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[ABSTRACT] Exosomes (exos), nanoscale extracellular vesicles, play a critical role in tissue development and function. Stem cell-de-
rived exos, containing various tissue repair components, show promise as natural therapeutic agents in disease treatment and regenerat-
ive medicine. However, challenges persist in their application, particularly in targeted delivery and controlled release, which are cru-
cial  for  enhancing their  biological  efficacy.  The integration of  medical  devices  may provide a  superior  platform for  improving drug
bioavailability. Consequently, the combination products of stem cell-derived exos and medical devices present novel opportunities for
expanding the therapeutic potential of exosomes. This review offers a comprehensive overview of the current research frontier in stem
cell-derived exos combined with medical devices and discusses the prospective challenges and future prospects in this field.
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 Introduction

Exosomes  (exos),  nanoscale  vesicles  secreted  by  cells,
function as messengers that regulate the development of sur-
rounding  tissues [1-3].  Among  these,  stem  cell-derived  exos,
such  as  mesenchymal  stem  cell-derived  exos  (MSC-exos),
carry diverse therapeutic substances,  continuously exhibiting
efficacy in reversing aging, facilitating tissue repair, and pro-
moting regeneration in  various  forms [4, 5], thus  holding con-
siderable  potential  as  natural  therapeutic  agents  for  treating
various diseases.  Moreover,  given  their  ideal  biocompatibil-
ity and  availability,  they  possess  immense  clinical  applica-
tion prospects [6]. However, there is an urgent need to devel-
op  novel  drug  delivery  methods  to  incubate  exos  with  high
retention  rates  and  precise  implantation  characteristics
tailored to specific disease features [7, 8].

Medical devices play a crucial role in clinical therapy by
contributing  to the  diagnosis,  prevention, and  treatment  of
diseases,  as  well  as  providing  physiological  support [9, 10].
Novel  medical  device  materials,  such  as  tissue  engineering
scaffolds and surgical dressings, have the potential to address
multiple diseases [11]. However, challenges persist in optimiz-
ing these materials,  particularly in  addressing rejection reac-
tions and material degradation within the body [12].

The integration of pharmaceuticals with medical devices
to  create  a  category  of  combination  products  that  merge  the
functionalities  of  both  may  be  crucial  for  enhancing  the
bioavailability  of  stem  cell-derived  exos and  improving  the
biocompatibility  of  medical  devices [13, 14].  Medical  devices
not only  confer  exos with  properties  such  as  controlled  re-
lease,  precise  implantation,  and  sustained  retention  but  also
provide  synergistic  effects  to  promote  tissue  repair  due  to
their  inherent  composition [15]. Concurrently,  the  incorpora-
tion of stem cell-derived exos could provide autologous com-
ponents  for  medical  devices,  potentially  mitigating  immune
rejection  during  use [16].  Consequently,  investigating  diverse
forms of drug delivery for stem cell-derived exos in conjunc-
tion  with  medical  devices,  elucidating  their  compatibility
mechanisms, and  broadening  their  application  scope  repres-
ent  significant  developmental  directions  in  the  field  of  stem
cell-derived exo therapy.

This review comprehensively examines the cutting-edge
research  on  stem  cell-derived  exos  combined  with  medical
devices.  It  elucidates  the  synergistic  mechanisms  by  which
these combinations  enhance  therapeutic  outcomes  for  vari-
ous  diseases.  Additionally,  the  review  addresses  potential
challenges  in  developing  this  drug-device  combination
product  and  provides  insights  into  future  research  directions
(Scheme 1). Ultimately,  this  review presents  a  strategic  per-
spective  on  integrating  stem  cell-derived  exos  with  medical
devices,  offering  valuable  guidance  for  future  developments
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in this field.

 Exos and Tissue Engineering Scaffold Materials

Tissue  engineering  scaffolds,  encompassing  polymeric
scaffolds, collagen-based  scaffold  materials,  and  decellular-
ized matrices,  function  as  certified  medical  devices  extens-
ively utilized in numerous clinical trials for bone repair, neur-
al  maintenance,  wound healing,  and  other applications [17-18].
These  scaffolds  provide  a  stable  framework  for  the  loading
and release of exos,  offering an optimized solution for treat-
ing diseases that require precise colonization, long-term stor-
age, and a consistent supply of exos. Consequently, integrat-
ing stem cell-derived exos with scaffold materials  into com-
bination products  enhances  the  bioavailability  of  both  com-
ponents,  facilitating  multi-level  and  multi-angle  synergistic
therapy  (Scheme  2). Table  1 presents  detailed  information
about these combination products.
 Polymer scaffolds

Polymeric  scaffold  materials,  encompassing  inorganic
polymer  scaffolds,  polymer-hydrogel  hybrid  scaffolds,  and
polymer-metal organic framework (MOF) based hybrid scaf-
folds,  represent  one  of  the  earliest  developed  and  certified
medical  devices  in  the  field  of  tissue  engineering  scaffo-
lds [19].  While  significant  advancements  have  been  made  in
the production technologies, architectural designs, and evalu-
ation  methods  of  these  polymeric  scaffolds,  optimizing their
biocompatibility  within  the  body  remains  a  crucial  area  for
improvement.  The  application  of  stem  cell-derived  exos  as
coatings on these scaffold materials serves to camouflage the
scaffolds as “autologous components”, thereby mitigating in
vivo rejection reactions and facilitating the delivery of repair
components into the pathological  environment while provid-
ing necessary tissue support.

The integration of a composite scaffold enhances the pre-

cise  engraftment  and  stable  retention  of  stem  cell-derived
exos  at  the  injury  site  while  providing  a  three-dimensional
environment for  tissue  repair,  thereby  amplifying  the  effic-
acy of  exo function.  These  combination  products  demon-
strate  significant  therapeutic  effects  in  wound  healing  and
three-dimensional  tissue  regeneration.  Hu et  al. [16] coated
metal  scaffold  materials  with  MSC-exos,  effectively  “ dis-
guising ”  the  scaffold  to  evade  smooth  muscle  cells  and  the
body’s immune system, promoting endothelial cell migration
at  the  damaged  site and  accelerating  vascular  healing  and
ischemic  repair.  In  a  similar  vein,  Kang et  al. [20] applied
exos from human adipose stem cells onto functionalized acel-
lular  poly  (lactic-co-glycolic  acid)-metal  organic  framework
(PLGA-MOF) hybrid  scaffolds,  demonstrating  efficient  os-
teogenic,  angiogenic,  and  anti-inflammatory  effects.  Su et 
al. [21] incorporated  mesenchymal  stromal  cell-derived  exos
into fibrous  polyester  scaffold  materials,  which  acted  as  re-
cruiters and trainers  of  immune cells,  respectively,  to  syner-
gistically  promote  beneficial  macrophage  and  regulatory  T
cell responses in mouse skin wounds, facilitating wound heal-
ing. It  is  anticipated  that  composite  products  based on poly-
mer scaffolds with incorporated exos will enhance the inher-
ent biocompatibility of the material. These products have po-
tential applications  in  various  tissue  defect  diseases  that  re-
quire  both  exo-activated  remodeling  processes  and  three-di-
mensional structural support for tissue remodeling.

The integration  of  absorbable  tissue  engineering  scaf-
folds with  stem  cell-derived  exos presents  an  effective  ap-
proach  for  enhancing  osteogenesis.  Liu et  al. [22] identified
high-quality  osteogenic  exos (BMSC-OI-exos)  from  MSC-
exos,  which,  when  carried  by  mesoporous  bioactive  glass
(MBG) scaffolds, rapidly filled rat cranial defects, offering a
promising  strategy  for  bone  repair.  Similarly,  exos derived
from human  dental  pulp  stem cells  (hDPSCs-exos)  were  in-
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Scheme 1    Combination products and applications produced by exos with medical devices.
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corporated into  three-dimensional  tissue-engineered  scaf-
folds composed of PLGA and polyethylene glycol (PEG) [23].
This combination product was directly implanted into mouse
mandibular defects,  circumventing  transplantation  immuno-
genicity  and  achieving  extracellular  vesicle-mediated  bone
regeneration in a clinically relevant manner. In these applica-
tions,  stem  cell-derived  exos  function  as  initiators  of  tissue
repair  processes,  while  the  tissue  scaffold  provides  three-di-
mensional  support  for  cell  adhesion  and  growth.  Compared
with the use of exos or tissue engineering scaffolds independ-
ently, this combined approach demonstrates enhanced osteo-
genic  activity  and  improved  tissue  adaptability  repair,  thus
offering broader applicability.
 Collagen scaffold

Collagen-mixed  inorganic  material  scaffolds  represent  a
significant advancement in enhancing the biocompatibility of
inorganic materials. Collagen scaffolds, serving as natural or-
ganic  templates  for  bone  biomineralization,  play  a  pivotal
role in promoting bone formation [24].  Furthermore, collagen,
being an integral  component  of  cellular  structure,  is  particu-
larly suited as a complementary material to stem cell-derived
exos in various  applications  requiring collagen supplementa-
tion.  These  applications  include  tissue  repair promotion,
wound  healing,  anti-aging  interventions,  and  the  synergistic
nourishment  of  aging  or  damaged  tissues [25].  Consequently,
the integration  of  stem cell-derived exos  with  collagen scaf-
folds  presents  a  promising  approach  for  cellular  component

repair.
Primarily, the  collagen-protein  scaffold  provides  colla-

gen,  synergistically  enhancing  the  efficacy  of  extracellular
vesicles  in  restoring  skin  and  mucosal  integrity.  Wang et 
al. [27] developed a  composite  biomaterial  scaffold  compris-
ing  type  I  collagen,  platelet-rich  plasma,  and  exos derived
from adipose-derived stem cells (ADSC-exos). This collagen-
based  scaffold  offered  mechanical  support  and  established  a
conducive environment  for  keratinocyte  growth  and  migra-
tion. In comparison to the individual effects of stem cell-de-
rived exos or  collagen-protein  scaffold  materials,  the  com-
bined  product  demonstrated  superior  promotion  of  3D  skin
tissue remodeling, facilitating the restoration of skin integrity.
Furthermore,  the  combination  products  of  collagen-based
scaffolds could  potentially  address  various  diseases  associ-
ated with  premature  aging.  Loading  MSC-exos  onto  hyalur-
onic acid-enriched  collagen  scaffolds  enhances  follicle  sur-
vival  and  repairs  lesions  in  prematurely  aged  ovarian  tiss-
ues [28],  further  indicating the unique reparative role  of  these
combination products in reversing damage to various extens-
ible tissues.

The integration  of  collagen  scaffolds  and  exos  demon-
strates  significant  potential  for  nerve  repair applications.
Zhang et  al. [26] developed  innovative  bio-specific  peptides
with  dual-binding  capabilities  to  type  I  collagen  and  exos.
The resulting multifunctional collagen scaffold exhibited en-
hanced mechanical properties and promoted neural stem cell
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Scheme 2    Combination products of stem cell-derived exos with tissue engineering scaffold materials.
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Table 1    Application forms of stem cell exos and tissue engineering scaffolding materials
 

Resource of exos Types of medical devices Treated disease Materials for medical devices Refs

Human bone marrow
mesenchymal stem cells

Polymer material scaffold Promoting revascularization
1,2-bishard acyl-Sn-glycerol-3-phosphate
ethanolamine composed polymer material

scaffold
[16]

Human adipose mesenchymal
stem cells

Polymer material scaffold
Promoting osteogenesis and

revascularization
PLGA polymer material scaffold [20]

Human bone marrow
mesenchymal stem cells

Polymer material scaffold Wound healing
Polyethylenimine and polycaprolactone

fibers composed polymer material scaffold
[21]

Human bone marrow
mesenchymal stem cells

Polymer material scaffold Promoting osteogenesis
Multilayer mesoporous bioactive glass

scaffolds
[22]

Human dental pulp stem cell Polymer material scaffold Promoting osteogenesis
Nanofibrous scaffolds bearing PLGA-PEG-

PLGA microspheres
[23]

Human umbilical cord
mesenchymal stem cells

Collagen scaffold Repairing spinal cord Collagen scaffolds with type I collagen [26]

Human adipose mesenchymal
stem cells

Collagen scaffold Wound healing
3D collagen scaffold formed with type I

collagen and platelet-rich plasma
[27]

Human umbilical cord
mesenchymal stem cells

Collagen scaffold Moisturizing the ovaries Degradable collagen fiber scaffold [28]

Human umbilical cord
mesenchymal stem cells

Collagen scaffold Neural remodeling

The composite catheter collagen scaffold
was formed by sealing the

collagen/hyaluronic acid internal sponge in
an electrospun hollow poly (lactic-glycolic

acid copolymer) tube

[29]

Human bone marrow
mesenchymal stem cells

Collagen scaffold Promoting osteogenesis
Acellular fish scale scaffolds were obtained
by treating fish scales by decellularization

and decalcification processes
[30]

Human umbilical cord
mesenchymal stem cells

Mixed extracellular matrix
scaffold

Promoting osteogenesis
Extracellular matrix derived from cultures

of acellular chondrocytes
[32]

Human bone marrow
mesenchymal stem cells

Mixed extracellular matrix
scaffold

Promoting osteogenesis
Hybrid extracellular matrix scaffolds

composed of gelatin, N-trimethyl chitosan,
and nano-hydroxyapatite

[33]

Human bone marrow
mesenchymal stem cells

Mixed extracellular matrix
scaffold

Promoting osteogenesis
3D-printed gelatin-methacrylate cartilage

extracellular matrix scaffold
[34]

Human adipose mesenchymal
stem cells

Microneedle patch Reversing aging
Microneedle patch produced by Dongbang

Medi-care
[36]

Human umbilical cord
mesenchymal stem cells

Microneedle patch Reversing aging
Microneedle patch produced by Beijing

Origife Health Care Co., Ltd., China
[37]

Human adipose mesenchymal
stem cells

Microneedle patch Repairing the scar
Microneedles composed of hyaluronic acid,

hydroxypropyl-β-cyclodextrin
[38]

Human umbilical cord
mesenchymal stem cells

Microneedle patch Wound healing
Microneedles composed of porous

methacrylate gelatin hydrogels
[39]

Human embryonic
mesenchymal stem cells

Microneedle patch Repairing spinal cord
Microneedles composed of porous gelatin

methacryloyl hydrogels
[15]

Rat bone marrow mesenchymal
stem cells

Microneedle patch Repairing spinal cord Methacryloyl hydrogel microneedles [40]

Mouse tendon stem cells Microneedle patch Healing Achilles tendon
Microneedles composed of methacrylated

gelatin and polyvinyl alcohol gels
[41]

Human umbilical cord
mesenchymal stem cells

Microneedle patch Treating cardiac fibrosis Gelatin microneedles [42]

Human umbilical cord
mesenchymal stem cells

Dressing Wound healing
Hydrogel dressing prepared by mixing

chitosan and silk fibroin
[44]

Rat adipose mesenchymal stem
cells

Dressing Wound healing Chitosan hydrogel dressing [45]

Human adipose mesenchymal
stem cells

Dressing Wound healing
The dressing consisting of a mixture of gel

and calcium peroxide
[47]

Human adipose mesenchymal
stem cells

Dressing Treating psoriasis
MSCs conditioned medium serving as

dressing
[48]

Mouse adipose stem cells Dressing Moisturizing the ovaries
Hydrogel dressing in the presence of Ag-S

dynamic coordination
[49]
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migration,  which  is  advantageous  for  recruiting  endogenous
neural stem cells to spinal cord injury sites, facilitating the re-
pair  of  complete  spinal  cord transection.  In  a  similar  vein,
Tang et  al. [29] engineered a  composite  nerve  scaffold  de-
signed  to  provide  a  regenerative  environment  for  Schwann
cell  proliferation  while  carrying  MSC-exos.  This  combined
product effectively  repaired  peripheral  nerve  tissue  damage,
significantly enhancing synaptic remodeling and nerve regen-
eration. These findings suggest that such integrated products
can serve  as  effective  scaffolds  for  neural  migration,  poten-
tially restoring the integrity of neural networks.

Fish scales,  primarily  composed  of  collagen  and  hy-
droxyapatite,  demonstrate  significant  biodegradability  and
high toughness, making them excellent sources for collagen-
related  bone  tissue  engineering  materials [30]. The  combina-
tion  of  fish  scale-derived  bone  tissue  engineering  materials
loaded with  stem cell-derived exos  could  enhance  the  repair
capacity  of  bone  tissue  damage by  facilitating  the  formation
of absorbable bone needles. In this context, Wang et al. [30] in-
troduced a novel extracellular vesicle-functionalized decellu-
larized fish scale (DE-FS) scaffold. Exos derived from osteo-
genic  bone  marrow  mesenchymal  stem  cells  reinforced  the
tissue support functions of decellularized fish scale scaffolds
while permeating bone tissue, promoting bone cell prolifera-
tion and regeneration, and improving the efficiency of large-
scale  bone  tissue formation.  Furthermore,  the  raw  materials
for this combination product are readily accessible, rendering
it suitable for large-scale industrial production.
 Mixed extracellular matrix (ECM) scaffolds

The ECM,  a  complex  structure  comprising  collagen,
elastin, laminin, and other components, represents one of the
most biologically  significant  scaffold  materials.  The  nutri-
ents within the ECM also contribute to maintaining the activ-
ity and performance of exos [31]. Consequently, incorporating
stem cell-derived exos into  ECM scaffolds  may enhance  tis-
sue  architecture  and  bioavailability.  Jiang et  al. [32] extracted

exos derived  from  human  umbilical  cord  Wharton’s  jelly
mesenchymal stem cells (hWJMSC-Exos), which possess im-
munomodulatory and  tube-remodeling  properties,  and  incor-
porated  them  into  acellular  cartilage  extracellular  matrix
(ACECM) tissue  engineering  scaffolds.  The  resulting  com-
bination products demonstrated superior efficacy in synergist-
ically  promoting  rabbit  distal  femoral  cartilage  regeneration
and regulating the immune environment.

The utilization of 3D printing technology to produce “bio-
ink”  from  ECM-gelatin  bio-scaffolds  represents  an  innovat-
ive  approach to  tissue  engineering.  Kang et  al. [33] employed
this technology  to  fabricate  a  hybrid  ECM  scaffold  com-
posed  of  decellularized  ECM,  gelatin,  quaternized  chitosan,
and nanohydroxyapatite,  featuring  an  extensive  microchan-
nel network. This hybrid scaffold exhibits favorable printabil-
ity and  stable  physical  properties,  facilitating  targeted  im-
plantation  and  long-term  preservation  of  MSC-exos.  The
combined product significantly enhanced vascularization and
osteogenesis, effectively repairing cranial defects. In a simil-
ar  vein,  Chen et  al. [34] applied  this  method  to  osteoarthritis
treatment.  They  developed  a  3D-printed  “bio-ink ”  scaffold
using  cartilage  ECM and  gelatin  methacrylate,  incorporating
radially  oriented  channels  and  BMSC-exos.  This  composite
significantly  increased  macrophage  recruitment  within  3−4
days  post-implantation,  promoting  tissue  cell  regeneration
and fibrous remodeling through enhanced immune response.

In summary, ECM scaffolds possess a structure and com-
position  analogous  to  that  found  in  the  body,  incorporating
rich components that support drug stability. This characterist-
ic  enables  ECM  scaffolds  to  provide  more  comprehensive
biomechanics,  more  stable  drug  storage  environments,  and
enhanced synergistic therapeutic effects, thereby augmenting
the efficacy of individual stem cell-derived exos.

 Exo and Microneedle Patches

Microneedle patches, consisting of a base and an array of

Continued        

Resource of exos Types of medical devices Treated disease Materials for medical devices Refs
Human bone marrow

mesenchymal stem cells
Dressing Promoting osteogenesis

Photoinduced imine cross-linked hydrogel
dressing

[50]

Human bone marrow
mesenchymal stem cells

Dressing Neural remodeling Conductive hydrogel dressings [51]

Human placental mesenchymal
stem cells

Dressing Repairing spinal cord
Laminin-derived peptide-modified adhesive

HA hydrogel dressing
[52]

Human bone marrow
mesenchymal stem cells

Filling agent Promoting osteogenesis
Calcium sulfate-nano-hydroxyapatite nano-

bone cement bone-filling agent
[53]

Human adipose mesenchymal
stem cells

Filling agent Promoting osteogenesis
Porous scaffolds with polylactic acid,

calcium silicate, and dicalcium phosphate
dihydrate mineral doping

[54]

Human dental pulp stem cell Filling agent Promoting osteogenesis
Polymers of triblock PLGA-PEG-PLGA
and diblock PEG-PLGA were used as a

filling agent
[55]

Human adipose mesenchymal
stem cells

Filling agent Wound healing Hyaluronic acid serving as a filling agent [56]

Human adipose mesenchymal
stem cells

Filling agent Repairing the scar
The extracellular matrix produced by the
MSCs spheroids serving as filling agent

[57]
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micrometer-scale  needles,  effectively  penetrate  the  skin’s
physical  barrier,  breach  the  stratum  corneum,  and  deliver
drugs directly to the dermis. As a result, they are regarded as
superior  tools  for  transdermal  drug  delivery [19].  The  needle
length  of  microneedle  patches  typically  ranges  from  25  to
2000  micrometers,  with  dimensions,  shapes,  and  materials
frequently modified to suit the intended application [35]. Con-
sequently,  microneedles  facilitate  stem  cell-derived  exos  in
achieving precise  localization,  skin  penetration,  and  sus-
tained drug delivery,  offering promising applications  in  skin
care, wound healing, and disease treatment.

Microneedle patches serve as effective absorption-enhan-
cing devices  for  cosmetic  agents,  making  exo-loaded  mi-
croneedle  patches  a  promising  approach  to  combat  skin
aging.  Park et  al. [36] conducted a  12-week  clinical  study  in-
vestigating the  synergistic  effects  of  stem  cell  exos and  mi-
croneedle  treatment  on  facial  skin  aging.  Their  research
demonstrated the safety and efficacy of the combined product
in mitigating signs of aging, significantly advancing the clin-
ical application of exo microneedles in medical aesthetics. In
a similar vein, Liang et al. [37] assessed the efficacy of human
umbilical  cord  mesenchymal  stem  cell-conditioned  medium
(hUC-MSCs-CM) purified exos loaded onto microneedles for
enhancing skin  brightness  and  rejuvenation  through  a  ran-
domized controlled  clinical  trial.  The  results  revealed  signi-
ficant  improvements  in  wrinkle  index  and  melanin  index
compared to  the  control  group.  This  minimally  invasive  and
safe  combination  product  shows  potential  for  rapid
adoption in dermatological applications.

Furthermore,  these  stem  cell  exo-loaded  microneedle
patches  demonstrate  efficacy in  reversing hypertrophic  scars
and  enhancing  wound  healing.  Meng et  al. [38] developed
exos with elevated  expression  of  miR-141-3p  and  incorpor-
ated them  into  water-soluble  microneedles,  resulting  in  de-
creased thickness  of  hypertrophic  scars  and  improved distri-
bution of fibroblasts and collagen fibers. Gan et al. [39] incor-
porated MSC-exos and silver nanoparticles (AgNPs) with an-
tibacterial properties into adhesive microneedle patches, facil-
itating diabetic wound healing.

Stem  cell-derived  exos offer  an  effective  approach  to
treating tissue injury diseases. However, delivering exos pre-
cisely to  the  injury  site  while  minimizing  damage  to  sur-
rounding  tissues  remains  challenging.  Micro-needle  patches
may provide stem cell-derived exos with these essential char-
acteristics, enabling their  broad efficacy in various tissue in-
juries.  Fang et  al. [15] developed  a  porous  microneedle  patch
(MN-MSC) that efficiently and continuously delivers exos to
repair acute spinal cord injuries. This microneedle patch sig-
nificantly improved the microenvironment of  the injured tis-
sue  area  within  seven  days  of  application,  promoting  blood
vessel  regeneration.  Similarly,  Han et  al. [40] loaded three-di-
mensional-cultured exos with  enhanced  efficacy  onto  a  hy-
drogel-mixed  microneedle  array  patch,  achieving  in-situ  and
precise  repair  of  spinal  cord  injuries.  Additionally,  Liu
et al. [41] invented a microneedle array loaded with nitric ox-

ide  nano-engines  that  drive  tendon  stem  cell-derived  exos,
promoting  Achilles  tendon  healing.  As  the  high  molecular
weight  polymer  on  the  microneedle  array  degrades,  the
exos are exposed  and  released.  Concurrently,  reactive  oxy-
gen species  in  the  microenvironment  and  nitric  oxide  pro-
duced  by  the  microneedles’ nitric  oxide  synthase  generate
nitric  oxide  gas,  increasing  the  penetration  depth  of  exos.
This also  establishes  a  foundation  for  incorporating  multi-
functional substances  to  enhance  exo  delivery  on  mi-
croneedles.  Furthermore,  MSC-exos  microneedle  patches
demonstrate  effectiveness  in  preventing  cardiac  fibrosis.
Yuan et al. [42] loaded exos containing a microRNA-29b mim-
ic with anti-fibrotic activity into gelatin microneedles, effect-
ively  preventing  excessive  cardiac  fibrosis  after  myocardial
infarction.

In conclusion, porous microneedle patches incorporating
stem cell-derived exos demonstrate exceptional nanoscale di-
mensions, biocompatibility, and mechanical properties. These
characteristics  enable  precise  application  at  injury  sites  and
facilitate continuous exo delivery. This approach offers a su-
perior perspective compared to the use of exos alone, provid-
ing a more effective method for the precise treatment of skin
care, wound repair, and superficial diseases.

 Exos and Dressings

Medical  dressings  are  frequently  employed  to  create  an
optimal healing environment for wounds. These dressings en-
compass various  types,  including  gel  dressings,  fiber  dress-
ings,  biological  adjuncts,  and  collagen  patches,  which  are
suitable  to  serve  as  carriers  with a  synergistic  effect  when
combined with exos [43].  The integration of stem cell-derived
exos  into  medical  dressings  results  in  a  composite  product
that plays a pivotal role in repairing wound damage, mitigat-
ing inflammatory responses,  and accelerating wound healing
processes.

In the realm of full-thickness skin wound repair, Qian et
al. [44] engineered  an  asymmetric  wet  dressing  termed  CTS-
SF/SA/Ag-Exo, which  integrates  exos  with  silver  nano-
particles. This innovative dressing preserves wound moisture
while simultaneously  promoting  tissue  regeneration  and  ex-
hibiting potent  anti-inflammatory properties,  specifically tar-
geting wounds  resulting  from  microbial  infections.  Analog-
ously,  Wu et  al. [45] formulated  a  chitosan  hydrogel  dressing
incorporating  mesenchymal  stem  cells,  designated  as
Exo/Gel. This  formulation  demonstrated  efficacy  in  promot-
ing  orderly  collagen  deposition,  vascular  regeneration,  and
hair  follicle  embedding  regeneration  in  a  rat  wound  model.
Furthermore, the  hydrogel  encapsulation  synergistically  en-
hanced the wound healing process.

Furthermore,  healing  wounds  induced  by  diabetes
present a significant challenge in both clinical practice and re-
search. To address characteristics such as early wound dehyd-
ration and inflammation, bioactive dressings with functions to
maintain  moisture  and  provide  anti-inflammatory  effects
could be a promising adjunct  for  exos in diabetic  wound re-
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pair.  Wang et  al. [46] loaded MSC-exos  onto  a  thermosensit-
ive  polysaccharide-based  fluorinated  ethylene  propylene
(FEP)  hydrogel  dressing,  creating  a  combined  product
FEP@exo. This product significantly enhanced the prolifera-
tion,  migration,  and  blood  vessel  formation  of  endothelial
cells in  vitro,  accelerating  the  healing  of  diabetic  wounds.
Shiekh et  al. [47] developed  an  antioxidant  wound  dressing
named  OxOBand,  which,  after  loading  with  oxygen-rich
adipose  stem  cell-derived  exos,  promoted  the  migration  of
human  keratinocytes  and  fibroblasts,  thereby  enhancing  the
development  of  mature  epithelial  structures.  Similarly,  the
combined  product  could  also  address  psoriasis  with  similar
pathogenic  mechanisms.  The  dressing  could  synergistically
provide active  ingredients  to  maintain  moisture,  promote  re-
generation,  and  selectively  reverse  pathological  conditions,
suggesting  that  the  combination  product  may  offer  a  novel
approach  to  the  treatment  of  skin  diseases [48].  Additionally,
Lin et  al. [49] used Ag-S coordination to create injectable hy-
drogels  loaded  with  ADSCs-exos,  providing  anti-infection
and microenvironment protective properties, promoting endo-
metrial  regeneration,  and  restoring  fertility.  This  indicates
how  medical  devices  can  expand  drug  delivery  to  serve  the
treatment of pathological environments where drugs are diffi-
cult  to  retain.  Loading  human  bone  marrow  mesenchymal
stem  cells  into  hydrogels  could  also  produce  promising
patches  for  cartilage  regeneration [50]. In  conclusion,  com-
bined products  created by integrating stem cell-derived exos
with hydrogels and other biological adjuncts could provide a
portable  and  synergistic  novel  therapeutic  approach  in  the
clinical treatment of various diseases.

Modifying  the  properties  of  gel  dressings  has  expanded
their  application  to  the  field  of  nerve  repair.  Yang et  al. [51]

developed a  conductive nerve dressing using conductive hy-
drogels  loaded  with  BDMC-exos  to  treat  diabetic  peripheral
nerve injuries.  Their  findings  demonstrated  that  this  com-
bined product  significantly  enhanced  peripheral  nerve  syn-
apse  levels,  modulated  the  inflammatory  environment,  and
promoted nerve  remodeling,  thereby  improving  motor  func-
tion in  rats. Similarly,  Li et  al. [52] engineered a  hydrogel  for
transporting MSC-exos, achieving synergistic antioxidant and
anti-inflammatory regulation of the microenvironment. These
investigations  offer  novel  approaches  for  peripheral  nerve
damage  repair  and  pain  alleviation,  substantially  broadening
the  scope  of  exo-based  treatments  for  various  diseases  by
leveraging the properties of dressings.

 Exo And Filling And Restoration Materials

Medical devices  frequently  incorporate  fillers  for  di-
verse applications,  including bone repair,  tissue healing,  and
general surgical implants [53]. The integration of stem cell-de-
rived exos with these fillers results in a combination product
that  leverages  the mechanical  strength of  the  inorganic  filler
to provide direct physical support to traumatized bone tissue.
Simultaneously, this product utilizes the contents of exos for
complementary  tissue  repair.  Consequently,  this  approach

shows significant  potential  in  fields  such  as  bone  regenera-
tion, tissue healing, and aesthetic surgery.

Stem  cell-derived  exo  fillers  serve  as  critical  materials
for  orthopedic  repair,  offering  both  structural  support  and
promotion of  bone  formation, thereby  aiding  in  the  restora-
tion  of  normal  mobility.  Teotia et  al. [53] utilized nanostruc-
tured  calcium  sulfate-hydroxyapatite  cement  as  a  carrier  for
MSC-exos,  implanting  it  at  critical  defect  sites  in  rat  tibiae.
This approach facilitated the direct delivery of exos to the de-
fect  site,  promoting  their  gradual  absorption  and  enhancing
bone  formation  while  the  filler  provided  a  porous  structure.
This  study  presents  an  innovative  strategy  for  combining
stem cell-derived  exos  with  inorganic  fillers  to  create  com-
bination products. In a similar vein, Gandolfi et al. [54] incor-
porated  adipose-derived  mesenchymal  stem  cell-derived
exos onto porous bone fillers,  establishing a favorable envir-
onment  for  bone  formation.  Additionally,  Swanson
et  al. [55] integrated  exos  from human  dental  pulp  stem cells
into calcium hydroxide paste and mineral trioxide aggregate,
common dental fillers, resulting in the formation of a restorat-
ive dentin bridge over an 8–12-week release period. Overall,
filler-based combination products demonstrate significant po-
tential in  promoting  bone  regeneration.  Unlike  scaffold  ma-
terials,  these  combination  products  can  directly  provide
mechanical support  to  damaged bone tissue through the ma-
terial’s inherent strength, offering a more immediate and dir-
ect  supportive  effect,  making  them  particularly  suitable  for
large wounds that are challenging to heal naturally. However,
their tissue compatibility requires optimization through coat-
ing with stem cell-derived exos, and their capacity to induce
autologous bone tissue regeneration is comparatively limited.

Secondly, stem  cell-derived  exo fillers  demonstrate  sig-
nificant efficacy in supporting and promoting tissue repair in
challenging large wounds. Lee et al. [56] developed a compos-
ite filler by incorporating MSC-exos into hyaluronic acid. In-
jection  of  this  combination  product  in  a  mouse  dermal  filler
model resulted in thicker tissue layers, increased vasculariza-
tion, and enhanced collagen fiber deposition, thus promoting
wound  healing.  Park et  al. [57] designed  an  optimized  filler
composition comprising type I collagen, fibronectin, and hya-
luronic acid, which also shows promise for stem cell-derived
exo fillers.

Stem cell-derived exo fillers  represent  an innovative ap-
proach to contemporary aesthetic filling techniques. Post-ap-
plication,  these  fillers  demonstrate  a  significant  reduction  in
facial wrinkles  while  enhancing  skin  smoothness  and  elasti-
city. In comparison to conventional  fillers,  exo-based altern-
atives offer several advantages, including extended longevity,
enhanced safety profiles,  reduced rejection rates,  and superi-
or biological maintenance effects on skin collagen and elast-
ic tissues.  Nevertheless,  exo fillers necessitate more compre-
hensive safety  evaluations  to  mitigate  potential  adverse  ef-
fects, such as allergic reactions, which may impact users.

In  conclusion,  stem  cell-derived  exo  fillers  combined
with various  biomaterials  present  an  innovative  and  prom-
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ising approach for bone regeneration, tissue healing, and aes-
thetic  treatments.  These  combination  products  demonstrate
significant potential to transform current practices in medical
device development and clinical applications.

 Conclusion and Future Directions

In  conclusion,  various  medical  devices  can  potentially
optimize  stem cell-derived  exos  for  treating  diverse  medical
conditions  and  enhancing  patient  outcomes.  The  integration
of medical devices with stem cell-derived exos presents signi-
ficant  potential  for  therapeutic  applications,  regenerative
medicine, and  aesthetic  procedures,  facilitating  the  transla-
tion  of  multicellular-derived  exos into  clinical  practice.  The
comprehensive  investigation  of  combination  products  has
also  broadened  the  utilization  of  other  natural  sources  for
drugs and devices. Building upon the current research found-
ation, future studies may focus on developing more advanced
production technologies  for  combination  products,  expand-
ing their applications across various diseases, and refining the
evaluation mechanisms for these integrated solutions.

Firstly, the  utilization of  high-precision printing techno-
logy to enhance the accuracy and intricacy of scaffolds, blood
vessels,  microneedles,  and  other  medical  devices  can  better
achieve stable support and controlled release of stem cell-de-
rived  exos.  This  approach  represents  a  promising  direction
for  the  technological  advancement  of  regenerative  medicine
combination  products  in  the  future.  Addressing  the  efficient
loading of  stem  cell-derived  exos  and  maintaining  their  sta-
bility in medical devices remains a technical challenge to be
optimized.

Secondly, selecting medical devices with specific proper-
ties tailored to the disease state to accommodate stem cell-de-
rived  exos from  various  sources  will  expand  the  application
forms of combination products. This review has discussed re-
search on functional materials with neural conductivity prop-
erties  that  confer  electrical  conductivity  to  stem cell-derived
exos, as  well  as  the  utilization  of  fish  scale  materials  to  en-
hance  the  extensibility  and  coverage  of  stem  cell-derived
exos. Future studies may explore medical devices with more
adaptive functions as platforms for stem cell exo-based thera-
peutics, thereby enriching the physical application properties
of stem cell-derived exos.

Finally,  enhancing  evaluation  methods  and  regulatory
frameworks remains a crucial aspect of combination product
development. The  incorporation  of  medical  devices  signific-
antly alters the release and metabolic properties of drugs, ne-
cessitating  the  establishment  of  appropriate  testing  methods
and regulations tailored to the components’ nature. Moreover,
both drugs and medical devices must adhere to relevant laws
and regulations for registration or filing purposes.
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