
Vol.67: e24231110, 2024 
https://doi.org/10.1590/1678-4324-2024231110 

ISSN 1678-4324 Online Edition 

 

 

 
Brazilian Archives of Biology and Technology. Vol.67: e24231110, 2024 www.scielo.br/babt 

Article - Engineering, Technology and Techniques 

Antimicrobial Action of a Biodegradable Thermoplastic 
Impregnated with Vancomycin for Use in 3D Printing 
Technology 

Celso Júnio Aguiar Mendonça1,2 
https://orcid.org/ 0000-0002-5153-3048 

Leticia Ramos Dantas 3 
https://orcid.org/ 0000-0002-2995-2932  

Jamil Faissal Soni1 
https://orcid.org/ 0000-0002-9448-7352  

Felipe Francisco Tuon3* 
https://orcid.org/ 0000-0003-3471-1786 

1Complexo Hospital de Clínicas da Universidade Federal do Paraná - CHC UFPR, Unidade do Sistema Neuro-Músculo-
Esquelético – UNME, Curitiba, Paraná, Brasil; 2Universidade Tecnológica Federal do Paraná – UTFPR, Programa de 
Pós-Graduação em Engenharia Elétrica e Informática Industrial – CPGEI, Curitiba, Paraná, Brasil; 3Pontifícia 
Universidade Católica do Paraná, Laboratory of Emerging Infectious Diseases, Curitiba, Paraná, Brasil. 

Editor-in-Chief: Paulo Vitor Farago 
Associate Editor: Paulo Vitor Farago 

Received: 14-Nov-2023; Accepted: 06-May-2024 

*Correspondence: felipe.tuon@pucpr.br; Tel.: +55-41-988521893 (F.F.T.). 

 

Abstract: This study explores the potential of vancomycin-impregnated polylactic acid (V-PLA) as a novel 
biomaterial for orthopedic applications. V-PLA combines the biocompatibility of PLA with the antimicrobial 
properties of vancomycin, making it a promising candidate for managing orthopedic infections. We conducted 
a comprehensive assessment of V-PLA, including macroscopic characterization, biomechanical analysis, 
vancomycin release profiles, antimicrobial activity and antibiofilm effects on Staphylococcus aureus ATCCTM 
25923. Filaments of V-PLA were manufactured by combining PLA pellets with vancomycin via extrusion and 
models produced by 3D printer. A biocompatibility test involved the insertion of PLA into a mouse calvaria 
model to evaluate the inflammatory response. Our results indicate that V-PLA exhibits a distinct macroscopic 
appearance and sustained vancomycin release over 28 days, surpassing minimal inhibitory concentrations 

HIGHLIGHTS 
 

• Polylactic acid (PLA) can be a polymer 3D printing for medical applications. 

• Vancomycin-impregnated PLA (V-PLA) is biocompatible and avoid biofilm formation. 

• The V-PLA presents a reduced tensile strength. 

• PLA with antimicrobial properties can be a future for medical devices. 
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for most Staphylococcus aureus strains. Moreover, V-PLA demonstrated the ability to prevent biofilm 
formation, a critical concern in orthopedic implant-related infections. While mechanical strength is identified 
as a limitation in certain applications, V-PLA's suitability varies depending on the clinical context. The V-PLA 
was biocompatible with a fibrous capsule similar to other prosthetic implants. This study sheds light on the 
potential of V-PLA for orthopedic spacers and implants, offering clinicians an innovative approach to infection 
management. Future research may explore its use in specific anatomical locations and clinical scenarios, 
advancing the field of orthopedic biomaterials. 

Keywords: Fused Deposition Modeling; impregnation; biomaterial; infection; antibiotics. 

INTRODUCTION 

Given the limitations associated with traditional bone grafts, there is a growing trend in the adoption of 
synthetic bone substitutes for medical applications [1,2]. Biocompatibility, a fundamental property of 
biomaterials, whether of synthetic or natural origin, pertains to their ability to interact with the human body 
without inducing adverse reactions or harm [3]. This characteristic is indispensable for the successful 
utilization of biomaterials in medical contexts, particularly when they are intended for long-term implantation 
or tissue contact, as it ensures compatibility with the recipient's immune system and facilitates the healing 
process [4,5]. 

One such biomaterial that has garnered significant attention for clinical applications due to its 
mechanobiological attributes is polylactic acid (PLA), widely employed in additive manufacturing. PLA is a 
biodegradable and biocompatible thermoplastic derived from renewable sources such as corn starch and 
sugarcane [6]. Multiple investigations have substantiated the biocompatibility of PLA, reporting the absence 
of cytotoxic effects [7]. For instance, Chou and coauthors conducted experiments involving custom-printed 
PLA cages to address segmental femoral bone defects in rabbits, revealing favorable tissue growth 
outcomes. The authors concluded that the availability of cages with diverse geometric configurations could 
prove advantageous for the treatment of substantial segmental bone defects in human subjects [8]. 

Among antibiotics, vancomycin is an appealing candidate for incorporation into thermoplastics due to its 
excellent thermostability, long-term stability, and its lack of association with tissue damage [5,9-13]. However, 
incorporating vancomycin into PLA presents a challenge since vancomycin is hydrophilic, while PLA is 
hydrophobic [14]. In this scenario, surface modification of PLA becomes necessary to facilitate the 
impregnation of the antibiotic. One potential approach is to incorporate the drug into PLA through additive 
manufacturing processes involving high temperatures. 

The potential to incorporate antibiotics into PLA extends its utility in developing implants or temporary 
spacers for managing orthopedic infections [6,15]. Moreover, PLA employed in 3D printing technology 
facilitates the creation of personalized spacers, a critical component in addressing substantial bone defects 
[16,17]. Considering the attributes of PLA and the antimicrobial properties of vancomycin, the primary 
objective of this study was to develop vancomycin-impregnated PLA and assess its antimicrobial properties, 
including its antibiofilm activity. 

MATERIAL AND METHODS  

A schematic chart depicting the methods and results of the study with vancomycin-impregnated PLA is 
presented in the Figure 1. 
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Figure 1. Schematic chart depicting the methods and results of the study with vancomycin-impregnated polylactic acid 
(PLA). In "1," we summarize the extrusion of the filament through the combination of PLA pellets with vancomycin using 
silicone oil. In 2, we describe the tests used for filament analysis, including scanning electron microscopy, biomechanical 
tests according to the ASTM (American Society for Testing and Materials) standard model, antibiotic elution tests, and 
microbiological tests. In 3, the process of 3D printing of models by FDM (fused deposition modeling) for the tests and 
their results in 4, which includes biocompatibility, antibiofilm and antimicrobial activity, as well as elution for at least 28 
days and a reduction in the mechanical strength of PLA impregnated with vancomycin. 

Reagents 

Polylactic acid was obtained from Braskem (Sao Paulo, Brazil), vancomycin was obtained from Teuto 
(Anapolis, Brazil) and silicone oil obtained from Sigma-Aldrich (St Louis, MI). Mueller-Hinton agar and Tryptic 
soy broth were obtained from Sigma-Aldrich (St Louis, MI). 

PLA impregnation 

Filaments of vancomycin-impregnated PLA (V-PLA) were manufactured by combining PLA pellets with 
vancomycin via extrusion, following a protocol protected by a patent (INPI, Brazil, 102023018694-7). To 
provide a concise overview, PLA pellets were mixed with vancomycin at a ratio of 40 grams of PLA to every 
1 gram of vancomycin. The PLA and vancomycin were blended in a conical tube of 50 mL under continuous 
agitation for 1 minute using silicone oil viscosity 5 cSt (25 °C) (Sigma-Aldrich, St Louis MI). Subsequently, 
the V-PLA material was subjected to a 30-minute drying process at 70°C and then extruded to produce 
filaments with a diameter of 1.75 mm.  

Both control PLA (C-PLA), which lacked impregnation, and V-PLA samples were created using a 
commercial 3D printer (Creator Pro 3D printer, Flashforge Corporation, Zhejiang, China). Filaments with a 
1.75 mm diameter were utilized for specimen preparation. The following parameters were employed for the 
3D printing of the samples: nozzle movement speed (1800 mm/min), first layer speed (300 mm/min), nozzle 
temperature (220°C), bed temperature (60°C), layer height (0.1–0.3 mm), extrusion width (0.48 mm), and 
infill density (100%) for all specimens. During the fabrication process, the filaments were guided through a 
pinch roller feed mechanism to the heated nozzle. The filament was then melted and extruded through the 
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nozzle, with the molten material deposited onto a preheated print bed. All biological and compression 
scaffolds were designed to have a relative density of 100% [18]. 

Scanning electronic microscopy 

For qualitative SEM visualization, the specimens of each group was transferred into sterile glass Petri 
dishes. The models were metalized with gold particles in metalizing equipment with a Q150R ES rotary pump 
(Quorum Technologies, Lewes, UK), and later fixed in a metal base for observation under SEM, which was 
a PentaFET Precision (Oxford Instruments, Abingdon, UK) at 5.0 kV [15]. Observations were made with 
magnifications between 20 and 3.000×. 

Vancomycin elution test 

The elution test procedure entailed immersing a cylindrical V-PLA model, measuring 5 cm in height and 
0.6 cm in diameter, in 10 mL of 0.9% physiological saline. Weekly measurements of vancomycin 
concentration were conducted by extracting 100 μL of the solution and analyzing it through high-performance 
liquid chromatography [19]. 

Biomechanical Assay 

The biomechanical assessment of C-PLA and V-PLA involved conducting a tensile test to compare the 
impact of impregnation on the tensile strength properties of PLA. An EMIC DL 500 universal testing machine 
was employed to carry out these tests. Each group, comprising C-PLA and V-PLA, was represented by five 
samples. The dumbbell-shaped samples were designed in accordance with the ASTM D1708-13 standard. 
Prior to each test, the equipment was provided with sample thickness, width, and initial length values. 
Thickness and width measurements were essential for calculating the cross-sectional area and, 
consequently, the stress (as per equation 1). Thickness was measured at three points on the sample using 
a thickness gauge. The test involved the application of a pre-load of 0.1 N and a testing velocity of 5 mm/min 
[20]. 

 
Equation 1. Stress calculation. 
 
σ=F/ A 
 
where: 
σ is the stress in megapascal [MPa]; 
F is the force in newton [N] and 
A is the cross-sectional area in square millimeter [mm2]. 

Ethylene oxide toxic residues 

The potential clinical application of V-PLA necessitates the consideration of a terminal sterilization 
procedure. Ethylene oxide was selected as the method to be tested, considering cost-effectiveness and the 
absence of water residue, thereby ensuring safety. Nevertheless, to ensure the safety of this sterilization 
process, an assessment of toxic residues of ethylene oxide was conducted. The determination of the 
concentration of toxic residues resulting from the use of ethylene oxide in sterilization was performed in 
accordance with the requirements specified by ISO10993-7 [21]. 

Antimicrobial activity 

In each group, a total of five samples of C-PLA and V-PLA, each with a 6 mm diameter, were subjected 
to testing. Subsequently, these samples were placed on Mueller-Hinton agar plates containing S. aureus 
ATCCTM 25923, adjusted to a turbidity equivalent to 0.5 McFarland, corresponding to a concentration of 3 x 
108 cfu/mL (colony-forming units). The diameter of the inhibition zone surrounding the samples was measured 
after 24 hours of incubation at 37°C, serving as an indicator of their antibacterial activity [22, 23]. Vancomycin 
is thermostable at temperatures greater than 200 degrees Celsius. Nonetheless, we included a 
microbiological test comparing the V-PLA disc with PLA derived from pellets, commercially printed PLA, and 
a commercially available nitrocellulose diffusion disc (BD BBL™ Sensi-Disc™ Vancomycin VA-30ug) to 
assess comparative activity. Similarly, we included a V-PLA disc that was submerged in 10mL of ultrapure 
water for 28 days and then removed, air-dried, and subsequently placed on the same plate for comparison. 
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Antibiofilm activity 

A 1:10 dilution was prepared in Tryptic soy broth (TSB) using a microbe 0.5 McFarland suspension of a 
S. aureus ATCCTM 25923. This dilution process was carried out until a bacterial concentration of 107 cfu/mL 
was achieved [24]. Next, 10 mL of TSB broth was added to sterile 24-well plates, completely covering the 
models (6 mm of diameter and 3 mm of height, n=4 for each group), and the plates were agitated at 120 rpm 
for 2 hours. This allowed the specimens to be exposed to the broth and facilitate bacterial adhesion [15, 25]. 

After the incubation period, the specimens were transferred to a new sterile 24-well plate containing 0.9% 
NaCl. This step was performed to remove any planktonic (free-floating) cells from the material. Following the 
removal of planktonic cells, the specimens were transferred to another sterile 24-well plate and submerged 
in 10 mL of TSB at 37°C for 24 hours without agitation. This allowed the cells adhering to the device surface 
to form a biofilm. After the biofilm formation, the specimens were submerged in 15 mL conical tubes filled 
with 10 mL of sterile 0.9% NaCl to remove any residual and unadhered/planktonic cells (step I). This washing 
step (step I) was repeated three times [26, 27]. 

Following the washing steps, the specimens were placed into 15 mL conical tubes filled with 10 mL of 
0.9% NaCl for further processing. They were subjected to sonication for 5 minutes using an ultrasonic bath 
with a Soniclean 15 device (Sanders Medical, Santa Rita do Sapucaí, Brazil) operating at a frequency of 
approximately 40 kHz and a temperature of 35°C. [28]. After the sonication step (step II), the supernatant 
(100 μL) was collected and inoculated onto TSA agar plates for growth evaluation and cell count (cfu/mL). 
This allowed for the assessment of bacterial colonies and determination of the viable bacterial count in the 
samples. 
 

Biocompatibility 

The study was granted approval by the Ethical Committee of the PUCPR (Curitiba, Brazil). All procedures 
adhered to the regulations outlined in the Brazilian animal protection law. A total of twenty male C57BL/6N 
mice (FIOCRUZ, Curitiba, PR, Brazil) were included in the study, distributed across four study groups as 
follows: V-PLA (n=5), C-PLA (n=5), control (without graft) (n=5), and autograft (n=5).  

The mice were anesthetized, and skin incisions were made at the top of the head, and the periosteum 
was detached. Then, bone defects 5 mm in diameter were made using a dental low-speed engine and a 5-
mm diameter trephine bur (Implatex, Tokyo, Japan) [29]. The PLA model with 5mm of diameter was implanted 
into the defect site (groups C-PLA and V-PLA). In the group autograph, the bone removes from skull was 
macerated and reimplanted in the surgical site, and the group control, the skin was sutured without any 
implant. After the implants, the skin was tightly sutured. The mice were followed for 8 weeks before scheduled 
euthanasia. The surgical and euthanasia procedures were previously published, providing detailed 
information about the methods employed [30]. Following euthanasia, the skull and the surrounding soft tissue 
were immersed in 10% formalin for subsequent histological analysis.  
 
Histological analysis 

Histological analyses were conducted to evaluate inflammatory responses. Longitudinal cuts measuring 
3.0 mm in length were made, and the tissue samples were fixed in neutral buffered formalin 10%. 
Subsequently, the samples were embedded in paraffin, and 4-µm thick sections were obtained. 

To assess the morphological integrity of the grafts, hematoxylin, and eosin (H&E) staining was 
performed. An optical microscope BX51 (Olympus Tokyo, Japan) was used for visual examination of the 
stained sections. The prepared slides were scanned using an Axio Scan.Z1 slide scanner (Carl Zeiss 
Microscopy GmbH, Jena, Germany), and subsequent image processing and analysis were performed using 
Zen lite software (Carl Zeiss, Jena, Germany). This allowed for detailed examination and documentation of 
the histological features and changes observed in the bone samples. 
 

Statistical analysis and data presentation 

Continuous variables were expressed as medians, and the degree of dispersion was indicated by the 
25th and 75th percentiles. For the comparison of medians, the Mann-Whitney test was conducted, and a 
significant difference between the medians was indicated when p < 0.05. There was no comparison of 
categorical data, and the other data were descriptive, not requiring statistical analysis. For the statistical 
analysis, the GraphPad Prism software, version 7.0, was used. 
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RESULTS 

V-PLA displayed noticeable macroscopic distinctions compared to conventional PLA, featuring a more 
irregular surface and a yellowish color consistent with the presence of vancomycin (see Figure 2). The 
macroscopic characteristics of V-PLA were distinctly dissimilar from those of C-PLA filaments. It was 
observed that the V-PLA filament could be broken after a 90-degree bend, while the C-PLA filament would 
merely bend without breaking. 

 

 

Figure 2. Macroscopic aspect of the V-PLA and control PLA (without vancomycin) filaments. 

 
V-PLA exhibited an earlier rupture compared to C-PLA, signifying reduced resistance when exposed to 

mechanical stress (refer to Figure 3), achieving a median of 22 MPa of stress against 35 MPa of control 
group (n=5), a reduction of 37%. In the scanning electron microscopy (SEM) analysis, it was evident that the 
appearance of C-PLA remained consistent and uniform after the printing process. In contrast, the V-PLA 
group exhibited irregularities in the printed model, which consisted of 1 x 1 cm squares with a height of 3 mm. 
(Figure 4). 

 

 

Figure 3. Biomechanical test of V-PLA and control to evaluate tensile. A – The test before rupture of test body; B – after 
rupture of test body; C – Curve of tensile stress of control (black) and V-PLA (red). 

Vancomycin 
impregnated PLA

Control
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Figure 4. Scanning electronic microscopy of V-PLA (left) and PLA control (right). V-PLA presents modifications 
(roughness) on the surface. 

 
The vancomycin elution test indicated that vancomycin antibiotic concentrations consistently exceeded 

the minimum inhibitory concentrations for most vancomycin-sensitive S. aureus strains. Specifically, 
concentrations surpassed 2 mg/L from the initial day of measurement, with values starting at 3.15 mg/L and 
steadily rising to 12.02 mg/L by day 28 (see Figure 5 red line). When we analyzed the release of vancomycin 
per gram of PLA, the total concentration in 28 days reached 760 mg (Figure 5 black line). The tests for toxic 
residues of ethylene oxide were negative, indicating that sterilization using this method is a safe process. 

 
 
Figure 5. Vancomycin elution test of a V-PLA model for 28 days, showing the cumulative concentration of the drug in 
the water (red line) and cumulative vancomycin released by gram of PLA.  
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In addition to the elution test, a test of the impregnated disc was conducted, comparing it with a standard 
diffusion disc containing commercially available vancomycin (BD BBL) (Figure 6). Although the results are 
not superimposable, they demonstrate a similar halo of activity. Furthermore, the discs were kept for 28 days 
in ultrapure water, and a test on a plate was performed, showing a reduction in the drug but maintaining 
antimicrobial activity. 
 

 

Figure 6. Plate test with S. aureus comparing the activity of a PLA disc impregnated with vancomycin (B), in relation to 
a nitrocellulose disc with 30ug vancomycin (C), a PLA disc produced from pellet but without impregnation (D), and a 
printed disc with commercially available PLA filament. The disc indicated as E is a model impregnated with vancomycin 
but left for 28 days in ultrapure water to evaluate the maintenance of activity.  

In the PLA disk susceptibility test, V-PLA exhibited the formation of a halo representing bacterial growth 
inhibition, a phenomenon not observed in non-impregnated PLA. It's worth noting that the halo was not 
extensive, indicating a low diffusion rate or potentially a lower concentration of vancomycin. Based on the 
elution graph, one plausible hypothesis is that the antibiotic release rate is relatively slow, which may explain 
the observed results (Figure 7 A). 
 

 
 

Figure 7. Microbiological tests of V-PLA (yellow and C-PLA (control in blue). A – disk diffusion test showing a small halo 
in the V-PLA; B – Control group of PLA with biofilm formation around the model and; C – V-PLA without biofilm formation 
in the well. 

A B C
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The biofilm test demonstrated an absence of biofilm formation in V-PLA, as evidenced by the absence 
of S. aureus counts following sonication. In contrast, the PLA group exhibited a median count of 3.4 x 108 
cfu/g, with an interquartile range (IQR) of 25-75% between 1.3 x 108 and 6.2 x 108 cfu/g. This indicates a 
substantial disparity in biofilm formation between V-PLA and C-PLA, with V-PLA effectively inhibiting biofilm 
development (p < 0.05). (Figure 7 B and C). 

In the animal model, the primary goal was to assess the biocompatibility and the incorporation of PLA in 
contact with bone, as well as the potential for osteoconductivity. The introduction of both PLA and V-PLA led 
to the development of a fibrous capsule surrounded by fibroblasts, with no observable inflammatory reaction 
or osteointegration. In contrast, autografting elicited a robust inflammatory response and exhibited restricted 
bone neoformation (Figure 8). In light of these observations, it can be concluded that V-PLA demonstrates 
biocompatibility, but it is not associated with osteogenesis, osteoconductive, or osteoinductive.) 

 

 

 

Figure 8. Histological characteristics of PLA implanted in mice. All images (A to E) present the relation of PLA with the 
tissue in different scales. There is a classic fibrous capsule around the model with fibroblasts and collagen fibers. In E 
is possible to visualize the PLA model and bone without osteointegration due to fibrous tissue around the PLA. 

DISCUSSION 

The successful inclusion of vancomycin into the thermoplastic has been demonstrated, enabling the 
preservation of its antimicrobial activity even after exposure to high temperatures, up to 200 degrees Celsius. 
It's important to note that vancomycin, like aminoglycosides, is a thermally stable antibiotic. In contrast, many 
other antibiotics are not as heat-resistant [31]. Indeed, it's worth noting that even thermally unstable antibiotics 
may retain a portion of their antimicrobial activity when exposed to elevated temperatures. The degree to 
which their activity is preserved can vary depending on the specific antibiotic and the temperature and 
duration of exposure. This preservation of activity after heat exposure may have implications for certain 
applications in which antibiotics need to be incorporated into materials or subjected to sterilization processes 
[32,33]. 

In the elution test, it is clear that the antibiotic is released at concentrations above the minimal inhibitory 
concentration (MIC), indicating at least bacteriostatic antimicrobial activity. To achieve bactericidal 
concentrations, it is likely that a higher antibiotic concentration would be necessary. Bactericidal 
concentrations typically exceed the MIC and are needed to effectively kill bacteria rather than just inhibit their 
growth. [17,34-36]. On the other hand, while the release of vancomycin may not reach the same levels as 
some other materials used in the field of orthopedics, such as orthopedic cement, it exhibits a prolonged 
release profile. This extended release ensures a long-term antimicrobial effect that persists for at least 28 
days. This sustained antimicrobial activity can be valuable for preventing or managing infections in orthopedic 

PLA

Bone 

tissue

Fibrous tissue
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applications over an extended period. [5,19,32,37]. It's worth noting that while a longer duration of 
antimicrobial activity could be investigated in your study, it's essential to consider the intended purpose of 
such materials [38,39]. These materials are typically viewed as temporary "bridges" used until the placement 
of a definitive prosthesis or implant [40]. In general, temporary materials in orthopedics should not exceed a 
duration of six months. Moreover, there is a global trend to further shorten this duration to help patients regain 
joint functionality as soon as possible [17]. Indeed, emphasizing materials with enhanced mechanical strength 
is paramount in preventing complications such as fractures and mechanical disorders in orthopedic 
applications. While V-PLA showed lower mechanical strength than C-PLA in the tensile test, this difference 
doesn't necessarily render the material impractical. The suitability of the material depends on the specific 
context and the intended clinical use.  

The ideal mechanical test could vary based on the application, and in some cases, compression tests 
might be more relevant. Additionally, the appropriateness of a material can be highly location-specific within 
the human body. Factors such as the forces acting on the implant site, the surrounding tissues, and the 
intended function of the material all play a crucial role in determining the most suitable material for a particular 
orthopedic application. 

Therefore, while mechanical strength is a vital consideration, the practicality of a material in clinical use 
is multifaceted and involves evaluating various factors beyond just tensile strength. Each application and 
location within the body may have unique requirements that need to be taken into account for an informed 
decision [41]. For the temporary replacement of a shoulder prosthesis, mechanical strength may have limited 
relevance, as is the case with filling bone defects in conjunction with plate and screw fixation. However, for 
applications like knee or hip spacers, conducting biomechanical tests that simulate the conditions at the 
implant site becomes imperative for assessing their viability [42]. One potential approach is to incorporate a 
robust material, such as steel, as a central support structure to provide mechanical strength, while applying 
a V-PLA coating to this material for the sole purpose of antibiotic release.  

Alternatively, another option is to blend PLA with other biocompatible polymers to enhance its 
mechanical strength. This would involve combining PLA with other materials to create a composite that 
balances the desired mechanical properties with the need for controlled antibiotic release.  [43]. The doping 
of PLA with antibiotics is a relatively recent modality following the spread of 3D printing technology. While 
there are some studies on the addition of antimicrobials, the literature is still not robust. The incorporation of 
gentamicin into PLA has been tested through a pressure-based surface modification method [44]. In another 
study, the extrusion method using gentamicin was tested, a technique similar to the one employed in our 
study. Although they did not mention the antibiotic concentration, it was surprising that there was no loss in 
strength, given that the antibiotic occupies a significant volume to maintain its long-term activity. It is also 
crucial that the antibiotic has the possibility of proper diffusion [45]. Another possibility for the addition of 
antibiotics to PLA involves their solubilization in a solvent that promotes the degradation of the polymer, 
followed by the subsequent removal of the solvent. However, none of these technologies are for use in 3D 
printing [46]. 

Considering its clinical use, we conducted tests for toxic residue of ethylene oxide, a form of terminal 
sterilization. The tests yielded negative results. We did not perform cytotoxicity tests as the literature is 
extensive in that regard, and vancomycin combined with other polymers has already been used safely for 
many decades [5,9,35,38,47]. Animal tests confirmed other findings in the literature regarding 
biocompatibility, where the implant did not demonstrate significant inflammatory reaction, only the formation 
of a fibrous capsule, which is common when performing an implant in animals [48]. It's important to note that 
PLA, when used on its own, does not exhibit the capacity for osseointegration, as confirmed by histological 
examinations. However, when combined with other materials, such as hydroxyapatite, it becomes feasible to 
confer properties conducive to bone integration. Nevertheless, it's essential to emphasize that our study's 
primary objective was not to achieve osseointegration. Instead, our main goal was to assess the feasibility of 
a temporary implant for the treatment or prevention of infections. 

Since Staphylococcus species are the main pathogens associated with orthopedic infections, 
vancomycin was the drug of choice [17, 49, 50]. The qualitative disk diffusion test demonstrated its diffusion 
capacity and growth inhibition. In the biofilm model, it was clear that it had the ability to prevent biofilm 
formation, although it did not reach bactericidal concentrations [11,16,23,51,52]. This confers a very important 
property for its use as an orthopedic spacer. 

Certainly, here are some limitations of this study. V-PLA exhibited lower mechanical strength compared 
to C-PLA. This could be a limitation if the material is intended for applications that require higher mechanical 
strength, such as load-bearing implants or sites subject to significant mechanical stresses. We have 
described visual macroscopic differences between V-PLA and C-PLA but does not provide quantitative 
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analyses of these characteristics. The lack of precise measurements can be considered a limitation in 
characterizing the material. Vancomycin release was assessed for 28 days but we do not provide information 
on long-term release. The durability of antibiotic release beyond this period can be an important consideration 
for clinical applications. The study identified the formation of a fibrous capsule in response to the introduction 
of PLA but did not observe osteointegration. However, the assessment of osteointegration typically requires 
more in-depth analysis, including the observation of tissue interactions over a longer period. 

CONCLUSION 

While the study provided interesting results, it's essential to acknowledge that the conclusions are based 
on specific experiments and may not be directly generalizable to all clinical situations. The clinical applicability 
of V-PLA may depend on various factors, including anatomical location and specific use. V-PLA filament can 
be a future material to be used in the manufacture of several devices in medicine, avoiding or treating 
infections by susceptible microorganisms.  
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