
 

  
 
 
 

 

 

 

Universidad Nacional de Colombia.  
Revista DYNA, (93)242, pp. 46-53, July - September, 2026, ISSN 0012-7353 

DOI:  https://doi.org/10.15446/dyna.v93n242.124838 

Analysis of the contribution of PDMS biomaterials in their 
application to lung organ-on-chip systems: a systematic review• 

 
Laura Lucía Ortiz-López a , Kevin Andrés Henao-García a  & Carolina Caicedob,*  

 
a Semillero de Investigación en Ciencia e Ingeniería de Materiales (CIMAT), Facultad de Ingenierías, Unidad Central del Valle del Cauca (UCEVA) 

Tuluá, Colombia. laura.ortiz03@uceva.edu.co; kevin.henao01@uceva.edu.co 
b Grupo de Investigación Energías, Facultad de Ingeniería, Unidad Central del Valle del Cauca (UCEVA) , Tuluá, Colombia. * Corresponding author 

ccaicedoc@uceva.edu.co 
 

Received: December 24th, 2025. Received in revised form: June 2nd, 2026. Accepted: June 25th, 2026. 
 

Abstract 
Pulmonary diseases affect both lung tissue and its physiological function. In most cases, available treatments focus primarily on 
symptomatic management, underscoring the need for innovative therapeutic and modeling strategies. This study presents a rigorous 
systematic review, employing multiple search equations across various databases, to examine the use of biomaterials in the development 
of organ-on-chip platforms as potential tools for modeling and treating pulmonary diseases. The properties of polydimethylsiloxane 
(PDMS) and silicone elastomers are evaluated, with emphasis on their biocompatibility and suitability for microfluidic device fabrication. 
Finally, an experimental design is proposed to assess the feasibility of these biomaterials in an organ-on-chip model for pulmonary disease 
research. 
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Análisis de la contribución de los biomateriales PDMS en su 
aplicación a órganos en chip pulmonares: revisión sistemática 

 
Resumen 
Las enfermedades pulmonares comprometen su tejido y su función normal. En la mayoría de los casos los tratamientos son de control 
sintomático, lo que resalta la necesidad de enfoques innovadores. En este estudio, se presenta una revisión sistemática rigurosa, con 
diferentes ecuaciones de búsqueda utilizadas en varias bases de datos, sobre el uso de biomateriales para el desarrollo de órganos en chip 
como posibles herramientas en el modelado y tratamiento de enfermedades pulmonares. Se analizan las propiedades del polidimetilsiloxano 
(PDMS) y elastómeros de silicona, destacando su biocompatibilidad y aplicabilidad en dispositivos microfluídicos. Finalmente, se plantea 
un diseño experimental para validar la viabilidad de estos biomateriales en un modelo de órgano en chip para enfermedades pulmonares. 
 
Palabras clave: enfermedades pulmonares; biomateriales; órganos en chip; polidimetilsiloxano; dispositivos microfluídicos. 

 
 
 

1 Introduction 
 
This literature review examines the role of biomaterials in the 

development of organ-on-chip systems, with the aim of opening 
new therapeutic avenues for pulmonary diseases. These 
conditions constitute a major global public health challenge, as 
they impair respiratory function, compromise lung tissue 
integrity, and may even disrupt pulmonary blood flow, ultimately 
leading to lung failure. Among these disorders, chronic 
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pulmonary diseases are particularly prominent, including asthma, 
emphysema, chronic bronchitis, chronic obstructive pulmonary 
disease (COPD), and lung cancer. According to Soriano et al. [1], 
chronic respiratory diseases affect more than 454 million people 
and caused nearly 4 million deaths in 2019, ranking among the 
leading causes of mortality worldwide. 

Despite ongoing therapeutic advances, most existing 
treatments focus on symptom management and slowing 
disease progression, with no effective strategies available to 
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promote the regeneration of damaged lung tissue [2]. This 
gap has driven the development of new experimental tools 
that can both deepen the understanding of pathophysiological 
mechanisms. 

Within this framework, organ-on-chip systems have emerged 
as disruptive tools in bioengineering and biomedical research. 
These microfluidic devices integrate materials engineering, cell 
culture technologies, and controlled microenvironments to 
replicate the microarchitecture and physiological conditions of 
specific human organs [3]. In the case of lung-on-chip platforms, 
these systems enable the recreation of key processes such as 
respiratory biomechanics, gas exchange, and interactions among 
epithelial, endothelial, and immune cells. Consequently, they 
offer superior modeling capabilities compared with traditional 
two-dimensional cultures and animal models, which often 
present limited translational relevance to humans [4,5]. 

Currently, pharmaceutical and toxicological evaluations 
rely heavily on in vitro systems and animal models, which 
often fail to accurately predict human responses. Organ-on-
chip platforms overcome these limitations by recreating 
physiological microenvironments with greater fidelity, 
enabling improved assessment of drug efficacy and toxicity 
in lung disease models [6,7]. 

The success of organ-on-chip systems depends largely on the 
biomaterials selected for their design and fabrication. 
Polydimethylsiloxane (PDMS) remains one of the most widely 
used materials due to its transparency, flexibility, gas 
permeability, and compatibility with microfabrication 
techniques. Nonetheless, PDMS exhibits limitations such as the 
absorption of hydrophobic molecules, constraints in reproducing 
specific mechanical properties of lung tissue, and challenges with 
adhesion of certain cell types [8,9]. These drawbacks have 
prompted the exploration of alternative materials, including 
natural and synthetic hydrogels, biodegradable polymers, and 
hybrid membranes, which offer improved biocompatibility and 
more accurate recreation of the cellular microenvironment [10]. 

Recent advancements include the use of functionalized 
hydrogels to mimic the pulmonary extracellular matrix and 
the application of 3D bioprinting to construct multilayered 
architectures within organ-on-chip devices. These 
innovations enhance cellular organization and 
communication while providing greater control over 
mechanical, chemical, and biological substrate properties, 
ultimately improving cell viability, differentiation, and the 
formation of functional alveolar–capillary barriers [11,12]. 

Another significant development is the integration of 
real-time sensors into these devices, enabling continuous 
monitoring of critical physiological parameters such as 
epithelial barrier permeability, mucus secretion, 
inflammatory responses, and cellular metabolic activity [6]. 
The combination of advanced biomaterials with embedded 
sensing technologies opens new pathways for personalized 
medicine, drug development, and the reduction of animal use 
in biomedical research. 

Chronic pulmonary diseases continue to pose major 
challenges due to the lack of specific and effective treatments. 
Current approaches emphasize symptom control and 
maintenance therapies. According to the World Health 
Organization (WHO), COPD—including emphysema and 
chronic bronchitis—has ranked fourth among global causes of 

mortality since 2021, while lung cancer ranks sixth, with 
associated deaths increasing by 0.7 million between 2000 and 
2021 [13]. COPD is characterized by persistent airway irritation 
and inflammation, leading to airflow limitation and reduced lung 
capacity. Its management depends on disease severity, with 
inhaled therapies constituting the primary treatment modality 
[14]. 

In this context, the objective of this review is to analyze 
the contribution of biomaterials to lung organ-on-chip 
applications over the past 15 years, based on scientific 
evidence from multiple databases. The central research 
question guiding this review is: How have biomaterials 
contributed to lung organ-on-chip applications over the past 
15 years, according to the available scientific evidence? 

 
2 Methodology 

 
2.1 Systematic search  

 
A systematic literature review was conducted using indexed 

databases including PubMed, Scopus, Springer Link, Taylor & 
Francis, and ScienceDirect. Search equations combined terms 
such as organ-on-chip, biomaterials, pulmonary diseases, and 
polydimethylsiloxane. Studies published between 2010 and 2025 
were considered. 

 
2.2 Inclusion and exclusion criteria 

 
Inclusion criteria comprised experimental or 

computational studies addressing biomaterials used in organ-
on-chip systems for pulmonary applications (see Table 1). 
Studies unrelated to biomaterials in health contexts or lacking 
physicochemical modification analysis were excluded. 

 
Table 1.  
PRISMA 

Phase Description n 

Identification 

Records identified 
from databases 1.566 
ScienceDirect 1.229 

PubMed 388 
Springer Link 135 

Taylor & Francis 31 
Scopus 18 

Screening 
Records screened 

(Title and Abstract) 1.566 
Records excluded 1.516 

Eligibility 

Reports sought for 
retrieval 50 

Reports not retrieved 0 
Reports assessed for 

eligibility 50 
Reports excluded 19 
Reason 1: Did not 

focus on 
biomaterials/health 

applications 
10 

Reason 2: Lack of 
physicochemical 
modification data 

9 

Included Studies included in 
review 31 

Source: Authors’ compilation. 
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3 Expected results and discussion 
 
The use of biomaterials in organ-on-chip systems is 

expected to support a more accurate recreation of lung 
physiology, thereby facilitating the study of pulmonary 
amyloidosis without the need for animal models. 
Characterization of modified PDMS may demonstrate 
improvements in biocompatibility and cell adhesion, 
enhancing its suitability for these microfluidic devices. These 
platforms are anticipated to enable faster and more efficient 
drug testing, reduce reliance on animal experimentation, and 
accelerate the translation of candidate therapies into clinical 
trials. 

 
3.1 Biomaterial characterization  

 
The characterization of biomaterials is a fundamental 

process to ensure their functional performance, 
biocompatibility, and reproducibility within microfluidic 
systems and organ-on-chip platforms. This process involves 
evaluating physicochemical, mechanical, optical, and 
biological properties that determine material behavior in 
contact with cells, biological fluids, and drugs [15]. 

Halldorsson et al. [15] highlighted that PDMS absorption 
of hydrophobic compounds can significantly distort 
pharmacological outcomes in microfluidic devices, 
emphasizing the need for rigorous material characterization. 

Several studies have implemented surface modification 
strategies to optimize PDMS performance. One of the 
material’s major limitations is its absorption of low–
molecular weight hydrophobic molecules, including 
hormones and intracellular-targeting drugs. This behavior 
stems from the porous and hydrophobic nature of the polymer 
matrix, which complicates cell culture assays requiring 
controlled concentrations of bioactive compounds. Gómez et 
al. [16] addressed this challenge using a sol–gel treatment 
incorporating silica nanoparticles into PDMS, significantly 
reducing small-molecule absorption without compromising 
optical transparency, biocompatibility, or oxygen 
permeability. Subsequent evaluations demonstrated that 
cellular responses in treated PDMS devices closely mirror 
those obtained in conventional macroscopic cultures, 
highlighting the importance of modifying and characterizing 
both the surface and internal structure of PDMS prior to its 
application in organ-on-chip systems [16]. 

In a study by Liu et al. [17], a combined microchannel–
microwell system was designed to facilitate seeding, culture, 
and post-culture manipulation of cells on-chip. Three 
substrates were evaluated as culture surfaces: standard 
polystyrene plates, glass, and PDMS. Adhesion and 
spreading of mouse embryonic fibroblasts (MEFs) varied 
significantly according to substrate stiffness. MEFs exhibited 
superior spreading on polystyrene and glass, whereas 
adhesion on PDMS was considerably lower. These 
differences were attributed to variations in Young’s modulus, 
with glass being the stiffest and PDMS the softest substrate, 
influencing early-stage cell shape and spreading. The authors 
concluded that substrate stiffness is a critical parameter for 
cell adhesion and that MEF cultures require surfaces with an 
elastic modulus near or above 1 GPa [17]. 

Lavielle et al. [18] demonstrated that oil-infused PDMS 
exhibits significant changes in mechanical behavior and 
surface lubrication, resulting in reduced biofouling and 
improved long-term stability in microfluidic environments. 

Chuah et al. [19] showed that polydopamine coatings 
substantially enhance cell adhesion and proliferation on 
PDMS surfaces, demonstrating improved biocompatibility 
and long-term culture stability for organ-on-chip 
applications. 

Sotiri et al. [20] demonstrated that variations in the ratio 
between PDMS base and curing agent influence crosslinking 
density and, consequently, the material’s stiffness, 
absorption properties, and mechanical response. They also 
showed that silicone oil infusion enables fine-tuning of 
elasticity and long-term lubrication capacity. 

Kolle et al. [21] showed that the method used to introduce 
oil into the PDMS matrix critically determines its anti-
fouling behavior. When oil is mixed before curing (o-
PDMS), the polymer network forms without internal stress, 
causing the lubricant to remain trapped within the matrix 
rather than migrating to the surface; thus, no lubricating 
surface layer develops, and the surface retains characteristics 
similar to unmodified PDMS. By contrast, post-curing 
infusion (i-PDMS) saturates the matrix with oil, allowing 
spontaneous migration of the lubricant toward the interface 
to form a stable surface layer that reduces friction and 
prevents biofouling. Despite containing similar oil 
percentages, o-PDMS and i-PDMS exhibit distinct 
mechanical and surface properties due to differences in 
fabrication processes [21]. 

The characterization of functionalized PDMS further 
demonstrates how chemical modifications can alter 
properties critical for microphysiological device 
performance. Park et al. [12] used FT-IR and NMR 
spectroscopy to confirm incorporation of polar groups during 
crosslinking and evaluated the resulting films’ optical, 
mechanical, and dielectric properties. This approach enables 
direct correlation between molecular architecture and 
functional behavior, ensuring that introduced modifications 
do not compromise transparency, elasticity, or chemical 
stability [12]. Park et al. [22] also provided high-resolution 
evidence of PDMS surface deformation during wetting using 
X-ray microscopy, enabling real-time visualization of wet 
ridge geometries. Such insights are essential in microfluidic 
systems where solid–liquid interfaces govern flow dynamics 
and gradient formation [22]. 

Comprehensive biomaterial characterization should 
include parameters such as gas permeability, water and drug 
absorption capacity, contact angle, surface roughness, elastic 
modulus, and viscoelastic behavior [15]. It must also account 
for solid surface stresses and interfacial energies, which play 
a dominant role in microfluidic environments where channel 
and droplet dimensions are at the micrometer scale [22]. 

 
3.2 Biomaterials: structural basis of organ-on-chip 

systems 
 
The construction of organ-on-chip devices relies heavily 

on the selection and adaptation of the biomaterial that will 
serve as the structural foundation. This material must possess 
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properties that allow faithful replication of the physiological 
microenvironment of the target tissue while ensuring 
structural stability, optical transparency, biocompatibility, 
and suitability for microscale fabrication [3]. 

PDMS has become the most widely used structural 
biomaterial in organ-on-chip devices due to its optical 
transparency, mechanical flexibility, and compatibility with 
soft lithography techniques [15]. 

Despite these strengths, PDMS exhibits limitations that 
can compromise biological and experimental performance. 
Its affinity for hydrophobic molecules restricts the accuracy 
of assays requiring controlled concentrations of drugs or 
soluble factors. In this regard, sol–gel treatments have 
emerged as an effective strategy for preserving the 
mechanical and functional advantages of PDMS while 
reducing unwanted chemical absorption. Treated PDMS 
behaves more similarly to substrates such as polystyrene or 
polymethyl methacrylate but retains the gas permeability 
required for dynamic cell cultures and the capacity to 
fabricate complex microstructures [16]. 

Several studies emphasize the incorporation of coatings 
and complementary materials as practical solutions. The 
integration of microwells and microchannels provides a 
versatile platform for studying cell proliferation and 
differentiation under microfluidic conditions. This approach 
offers greater control over cell distribution and the chemical 
microenvironment compared with conventional culture 
systems. However, findings indicate that the base substrate 
significantly influences culture quality and cell 
differentiation. Although PDMS is widely used due to its 
transparency, flexibility, and ease of fabrication, it exhibits 
limitations in supporting robust cell adhesion and 
maintaining culture structures. In contrast, stiffer substrates 
such as glass and polystyrene promote stronger MEF 
adhesion and improved growth of embryonic stem (ES) cell 
colonies. These results underscore that the selection of 
structural material must account not only for fabrication 
convenience but also for the desired biological response [17]. 

Chuah et al. [19] proposed the use of polydopamine (PD) 
coatings to enhance cell adhesion without compromising the 
elasticity of PDMS. Their findings revealed significantly 
higher cell proliferation compared with unmodified PDMS, 
demonstrating substantial improvements in substrate 
biocompatibility. This technique represents a versatile 
alternative that preserves the material’s microstructural 
integrity while achieving a balance between mechanical 
performance and biological compatibility [19]. 

Park et al. [12] further demonstrated that PDMS can be 
tuned to function as a flexible and stable structural matrix, 
maintaining transparency for microscopic monitoring and 
elasticity for simulating physiological forces. Controlled 
incorporation of functional groups modulates material 
interactions with fluids and molecules, enhancing 
biomimetic behavior. Thus, PDMS not only supports the 
structural architecture of the chip but also contributes to 
regulating mechanical and chemical exchange—an essential 
requirement for recreating pulmonary microenvironments 
[12]. 

Beyond surface modification strategies, several authors 
have proposed the development of hybrid composites 

combining PDMS with hydrogels or natural polymers. These 
materials exhibit stiffness values more closely aligned with 
the extracellular matrix and facilitate efficient diffusion of 
nutrients and gases, broadening their potential for 
applications in organ-on-chip systems [3]. 

 
3.3 Ideal biomaterial: polydimethylsiloxane 

 
PDMS has been established as the reference biomaterial 

for organ-on-chip fabrication. Its widespread use responds 
not only to structural requirements but also to its capacity to 
support the application of controlled mechanical forces. 
Owing to its flexibility, PDMS enables the simulation of 
biomechanical phenomena such as the cyclic stretching 
associated with pulmonary ventilation. However, its intrinsic 
hydrophobicity presents challenges in terms of cell adhesion 
and long-term culture maintenance, often necessitating the 
incorporation of additional bioactive coatings to improve 
biocompatibility [3]. 

Numerous studies have provided qualitative evaluations 
of the properties of various biomaterials. Polymers whose 
main chain consists of silicon and oxygen have shown 
significant potential in multiple applications, largely because 
they can be adapted or molded into diverse physical forms. 
PDMS is particularly noteworthy, as its properties can be 
favorably modified through bonding with additional 
compounds or molecules [23]. Among its major advantages 
are its high permeability to oxygen and carbon dioxide—
which supports the maintenance of aerobic cell cultures—and 
its mechanical flexibility, which enables replication of cyclic 
movements such as alveolar expansion and contraction in 
lung-on-chip systems [24]. 

PDMS has been extensively evaluated for biomedical 
applications and has shown considerable progress in medical 
use (see Table 2). Nevertheless, analyses of 
cytocompatibility demonstrate that its surface requires 
modification, as it lacks intrinsic antimicrobial properties. 
Consequently, several approaches have explored the 
functionalization of PDMS through different chemical 
bonds, achieving favorable antimicrobial responses [25]. 
Moreover, studies indicate that cell adhesion and spreading 
are significantly reduced on PDMS compared with other 
substrates such as polystyrene. This limitation may hinder ES 
cell differentiation, which is negatively affected when cells 
are cultured on PDMS instead of polystyrene or glass [17]. 

Surface treatments are therefore necessary to improve cell 
adhesion and growth on PDMS. Its selection as a biomaterial 
thus aligns with both structural and functional criteria, 
including the need to support controlled mechanical 
stimulation [3]. Lavielle et al. [18] demonstrated that 
transitioning from PDMS_E to iPDMS leads to substantial 
functional changes in wettability and surface adhesion. The 
incorporation of a fluid layer acts as a passive and stable 
lubricating barrier that reduces solid–liquid and solid–
bacteria interactions. This finding is critical for the design of 
anti-adhesive surfaces, such as those required in microfluidic 
channels [18]. 

Because organ-on-chip systems operate at the micrometer 
scale, biomaterials with high dielectric properties are 
required 
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Table 2. 
Specifications of experimental studies on PDMS. 

Reference Material type 
Synthesis / curing 

/ modification 
method 

Reported physicochemical properties Relevance to organ-on-
chip applications 

Halldorsson, S., Lucumi, E., 
Gómez-Sjöberg, R., & 
Fleming, R. (2015). 
Advantages and challenges of 
microfluidic cell culture in 
polydimethylsiloxane devices. 
[15] 

Sylgard 184 and 
RTV-615 PDMS. 

Mixture of base and 
curing agent, casting 
into molds and 
thermal curing. 
Bonding by plasma 
treatment for sealing. 

High transparency; gas permeability; tendency to 
absorb hydrophobic compounds and proteins. 

Practical review on PDMS in 
microculture, highly relevant 
to organ-on-chip applications 
due to its properties. 

Chuah, Y. J., Koh, Y. T., Lim, 
K., Menon, N. V., Wu, Y., & 
Kang, Y. (2015). Simple 
surface engineering of PDMS 
with polydopamine for 
stabilized mesenchymal stem 
cell adhesion and 
multipotency. Sci. Rep. [19] 

Crosslinked Sylgard-
type PDMS with 
surface 
functionalization 
using polydopamine 
(PD) 

Coating by 
immersion in 
dopamine solution in 
Tris-HCl, pH 8.5, 
with variable times 
and concentrations. 
Washing and 
sterilization. 

PD coating increased initial cell adhesion up to 40-
fold compared with uncoated PDMS. 
Change in wettability: contact angle decreased from 
116.7 ± 2.21° (uncoated) to 40–70° (depending on 
PD %). 

Very useful for organ-on-
chip systems requiring stable 
cell adhesion; simple and 
biocompatible method.  

Lavielle, N., Asker, D., & 
Hatton, B. D. (2021). 
Lubrication dynamics of 
swollen silicones to limit long 
term fouling and microbial 
biofilms. Soft Matter. [18] 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸 Crosslinked 
PDMS_E. 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿 Silicone oil 
PDMS_L.  

Curing of PDMS_E 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸, followed by 
infusion in PDMS_L 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿 to obtain 
iPDMS 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.  

Variable viscosity (ν) (𝑣𝑣) of PDMS_L 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿: 
1.5, 5, 10, 50 and 100 𝑐𝑐𝑐𝑐𝑐𝑐. CSt. Swelling is 
affected by ν. 𝑣𝑣.  
Elastic modulus values (kPa) of PDMS_E 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸 
and iPDMS 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 vary with crosslinking: 
PDMS_E 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸10: 2000 kPa; PDMS_E 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸20: 700 kPa; PDMS_E 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸40: 80 kPa. 
iPDMS 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖10: 1800 kPa; iPDMS 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖20: 
480 kPa; iPDMS 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖40: 45 kPa.  
Contact angle: ≃ 100° in all samples. Static 
contact angle of 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≃ 1°. Lubricant layer (ℎ) 
≃ 0.1 − 1𝜇𝜇𝜇𝜇.  

Reduces biofouling in 
microchannels; exhibits high 
surface stability with easy 
modification by lithography 
and favorable mechanical 
and chemical compatibility.  

Kolle, S., et al. (2022). On the 
mechanism of marine fouling-
prevention performance of 
oil-containing silicone 
elastomers. (uploaded file). 
[21] 

Silicone elastomers 
with oil: o-PDMS and 
i-PDMS. 

o-PDMS: 
incorporation of oil 
into the matrix before 
curing.  
i-PDMS: post-curing 
oil infusion.  

Contact angle hysteresis: markedly reduced in i-
PDMS≃ 2.1° ± 0.7, o-PDMS≃ 8.9° ± 2.6°.  
Shear modulus: i-PDMS≃ 555 𝑘𝑘𝑘𝑘𝑘𝑘, indicating a 
lower elastic modulus than o-PDMS≃ 1342 𝑘𝑘𝑘𝑘𝑘𝑘 
kPa. 
In i-PDMS a surface lubricant layer forms (unlike o-
PDMS), with greater resistance to biological 
adhesion. 

i-PDMS exhibits distinct 
mechanical properties and 
improved anti-fouling 
behavior; the study 
highlights the importance of 
lubricant layer formation and 
stability mechanisms. 

Park, S. K., Park, B. J., Choi, 
M. J., et al. (2019). Facile 
Functionalization of PDMS 
Elastomer by Varying 
Hydridosilyl Groups. 
Polymers. [12] 

Chemically 
crosslinked, 
functionalized 
PDMS: 
poly(dimethylsiloxan
e-co-
methylvinylsiloxane) 
(VPDMS) and 
poly(dimethylsiloxan
e-co-methylsiloxane) 
(HPDMS), with 
incorporation of the 
polar additive 
tri(ethylene glycol) 
divinyl ether 
(TEGDE) 

VPDMS and 
HPDMS synthesized 
using 
diethoxydimethylsila
ne, 
diethoxymethylvinyl
silane, and 
diethoxymethylsilan
e as precursors. 
Platinum-catalyzed 
hydrosilylation 
between VPDMS 
and HPDMS; 
TEGDE added 
during curing for 
chemical 
incorporation. 13𝐶𝐶 C 
and 1𝐻𝐻 H NMR used 
to determine 
molecular 
composition. 
After polymer 

Number- and weight-average molecular weight 
(Mn and Mw, g/mol) 𝑔𝑔/𝑚𝑚𝑚𝑚𝑚𝑚:  
-VPDMS: Mn≃ 100,741; Mw≃ 165,425.-
HPDMS10 (10% mol% methylsiloxane): Mn≃
16,814 y Mw≃ 97,048. -HPDMS20 (20% 20 
mol% methylsiloxane): Mn≃ 16,414; Mw≃
38,480. 
Electric storage permittivity:  
Increase from VH10T (VPDMS and HPDMS10) 
≃ 25 to VH20T (VPDMS and HPDMS20) 
36 𝑝𝑝𝑝𝑝/𝑚𝑚 pF/m in 10𝑘𝑘𝑘𝑘𝑘𝑘 kHz.  
Optical transmittance ≻ 80% for VH10, VH10T 
and VH20T. 
Stress–strain curves: VH10: initial 
modulus 762 𝑘𝑘𝑘𝑘𝑘𝑘 kPa, máximum strength 
926 𝑘𝑘𝑘𝑘𝑘𝑘, maximum strain 156%. -VH10T: initial 
modulus 154 𝑘𝑘𝑘𝑘𝑘𝑘, máximum strngth 299 𝑘𝑘𝑘𝑘𝑘𝑘, 
maximum strain 265%. -VH20T: initial modulus 
484 𝑘𝑘𝑘𝑘𝑘𝑘, maximum strength 1438 𝑘𝑘𝑘𝑘𝑘𝑘, 

Relevant for integrating 
sensors or modifying cell–
surface interactions in organ-
on-chip platforms. 
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mixing, curing was 
performed to 
promote 
hydrosilylation, 
yielding VH10, 
VH10T, and VH20T, 
with different 
VPDMS and 
HPDMS 
compositions. 

maximum strain 277%. 

Sotiri, I., Tajik, A., Lai, Y., 
Howell, C., et al. (2018). 
Tunability of liquid-infused 
silicone materials for 
biointerfaces. Biointerphases. 
[20] 

PDMS with base: 
curing-agent ratios of 
5: 1, 10: 1, 20: 1, 
infused with silicone 
oils of different 
viscosities (3 𝑐𝑐𝑐𝑐𝑐𝑐, 
10 𝑐𝑐𝑐𝑐𝑐𝑐 and 20 𝑐𝑐𝑐𝑐𝑐𝑐) 

PDMS prepared at 
(5: 1, 10: 1, 20: 1), 
ratios, followed by oil 
infusion at different 
viscosities. 

Samples with 20: 1 ratio exhibit greater swelling 
over time at all viscosities. Equilibrium oil volume 
fraction is higher for 20: 1 samples, indicating 
dependence on base: curing-agent ratio and oil 
viscosity. 
Contact angle hysteresis of control and oil-infused 
samples in water: 20: 1 ≃ 95° and ≻ 60°, 
10: 1 ≃ 65° and ≻ 50°, 5: 1 ≃ 40° and ≻ 10°. 

Useful for designing PDMS 
tailored to chips: control of 
stiffness, liquid-layer 
longevity, and bacterial 
resistance. 

Source: Authors’ compilation. 
 
 

to function effectively at very small dimensions. Studies on 
dielectric elastomers have reported flexible, contractile, and 
viscous mechanical properties that influence their dynamic 
behavior, although viscoelastic responses vary across materials 
in terms of recovery [26]. Strategies such as incorporating polar 
molecules during crosslinking have been shown to enhance 
dielectric response without compromising structural integrity, 
representing a significant advancement in PDMS adaptability. 
Nonetheless, important challenges persist, including the 
absorption of hydrophobic compounds, potential alterations of 
interfacial properties, and the need to regulate crosslinking 
density. Current improvements aim toward integrated, scalable, 
and reproducible chemical modifications that preserve the 
material’s mechanical physiology [12]. 

PDMS is widely used in industrial applications due to its 
malleability, high thermal tolerance, and rapid curing rate 
[27]. The elastic network of PDMS can be further tuned by 
varying parameters such as the base-to-curing-agent ratio and 
the viscosity of infused silicone oils, enabling the 
development of surfaces with specific levels of stiffness, 
lubrication, and resistance to bacterial adhesion [20]. 

PDMS may be susceptible to capillary deformation at liquid 
interfaces due to its soft-solid composition. Studies have shown 
that although macroscopic contact angles remain stable across 
variations in elastic modulus—indicating predictable large-scale 
behavior—microscale wet ridges exhibit asymmetries not 
captured by simplified models. These findings underscore the 
need for surface energy modification or the implementation of 
specialized coatings to control wetting and deformation under 
dynamic conditions, particularly in pulmonary models where air–
liquid interaction is continuous [22] 

 
3.4 Technological challenges 

 
The study of microfluidic systems requires the integration of 

sensors capable of measuring cell viability and drug responses 
without disrupting the chip’s microenvironment. Achieving 
scalability and reproducibility remains challenging due to the 
high precision necessary during device assembly [28]. 
Additionally, maintaining surface lubrication under degrading 

conditions—such as repeated air–liquid interactions or 
continuous microfluidic flow—poses significant difficulties for 
organ-on-chip platforms designed to operate over extended 
periods. These factors can compromise the long-term mechanical 
and surface stability of PDMS [20]. 

Variability in modification processes may adversely 
affect key material properties, including stiffness, 
permeability, and optical transparency, thereby undermining 
model fidelity [12]. Long-term stability under dynamic 
conditions also remains a critical challenge, especially when 
these matrices are used in flow-based systems such as organ-
on-chip devices [29]. 

 
3.5 Biological challenges 

 
The anti-adhesive behavior of infused PDMS, although 

beneficial for preventing bacterial colonization, presents a 
challenge in applications that require controlled adhesion of 
human cells for the recreation of functional tissues [20]. 
Furthermore, interactions between PDMS and biomolecules 
may alter the concentration of drugs or cellular mediators, 
potentially affecting the accuracy of biological responses 
within the system [12]. 

 
3.6 Methodological challenge 

 
Standardization of fabrication protocols is essential to 

enable reliable comparison of results across laboratories, as 
minimal variations in mixing, curing, or temperature can 
produce matrices with significantly different properties [12]. 
Such variability restricts the production of modified 
biomaterials in research settings with limited resources [12]. 
The lack of standardized image analysis methodologies and 
the potential introduction of data biases further limit the 
consistency and interpretability of results [28]. Moreover, 
dependence on printing parameters, photocuring times, and 
gelation conditions introduces additional variability that 
affects the reproducibility of material properties [29].  A 
comprehensive summary of these technological, biological, 
and methodological challenges is compiled in Table 3.
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Table 3.  
Technological, biological, and methodological challenges identified in the literature. 

Studies 
Challenges 

Technological Biological Methodological 

Kumar et al. [28] Precision required for sensor assembly 
in microfluidic system studies. - Variation and potential bias in 

image analysis protocols 

Sotiri et al. [20] 
Stability of PDMS mechanical and 

surface behavior under prolonged use 
conditions. 

Anti-adhesive behavior of infused 
PDMS can prevent controlled 

adhesion of human cells 
- 

Park et al.[12] Lack of reproducibility in modification 
processes. 

Tendency to absorb hydrophobic 
compounds. 

Variability of protocols among 
laboratories. 

Sadeghzadeh et al. [29] 
Stability of mechanical behavior and 

cellular responses under prolonged use 
conditions. 

- Variability of protocols among 
laboratories. 

Source: Authors’ compilation. 
 
 

4 Experimental proposal 
 

4.1 Organ-on-chip: microscale laboratory 
 
The development of organ-on-chip systems relies on the 

design of microfluidic devices capable of hosting living cells 
in micrometer-scale chambers under continuous perfusion. 
These platforms enable the recreation of controlled 
microenvironments in which laminar flow, chemical 
gradients, and mechanical forces can be precisely regulated. 
The microengineering of these systems involves the 
integration of sensors and porous membranes that allow real-
time evaluation of functions such as barrier integrity, cell 
migration, and microenvironmental pressure. This approach 
overcomes the limitations of traditional static three-
dimensional cultures, where passive diffusion and the 
absence of mechanical forces impede the accurate 
reproduction of physiological conditions [3]. 

PDMS modification can be incorporated during the curing 
process to produce matrices with enhanced electrical sensitivity 
and controlled deformability—key features for simulating 
respiratory cycles or mechanical stimuli such as alveolar 
expansion. In this context, PDMS functions as an adaptable 
three-dimensional scaffold on which microchannels, culture 
chambers, and adhesion surfaces can be patterned to replicate 
biological interactions at microscale resolution [12]. 

The integration of multiple interconnected chambers 
enables the study of physiological interactions and drug 
distribution within fully controlled environments, a 
capability that is difficult to achieve in in vivo models and 
conventional culture systems. Consequently, organ-on-chip 
platforms serve as experimental tools that facilitate the 
understanding of physiological mechanisms and the 
modeling of diseases with higher fidelity [3]. 

Currently, pharmaceutical research is primarily conducted 
through in vitro experiments; however, organ-on-chip systems 
may offer superior simulation of biological environments 
through the use of appropriate biomaterials. In lung-on-chip 
models, the functional unit most directly associated with disease 

status must be replicated [30]. These devices incorporate a 
microfluidic system capable of simulating mechanical behavior 
and a cell culture compartment where different cell types from 
the organ are deposited, thereby reconstructing a 
microenvironment that closely mimics in vivo conditions. One 
study tested chemotherapeutic drugs on tumor cells and observed 
microenvironmental responses comparable to those seen in in 
vivo models, supporting their potential as efficient simulation 
platforms [31]. 

The transition from traditional macroscopic cultures to 
microfluidic systems presents several challenges, and 
biomaterial selection is directly dependent on the model’s 
objective. Unlike PDMS—whose elasticity facilitates the 
simulation of pulmonary deformations and 
microarchitectures in microfluidic devices—hydrogels are 
notable for their biocompatibility and capacity to support 
cells embedded in a three-dimensional matrix. However, 
PDMS provides greater mechanical stability and geometric 
reproducibility in microchannel fabrication, whereas 
hydrogels require complex rheological adjustments to 
maintain their structural integrity [29]. 

 
5 Conclusions 

 
The use of biomaterials in organ-on-chip systems 

represents a promising strategy for the study and potential 
treatment of pulmonary amyloidosis. The application of 
PDMS enables the construction of physiologically relevant 
models that may facilitate the development of new therapies 
while reducing reliance on animal testing. 

This work establishes the groundwork for future 
experimental research aimed at validating the feasibility of 
these devices for the study of pulmonary amyloidosis and 
other respiratory diseases. The implementation of such 
models in preclinical studies could transform the 
development of new treatments by providing a more precise 
and ethically responsible alternative to traditional 
approaches. Nevertheless, continued optimization is 
essential, particularly regarding mechanical stability, cell–
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material interactions, and the accurate simulation of the 
pulmonary microenvironment. 
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