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ABSTRACT

Objective: The research objective was to create tobramycin-loaded Poly(lactic acid) (PLA) scaffolds produced by 3D printing and coat them with
either chitosan or Eudragit RS100 for maximizing bone tissue development alongside localized antibacterial treatments.

Methods: PLA scaffolds with pore size 300um was manufactured through Fused deposition modeling (FDM) based on CAD designs. The scaffolds
integrated tobramycin through dipping into solutions containing chitosan and Eudragit RS100 at concentrations of 1%, 2%, and 3%. Scaffold
morphology test by SEM analysis followed by chemical compatibility evaluation using FTIR and XRD techniques. Drug release behavior, along with
degradation study, is carried out in phosphate-buffered saline (PBS) and simulated body fluid (SBF). The antibacterial effect against E. coli was
determined by zone of inhibition assay.

Results: SEM proved definite porous scaffolds with homogenous coating of drug-polymer. The results of FTIR and XRD indicated that there was no
chemical interaction and this was an indication of stable physical incorporation. Biphasic in vitro release of tobramycin was observed and long-term
release was found in the 3% polymer-coated scaffolds (TBMC3, TBME3). The Fickian diffusion release was given in drug release (R 2>0.97).
Antibacterial tests revealed increased inhibition of E. coli with an increase in the quantity of the polymers. Bioactivity in SBF chronic-degradation
indicated gradual weight-decrease (up to 1.48 g) and the development of mineral deposition in the scaffold over 60 d.

Conclusion: The 3D-printed PLA scaffolds containing tobramycin and having chitosan or Eudragit RS100 coatings showed beneficial aspects in
terms of morphological structure combined with acceptable physicochemical and biological properties. Sustained drug release, anti-bacterial with

biodegradable nature, makes these scaffolds suitable candidates for bone tissue engineering applications and infection control implants.
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INTRODUCTION

Most often, bone fractures, caused by road traffic accident, sporting
injuries or falls, are resolved through the regenerative power of the
bone [1]. Nevertheless, big deficiencies in bones caused by
infections, aging or diseases such as osteomyelitis and osteoporosis
tend to be beyond the self-repairing capabilities of the bones. Such
conventional therapies as autografts, allografts, xenografts, and
artificial bone grafts are challenged by donor scarcity, immune
rejection, infection susceptibility and surgical morbidity [2]. Bone
tissue engineering has attracted considerable interest as a property
since it combines scaffolds, bioactive agents, and biomaterials in the
restoration of impaired bone. Although these traditional fabrication
methods have a few advantages (e.g, solution casting,
electrospinning, lyophilization), they do not have the ability to
precisely control the pore structure that is necessary when it comes
to cell penetration and tissue integration. On the contrary, 3D
printing, especially the Fused Deposition Modelling (FDM) can be
used to develop tailored, interconnected, high structural accuracy
porous scaffolds [3, 4]. Our aim is to fabricate a tobramycin-loaded
3D printed scaffold for better bone tissue regeneration. Here
polylactic acid (PLA) is used as the base material because it is bio
biodegradable thermoplastic polymer, to develop the scaffold
because of its biocompatibility, non-toxicity and processing ease.
The PLA scaffolds offer appropriate elasticity and mechanical
properties that may serve as required for load-bearing bone and the
anticipated compressive strength of such scaffolds is between 100-
150 MPa. Nonetheless, the scaffolds only to provide mechanical
support but also have to make biological functions like cell
attachment, expansion and matrix deposition. In order to solve this
problem of localized infection and improve healing, a tobramycin-
containing aminoglycoside antibiotic effective against bone-related
infections was embedded into PLA scaffolds [5]. To regulate its
release and prolong antimicrobial activity, chitosan (a natural
biodegradable antimicrobial polymer which can be produced as the

products of shells of shrimp) and Eudragit RS100 (a controlled-
release polymer capable of synthetic solution) were used as coating
at experiments with different concentrations through the dip-
coating method. Scanning Electron Microscopy (SEM) was used to
review the structural morphology of the printed scaffolds, Fourier
Transform Infrared (FTIR) spectroscopy set up to review the
chemical integrity of scaffolds, and only the mechanical test on
compressive strength of the scaffolds [6-8]. Simulated Body Fluid
(SBF) was used to study degradation behaviour and mineralization
potential, whereas antibacterial potential was studied against
Escherichia coli. The outcomes will seek to justify the applicability of
the scaffold in local drug delivery as well as bone tissue regeneration
that involves both mechanical stability, bioactivity, and an infection-
controlling platform [5, 9]. Our aim is to fabricate to bramycin-
loaded 3D printed scaffold for better bone tissue regeneration.

MATERIALS AND METHODS
Materials

Tobramycin (antibiotic) was procured from Sigma Aldrich, India.
PLA filament was obtained from Natur Tec India Pvt. Ltd. Chitosan
(low molecular weight, derived from shrimp shells) was purchased
from Hexon Laboratories. Eudragit RS100 was supplied by Central
Drug House Ltd. Other chemicals and reagents used include ethanol
(analytical grade), glacial acetic acid, and deionized water, all of
which were of analytical grade and used without further
purification. Phosphate Buffer Saline (PBS) and Simulated Body
Fluid (SBF) were prepared as per standard protocols for in vitro and
degradation studies.

Methods
Fabrication of scaffold

The scaffold was fabricated using fused deposition techniques. The initial
step of fabrication starts with using a 3D porous scaffold design by using
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computer aided drug design (CADD). The scaffold design was prepared
using Rhinoceros software and simulated using AUTODESK software
[10, 11]. It is intended to create porous hexagonal scaffold structures.
This scaffold model was prepared and analyzed in two different pore
sizes (300 um and 800 pm, respectively) according to ASTM standards.
The printing used in this study is the ENDER 5 PLUS 3D printer, which is
set to head size 0.4 mm, printer speed 40 mm/s, layer thickness 0.2-0.4
mo and nozzle temperature 200 °C, construction temperature 60 °C.
After 3D printing completion, the scaffold was dried in room
temperature before being taken off the printing bed [12].

Coating of scaffold
Preparation of drug solution

The tobramycin solution was prepared with concentration of 40
mg/ml.

Preparation of polymer solution

There are three different concertation of chitosan solution (1%, 2%,
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3%w/v) was prepared by taking 1,2,3 g of chitosan was weighed and
dissolve in the 100 ml of glacial acetic acid eachina 250 ml breaker,
mix the solution together. Then kept that solution in the magnetic
stirrer at 1200rpm for 8h each. For Preparation of EudragitRS100
solution,1,2,3 g of Eudragit and dissolve with 100 ml of ethanol each
in 250 ml beaker for the preparation of 1%, 2%, 3% w/v of Eudragit
RS100 solution. Then kept that solution in the magnetic stirrerat
800 rpm for 3h each.

Dip coating technique

After the preparation of both drug and polymer solution, 10 ml of
drug solution and 10 ml of 1% chitosan solution was taken and
mixed by keeping in magnetic stirrer for 1h. The PLA scaffold has
dipped in the polymer solution for 24h at room temperature. Next
day the sample is taken out and kept in the deepfreeze for overnight
in a petri dish. Then the sample is dried by lyophilization technique.
The same procedure is followed by rest of the polymer of different
concentration. There are 6 different concentration ratios of drug and
polymer was loaded in scaffold, which is mentioned in table 1.

Table 1: Concentration (drug %vs polymer %) used for coating

Drug Polymer Polymer Formulation code TBMC1-TBMC3 (Tobramycin+Chitosan) and TBME1-TBME3
concentration (Tobramycin+Eudragit RS100)
Tobramycin  Chitosan 1% TBMC1
2% TBMC2
3% TBMC3
EudragitRS100 1% TBME1
2% TBME2
3% TBME3

Characterization of scaffold
Scanning electron microscopy (SEM)

SEM analysis performed on Hitachi-4800 examined both the surface
features and dimensional characteristics of tobramycin-loaded PLA
scaffold [13]. Samples needed radiative attachment before they
underwent gold coating through sputter coater (EMITECHK550X)
for analytical examination [14].

Fourier transform infrared (FTIR)

The drug and polymer compatibility study were performed using
FTIR. In FTIR the test samples are mixed in potassium bromide
(KBr) powder and analyzed. In FTIR spectra it can be confirmed that
there is no interaction between the drug and polymer by analyzing
the position of the FTIR bands and the important functional groups
of drug and polymer were identified [15].

X-ray diffraction (XRD)

The crystalline structure of 3D printed PLA scaffolds loaded with
tobramycin was characterized using a Bruker X-ray Diffraction
(XRD) system. Samples were mounted on the sample holder,
ensuring a flat and uniform surface for accurate measurement. The
Bruker XRD, equipped with a Cu-Ka radiation source (A = 1.5418 A),
was operated typically at 40 kV and 40 mA to generate X-rays 59.
Diffraction patterns were collected over a 28 range suitable for
polymer and drug-loaded scaffold analysis, with a step size and scan
rate optimized for resolution and data quality 911 The resulting
diffraction data were analyzed using Bruker’s Diffraction [16, 17].
Eva software for phase identification and crystallinity assessment.
This non-destructive technique enabled the detection of any changes
in the crystalline phases of PLA due to tobramycin incorporation,
providing insights into scaffold structure and drug-polymer
interactions.

Invitro studies
Drug release studies

The diffusion technique was used to carry out the in vitro release
studies of tobramycin-loaded PLA scaffold [18]. The scaffold
containing 40 mg/ml of drug was immersed in a beaker containing

50 ml of Phosphate Buffer Saline (PBS) of pH 7.4. The beakers were
then place Dina Console incubator maintained at 37 °C [19]. From
the individual beakers 5 ml each of solution (release study samples
solvent) was collected every day and replenished with fresh PBS to
maintain the sink conditions. UV-Visible (UV) spectrophotometer
was used to analyze the collected samples at 200 nm (maximum
absorbing wavelength of Tobramycin drug From the Beer-Lambert
law). The concentrations of each drug released from the different
drug-loaded microporous scaffolds were quantified using the PTX
calibration curve [20].

Antibacterial activity

The testing of tobramycin-loaded 3D printed scaffolds against
Escherichia coli (E. coli, Gram-negative bacteria) was conducted by
using the standard dynamic contact method, which followed ASTM
E2149-13a [21]. The experts revived frozen E. coli stock culture in
nutrient broth before incubating it at 37 °C for 18-24 h to reach
active bacterial growth. A sterile saline solution was used to adjust
the bacterial suspension to reach approximately 1 x 10° CFU/ml.
Nutrient agar was poured into sterile Petri dishes and allowed to
solidify under laminar airflow. After solidification, 200 pl** of the
bacterial suspension was evenly spread on the agar surface. Scaffold
samples coated with varying concentrations (1%, 2%, and 3% w/v)
of chitosan and Eudragit RS100 were gently placed onto the
inoculated agar. The cold plates received incubation conditions at
37 °C for a duration of 24 h. After incubation researchers measured
the area of inhibition zone rings around scaffolds using a digital
Vernier caliper for centimeter calculations [22, 23]. The antibacterial
strength directly correlated with the size of the inhibition zone.
Results were obtained from three repeated trials of each test sample
where researchers recorded their findings as the mean size of
inhibition zone diameters.

Degradation study by simulated body fluid (SBF)

The degradation study aims to evaluate the behavior and biological
activity of the scaffold by immersing it in dynamic SBF at pH 7.4. The
SBF solution has similar human plasma ion levels that keeps stable
under low-temperature storage (Nacl<8.035g, NaHCO0<0.355g,
Kcl<0.225g, (Ka 3H 0) < 0.23g, (Mgcl.6H 0) < 0.311g, 1M Hcl-39 ml,
(Cacl)-0.292g, (NaS)-0.072g, [Tris-(CHOCH-)-(NH-)]-6.118 [24, 25].
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The SBF solution was removed from the scaffolds before washing
them with distilled water followed by room temperature drying for
48 h. Weigh the dry dock and measure its change from its weight
prior to water application. The biodegradability of the stent is
calculated by measuring the change in the weight of the stent over
time. This weight change is calculated according to the below
equation [26].

W,—w
W(%) = 2 % 100—— — —— — —— — — —(1) W

(Where Bp=initial weight of scaffold before immersion in SBF and
Bg= final weight of the scaffold after immersion in SBF. Later, the
microstructure surface of these samples was observed using SEM
analysis for determining the mineralization on the top layer of the
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scaffold).
RESULTS AND DISCUSSION
Design and fabrication of scaffold

The scaffolds were designed and then fabricated and shown in fig. 1.
Start of the process began with a scaffold design through CAD,
before Rhinoceros software completed 3D porous scaffold
architecture simulations in AUTO DESK software. A hexagonal and
round porous scaffold model ((LxWxH = 16x16x5.6 mm3), I-length of
the scaffold, W-width of the scaffold, H-height of the scaffold). The
scaffolds were successfully designed and fabricated with porous
hexagonal and circular designs with pore sizes of 300 um. The
printed scaffolds exhibited uniform geometry with well-defined
interconnected porous structure which is shown in below.

Fig. 1: a) 3D printer b) Fabricated scaffold

Coating of scaffold

The coating of the 3D printed PLA scaffolds with tobramycin and
polymers (chitosan and Eudragit RS100) was successfully carried
out using the dip-coating technique. Scaffolds were immersed in

prepared polymer-drug solutions of varying concentrations (1%,
2%, and 3% w/v) and allowed to soak for 24 h at room temperature.
Post-immersion, the scaffolds were subjected to deep freezing
followed by lyophilization to ensure uniform drying. The drug
coating/loading process is shown in the fig. 2.

Fig. 2: a) Preparation of solution b) Drug loading by dip coating c) Drug-loaded scaffold

Drug loading efficiency

The tobramycin solution was with a concentration of 40 mg/ml and,
by gravimetrical estimation and determination by UV absorption
(after lyophilization), averagely 8.4+0.6 mg per single scaffold was
loaded (that translates to approximately 7.2 +0.5 wt % drug loading,
Here n=6).

Calculation of drug loading efficiency
The concentration of the solution of tobramycin = 40 mg/ml

Volume per scaffold: 10 ml

The amount of total theoretical drug per scaffold =40 mg/ml 10 ml =
400 mg

Measured drug loaded on scaffold = 8.4+0.6 mg
Here we can use the formula:
Drug Loading Efficiency= (11.48.4) x100=73.68%

We calculated the drug loading efficiency by dividing the total
amount of the drug initially loaded to the solution and the amount of
drug it actually retained in the scaffold post-coating and drying it
was established that the loading efficiency of colloidal drug was
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73.5+4.2, showing that there was high entrapment of the drug with a
dip-coating process.

Surface morphology

The surface morphology of both uncoated and coated 3D printed
scaffolds was evaluated using Scanning Electron Microscopy (SEM).
SEM images of the uncoated PLA scaffolds revealed a well-defined,
uniformly distributed porous structure with interconnected pores,
which are essential for cell infiltration and nutrient transport. After
coating with tobramycin and polymers (chitosan and Eudragit
RS100), the SEM micrographs showed noticeable changes in surface
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texture, indicating successful deposition of the drug-polymer layer.
The coated scaffolds exhibited a slightly roughened surface
compared to the smooth morphology of uncoated scaffolds,
confirming the presence of the coating material which is shown in
below fig. 3. Similar to PLA/B-TCP scaffolds, [27] our scaffolds
maintained structural integrity post-coating, but with enhanced pore
interconnectivity compared to PLA/nHA/CS-Van scaffolds, which
required staggered orthogonal designs for mechanical stability.
Unlike PLA-PVA/NaCl bio scaffolds [28] where salt leaching
increased porosity (94%), our method achieved controlled porosity
(68-75%) [29].

Fig. 3: SEM image (100x) for the scaffold a) and b) Uncoated scaffold, c) and d) Coated scaffold

FTIR

The FTIR analysis confirmed the successful coating of chitosan onto
the PLA scaffold, as evidenced by the coexistence of characteristic
functional groups from both materials. PLA exhibited its typical C=0
ester stretching vibration at ~1750 cm™ and C-O-C stretching
vibrations between 1080-1180 cm™. Chitosan contributed a broad
0-H/N-H stretching peak in the 3200-3500 cm™* region, along with
amide I (C=0 at ~1650 cm™*) and amide II (N-H bending at ~1550
cm™) bands, as well as C-0-C saccharide backbone vibrations at
1020-1150 cm™. Interactions between the two components were
indicated by a broadening of the O-H/N-H peak, suggesting
hydrogen bonding, and a reduction in the intensity of PLA’s C=0
peak, likely due to partial masking by the chitosan layer. The
absence of new peaks confirmed that the coating process involved
physical interactions rather than chemical bond formation. These
findings align with the expected behavior of a chitosan-coated PLA
scaffold, where the polymer provides structural support and the
chitosan coating enhances bioactivity through surface modification.
The absence of new peaks aligns with PLA-CHS blends [30] where
chitosan incorporation did not alter PLA’s chemical structure. Unlike
ultra-sonicated chitosan coatings, [31], which enhanced
hydrophilicity via surface roughness, our dip-coating method relied
on hydrogen bonding (broadened O-H/N-H peak), achieving
comparable bioactivity without nanoparticle synthesis [32].

XRD

The XRD pattern of the 3D printed PLA scaffold exhibited
characteristic peaks at 20 = 7°, 12°, 14°, 16°, 16.8°, 18°, 19°, 23°, 35°,
to the crystalline planes of PLA which is shown in below fig. Similar
to mineralized collagen/PLA scaffolds, [33, 34], which showed
hydroxyapatite peaks, our scaffolds retained PLA’s amorphous
profile, avoiding crystalline phase interference. Pure tobramycin
exhibits distinct diffraction peaks indicating its crystalline structure.

The most notable peaks for crystalline tobramycin occur at 26
values of approximately 17.7°, 18.3°, and 18.8°. The complete pure
tobramycin XRD pattern generally displays significant intensity
between 26 values of 17° and 26°. Upon tobramycin loading, slight
shifts and broadening of peaks were observed, indicating a
reduction in crystallinity and possible molecular interaction
between PLA, tobramycin, Eudragit RS100, and Chitosan. No new
crystalline phases were detected, confirming the physical
incorporation of the drug without chemical alteration of the polymer
matrix. The reduced crystallinity mirrors PLA-PVA/KMnO, bio
scaffolds, where thermal treatment increased amorphous domains
for sustained drug release [35].

Drug release studies

A drug release study of tobramycin-loaded scaffolds (TBMC1-
TBME3) under in vitro conditions lasted for seven days to evaluate
both drug release patterns and continuous release capabilities (fig.
6). A rapid drug discharge occurred during the first 2 d of testing
among all formulations, but TBMC1 released 28.3% of tobramycin
while TBMC2 released 30.5% of tobramycin. This initial surge may
be attributed to the rapid diffusion of surface-adsorbed GNS
molecules facilitated by the hydrophilic nature of the polymers used.
Unlike PLA-PVA/NaCl scaffolds, [36], where thermal treatment
reduced burst release (20% — 12%), our dip-coating method
achieved similar control (25% — 10%) without post-processing.
Following this initial phase, a gradual and sustained release pattern
was recorded for all formulations, indicating diffusion-controlled
release behaviour consistent with a matrix-based delivery system.
Among all the scaffolds, TBMC1 exhibited the highest cumulative
drug release (56.9+2.4%) by day 7, while TBME3 released the least
(41.1+1.8%), indicating that polymer composition and concentration
played a significant role in modulating drug diffusion. Our sustained
release (14-21 d) surpasses tobramycin-eluting chitosan coatings on
stainless steel screws (72-96 h) [37] and matches PCL/GS electro
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spun fibers (14 d) [37]. The variation in release profiles could be
attributed to the different hydrophobic/hydrophilic balance
between chitosan and Eudragit RS100 polymers and their respective
impact on drug entrapment and mobility within the scaffold matrix.
The drug release patterns from all six formulations were evaluated
through mathematical models, starting from Zero-order up to
Korsmeyer Peppas to determine the drug diffusion mechanism. A
strong correlation was observed with the zero-order model across
most formulations (R?>>0.97), suggesting a constant rate of drug
release over time. Moreover, the Higuchi model also yielded high
correlation coefficients (R*>0.97), confirming that diffusion was a

a) 1.00

0.98
0.96 -

0.94

Transmittance

0.82
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dominant mechanism. Further, release exponent values (n) derived
from the Korsmeyer Peppas model ranged from 0.1625 to 0.2271 for
all formulations, indicating a Fickian diffusion mechanism. This
pattern implies that drug release occurred predominantly through a
diffusion-controlled process without significant involvement of
matrix erosion. TBME3, characterized by the lowest n’ value
(0.1625), showed the slowest release rate, possibly due to denser
polymer network restricting water penetration and drug diffusion.
These findings are consistent with previous studies demonstrating
that scaffold morphology, infill density, and polymer-drug
interactions significantly affect drug mobility and release kinetics.
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Fig. 4: FTIR spectrum of a) Uncoated scaffold, b) Chitosan-coated scaffold, c) Eudragit-coated scaffold
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Fig. 5: XRD pattern of uncoated scaffold, Eudragit RS 100, and chitosan coated scaffold
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Fig. 6: In vitro dissolution profiles of formulations TBMC1 to TBME3

Antibacterial activity

The antibacterial study against E. coli revealed that concentration-
dependent inhibition of bacterial growth. Scaffold samples from
TBMC1-TBME3, the 3% sample exhibited the highest zone of
inhibition against both Gram-positive and Gram-negative bacteria,
indicating enhanced antibacterial efficacy. The antibacterial efficacy
aligns with PLA/nHA/CS-Van scaffolds3, which inhibited S. aureus,
but our tobramycin-loaded system targets g-negative pathogens like
E. coli, broadening clinical applicability [27]. The results suggest that
increasing the active component concentration significantly
improves the scaffold's antibacterial performance. The Zone of
inhibition results were mentioned in table 6 and diameter of the
inhibition zone is shown in the fig. 6. The antibacterial efficacy aligns
with PLA/nHA/CS-Van scaffolds, which inhibited S. aureus, but our
tobramycin-loaded system targets g-negative pathogens like E. coli,
broadening clinical applicability [38].

Degradation study by simulated body fluid

3D printed scaffold degradation rate was measured by immersion in

SBF solution and calculate the weight loss at different days interval
such as 15t%, 30t, 45thand 60t day, that is mentioned in table 2. The
weight loss has increased with an increase in time interval for the
scaffold. Scaffold surface deposition of crystal and foam structures
increases with increase in time, which is shown in below fig. 8. The
result showed that, in 15% day the increase of grains was very less
and the grains were increased in 30t, 45t and 60t d. In 60t d the
grains have multiplied and made a foam-like structure. This study
result shown a good degradation rate for the scaffold.

The calculation of weight loss was done using below Equation

Weight %)= Wo-Wt
eight loss (%0) <100

The total mass loss after day 60 was 1.48+0.02 g, which translates to
near 37%1.2% degradation using the mass of the original scaffold
(4.0+0.16 g). This gradual decrease in mass is evidence of
biodegradability, which in this instance is a measurement of the role
of the percentage of the mass of the scaffold remaining in a
physiological environment with time.

Table 2: Weight loss of scaffold in degradation study (n=6)

S. No. Scaffold immersion days in SBF solution (days) Weight loss(g)
1 15 0.16% 0.15
2 30 0.57+0.15
3 45 1.03+0.15
4 60 1.48+0.15
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Antibacterial activity of Formulations
(TBMC1-TBMC3 and TEME1-TBME3)
20 Csteian
4 w B2 Cudragia5100

44

Zone of inhibition

TBMC1 TBMC2 TBMC3 TBME1 TBME2 TBME3

A)

Fig. 7: Results of antibacterial study for TBMC1, TBMC2, TBMC3, TBME1, TBME2 and TBME3 against E. coli. (A) Zone of inhibition (cm) bar
chart for zone formation over one week (Error bars represent+SD, n = 5) and B) Agar plates depicting the zone of inhibition

Fig. 8: SEM image in (100x) for degradation study where formation of bone like apatite layer on scaffold in a) 15t day b) 30t day c) 45t
day and d) 60t day
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CONCLUSION

PLA scaffolds using CAD models were additively manufactured using
3D printing via FDM, using tobramycin-loaded scaffolds which were
coated with chitosan or Eudragit RS100 (1-3% w/v). The scaffolds
had interconnected porosity which was perfect in bone tissue
engineering. SEM proved homogeneous coating of polymer to drugs
and little blockage of pores. FTIR and XRD showed that it showed
only physical interactions without changing the crystalline structure
of PLA. The release of drugs was biphasic and sustained in the
systems during 7 d, particularly in systems comprising 3% of the
polymer-coated scaffolds (TBMC3, TBME3), which was observed to
follow Fickian diffusion (R 2>0.97; n<0.45). Antibacterial tests
(ASTM E2149-13a) proved the extended release and intrinsic
activity of chitosan, as stronger inhibition areas appeared in the
products with a high polymer. Degradation experiments of SBF
revealed the gradual loss of weight (up to 1.48 g) and mineral
precipitation, which is the evidence of bioactivity.
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