However, the
scaffold exhibits a slow degradation rate, with
only 20% degraded within 20 days, which may
lead to long-term foreign body reactions. Addi-
tionally, scaffold migration or intestinal obstruc-
tion occurred in some experiments. The above
results suggest that further optimization of the
design is required, such as adding suture holes
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or adjusting the size, to improve clinical applica-
bility [23]. In recent years, tubular stents based
on PTMC have broken through the performance
limitations of traditional polymer-based stents.
Owing to the unique flexibility of PTMC, such
stents can be sutured inside the intestinal
tract, which effectively addresses the issue of
stent migration. For instance, Ren et al. fabri-
cated a PTMC-based scaffold via electrospin-
ning and loaded it with the antibacterial agent
triclosan (TCS), which promoted regeneration
of the intestinal epithelium. In mechanical ch-
aracterization, the stents exhibited an elastic
modulus of 20.11 MPa and a tensile strength
of 16.08 MPa. In vitro degradation studies re-
vealed a mass loss of 40% and a length reduc-
tion of 50% over 28 days, with no acidic by-
products generated during the process. In a
rat cecal model, the incidence of intestinal fis-
tula was significantly reduced from 30% in the
control group to less than 5%, and the occur-
rence of intestinal obstruction was effectively
decreased. Furthermore, by sustaining the re-
lease of the antibacterial agent triclosan, the
scaffold further inhibited bacterial infection
and exhibited excellent biocompatibility. Spe-
cifically, the viability rate of L929 cells was over
90%, and the hemolysis rate was below 0.1%,
demonstrating favorable functionality and bio-
safety [24]. However, the long-term mechanical
stability of PTMC scaffolds still needs to be veri-
fied. Although their degradation rate is superior
to that of PCL-PDO materials, it is still neces-
sary to balance the support period and the risk
of foreign body reactions. Eisenach et al. fur-
ther evaluated the tissue inflammatory re-
sponse of PCL/PTMC blended materials as
grafts. The results indicated that this biode-
gradable polymer exhibits good biological inert-
ness. Meanwhile, the level of high-sensitivity
C-reactive protein is significantly correlated
with the dynamic changes of local inflamma-
tion, which can serve as an effective indicator
for evaluating post-implantation tissue reac-
tions. This finding provides a new reference
basis for the material screening and biocom-
patibility evaluation of biodegradable scaffolds
[25].

Synthetic polymer materials have demonstrat-
ed significant advantages in the field of scaf-
fold materials, providing an effective approach
to address the limitations of metal scaffolds.
They play a crucial role in tissue engineering
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applications, with numerous research achieve-
ments obtained, especially in intestinal scaf-
folds. However, these polymer scaffolds still
have some existing issues at present; for in-
stance, some scaffolds may cause complica-
tions such as intestinal obstruction and migra-
tion, which require further optimization.

Natural polymer materials

Natural polymer materials refer to materials
fabricated based on macromolecular com-
pounds existing in nature. They are widely
sourced, possess numerous unique advantag-
es, and have been extensively applied in vari-
ous fields. Common natural polymer materials
include polysaccharides (e.g., cellulose, star-
ch), proteins (e.g., silk fibroin, collagen), and
extracellular matrices such as small intestinal
submucosa (SIS).

Submucosa of the Small Intestine (SIS): SIS
has been used in human applications for more
than 20 years and has established a favorable
safety record in diverse fields ranging from fis-
tula repair to dural substitution. As an extracel-
lular matrix, SIS has been proven to contain a
range of bioactive components, including basic
fibroblast growth factor (bFGF), vascular endo-
thelial growth factor (VEGF), and transforming
growth factor-B (TGF-B). Moreover, compared
with the pro-inflammatory phenotype induced
by some synthetic materials, SIS can induce
the polarization of macrophages toward a pro-
regenerative phenotype [26, 27]. At present,
SIS has been successfully applied in clinical
treatment. For patients with cervical esopha-
geal perforation, porcine small intestinal sub-
mucosa matrix mesh was used for repair, and
postoperative outcomes showed that the pa-
tients recovered well without complications
such as inflammation or foreign body reactions
[28]. Based on the excellent biological proper-
ties of SIS including favorable biocompatibility,
biodegradability and low immunogenic rejec-
tion, the Hoeppner team verified the feasibility
of SIS as an anastomotic sealant by establish-
ing a porcine model of anastomotic leakage
[29]. SIS has gradually expanded its applica-
tion from biological patches to biodegradable
scaffolds. However, intestinal scaffolds solely
based on SIS are relatively soft and do not pro-
vide sufficient radial support to resist intestinal
pressure. To address this issue, researchers
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Figure 3. The applications of silk fibroin in the medical field.

have compounded SIS with other polymer ma-
terials to develop novel intestinal scaffolds.
This type of composite scaffold has shown
potential in preventing anastomotic leakage
and stenosis, but it still needs to possess ade-
quate radial and circumferential mechanical
properties to cope with intra-abdominal and
intestinal pressures, and its degradation rate
must match the healing cycle of intestinal tis-
sue. For instance, Huson et al. developed a
novel scaffold using polyvinyl alcohol (PVA)
and an SIS framework to prevent colorectal
anastomotic leakage in pigs. This scaffold fea-
tures a core of fully biodegradable, low-absorb-
able, and non-toxic PVA - a material already
FDA-approved for multiple medical applications
- with an outer layer encapsulated by eight lay-
ers of SIS. Researchers selected 10 healthy
6-month-old Yucatan female pigs, which under-
went colectomy for scaffold implantation, dur-
ing which a 2 cm intestinal wall defect was cre-
ated. The experimental results showed that
all 10 pigs survived until the end of the study,
with no clinical symptoms such as obstruc-
tion, infection, leakage, fistula, wound compli-
cations, or hemorrhage. Postoperative intesti-
nal function recovered normally, and the aver-
age weekly weight gain was 0.81 kg. Further-
more, histological examination revealed an in-
tact layered structure of the intestinal wall and
the formation of scar tissue at the anastomotic
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site. Regeneration of the in-
testinal wall layers was ob-
served at the defect area both
2 and 4 weeks postoperation.
When applied in porcine co-
lon anastomosis with intesti-
nal wall defects, the PVA-SIS
scaffold did not induce anast-
omosis-related complications,
which initially demonstrates
the safety of this scaffold [30].
This study did have certain
limitations, such as not sett-
ing up a control group and
only using female pigs in the
Nerve experiment. Future studies are
needed that establish a con-
trol group to further verify the
scaffold’s efficacy and system-
atically evaluate the adaptabi-
lity of scaffolds with different
diameters, lengths, and mor-
phologies in the intestinal en-
vironment. This will further promote the clinical
application, which is expected to reduce the
incidence of anastomotic leakage in colorectal
surgery and decrease the need for temporary
stomas.

Silk fibroin: Silk fibroin has unique advantages
over degradable alloys and synthetic polymeric
materials, including its excellent mechanical
properties, superior biocompatibility, low im-
munogenicity, adjustable biodegradability, and
versatile processing capabilities. It is widely
used in tissue engineering and regenerative
medicine. Figure 3 lists the main applications
of silk fibroin. Silk fibroin is primarily extracted
from the silk of the domestic silkworm, with a
molecular weight of 50-400 kDa. Its B-sheet
structure provides high mechanical strength,
with tensile strength greater than 100 MPa,
and a degradation time of 2-12 weeks, which
matches the healing cycle of gastrointestinal
anastomoses [31-33]. Silk fibroin possesses
mechanical properties, surface modifications,
and cell affinity that no other synthetic fiber can
replace. Therefore, silk fibroin can serve as an
ideal material for intestinal scaffolds.

In the application of biodegradable intestinal
stents, silk fibroin promotes cell adhesion and
migration, thereby accelerating the healing of
intestinal anastomoses. Basic research has
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Figure 4. The advantages and disadvantages of silk fibroin protein as a bio-

degradable scaffold.

demonstrated that a porous foam composite
with a dense membrane constructed from silk
fibroin significantly enhances the attachment
efficiency of intestinal epithelial cells and pro-
vides structural support for tissue repair [34].
To address the challenge of mechanical per-
formance in wet environments, Chen et al.
incorporated nano-silica and the silane cou-
pling agent KH560 into silk fibroin composites,
which enhanced the wet-state tensile strength
by 40% and effectively mitigated the softening
issue commonly encountered with convention-
al scaffolds in bodily fluid conditions [35]. In
further functionalization studies, Rodriguez-
Nogales et al. crosslinked RGD peptides onto
the surface of silk fibroin nanoparticles via glu-
taraldehyde, achieving inflammation-targeted
delivery. This approach improved the mucosal
repair rate by 65% and reduced the risk of ste-
nosis in colitis models, highlighting the anti-
inflammatory and tissue repair potential of silk
fibroin [36]. In terms of preventing and treating
postoperative complications of colorectal sur-
gery, the drug-loading capacity of silk fibroin
has been extensively explored. For instance,
Fuster et al. utilized silk fibroin nanoparticles
to load naringenin, a hydrophobic drug, which
increased its bioavailability by 3.2-fold and
enhanced its anticancer activity [37]. In addi-
tion, Zhang et al. addressed the limitations in
the mechanical properties of silk fibroin and
fabricated a sustained drug release system
with pH-responsive release characteristics.
The researchers incorporated curcumin-load-
ed shellac nanoparticles into a double net-
work hydrogel composed of gelatin methacry-
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late (GelMA) and silk fibroin
methacrylate (SilMA). This drug
delivery system achieved an
82% increase in the local drug
concentration via colon-target-
ed curcumin release. Mean-
while, the SiIMA component
effectively enhanced the me-
chanical properties of the hy-
drogel, with an elastic modu-
lus exceeding 15 kPa [38].
However, current research still
needs to overcome three ma-
jor clinical adaptation bottle-
necks: blending silk fibroin with
synthetic materials (e.g., PCL,
PDO) to regulate flexibility for
fitting the intestinal wall, pre-
cisely controlling the degree of crosslinking to
match the degradation cycle with the epithelial
regeneration rate, and designing suture-com-
patible microporous structures to prevent scaf-
fold migration.

Although biodegradable intestinal scaffolds
hold broad clinical prospects, their practical
application still relies on appropriate material
selection. Among various biomaterials, silk
fibroin-based scaffolds exhibit significant ad-
vantages due to their unique comprehensive
properties. The following section will focus on
elaborating the advantages and challenges of
the stents in clinical applications, which are
briefly summarized in Figure 4.

Clinical advantages and challenges of silk
fibroin-based scaffolds

Advantages

Low immunogenicity and cell affinity: The
human immune system serves as a barrier
against exogenous substances. When biologi-
cal materials are implanted, proteins from tis-
sue fluids adhere to the material’'s surface,
thereby triggering immune system activation
and causing various inflammatory responses.
Over time, under the influence of multiple cy-
tokines (such as tumor necrosis factor-alpha
(TNF-a0), interleukin-4, interleukin-6, interleu-
Kin-8, interleukin-13, and monocyte chemoat-
tractant protein-1), acute inflammation domi-
nated by neutrophils gradually transitions to
chronic inflammation dominated by macropha-
ges [39]. Eventually, fibrotic tissue replaces the

Am J Transl Res 2026;18(4):2808-2825



Biodegradable intestinal stents

original tissue. Therefore, for intestinal scaf-
folds, implant materials need to have low im-
munogenicity to prevent the occurrence of
fibrotic stenosis in the intestine. Studies have
shown that silk fibroin plays a crucial role in
influencing cell activity after implantation and
helps achieve effective tissue regeneration
[40].

As a natural polymer material, silk fibroin ex-
hibits excellent biocompatibility and low immu-
nogenicity, supporting the adhesion and prolif-
eration of various cells, such as intestinal epi-
thelial cells and fibroblasts. It has been widely
applied in tissues including bone, cartilage,
blood vessels, nerves, eyes, skin, and intes-
tines. Silk fibroin possesses a relatively stable
secondary structure, such as B-sheet confor-
mation, and undergoes slow degradation in
vivo. Its degradation products are usually small-
molecule peptides or amino acids, which can
be metabolized and utilized by the body, there-
by reducing the immune response between the
graft and the host [41, 42]. For instance, the
immune inertness of silk fibroin has been dem-
onstrated in a study by Panilaitis et al.: the
extracted silk fibroin fibers can effectively inhib-
it the activation of mouse macrophages in both
short-term and long-term cultures [43]. In a bio-
compatibility comparison between silk fibroin
and PGA scaffolds, Seo et al. observed that
while both macrophages and multinucleated
giant cells were present around PGA scaffolds,
only macrophage infiltration was detected sur-
rounding silk fibroin scaffolds. These two stud-
ies highlight that the in vivo immune response
induced by silk fibroin is milder and more con-
trollable [44]. The biocompatibility of implant-
ed materials is of critical importance, as their
interaction with the host may elicit inflammato-
ry reactions. Silk fibroin exhibits immunoinert
properties, thereby mitigating the host immune
response to a certain extent. This low immuno-
genicity, combined with its excellent cytocom-
patibility, demonstrates the considerable po-
tential of silk fibroin in the field of intestinal
stents.

Tunable degradability: Silk fibroin is a slowly
degradable material, with its structure con-
taining numerous anti-parallel B-sheets form-
ed by repeating GAGAGX amino acid sequences
in the crystalline regions of the heavy chains.
These structures impart high stability, crystal-
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linity, and hydrophobicity to silk fibroin, which in
turn hinders its degradation [45]. Therefore, by
altering the structure, morphology, crosslinking
degree, and sterilization methods of silk fibroin,
its degradation time can be controlled. In a
study by Lv et al., a hybrid scaffold composed
of silk fibroin and PCL was coated with base-
ment membrane proteins and implanted into
the esophagus. In vivo experimental results
showed that mucosal regeneration was obser-
ved at the scaffold site 45 days post-implanta-
tion, and the scaffold partially degraded into
fragments after 80 days. The degradation rate
of this scaffold was compatible with the 6-8
weeks healing cycle of intestinal anastomoses
[46]. Thus, although silk fibroin degrades slow-
ly, its degradation profile can be modulated
through blending and cross-linking strategies.
Importantly, its degradation products are fully
metabolized by the body, exhibiting no toxicity
or sensitization - a notable biosafety advantage
over many synthetic polymers.

Potential for functional modification: Silk fibroin
can serve as a drug delivery carrier to achieve
the integration of protection and therapy, thus
advancing the clinical development of gastro-
intestinal scaffolds. Hudita et al. developed a
silk fibroin-based nano-drug delivery system
loaded with 5-fluorouracil (5-FU). In vitro experi-
ments and mouse models demonstrated that
this nanosystem could effectively induce apop-
tosis of HT-29 cells by activating Caspase-3/7,
triggering DNA damage, and elevating reactive
oxygen species (ROS) levels, thereby demon-
strating significant antitumor activity in vitro.
This system also efficiently alleviated the toxic
side effects induced by 5-FU, as evidenced by
reduced serum transaminase levels, alleviated
intestinal pathological damage, preserved the
integrity of mucosal structures, increased gob-
let cell counts and mucin expression; thereby
protecting the ultrastructure of the intestinal
mucosa [47]. With the in-depth research on silk
fibroin-based drug delivery systems, a series of
breakthroughs have been achieved in the fields
of synergistic therapy for colorectal cancer and
functional design of their composite scaffolds.
For instance, in terms of dual-drug combination
strategies, Xie et al. aimed at addressing the
issue of easy drug resistance associated with
5-FU monotherapy for colorectal cancer. For
this purpose, they innovatively co-loaded cur-
cumin and 5-FU into silk fibroin and polyethyl-

Am J Transl Res 2026;18(4):2808-2825



Biodegradable intestinal stents

ene glycol (PEG) nanofibrous membranes at
gradient ratios (0.15/0.25 to 0.45/0.75 wt%)
and constructed a sustained-release system
via electrospinning technology. Characteriza-
tion results revealed that the drug-loaded
membranes maintained the stable secondary
structure of silk fibroin while achieving sus-
tained drug release over 400 hours (tending
to stabilize after an initial burst release within
72 hours). Moreover, the dual-drug system syn-
ergistically induced tumor cell apoptosis via
the Stat3 and NF-kB signaling pathways. The
researchers further coated the drug-loaded
membranes onto the surface of PDO scaffolds,
achieving a sustained increase in local drug
concentration and reversal of drug resistance,
while also providing mechanical support for the
intestine, thus avoiding intestinal obstruction
and other issues caused by tumor recurrence
[48].

Building on the concept of dual-drug synergy,
research has extended toward multifunctional
composite scaffolds. For instance, Feng et al.
loaded the Chinese herbal compound extract of
Psoralea corylifolia (PCF) into silk fibroin/PCL
fiborous membranes. The study revealed that
PCF not only regulated the formation of B-sheet
structures in silk fibroin but also endowed the
drug release with a “fast-slow” biphasic pat-
tern: 60%-70% of the drug was released within
50 hours, followed by complete release at 400
hours. Cell experiment results demonstrated
that the inhibitory activity of this system against
rectal cancer cells was significantly higher than
that against normal cells, exhibiting promising
selective anticancer potential [49]. To address
the risk of postoperative infection, Rahman et
al. developed zeolitic imidazole framework-8
(ZIF-8)-loaded silk fibroin/PCL nanofibrous sca-
ffolds. At a ZIF-8 loading content of 1%, the
scaffold exhibited excellent antibacterial activi-
ty (with an antibacterial rate >90%) while main-
taining favorable cytocompatibility, providing a
novel strategy for the repair of infected intesti-
nal anastomoses. In another approach, Vaseghi
et al. fabricated a propolis (Ps)-loaded silk fi-
broin-chitosan aerogel scaffold via a sol-gel
method. The scaffold exhibited pH-responsive
drug release properties: the drug release rate
increased by 2.1-fold in an acidic environment,
with an eradication rate exceeding 85% for
both Escherichia coli and Staphylococcus au-
reus. These combined features allowed the
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scaffold to simultaneously suppress local infec-
tion and effectively promote fibroblast prolifer-
ation, thereby facilitating wound healing [50,
51]. In response to clinical demands for intesti-
nal mechanical support, Chen et al. designed a
silk fibroin/chitosan composite scaffold capa-
ble of co-loading curcumin and 5-aminosalicy-
lic acid. The scaffold exhibited compressive
strengths of 12.28 N in the dry state and 3.08
N in the wet state, with a deformation recovery
rate exceeding 92%. This mechanical robust-
ness ensures structural stability during intraop-
erative implantation, while its dual pharmaco-
logical effects of anti-inflammation and wound
healing promotion offer the potential to shorten
the postoperative healing cycle [52]. Current
research is evolving from single-drug delivery
toward multidimensional functional synergy
encompassing “mechanical adaptation, anti-
bacterial activity, anti-tumor efficacy, and tis-
sue regeneration”, marking a crucial step
toward the clinical translation of silk fibroin-
based scaffolds. In summary, silk fibroin can
achieve antibacterial, anti-inflammatory, and
wound healing-promoting effects, among oth-
ers, through functional modification or blending
with other polymers, thereby meeting diverse
clinical needs in the gastrointestinal field.

Clinical challenges

Over the past decade, silk fibroin-based bio-
materials and medical devices have been prov-
en to possess high biocompatibility in clinical
research. In the field of gastroenterology, silk
fibroin also holds enormous potential due to its
numerous advantages, yet its further clinical
translation still faces several key challenges.

First, the degradation rate of an ideal intestinal
stent should match the growth rate of tissue
cells. However, silk fibroin contains many anti-
parallel B-sheets, and these structural charac-
teristics endow silk fibroin with high stability,
crystallinity, and hydrophobicity, thereby imped-
ing its degradation. Its in vitro degradation time
can be as long as one year, which far exceedes
the intestinal tissue healing time [53, 54]. The
degradation of silk fibroin occurs primarily
through protease hydrolysis mediated by the
foreign body reaction, and its degradation rate
is significantly affected by its crystallinity and
morphology, including factors such as surface
area to volume ratio, porosity, and pore size
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[33, 54-56]. These complexities render it chal-
lenging to precisely control the degradation
rate of silk fibroin, thereby limiting its applica-
tion in the complex intestinal microenviron-
ment. However, the complete healing of intesti-
nal tissue requires a specific time window: an
excessively fast degradation rate of the stent
may lead to premature loss of mechanical sup-
port, resulting in lumen collapse or anastomot-
ic leakage; in contrast, an excessively slow de-
gradation rate may impede cell infiltration and
tissue remodeling, and even trigger chronic
inflammation or fibrous encapsulation. Recent
studies have demonstrated that silk fibroin
coating can delay the degradation rate of PDO
stents, prolong their morphology retention time
and provide radial support force, thereby en-
abling them to meet the clinical requirement of
6-8 weeks of stent implantation. However, the
data of this study were derived from in vitro
experiments, which may lead to inconsisten-
cies between the degradation characteristics
evaluated in vitro and those observed in actual
clinical applications, thereby further increasing
the risks and uncertainties associated with its
clinical translation [57]. Therefore, long-term
clinical trials are required to verify the in vivo
degradation kinetics of silk fibroin. Additionally,
studies have confirmed that silk fibroin scaf-
folds can promote the adhesion and contractile
differentiation of small intestinal smooth mus-
cle cells, colonic smooth muscle cells, and
esophageal smooth muscle cells. However,
such scaffolds still exhibit distinct limitations
during the functional reconstruction of intesti-
nal tissue, including insufficient innervation of
regenerated tissue, weak peristaltic function,
and a high tendency to induce local immune-
inflammatory responses [34, 41, 58]. Therefore,
how to effectively integrate and deliver the bio-
signaling molecules required for specific cellu-
lar activities to actively guide complex intesti-
nal tissue regeneration also remains a critical
challenge. Third, owing to the inherent charac-
teristic of constant intestinal peristalsis, intes-
tinal stents are required to possess flexibility
and elastic modulus matching those of native
intestinal tissue. Under ideal conditions, the
stent should be able to withstand cyclic me-
chanical stress without fatigue or fracture.
Multiple studies have shown that silk fibroin
allows precise regulation of its tensile strength,
flexibility, and durability through approaches
such as blending, nano-reinforcement, and pro-
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cess optimization; however, achieving perfect
mechanical compatibility with the dynamic
physiological microenvironment still requires
further in-depth research [59-62]. Fourth, the
extraction of silk fibroin requires a lengthy pro-
cess flow and costly specialized equipment,
which results in the persistently high produc-
tion cost of silk fibroin [63-65]. Manual opera-
tions, varying climatic conditions, and different
production regions can compromise the batch
stability of silk fibroin, which renders the stan-
dardization of raw materials and their process-
ing procedures difficult. Therefore, regulating
these aforementioned factors to control the
stability of silk fibroin remains a considerable
challenge. Finally, silk fibroin materials have
achieved ideal tissue regeneration effects in in
vitro experiments or small animal models such
as mice, but lack sufficient clinical evidence to
support their application. To date, only a small
number of medical devices (such as sutures
and dressings) have entered clinical practice,
and the clinical translation of intestinal stents
may require a considerable amount of time
[66, 67]. In conclusion, to promote the develop-
ment of silk fibroin-based intestinal stents, a
great deal of research still urgently needs to be
carried out.

Future development directions

Based on the aforementioned research gaps,
the future research directions in this field can
focus on the following aspects: First, focusing
on the intrinsic structure and degradation me-
chanism of silk fibroin. Studies have demon-
strated that macrophages are the primary cell
type involved in silk fibroin degradation, which
promotes the synergistic degradation of silk
fibroin-based biomaterials by secreting various
hydrolytic proteases, lysozymes, and oxidants
[41, 68, 69]. In addition, the degradation pro-
cess of silk fibroin is correlated with the con-
tent of the insoluble silk Il structure (3-sheet)
and the water-soluble silk | structure (a-helix);
the higher the content of the silk Il structure,
the longer the degradation time [45, 70-72].
Therefore, researchers can construct intestinal
stents with degradation cycles matching intes-
tinal healing periods through strategies such
as structural and molecular regulation of silk
fibroin, as well as blending and crosslinking
with other biomaterials. Second, focusing on
the characteristics of the reactive groups of
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silk fibroin to construct silk fibroin-polymer
hybrid systems [73]. For instance, advanced
technologies such as biomimetic peptide ge-
netic modification, single-cell sequencing, and
chip-based gene analysis systems can be em-
ployed to optimize the composition and struc-
ture of polymers, thereby achieving precise
regulation of silk fibroin from the molecular
level to multi-scale hierarchical stents. Alter-
natively, silk fibroin can be compounded with
bioactive components, including growth factors
and stem cells, to enhance the tissue regener-
ation-inducing ability of the stents [74-80]. In
addition, by thoroughly exploring how silk fibro-
in affects cell behavior, immune response, and
tissue regeneration processes, we are ex-
pected to develop silk fibroin-based intestinal
stents with higher bioactivity and customizabil-
ity. Third, optimizing the structural design and
preparation process of stents based on the
physiological characteristics of the large animal
intestine, systematically conducting long-term
biosafety evaluations, assessments of the met-
abolic regularity of degradation products, and
evaluations of clinical efficacy, to accelerate
the clinical translation process of silk fibroin-
based degradable intestinal stents. Finally,
four-dimensional (4D) printing technology has
emerged as a novel and highly regarded re-
search direction. This technology can overcome
some limitations of 3D printing, such as con-
structing structures with complex dynamic cha-
racteristics of natural tissues [81-85] and opti-
mizing the functional response of interactions
between cells and stents [82]. Integrated with
artificial intelligence technologies, the stent
can achieve real-time monitoring of anastomot-
ic parameters via built-in microsensors, dynam-
ically adjusting its porosity, degradation rate
and mechanical support, and thus advance
toward the development of intelligent stents
[86]. At present, patents for 4D printed intesti-
nal stents have been filed. The core lies in pro-
viding an intestinal stent applicable to complex
intestinal environments with anti-displacement
properties. The integrated forming of 4D print-
ing and the use of shape memory polymers
ensure the deformation and stability of the
stents. The preparation method is not limited
by complex structures, enabling personalized
customization, and has the advantages of ra-
pid prototyping, low cost, and high practicality
[81].
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Conclusion

In summary, degradable intestinal stents are a
new type of surgical implant following metal
expandable stents. They have demonstrated
broad application potential in clinical practice,
capable of effectively alleviating symptoms of
intestinal diseases and improving patients’
postoperative quality of life. This review elabo-
rates on the clinical indications, material selec-
tion of degradable intestinal stents, as well as
the research status and challenges of silk fib-
roin-based stents, and fully demonstrates the
great potential of silk fibroin as a candidate
material for intestinal stents. Current research
has achieved phased progress in aspects such
as fabrication techniques (e.g., electrospinning,
3D printing, freeze-drying), degradation rate
regulation, functional modification of materials,
and in vitro and in vivo experiments of silk fibro-
in-based tissue engineering scaffolds. This has
initially verified the feasibility of their applica-
tion in scenarios including benign intestinal ste-
nosis, prevention of anastomotic leakage, and
palliative treatment of tumors, thereby provid-
ing highly valuable research ideas and techni-
cal support for solving the problems of scaffold
materials in the clinical treatment of intestinal
diseases. In the future, by overcoming key te-
chnical challenges such as precise matching of
degradation rates, multi-active synergistic reg-
ulation, and clinical translation, researchers
are expected to provide new and efficient bio-
material solutions for intestinal injury repair
and tissue regeneration, thereby promoting
technological innovation and clinical applica-
tion breakthroughs in the field of intestinal tis-
sue engineering.
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