
Теоретическая и экспериментальная медицина

136

© КОЛЛЕКТИВ АВТОРОВ, 2026

UDC 615.4- 678.067:678.742.3:620.22
DOI 10.59598/ME-2305-6053-2026-119-2-136-145

A. A. Khrustaleva1, A. T. Yedrissov1, D. P. Khrustalev1, I. V. Chernykh2, I. V. Losseva1, A. F. Savelyev1*, 
V. V. Kazantsev1, M. A. Kiikbayev1, P. Yu. Rusyaeva1, K. A. Perepelitsyna1, S. V. Shapovalenko1

DEVELOPMENT AND CHARACTERIZATION OF A BIOACTIVE COMPOSITE BASED 
ON POLYLACTIC ACID

1School of Pharmacy, NC JSC «Karaganda Medical University» (100008, Republic of Kazakhstan, 
Karaganda c., Gogolya str., 40; e-mail: info@qmu.kz)
2Department of Pharmaceutical Chemistry and Pharmacognosy, Ryazan State Medical University named after 
Academician I. P. Pavlov (390026, Russian Federation, Ryazan c., Vysokovoltnaya str., 9; e-mail: rzgmu@
rzgmu.ru)

*Artyom Fedorovich Savelyev – School of Pharmacy, Karaganda Medical University NC JSC; 100008, 
Republic of Kazakhstan, Karaganda c., Gogolya str., 40; e-mail: savelevrtm@gmail.com

Aim. Development and experimental characterization of a bioactive composite based on polylactic acid, 
modified with hydroxyapatite and gentamicin, for implant applications.

Materials and methods. PLA-based composites were prepared by solution mixing followed by hot 
pressing, with variation of the hydroxyapatite content (0 – 40 wt. %). The microstructure and distribution of 
the inorganic filler were analyzed using scanning electron microscopy and energy-dispersive X-ray analysis. 
Mechanical properties were evaluated by three-point bending tests with determination of flexural strength and 
Young’s modulus in accordance with ISO 178:2019. Antimicrobial activity was assessed in vitro by the agar 
diffusion method against standard test strains of Staphylococcus aureus, Bacillus subtilis, Escherichia coli, 
Pseudomonas aeruginosa, and Candida albicans.

Results and discussion. The developed composite fabrication approach was shown to provide a ho-
mogeneous microstructure with a dispersed distribution of hydroxyapatite within the polymer matrix without 
pronounced macro-agglomeration. An increase in hydroxyapatite content resulted in a systematic decrease 
in flexural strength accompanied by a moderate increase in Young’s modulus, reflecting the trade-off be-
tween stiffness and resistance to bending deformations characteristic of particulate-filled polymer systems. 
Gentamicin-containing composites exhibited pronounced antimicrobial activity against Gram-positive and 
Gram-negative bacteria.

Conclusions. The obtained results confirm the potential of PLA-based composites modified with hy-
droxyapatite and gentamicin as functional biodegradable materials for implant applications in regions with 
moderate mechanical loading, combining mechanical support, bioactivity, and local antimicrobial protection.
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ТЕОРЕТИЧЕСКАЯ И ЭКСПЕРИМЕНТАЛЬНАЯ МЕДИЦИНА

INTRODUCTION
Modern medicine is facing a steady increase 

in the number of traumatic injuries to the musculo-
skeletal system, caused by both age-related degen-
erative changes and the high frequency of road traffic 
accidents, sports and domestic injuries [1, 2]. The 
restoration of bone tissue in severe fractures, exten-
sive bone defects after tumor resection, or infectious 
complications requires the use of bone scaffolds that 
promote targeted regeneration of bone structures. 
Materials for bone implant structures must meet re-
quirements for providing temporary mechanical sup-
port and the ability to osseointegrate [3].

In clinical practice, metal, ceramic, and pol-
ymer non-biodegradable implants are widely used 
to replace bone defects. Metal structures, including 

titanium and cobalt-chromium alloys, are highly du-
rable and long-lasting, but their use may be accom-
panied by stress shielding, corrosion processes, and 
the need for secondary surgical intervention [4]. Ce-
ramic materials, including hydroxyapatite-containing 
systems, are characterized by high biocompatibility 
and bioactivity, but are fragile and have limited me-
chanical reliability. Polymer materials provide good 
biocompatibility, but their biological inertness limits 
osseointegration processes [5]. A significant disad-
vantage of non-biodegradable implants is the need 
for their removal, which increases the trauma of treat-
ment and the risk of complications.

The WHO notes that surgical site infections 
(SSIs) are among the most common hospital-ac-
quired infections and lead to repeat hospitalizations, 



Теоретическая и экспериментальная медицина

                                                                                                           137Медицина и экология, 2026, 2

prolonged antibiotic therapy, and increased burden 
on the healthcare system [6]. The incidence of SSI 
after orthopedic surgery averages 1–5%, and can 
reach 30% in cases of open fractures and revision 
surgery [7, 8]. In orthopedic traumatology, up to 10-
15% of all surgical interventions are revision surger-
ies aimed at eliminating complications such as non-
union, mechanical instability, and infection; at the 
same time, it is after repeat interventions that the risk 
of infection increases 2-3 times compared to primary 
surgeries [9, 10]. The formation of bacterial biofi lms 
on the surface of implanted materials plays a signifi -
cant role in the development of implant-associated in-
fections, which signifi cantly reduces the eff ectiveness 
of systemic antibiotic therapy and contributes to the 
chronicity of the infl ammatory process [17].

In this regard, biodegradable polymer materials 
capable of providing temporary mechanical support 
to bone tissue, followed by replacement with new-
ly formed bone matrix, are of considerable interest. 
Among them, special attention is paid to polyester bi-
opolymers, in particular polylactic acid (PLA), due to 
its biocompatibility, controlled degradation rate, and 
technological suitability for producing scaff olds of 
various architectures [11, 12]. At the same time, pure 
PLA is characterized by low bioactivity and limited os-
teointegration capacity, which limits its use as a stan-
dalone material for bone implant structures [13, 14].

One eff ective approach to improving the bio-
logical functionality of PLA is the introduction of in-
organic bioactive fi llers, in particular hydroxyapatite 
(HA). The chemical composition of hydroxyapatite is 
similar to that of the mineral phase of bone tissue, 
which determines its osteoconductive properties and 
ability to stimulate the adhesion and proliferation of 
osteogenic cells. In addition, the dispersed introduc-
tion of HA particles allows the physical and mechan-
ical characteristics of the polymer matrix to be reg-
ulated, which is an important factor in the design of 
implant materials for bone tissue [15, 16].

A promising direction in the prevention of im-
plant-associated infections is the creation of materials 
with local antimicrobial activity by incorporating anti-
biotics directly into the implant structure. Gentamicin, 

a broad-spectrum aminoglycoside antibiotic, is wide-
ly used in orthopedic practice and can eff ectively re-
duce the risk of bacterial colonization of the surface 
of implanted materials when released locally [18, 19].

Therefore, the development of biodegradable 
composites based on PLA modifi ed with hydroxyapa-
tite and gentamicin represents a promising direction 
in the creation of implant materials with combined os-
teoconductive and antimicrobial properties.

The aim of the work was to develop and 
experimentally characterize a bioactive composite 
based on polylactic acid, modifi ed with hydroxyapa-
tite and gentamicin, for implant applications.

MATERIALS AND METHODS
In the study, polylactic acid (PLA, Nature-

Works, Ingeo 4032D, USA) was used as the polymer 
matrix. Bioactive additives, including hydroxyapatite 
(Ca10(PO4)6(OH)2)  (Sigma-Aldrich, USA) and gentamicin 
sulfate (Sigma-Aldrich, USA), were used to modify the 
polymer matrix. Ethyl acetate (Sigma-Aldrich, USA) 
was used to dissolve the components.

The production of a bioactive composite based 
on polylactic acid, hydroxyapatite, and gentamicin 
was carried out in several consecutive stages using 
solution and thermal processing methods.

In the fi rst stage, polylactic acid was dissolved 
in ethyl acetate at room temperature using an ultra-
sonic bath until a homogeneous solution was ob-
tained. Ultrasonic treatment was used to accelerate 
the dissolution of the polymer and prevent the forma-
tion of agglomerates.

In the second stage, hydroxyapatite and gen-
tamicin were sequentially added to the resulting solu-
tion. The mixture was subjected to intensive homog-
enization in order to evenly distribute the inorganic 
fi ller and antibiotic in the poly-lactic acid solution.

In the third stage, the organic solvent was re-
moved by distillation until a solid compound was ob-
tained. The process was carried out under controlled 
conditions to minimize the residual solvent content.

The resulting compound was molded by hot 
pressing using a thermopress. Pressing was carried 

Figure 1 – Fabrication scheme of bioactive polylactic acid composite
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out at a temperature of 180 °C to obtain flat samples 
suitable for subsequent studies of structural, me-
chanical, and antimicrobial properties.

The mechanical properties of the composites 
were evaluated by bending tests followed by calcula-
tion of the Young’s modulus. Composite samples with 
different hydroxyapatite contents (0%, 10%, 20%, 
30%, 40%) were used for the tests.

The tests were performed at a temperature of 
23°C and a relative humidity of 50% in a three-point 
loading mode in accordance with ISO 178:2019. The 
geometric parameters of the samples and the dis-
tance between the supports were selected in accord-
ance with the requirements of the standard. The re-
sults of the tests were used to determine the flexural 
strength and flexural modulus of elasticity.

For each composite composition, mechanical 
tests were performed on at least five samples. The 
results obtained were used to evaluate the effect of 
hydroxyapatite content on the mechanical properties 
of composite materials.

The surface morphology of composite mate-
rials was studied using scanning electron microsco-
py with the Helios 5 CX SEM/FIB system (Thermo 
Fisher Scientific, USA). Microstructural analysis was 
performed at low accelerating voltages in the range of 
3-5 kV, which allowed obtaining high-contrast imag-
es of the polymer sample surfaces. The working dis-
tance during imaging was maintained within 3-4 mm, 
and the electron probe current was approximately 
100 pA. Images were recorded in secondary electron 
(SE) mode.

An integrated energy-dispersive X-ray analysis 
(EDS) system was used to evaluate the elemental 
composition and spatial distribution of the inorganic 
filler. Elemental mapping was performed on areas 
corresponding to the SEM observation areas. The 
distribution of the main elements, including carbon, 
oxygen, and calcium, was recorded at standard de-
tection parameters. The maps obtained were used to 
analyze the uniformity of hydroxyapatite distribution 
in the polymer matrix volume.

The antimicrobial properties of composite ma-
terials were evaluated in vitro using the agar diffusion 
method. Standard test strains were used as model 
microorganisms: Staphylococcus aureus (ATCC 
6538), Bacillus subtilis (ATCC 6633), Escherichia coli 
(ATCC 25922), Pseudomonas aeruginosa (ATCC 
27853), and Candida albicans (ATCC 10231) were 
used as model microorganisms.

The initial microbial suspensions were pre-
pared at a concentration corresponding to 0.5 on the 
McFarland scale and evenly applied to the surface of 
a dense nutrient medium. Composite samples were 
molded into 6 mm diameter discs and placed on the 
surface of the seeded agar.

Standard discs containing gentamicin (for bac-
terial strains) and nystatin (for C. albicans) were used 
as positive controls. Composite samples without anti-
biotic addition served as negative controls.

Bacterial cultures were incubated at 37 °C for 
24 hours, while C. albicans cultures were incubated at 
28 °C. At the end of the incubation period, antimicrobial 
activity was assessed by measuring the diameters of 
the zones of microorganism growth inhibition around 
the samples using a standard measuring template.

The following activity gradation was used to 
interpret the results: no antimicrobial effect – zone di-
ameter less than 10 mm; weak activity – 10-15 mm; 
moderate activity  – 15-20 mm; pronounced antimi-
crobial activity – more than 20 mm. All measurements 
were performed at least three times independently, 
and the results were presented as the mean ± stand-
ard deviation.

RESULTS AND DISCUSSION
The microstructure of the surface of composite 

samples based on polylactic acid modified with hy-
droxyapatite and gentamicin was studied using scan-
ning electron microscopy (Fig. 2a, 2b). 

SEM images of the initial surface of the com-
posites, obtained at magnifications of ×2,000 and 
×10,000, demonstrate a relatively smooth and mor-
phologically homogeneous structure without pro-

Figure 2 – Images of the surface of PLA-HA-Gen composite obtained using a scanning electron microscope
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nounced porosity and macrodefects (Fig. 2a, 2b). The 
observed elongated linear elements are oriented and 
are likely due to the processing characteristics of the 
material (hot pressing) rather than the formation of mi-
crocracks or disruption of the polymer matrix integrity.

Analysis of SEM images at medium magni-
fication did not reveal any large agglomerates of 
micron-scale inorganic filler (Fig. 2b). The matrix 
contains dispersedly distributed light inclusions of 
submicron size, corresponding to hydroxyapatite 
particles. The absence of pronounced aggregation 
zones indicates effective dispersion of the filler during 
the composite production process and the formation 
of a structurally homogeneous material.

SEM analysis at high magnification (up to 
×20,000, Fig. 2c) showed that no characteristic signs 
of interphase delamination, such as voids, radial mi-
crocracks, or local defects, were found at the phase 
boundary, indicating a sufficient level of adhesive in-
teraction between PLA and the inorganic filler. The 
absence of sharp boundaries and defective areas 
around the particles reduces the likelihood of stress 
concentration and premature failure of the material 
under mechanical loading.

Energy dispersive X-ray analysis was per-
formed to confirm the presence and spatial distri-

bution of the inorganic filler. Carbon and oxygen 
distribution maps showed a continuous and uniform 
surface structure corresponding to the polymer matrix 
(Fig. 3a, 3b). 

The distribution of calcium was finely dispersed 
and was not accompanied by the formation of local 
areas with increased concentration of the element 
(Fig. 2c), which confirmed the uniform dispersion of 
hydroxyapatite in the composite volume. 

The total EDS spectrum (Fig. 4) was character-
ized by the dominance of carbon, which correspond-
ed to the predominance of the polymer matrix, with 
the simultaneous presence of calcium and phospho-
rus associated with the calcium phosphate phase.

It should be noted that EDS analysis data were 
qualitative and semi-quantitative in nature and were 
used to confirm the elemental composition and distri-
bution of the filler, rather than to evaluate its stoichi-
ometric ratio.

In general, the results of SEM and EDS anal-
ysis indicated the formation of a homogeneous mi-
crostructure of the composite material with a uniform 
distribution of hydroxyapatite and the absence of 
pronounced interphase defects. Such microstructur-
al organization is an important prerequisite for the 
formation of reproducible mechanical characteristics 

Figure 3 – EDS analysis of PLA-HA-Gen composite. (a) C Kα mapping (b) O Kα mapping, (c) Ca Kα map-
ping, (d) Sum EDS spectrum

Figure 4. Total EDS spectrum of PLA-HA-Gen composite
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and is consistent with the results of mechanical tests, 
as well as creating conditions for the realization of the 
bioactive and antimicrobial properties of the material.

The dependence of the Young’s modulus 
and flexural strength of PLA composites on the hy-
droxyapatite (HA) content is shown in Fig. 5 a, b.

With an increase in HA content, there is a 
marked decrease in ultimate flexural strength. For un-
modified PLA, the strength is 110.6±6.3 MPa. When 
10% HA is added, the strength decreases to 57.5±4.4 
MPa, which corresponds to a decrease of more than 
40%. A further increase in HA content to 20% leads 
to a decrease in strength to 45.9±6.9 MPa, and at 
30% and 40% HA, the values are 40.7±3.8 MPa and 
29.5±2.3 MPa, respectively (Fig. 5a).

At the same time, there is a moderate increase 
in Young’s modulus: from 1.92±0.12 GPa for PLA and 
PLA-HA-Gen 10% to 2.09±0.15 GPa for the compos-
ite with 40% HA, which reflects an increase in the 
stiffness of the material due to the introduction of a 
solid inorganic phase (Fig. 5b).

The observed combination of a decrease in 
flexural strength and an increase in elastic modulus 
reflects the compromise between stiffness and the 
ability to deform without breaking that is character-
istic of dispersion-filled polymer composites. As the 
hydroxyapatite content increases, the proportion 
of the continuous polymer phase capable of plastic 
deformation decreases, and the probability of local 
stress concentration in the interphase contact areas 
increases. At the same time, the results of microstruc-

tural analysis indicate a dispersed distribution of hy-
droxyapatite particles in the polymer matrix without 
pronounced macroagglomeration, which reduces the 
likelihood of premature crack initiation by structural 
defects and causes a smooth change in mechanical 
characteristics with an increase in filler content. The 
uniform distribution of the rigid phase also contributes 
to the reproducible growth of the Young’s modulus 
due to the more efficient involvement of hydroxyapa-
tite particles in load transfer.

Comparison of the obtained bending strength 
values (29 – 58 MPa for composites with 10 – 40 wt. 
% HA) with the mechanical properties of cancellous 
(trabecular) bone tissue determined by the three-point 
bending method shows that the developed compos-
ites demonstrate higher strength values compared to 
natural cancellous bone. In particular, according to F. 
Mohd Ghazali et al., the average values of cancellous 
bone strength in three-point bending are about 17.0 
MPa (with a wide range depending on the anatomical 
site and tissue morphology) [20]. At the same time, the 
values obtained are significantly lower than those of 
cortical bone, which indicates the potential applicability 
of the developed composites as biodegradable struc-
tures for temporary mechanical support and filling of 
bone defects in areas with limited operational load.

The antimicrobial properties of composite ma-
terials were evaluated by the agar diffusion meth-
od using standard test strains of Gram-positive and 
Gram-negative bacteria, as well as yeast-like fungi. 
Quantitative results are presented in Table 1, and 

Table 1 – Growth inhibition diameters of test strains

Title

Growth inhibition diameters of test strains, mm

S. aureus 
(ATCC 6538)

B. subtilis 
(ATCC 6633)

E. coli
(ATCC 25922)

P. aeruginosa 
(АТСС 9027)

C. albicans 
(ATCC 10231)

PLA-HA-Gen 20,0±1,0 33,0±1,4 19,3±1,4 29,7±1,0 –
PLA 8,3±1,0 6,7±0,8 6,0±1,0 7,0±1,2 –
Gentamicin sulfate 15,0±0,3 29,0±0,3 15,0±1,0 26,0±0,3 –
Nystatin – – – – 20,3±0,1

Figure 5 – Dependence of the mechanical properties of PLA composites on hydroxyapatite content: 
(a) flexural strength; (b) Young’s modulus
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characteristic examples of zones of inhibition of mi-
crobial growth are shown in Fig. 6.

Samples of unmodified polylactic acid did not ex-
hibit pronounced antimicrobial activity against the test 
strains studied, as confirmed by the small diameters of 
the growth inhibition zones, which did not exceed 6-8 
mm. This result indicates the biological inertness of the 
polymer matrix and excludes the contribution of PLA to 
the suppression of microbial growth.

PLA composites containing gentamicin formed 
pronounced growth inhibition zones for all bacterial 
strains studied, including S. aureus, B. subtilis, E. 
coli, and P. aeruginosa. For S. aureus and E. coli, 
the diameters of the growth inhibition zones were 
20.0±1.0 mm and 19.3±1.4 mm, respectively, while 
for B. subtilis and P. aeruginosa, the most pronounced 
antimicrobial effect was observed (33.0±1.4 mm and 
29.7±1.0 mm, respectively) (Table 1). The values ob-
tained correspond to moderate and pronounced anti-
microbial activity and indicate the preservation of the 
biological activity of gentamicin after its introduction 
into the polymer matrix.

A comparison of the antimicrobial effect of 
composite samples with that of standard gentamicin 
discs showed that the inhibition zones formed by the 
PLA composite with gentamicin are comparable and, 
in some cases, exceed the values for gentamicin 
sulfate discs (Table 1). It should be emphasized that 
under the conditions of the agar diffusion test, the 
composite material is a solid matrix from which the 
antibiotic diffuses into the environment, while stand-
ard discs provide a rapid initial release of the active 
substance. The observed comparable efficacy indi-
cates the availability of gentamicin for diffusion from 
the polymer matrix volume and the functional viability 
of the composite system as a carrier of the antimicro-
bial agent.

The composite samples showed no antimicro-
bial activity against C. albicans, which is consistent 
with the known spectrum of action of gentamicin sul-
fate. The formation of pronounced growth inhibition 
zones exclusively for the standard antimycotic drug 
nystatin confirms the correctness of the methodology 
and the validity of the experimental conditions.

Figure 6 – Growth inhibition zones of test strains
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Taken together, the data obtained demonstrate 
that the developed PLA composite provides effective 
local antimicrobial activity against clinically significant 
bacterial strains, including P. aeruginosa, which is of-
ten associated with implant-related infections. At the 
same time, the polymer matrix acts as a structural 
carrier of the antibiotic, ensuring its availability for 
diffusion into the environment without loss of biolog-
ical activity. Quantitative assessment of gentamicin 
release kinetics requires further research and is 
planned for subsequent stages of the work.

CONCLUSIONS
This work demonstrates the possibility of ob-

taining biodegradable PLA composites modified with 
hydroxyapatite and gentamicin, intended for use in 
implant structures with simultaneous support for bone 
regeneration and reduction of the risk of infectious 
complications. The developed approach ensures 
the formation of a homogeneous microstructure with 
a dispersed distribution of the calcium phosphate 
phase in the polymer matrix without pronounced 
macroagglomeration and interphase defects.

Mechanical tests revealed a regular decrease 
in flexural strength with an increase in hydroxyapa-
tite content, accompanied by a moderate increase in 
Young’s modulus. This combination reflects the com-
promise between stiffness and resistance to bending 
deformation characteristic of dispersively filled poly-
mer systems. The obtained flexural strength values 
exceed those of cancellous bone tissue, which deter-
mines the prospects for their use in areas with mod-
erate loads.

In vitro antimicrobial studies confirmed the pres-
ervation of the biological activity of gentamicin and the 
formation of pronounced local antimicrobial activity 
against clinically significant bacterial strains. Taken 
together, the results confirm the potential of PLA-HA-
Gen composites as functional biodegradable materials 
for regenerative medicine and orthopedics. 
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Цель исследования. Разработка и экспериментальная характеристика биоактивного композита 
на основе полимолочной кислоты, модифицированного гидроксиапатитом и гентамицином, для им-
плантационных применений.

Материалы и методы. Композиты на основе PLA получали методом растворного смешения с 
последующим горячим прессованием с варьированием содержания гидроксиапатита (0 – 40 мас. %). 
Микроструктуру и распределение неорганического наполнителя анализировали методами сканирую-
щей электронной микроскопии и энергодисперсионного рентгеновского анализа. Механические свой-
ства оценивали в испытаниях на изгиб в режиме трёхточечного нагружения с расчетом прочности при 
изгибе и модуля Юнга в соответствии со стандартом ISO 178:2019. Антимикробную активность оцени-
вали in vitro методом диффузии в агар в отношении стандартных тест-штаммов Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa и Candida albicans.

Результаты и обсуждение. Показано, что разработанный подход к получению композитов обе-
спечивает формирование однородной микроструктуры с дисперсным распределением гидроксиапати-
та в полимерной матрице без выраженной макроагломерации. Увеличение содержания гидроксиапа-
тита приводит к закономерному снижению прочности при изгибе при одновременном умеренном росте 
модуля Юнга, что отражает компромисс между жесткостью и сопротивлением изгибным деформациям, 
характерный для дисперсно-наполненных полимерных систем. Композиты, содержащие гентамицин, 
демонстрируют выраженную антимикробную активность в отношении грамположительных и грамотри-
цательных бактерий.

Выводы. Результаты исследования подтверждают потенциал PLA-композитов, модифициро-
ванных гидроксиапатитом и гентамицином, в качестве функциональных биоразлагаемых материалов 
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для имплантационных применений в зонах с умеренной эксплуатационной нагрузкой, сочетающих 
механическую поддержку, биоактивность и локальную антимикробную защиту.

Ключевые слова: полимолочная кислота; гидроксиапатит; гентамицин; биоразлагаемые 
композиты; антимикробная активность; механические свойства; костные импланты
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Зерттеудің мақсаты. Имплантациялық қолдануға арналған гидроксиапатитпен және 
гентамицинмен модификацияланған полилактикалық қышқыл негізіндегі биоактивті композитті әзірлеу 
және эксперименттік сипаттау.

Материалдар және әдістер. PLA негізіндегі композиттер ерітінділік араластыру әдісімен, 
кейіннен гидроксиапатит мөлшерін (0 – 40 мас. %) өзгерте отырып, ыстық престеу арқылы алынды. 
Микроқұрылым мен бейорганикалық толтырғыштың таралуы сканерлеуші электрондық микроскопия 
және энергодисперсиялық рентгендік талдау әдістерімен зерттелді. Механикалық қасиеттері ISO 
178:2019 стандартына сәйкес үш нүктелі жүктеу режиміндегі иілу сынақтарында иілу беріктігі мен Юнг 
модулін есептеу арқылы бағаланды. Антимикробтық белсенділік in vitro жағдайда агарға диффузия 
әдісімен Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa және Candida 
albicans стандартты тест-штамдарына қатысты бағаланды.

Нәтижелер және талқылау. Композиттерді алудың әзірленген тәсілі полимерлік матрицада 
гидроксиапатиттің айқын макроагломерациясыз дисперсті таралуымен біртекті микроқұрылымның 
қалыптасуын қамтамасыз ететіні көрсетілді. Гидроксиапатит мөлшерінің артуы иілу беріктігінің заңды 
түрде төмендеуіне және Юнг модулінің бірқалыпты өсуіне алып келеді, бұл дисперсті толтырылған 
полимерлік жүйелерге тән қаттылық пен иілу деформацияларына төзімділік арасындағы компромисті 
көрсетеді. Құрамында гентамицин бар композиттер грамоң және грамтеріс бактерияларға қатысты 
айқын антимикробтық белсенділік көрсетті.

Қорытындылар. Алынған нәтижелер гидроксиапатитпен және гентамицинмен модификацияланған 
PLA-композиттердің механикалық қолдауды, биоактивтілікті және жергілікті антимикробтық қорғанысты 
үйлестіретін, пайдалану жүктемесі орташа аймақтардағы имплантациялық қолдануға арналған 
функционалдық биоыдырайтын материалдар ретіндегі әлеуетін растайды.

Кiлт сөздер: полилактикалық қышқыл; гидроксиапатит; гентамицин; биоыдырайтын композиттер; 
антимикробтық белсенділік; механикалық қасиеттер; сүйек импланттары


