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Abstract

Introduction and Objective: Polylactic acid (PLA) is a biodegradable, biocompatible
polymer derived from renewable sources. In light of the growing importance of environmental
sustainability, health promotion, and digital innovation, PLA has gained relevance in medical
and dental sciences. The objective of this review is to explore PLA's applications in dentistry
while highlighting its potential role in patient safety, and the development of sustainable

health solutions.

Brief Description of the State of Knowledge: PLA is increasingly utilized in dental
procedures due to its safety profile and compatibility with digital manufacturing technologies,
including 3D printing. In surgery and periodontology, PLA-based membranes are used in
guided bone and tissue regeneration (GBR/GTR). In prosthodontics, PLA supports the
production of temporary crowns, bridges, and denture bases. In orthodontics, it is applied in
palatal plates and aligners. Its biodegradable nature and absence of toxic residues make PLA a

valuable alternative in preventive and environmentally conscious dental care.



Summary: Although PLA shows strong potential, its mechanical limitations require further
improvement. Research into composites and material modifications is ongoing. PLA
represents a promising direction in dentistry, offering opportunities for innovation in clinical

practice, sustainability, and the education of future healthcare professionals.
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Introduction

In recent decades, with the advancement of science and technology, biomedicine has
undergone rapid development, particularly in the field of biomedical materials. Low toxicity
and good biocompatibility have always been key objectives in the development and
application of biomedical materials [1]. Traditional plastics, made from non-biodegradable
substances, have gained popularity due to their affordability and strong mechanical properties.
However, their mass production has contributed to environmental pollution and health
concerns [2]. In response to these challenges, interest has grown in biodegradable materials,
such as polylactic acid (PLA), which is derived from renewable resources and naturally
hydrolytically degrades into water and carbon dioxide [3].

Polylactic acid is one of the most well-known biopolymers and is considered a promising
alternative for multiple applications due to its properties, such as flexibility, stiffness,
thermoplastic behavior, biocompatibility, and excellent moldability [4]. In the 1970s, PLA-
based products were approved by the U.S. Food and Drug Administration (FDA) for direct
contact with biological fluids [5]. Its first medical application involved the treatment of
mandibular fractures in dogs [6]. Since then, PLA has been successfully used in numerous
medical fields, including craniofacial implants, drug delivery systems, and scaffolds
supporting bone and cartilage regeneration. With its wide range of applications and the ability
to customize its mechanical properties, PLA remains one of the most promising biomaterials
not only in medicine but also in dentistry. The use of PLA in dentistry has been presented in
Fig. 1.
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Fig. 1. The use of PLA in dentistry

Synthesis of PLA

Lactic acid (LA, 2-hydroxypropionic acid, CHsCHOHCOOH) is a naturally occurring organic
acid that exists in two enantiomeric forms, L- and D-LA. It was discovered in the 18th
century in sour milk by the Swedish chemist Carl Scheele [7]. Due to the presence of carboxyl
and hydroxyl groups, it is used as a monomer for chemical conversions and the production of
substances such as acrylic acid, propylene glycol, and acetaldehyde [8]. Although LA can be
synthesized through chemical processes, nearly 90% of the global LA production is obtained
through bacterial fermentation, while the remaining portion is produced synthetically through
the hydrolysis of lactonitrile [9]. Most commercial lactic acid is derived from bacterial
fermentation of carbohydrates by homofermentative Lactobacillus species, which produce LA
exclusively without additional byproducts, making the process more economical [10].

LA serves as a fundamental building block for synthesizing PLA, a biodegradable polymer
widely used in the production of packaging materials and containers due to its processability
and transparency [11]. Moreover, it has attracted significant interest for medical applications
due to its biocompatibility and biodegradability [12]. The synthesis of PLA begins with the
production of LA and ends with its polymerization, with an intermediate step involving the
formation of lactide. PLA is primarily synthesized through three stages. The first stage
involves the microbial fermentation of LA. In the second stage, LA is purified, followed by
the preparation of its cyclic dimer (lactide). The third and final stage consists of
polycondensation of LA or ring-opening polymerization (ROP) of lactides [13]. The synthesis
of PLA is shown in FIG. 2.
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Fig. 2. PLA synthesis

Application of PLA in Medicine

Polylactic acid (PLA) plays a crucial role in contemporary medicine, being used in a wide
range of medical procedures and technologies. One of its most important applications is in
tissue engineering, where PLA is being used as a material for producing biodegradable
scaffolds that support the regeneration of damaged tissues, including bone and cartilage. Due
to its biodegradability and biocompatibility, PLA gradually disintegrates in the body, allowing
the implanted material to be naturally replaced by newly formed tissues. It is particularly used
in the form of fibers, membranes, and three-dimensional structures created through 3D
printing technology, offering precise customization to meet the unique needs of patients [5].



In orthopedics and maxillofacial surgery, PLA is commonly used in the production of
resorbable plates, screws, sutures, and wires for stabilizing fractures and reconstructing bone
following trauma. Its advantage over traditional metal structures is degradation in the body,
eliminating the need for additional surgery to remove the implanted material [14]. Moreover,
studies have shown that PLA-based structures support the proliferation, growth and spread of
various cell types, including osteoblasts, osteoblast-like cells, and human umbilical vein
endothelial cells (HUVECs) [15].

Another significant applications of PLA are controlled drug delivery systems. PLA can
encapsulate active substances such as antibiotics, anticancer drugs, and hormones, enabling
their gradual release at the site

of action [5]. PLA-based micro- and nanoparticles have been successfully used in oncology,
enabling drug transport to cancer cells, increasing treatment effectiveness, and minimizing
side effects. Furthermore, PLA is utilized in vaccines, ensuring the sustained release of
antigens and enhancing the immune response [16,17].

Recently, PLA has also gained attention in plastic surgery and regenerative medicine, where it
is used in the production of dermal fillers and implants for soft tissue reconstruction [5,18]. Its
applications also extend to the production of biodegradable vascular stents, which maintain
blood vessel patency and gradually degrade, eliminating complications associated with the
long-term presence of foreign materials and the need for surgical removal [19].

Due to its distinctive properties, PLA is widely used in medicine as a next-generation
biomaterial. Ongoing research focuses on further modifications to improve its mechanical
properties, degradation rate, and interaction with tissues, opening new prospects for its
application in an even broader range of medical procedures [5].

PLA in Periodontology, Oral Surgery, and Implantology

Periodontitis, which leads to the destruction of structures supporting the teeth, is one of the
most common chronic diseases. It causes gingival recession, periodontal ligament destruction,
and alveolar bone loss [20,21]. Studies indicate that over 47% of adults aged 30 and older
exhibit different stages of periodontal disease [22]. With the advancement of tissue
engineering and nanotechnology, new technologies and biomaterials have been developed to
recreate the microenvironment of the natural extracellular matrix for periodontal tissue
regeneration [23]. Biomaterial-based approaches are widely used to support periodontal tissue
regeneration [24]. Guided tissue regeneration/guided bone regeneration (GTR/GBR)
techniques use polymeric materials as physical barriers, preventing connective and epithelial
tissue growth into the defect area and promote periodontal tissue regeneration [25]. The
effectiveness of the GTR/GBR method has been confirmed for vertical alveolar bone defects
but not for horizontal bone loss. Currently available GTR/GBR membranes lack tissue-
regenerative properties and must be used with grafts to improve tissue regeneration [26].
Other significant limitations of natural biomaterials include variability and poor mechanical
properties of produced consecutive batches. To overcome these drawbacks, several synthetic
biodegradable polymers have been developed for resorbable GTR/GBR membranes,



including polylactic acid (PLA), polyglycolic acid, polyethylene glycol membranes,
polycaprolactone, and copolymers of lactic and glycolic acid, with their modifications [21].

Polylactic acid polymers are extensively studied for their applications in guided bone
regeneration, often in combination with bioceramics such as hydroxyapatite (HAp) and
fluorapatite (FAp). Research carried out by Takayama et al. [27] demonstrated that these
materials exhibit significant osteointegration and stimulate osteoblast proliferation, supporting
bone tissue mineralization and regeneration. It has been proven that hydroxyapatite combined
with UV-treated PLA (UV-HAp/PLLA) and bioresorbable hydroxyapatite combined with PLA
(PLGA/HAp) induce higher osteogenesis compared to conventional materials such as
titanium.

A study conducted by Jang et al. [28] evaluated the use of polylactide (PLA) membranes
containing graphene oxide (GO) in GBR. These membranes, fabricated using 3D printing,
exhibited improved biological properties compared to traditional materials. It was found that
GO increased surface hydrophilicity, promoting adhesion, proliferation, and differentiation of
preosteoblasts. The study demonstrated that GO-PLA membranes accelerated bone
regeneration and showed better mineralization and integration with bone tissue than PLA
membranes alone. The results suggest that GO-PLA membranes could serve as an effective
alternative to conventional GBR barriers, enhancing bone healing and regeneration.

In another study, by Zhang et al. [29], the properties of 3D-printed polylactic acid membranes
were compared with conventionally manufactured membranes. The study assessed the impact
of different pore sizes (large — 479 pum, small — 273 pm, and no pores) on their mechanical
and biological properties. The analysis revealed that 3D-printed membranes had superior
mechanical strength compared to those produced using traditional methods. Preosteoblast
proliferation studies showed no significant differences in cell growth among the groups,
suggesting that the manufacturing method and pore size had little influence on adhesion and
proliferation. The findings confirmed that 3D printing is a promising technique for producing
personalized membranes for guided bone and tissue regeneration (GBR/GTR).

PLA in Prosthodontics

PLA is also used as a material for temporary prosthetic restorations, offering biocompatibility
and biodegradability. Studies conducted by Crenn et al. [30] demonstrated that PLA obtained
via 3D printing using fused deposition modeling (FDM) exhibits mechanical properties
comparable to certain traditional resins, such as Unifast® (GC, Tokyo, Japan). PLA has low
porosity, which enhances its mechanical properties, but its microhardness is lower than that of
other temporary materials. A significant advantage of PLA is the absence of residual
monomers, which in conventional materials may exhibit cytotoxic and allergenic effects.

Additionally, studies suggest that PLA dentures printed using FDM technology meet the
requirements for precise intraoral adaptation, indicating their potential application in
prosthodontics as a cost-effective and efficient alternative to traditional denture fabrication
methods. When used with CAD software for prosthetic production, PLA can replace
conventional approaches and improve the functionality of prostheses [31].



PLA has also been studied for its use in temporary crown fabrication with CAD/CAM
technology [32,33]. In a study by Benli et al. [32], PLA was compared with conventionally
used polymethyl methacrylate (PMMA) and polyetheretherketone (PEEK) in terms of
marginal and internal fit as well as fracture resistance. The results showed that PLA achieved
fit values similar to PMMA but exhibited lower mechanical strength than PEEK. Despite its
lower fracture resistance, PLA is an environmentally friendly and biocompatible alternative to
conventional temporary materials. Similarly, in a study by Molinero-Mourelle et al. [33], the
marginal fit of crowns made from PLA using FDM technology was compared to PMMA
crowns. The results indicated that the marginal fit of PLA was within a clinically acceptable
range and comparable to PMMA. Both studies suggest promising outcomes for the
application of PLA in 3D printing technology in terms of efficiency and sustainability in
prosthetic production.

PLA in Orthodontics

Polylactic acid is also used in orthodontics, supporting bone healing and regeneration after
tooth extraction. Studies conducted by Huang et al. [34] demonstrated that
oligodeoxynucleotides loaded with polylactic-co-glycolic acid nanospheres (PLGA-NfD),
targeting the nuclear transcription factor kappa B (NF-«kB), reduce alveolar bone resorption
during orthodontic tooth movement. The use of these nanoparticles at the extraction site was
found to promote bone structure restoration by increasing trabecular bone density and
reducing trabecular spacing. Additionally, NF-kB inhibition reduces inflammation and
decreases the expression of bone resorption markers, such as tartrate-resistant acid
phosphatase, tumor necrosis factor-a, and interleukin-1p, while simultaneously promoting
periodontal regeneration by increasing the expression of alkaline phosphatase, transforming
growth factor-B1, osteopontin, and fibroblast growth factor-2. As a result, osteoblast activity
and osteocalcin levels increase. This therapy can effectively support orthodontic treatment by
reducing the risk of unwanted changes in the alveolar bone and improving the stability of
orthodontic treatment outcomes.

Polylactic acid is also used in orthodontics as an alternative to traditional materials like
polymethyl methacrylate (PMMA). Research conducted by Naveed et al. [35] introduced PLA
modified with sesame oil as a material for palatal plates in orthodontic appliances. The use of
3D printing technology allows for precise and reproducible manufacturing of these
components, eliminating issues related to inconsistent thickness and structure found in
conventional PMMA plates. The addition of sesame oil improves the mechanical properties of
PLA, reducing its fragility and moisture absorption, which enhances patient comfort. Tests
have shown that PLA has better load resistance and durability in the oral environment
compared to conventional materials. Furthermore, PLA is biodegradable, making it more
environmentally friendly than PMMA, which does not naturally degrade. Modern
technologies, such as 3D printing and material modifications, allow for further improvement
of PLA properties, which may contribute to its wider application in orthodontics as an
alternative to traditional materials.



Conclusions

Polylactic acid is playing an increasingly significant role in dentistry, with applications in
bone and tissue regeneration, prosthodontics, and orthodontics. Its biodegradability and
biocompatibility make it a valuable material for the production of membranes supporting
tissue regeneration, temporary crowns, and orthodontic appliances. While current studies
confirm its effectiveness, further research is needed to enhance its mechanical properties. In
the future, with advancements in biomaterial engineering, PLA may play an even greater role
in modern dentistry, contributing to the development of more efficient, less invasive, and safer
treatment methods.
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