
Polylactic acid (PLA) is one of the most investi-

gated biomaterial, being synthesized for the first time 

by Carothers in 1932 (8). Since then, PLA is produced 

in large scale all over the globe, its use in medicine 

being approved by the FDA in 1970 (28). The lactic 

acid, the PLA substrate is extracted from natural sour-

ces, such as feed stock, sugarcane, starch and nowa-

days from the milk whey (13). Extracting lactic acid 

from whey and then converting it into polylactic poly-

mer is one of the newly developed strategies for the 

PLA synthesis (13). Biocompatibility is the property 

that recommends the PLA as one of the most utilized 

biopolymer in biomedicine. Due to its physical and me-

chanical properties, PLA is used in mixtures with other 

polymers, copolymers, composites or blends (28). The 

potential applications of the PLA in biomedical field 

include tissue engineering, wound management, 

drugs delivery and orthopedics (6). Also, PLA is used 

to obtain a wide range of products in biomedical fields 

previously mentioned, such as degradable sutures, 

drug releasing systems, nano-particles, porous scaf-

folds, plates, screws for cranio-maxillofacial bone, 

tacks and pins for ligaments, and nowadays for obtai-

ning soft-tissue implants (6). 

The aim of this review paper is to discuss PLAs 

 Polylactic acid (PLA) synthesis has driven consi-

derable interest in tissue engineering, as well as in 

medicine, food and pharmaceutical industry. 

 PLA is used as a biomaterial in various medical 

applications, such as tissue engineering, orthopedic 

devices and drug delivery systems. 

 The main goal of this review is to highlight the PLA 

development and applications within different biome-

dical fields. There will be also summarized the role of 

this biomaterial and its copolymers, blends or compo-

sites in tissue engineering. 

 Further we discuss the PLA's utilization in bone 

tissue grafting on different bone defects performed on 

laboratory animals. In vivo research has been the gold 

standard experimental system in bone tissue studies. 

Animal bone defects allow the evaluation of biomateri-

als and are a keystone in translational researches. 
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 Polimerul polilactic (PLA) este un poliester alifatic 

obținut din surse naturale. În funcție de sursa de sinte-

ză (porumb, sfeclă, zer, resturi de mâncare) sau de 

modul de polimerizare (policondensare, polimerizare 

în inel deschis sau catalizare chimică), sinteza PLA de-

termină anumite avantaje și dezavantaje, caracteriza-

te prin proprietăți fizice (ex: rezistență mecanică, 

punct de topire), chimice sau biologice (biocompatibi-

litate, toxicitate). Datorită biodegradabilității și bio-

compatibilității tisulare, PLA este utilizat în industria 

alimentară, farmaceutică și în medicină. PLA este folo-

sit ca biomaterial cu diverse aplicații biomedicale (me-

dicina regenerativă, ortopedie, sisteme de transport 

medicamentos etc). Scopul acestei investigații îl con-

stituie evaluarea utilizării PLA-ului în domeniul biome-

dical, ca suport pentru stenturi, materiale de sutură 

sau dispozitive ortopedice. Totodată, este evaluată și 

discutată utilizarea acidului polilactic în regenerarea 

osoasă, în diferite protocoale experimentale de defect 

osos realizate pe animale de laborator. 

Cuvinte cheie: acid polilactic, defect osos, 

animale, regenerare tisulară, 
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application in different biomedical fields in order to 

highlight the PLAs utility as a biomaterial, as well as to 

enhance the use of composite biomaterials in bone re-

generation.

 Polylactic acid synthesis.

The synthesis of the PLA from lactic acid is made 

by three polymerization forms, represented by: 1) the 

condensation for low molecular weight PLA; 2) the 

ring open polymerization; 3) the chemical catalyzation 

with high boiling for obtaining PLA with high molecular 

weight (28).  In addition, various studies investigated 

all the mechanical, physical and chemical properties of 

the PLA. It is known that the mechanical and crystalli-

zation behavior of the PLA is dependent on the mole-

cular weight and stereo chemical makeup of the back-

bone (8, 16).

Advantages and disadvantages of PLA usage.

PLA has 4 advantages in comparison with other 

biomaterials, which are represented by the renewa-

bility, biocompatibility, processability and energy saving 

(28). Biocompatibility is the most attractive property of 

PLA with respect to its applications within the biome-

dical fields. PLA is not toxic in vivo, nor has any carcino-

genic effects on the tissues (16). Polylactic polymers 

degradation occurs by hydrolysis in living organisms 

tissues, and by thermal activation in nature (16). The 

products resulting during the PLA degradation are the 

water and CO , which are non-toxic and further they are 2

metabolized by cells (Fig. 1).

Fig.1. Illustration of the chemistry reaction 

during which the cellular PLA biodegradation occurs

While the PLA has numerous beneficial properties, 

it also has many drawbacks applications in the medical 

field. These drawbacks consist in poor toughness and 

fragility, which makes PLA unsuitable for demanding 

mechanical performance unless it is suitably modified 

(5). Another negative aspect is that PLA is hydrophobic, 

leading to low cell affinity with the appearance of an 

inflammatory response from the living host tissues (6). 

PLA has also a slow degradation rate that depends on its 

molecular weight and crystallinity. Mostly, high molecu-

lar weight PLA has a long in vivo life, and the degrada-

tion rate lasts from 12 months to 5 years. Another draw-

back is the lack of the reactive side chain groups, which 

makes PLAs surface modification a working challenge.

Biomedical applications of the PLA.

The tissue engineering synthesizes the substi-

tutes that mimic the natural cell regeneration process 

to help the growth of new tissue in vitro or in vivo. At a 

simplistic level, biological tissues consist of cells, sig-

naling mechanisms and cell matrix. An essential con-

dition common to all types of materials used in tissue 

engineering, especially for scaffolds, is to ensure good 

biocompatibility (6).  PLA is used in bone regeneration 

mixed with other co-polymers (PLA-PEG or PLA-p-

DPEG), or combined with other biological compounds 

(such as bone morphogenetic proteins-BMPs) for an 

enhanced tissue regeneration (16). Saito and Takaota 

(23) examined the use of PLA combined with BMP, and 

tested their biological effects on severely deminera-

lized bones. Their researches have revealed the bone 

morphogenetic properties of the mix, but small quan-

tities of bone matter were formed. This disadvantage 

was influenced by the molecular mass of PLA and its 

half-life. The study concluded that there was a need 

for a PLA with a greater molecular weight. Chang et al. 

(4) created a porous graft from PLA with high mole-

cular weight and BMPs, which achieved a bone matter 

regeneration effect within two weeks. Hollinger and 

Schmitz (24) combined demineralized bone with PLA 

polymers, using the blend in a study on a rabbit with 

calvarial defect, over 24 weeks. The results have 

shown that the implant led to the development of a 

large quantity of trabecular bone matter, without the 

presence of an inflammatory reaction. Levy et al. (8) 

used sheets coated with PLA underneath and above 

the calvarial defect in order to prevent the prolapse of 

the soft tissue through the defect, and observed an en-

hanced regeneration process, compared to the con-

trol. Agrawal et al. (1) have developed a porous im-

plant of PLA-PGA with added BMPs, and the implants 

were used in a study on calvarial defects with great 

bone matter loss. The results have showed a signifi-

cant increase in bone matter gain in groups with added 

implants compared to control groups. 

Stents. The usage of PLA stents showed lack of 

inflammatory reaction in the treatment of bladder wall 

lesions. The advantage of using these stents is that 

they have degraded in time, while the organ's tissue 

have regenerated (10). Mixtures between PLA and 

polytrimetilen carbonate have been tested for preven-

tion of postsurgical adhesions. These biomaterials 

were used such as films, and proved to be compatible 

with tissues and non-cytotoxic, preventing postsurgi-

cal adhesions (10).
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Fig. 2. Required properties and factors important 

for biomaterials use in the tissue engineering. 

 The mechanical and accommodation properties of the 

scaffolds with the host bone tissue must be able to with-

stand the stress of the daily activity. Tissue engineering 

technologies are based on a biological triad which in-

volves the successful interaction of 3 components, such 

as: 1] scaffold that holds the cells to create tissues to-

gether in physical form; 2] stem cells that create tissues; 

and 3] biological signaling molecules, respectively the ce-

llular growth factors (Fig. 2).

Suture material. The first use of PLA for suture 

materials was reported in 1974. Combined with poli- 

glicolic acid (PGA), the PLA was used for patenting the 

Vicryl absorbable suture (20). Brekke et al. (3) have 

tested a suture material composed entirely of the PLA, 

after the extraction of a molar, and noticed an enhan-

cement of the healing process of the surgical wound, 

compared to other non-absorbable suture materials 

used in the dental surgery.

 Orthopedics. Biodegradable polymers are used 

in orthopedics with the purpose of discarding the 2nd 

surgical intervention for the removal of the medical 

devices (6, 8). The most commonly used material in 

orthopedics is titanium, but in the majority of cases it 

needs to be removed due to the immense mechanical 

forces it exercises upon the bones or the affected area. 

In many cases, secondary rejection reactions of tita-

nium by the body are present in animals, as well as in 

humans, leading to osteomyelitis, bone necrosis, or 

substance loss over great areas (20). Polylactic acids 

are used especially in the fabrication of the plates, 

screws or cerclage wires (2). These materials are used 

in regions of the body where there is no need for a 

large mechanical force or toughness, these regions 

being the joints of the fore- or hind limbs, palmar or 

plantar faces, and zygomatic bones. Research is on 

course in rods and screws used in the fixation of long 

bone fractures, and it consists in the improvement of 

the mechanical properties, such as impact force, resis-

tance and bending point of PLAs used in surgical pro-

cedures on long bones (28). Mending the articular car-

tilage represents one of the greatest challenges in 

orthopedics. Schroeder et al. (25) used a PLA matrix 

with periosteal grafts in the knee of a rabbit. Athana-

siou et al. (2) used implants consisting of PLA-PGA 

combined with growth factors in osteochondral defects 

in the knee of a rabbit, in order to test the regeneration 

effect in the cartilage and surrounding bone. 

Medical transport systems. Polylactic poly-

mers are used as drug delivery systems (28). These 

were studied for late-release of varied pharmacolo-

gical molecules. Discharge of drugs enclosed in poly-

mers is achieved through erosion.Ling and Huang (12) 

studied the discharge time of the PLA nanoparticles 

combined with the drug paclitaxel in vitro, where the 

late discharge of the drug was demonstrated over 6 

months. Rancan et al. (21) have studied the utility of 

the PLA nanoparticles loaded with the fluorescent dye, 

within the trans-epidermal transport of medicinal sub-

stances. The study was carried out on human skin, and 

revealed the capacity of the PLA to migrate in the hair 

follicles and to release the pharmacological substan-

ces at their base (21).

Testing of PLA on animal bone regeneration 

models (Table 1). The bone has the capacity of self-

regeneration, but because of certain chronic metabolic 

pathologies, traumas and aging, deficient bone rege-

neration occurs (11). Current strategies aim for an en-

hanced bone tissue healing through implantation of 

some different biomolecules, such as stem cells, bio-

materials and combinations of cell and biomaterials, 

for the enhancement of the healing process (17). 

Testing these compounds on animal models bone 

defect represents the gold standard in translational re-

search. The goal of biomaterials is to repair, support, 

substitute or regenerate the wounded bone tissue 

(17). Relatively few orthopedic experimental models 

on animals exist in bone engineering, but they allow 

the most relevant and correct clinical evaluation  in the 

testing of biomaterials. To correct deficiencies, several 

species are used, such as rats, hares, swine or small 

ruminants, and the defects concern femur, spine, jaw 

and calvarial bone (11).
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                                                                                                                                              Table 1
Polylactic Acid utilisation in animal bone defect models
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CONCLUSIONS

1) Polylactic acid (PLA) is one of the most stu-

died and utilized biomaterial for the design and clinical 

use of the biodegradable implants in different scientific 

biomedical domains. 

2) PLA is environmental friendly, economical 

and produced from non-toxic renewable sources.

3) PLA is a bone inductive material, used as a 

leading candidate in the tissue engineering.

4) PLA and its copolymers have been tailored 

for various biomedical and pharmacological purposes 

and are utilized in numerous patented inventions. 
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