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Research Paper
Development and Characterization of an Alpha-
tricalcium Phosphate-based Calcium Phosphate 
Cement Prepared by Bioorthogonal Reactions

Background: A bioorthogonally modified calcium phosphate cement (CPC) was developed to 
enhance hydroxyapatite (HA) formation, porosity, and biological performance for bone tissue 
engineering applications.

Methods: The modification strategy was based on surface functionalization of α-tricalcium 
phosphate (α-TCP) powders with azide- and cyclooctyne-containing molecules to promote 
apatite nucleation and bioactivity. 

Results: Structural characterization by X-ray diffraction (XRD ) revealed enhanced HA formation 
in modified samples. The ratio of the HA peak to the α-TCP peak indicated accelerated HA 
formation. SEM observations revealed a transition from cauliflower-like and needle-like apatite 
morphologies in control samples (C-CPC) to plate-like HA morphologies in modified cements 
(M-CPC), resembling natural bone apatite. Porosity measurements showed a significant increase 
from nearly 43 for C-CPC to 71 for M-CPC. Despite the higher porosity, both groups exhibited 
similar biodegradation behavior over 28 days of immersion, with the pH decreasing only slightly 
from 7.2 to approximately 6.9. Mechanical evaluation indicated reduced compressive strength, 
Young’s modulus, and energy absorption in M-CPC, which was attributed to increased porosity 
and changes in apatite morphology. Cytocompatibility assessment demonstrated cell viabilities, 
exceeding 90% in most conditions and remaining above 85% in all cases, satisfying ISO 10993-5 
requirements. SEM analysis further confirmed favorable cell attachment and spreading on both 
cement surfaces. 

Conclusion: The findings demonstrate that bioorthogonal modification of CPCs effectively 
enhances apatite formation, porosity, and biological performance while maintaining acceptable 
biocompatibility. 
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Introduction

owadays, bone substitutes have attracted 
considerable attention in the field of bio-
materials because of their ability to treat 
bone defects and improve bone function. 
They can be broadly categorized into 
natural (autografts, allografts, xenografts, 
and natural polymers) and synthetic (bone 

cements, hydroxyapatite (HA), tricalcium phosphate 
(TCP), bioactive glass, and polymers) materials [1, 2]. 
So far, various types of bone cements based on calcium 
phosphates [3], calcium sulfates [1], calcium silicates 
[4], acrylic resins [5], and/or their composites [6] have 
been studied. Acrylic cements (polymer-based cements) 
have even found clinical applications [7]. Among them, 
calcium phosphate cements (CPCs) have received con-
siderable attention due to their similarity to the chemical 
composition of the mineral component of bone, as well 
as their bioactivity, biocompatibility, and biodegradabil-
ity (depending on their composition and physical proper-
ties) [8]. In addition to these features, the microstructure 
of CPCs is also important. Macroporosity and micropo-
rosity are two major factors that significantly affect the 
physical and biological behaviors of CPCs. Macropo-
rosity is perhaps the most important factor that comes 
to mind when discussing osteoconductivity and osteo-
inductivity in bone substitutes. However, recent studies 
have demonstrated the significant role of microporos-
ity in bone regeneration as well [9, 10]. For example, 

Bohner et al. found that bone growth and mineralized 
tissue formation (including cells, calcium phosphate, 
and collagen) in β-TCP-based materials containing both 
microporosity and macroporosity are superior to those 
observed in β-TCP materials possessing only macropo-
rosity [9].

In fact, microporosity plays an important role in osteo-
conductivity and osteogenicity because it increases the 
specific surface area, thereby enhancing protein adsorp-
tion and interaction with cells [11], promoting resorp-
tion [12] and enhancing capillary forces [13]. It is worth 
noting that micropore-induced capillary forces can draw 
cells into the pores by deforming cell morphology [13]. 
Interestingly, a micropore size equal to or larger than the 
cell size is not required for cell penetration into the pores 
[13]. There are various ways to create microporosity 
within CPCs, such as increasing the liquid-to-powder ra-
tio [14], increasing powder particle size [14], altering the 
morphology of HA [14], and modifying the surface en-
ergy of the powders (through surface modification) [14]. 
However, surface modification of powders appears to 
provide synergistic benefits compared to those achieved 
through other microporosity-inducing approaches in 
CPCs.

In our previous work, surface modification of pow-
ders using click-chemistry reactants was successfully 
performed, resulting in accelerated HA nucleation and 
enhanced bioactivity [15]. In the present study, we aimed 
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Highlights 

● Bioorthogonal modification accelerated HA formation in the α-TCP-based CPC. 

● HA/α-TCP peak ratio increased after immersion in SBF. 

● The cement porosity significantly increased after modification. 

● Plate-like HA morphology resembling natural bone apatite was obtained. 

● Modified cement maintained excellent cytocompatibility with >85% cell viability.

Plain Language Summary 

There are various types of bone cements based on calcium phosphates. In this study, a modified calcium phosphate 
cement (CPC) was developed using bioorthogonal reactions to enhance hydroxyapatite (HA) formation, porosity, 
and biological performance for bone tissue engineering applications. The modification strategy was based on surface 
functionalization of α-tricalcium phosphate (α-TCP) powders with azide- and cyclooctyne-containing molecules. The 
findings revealed that bioorthogonal modification of CPCs effectively enhances HA formation, porosity, and biological 
performance while maintaining acceptable biocompatibility.
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to evaluate the effect of bioorthogonal reactions on the 
microstructure of α-TCP-based CPCs. Therefore, the 
microstructure and physicochemical properties of the 
modified CPCs, including cement morphology, phase 
composition, and particle size distribution, were char-
acterized. In addition, setting time, porosity, biodegrad-
ability, mechanical properties, and cellular behavior 
were evaluated using appropriate analytical techniques 
and compared with those of unmodified CPCs used as 
the control group.

Materials and Methods

Cement preparation

For the preparation of α-TCP-based CPCs, two types 
of powders were considered: a control sample (C-CPC) 
and a modified specimen with a click-chemistry reactant 
(M-CPC). These powders were prepared as described in 
our previous work [15]. In brief, synthesis of C-CP pow-
der was performed by solid-state reaction of α-TCP and 
tetracalcium phosphate (TTCP) [16, 17], which were 
mixed with dicalcium phosphate anhydrate (DCPA). 
M-CP powder was prepared by dispersing two identi-
cal portions of C-CPC in deionized (DI) water. Sample 
1 was functionalized with 6-azido hexanoic acid, while 
Sample 2 was treated with dibenzocyclooctyne-amine. 
Following overnight incubation at room temperature, 
both samples were rinsed, centrifuged, and dried at 50 
°C. After mixing and dispersing the samples in dimethyl-
formamide, the mixture was incubated at −30 °C (over-
night), 4 °C (1 h), and room temperature (5 days). The 
powder was then collected by rinsing, centrifuging three 
times with DI water, and drying at 50 °C. The solid phase 
of the cement was then mixed with a 6 wt% Na2HPO4 
solution as the liquid phase, owing to its ability to fa-
cilitate the cement-setting reaction while maintaining 
desirable workability and stability of the cement paste. 
The powder-to-liquid ratio (P/L) was 3 g/mL. At this ra-
tio, the consistency and workability of the cement were 
maintained. 

Cement characterization

The particle size and particle size distribution of C-CPC 
and M-CPC powders were determined and compared 
using dynamic light scattering (DLS; 90 Plus Particle 
Sizer, Brookhaven Instruments, Holtsville, NY, USA) at 
a wavelength of 532 nm and a temperature of 25 °C. The 
samples were prepared by dispersing a small amount of 
powder in water, followed by sonication for 10 min.

Phase analysis of the cements before and after soaking 
in simulated body fluid (SBF) was carried out using a 
Philips PW3710 X-ray diffractometer with Cu Kα radia-
tion. The instrument was operated at 40 kV and 30 mA. 
The data were collected over the range of 20° ≤ 2θ ≤ 40° 
at a scan rate of 2° min-¹.

The morphology of the samples before and after SBF 
immersion, as well as cell morphology, was examined 
using scanning electron microscopy (SEM; VEGA3 
SBU, Tescan, USA). The compressive strength of the ce-
ments was measured using a universal testing machine 
(STM-120, Santam Co.) at a loading rate of 0.5 mm/
min. For this purpose, cylindrical specimens were pre-
pared in silicone molds measuring 12 mm in height and 
6 mm in diameter. The initial setting time (IST) and final 
setting time (FST) of the C-CPC and M-CPC samples 
were determined using the Gillmore needle test (ASTM 
C266-89).

The porosity of the disc-shaped C-CPC and M-CPC 
samples was measured using the Archimedes immersion 
method. In this method, the samples were placed sepa-
rately in boiling water for 2 h. After the boiling period, 
heating was discontinued, and the samples were left im-
mersed in the water for an additional 24 h. The porosity 
was calculated using Equation 1:

1. P(%)= 
Saturated weight-Suspended wight

Saturated weight-Dry weight  

Acellular biomineralization of the cements

The C-CPC and M-CPC samples were individually 
soaked in containers containing 45 mL of SBF. The 
SBF solution was refreshed every 2 days. After 14 days, 
the four samples were dried at room temperature. The 
SBF solution was prepared according to the protocol 
described by Kokubo et al. [16] by dissolving NaCl 
(8.035 g/L), KCl (0.225 g/L), K2HPO4·3H2O (0.231 
g/L), MgCl2·6H2O (0.311 g/L), CaCl2 (0.292 g/L), NaH-
CO3(0.355 g/L), and Na2SO3 (0.072 g/L) in distilled wa-
ter. The solution was buffered to pH 7.25 using 6.118 g/L 
tris (hydroxymethyl) aminomethane and 1 N HCl at 37 
°C. Finally, phase analysis and morphological character-
ization were performed using X-ray diffraction (XRD) 
and SEM analyses, respectively. The biodegradability 
test was performed by soaking disc-shaped C-CPC and 
M-CPC cements in SBF for 28 days. The weights of the 
samples were measured on days 0, 3, 7, 14, 21, and 28. 
For weight measurement, the samples were completely 
dried in an oven at 50 °C.
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Cellular evaluation of the cements

To evaluate the cytotoxicity of the cements, the MTT 
assay was used. For this purpose, 24-h and 48-h cement 
extracts were prepared in accordance with ISO 10993-5 
guidelines. According to these guidelines, 1 mL of dul-
becco’s modified eagle medium (DMEM) containing 
10% (v/v) fetal bovine serum (FBS) per 0.05 g of sample 
was used. Before the extraction procedure, each sample 
was sterilized by UV irradiation for 1 h and rinsed three 
times with phosphate buffered saline (1× PBS).

For the MTT assay, 10,000 human fibroblast (HFFF2) 
cells were seeded in a 96-well plate. After 24 h, the cell 
culture medium was replaced with the cement extract. 
The cells were exposed to the extracts for 24, 48, and 
72 h. The control group was incubated in DMEM con-
taining 10% (v/v) FBS. After the treatment period, the 
culture medium was discarded, the samples were rinsed 
with 1× PBS, and the cells (n=5 per group) were incu-
bated with 100 µL of MTT solution (0.5 mg MTT/mL 
PBS) for 4 h. Finally, the MTT solution was removed, 
and the violet formazan crystals were dissolved in 100 
µL of isopropanol for 20 min. The optical density (OD) 
of the dissolved formazan was measured using an ELI-
SA microplate reader at wavelengths of 545 and 630 nm.

Cell attachment in the C-CPC and M-CPC cements 
was investigated by seeding 100,000 human fibroblast 
cells onto the sample surfaces. After 72 h, the samples 
were fixed with 4% (v/v) glutaraldehyde for 4 h at 4 °C, 
rinsed with 1× PBS, and dehydrated through a graded 
ethanol series (30%, 50%, 70%, and 95% ethanol).

Statistical analysis

All experiments were performed in triplicate (n=3) 
unless otherwise stated, and the results were presented 
as Mean±SD. Statistical analyses were performed in 
GraphPad Prism software version 10.2.2 (GraphPad 
Software, USA). Differences between C-CPC and M-
CPC samples were evaluated using a student’s t-test. 
For datasets involving multiple experimental factors or 
time points, two-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test was applied.

Results

DLS analysis

The results of DLS analysis for the C-CPC powder re-
vealed d50 values of approximately 6 µm for α-TCP, 13 
µm for TTCP, and 2 µm for DCPA. According to the rule 
of mixtures, the mean particle size of the C-CPC powder 
mixture was approximately 6.98 µm. The DLS analysis 
of the M-CPC powder yielded a d50 of approximately 23 
µm. The increase in the mean particle size from 6.98 µm 
to 23 µm indicates enhanced interparticle connectivity 
among the powders modified with azide and cycloal-
kyne reactants through click chemistry, leading to the 
formation of triazole rings (Table 1).

The particle size of the powders is one of the key fac-
tors influencing the properties of the cement.

Setting time test

Figure 1 plots the comparison of the IST and FST values for 
M-CPC and C-CPC samples. The modification of the powders 
increased the IST compared to the control sample (18±2.12 
min vs 15±1.7 min) and the FST (35±3.12 min vs 27±1.2 min).

Figure 1. Initial and FSTs of the C-CPC and M-CPC samples, assessed using the Gillmore needle test
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Discussion

One reason for this observation may be the increase 
in particle size (according to the DLS results) and the 
corresponding decrease in specific surface area, which 
requires more time for the surface dissolution of the 
powders (the first step in the cement-setting process) 
and consequently increases the setting time. Another 
possible reason is the formation of HA on the surface of 
the modified powders during the modification process, 
as described in our previous study [15]. In summary, the 
presence of functional groups in the structures of azide 
and cyclooctyne molecules can accelerate HA nucle-
ation and growth.

Indeed, the presence of carbonyl and amine groups 
in DBCO-amine [18] facilitates the adsorption of Ca²+ 
and PO4³- ions, respectively, onto the powder surfaces. 
In addition, the carboxylic acid group of 6-azidohexa-
noic acid provides another potential binding site for Ca²+ 
ions. Furthermore, the triazole ring, which contains three 
nitrogen atoms, exhibits relatively high electron density, 
promoting interactions with Ca²+ ions. As a result, the 
formation of a low-solubility HA layer on the surface of 
the M-CPC powders may reduce their dissolution rate, 
which in turn could contribute to the prolonged setting 
time observed for M-CPC.

XRD analysis

Figure 2 shows the XRD patterns of C-CPC, C-CPC.
SBF, M-CPC, and M-CPC.SBF. The three characteristic 
peaks of HA in the 2θ range of 31–33° can be clearly ob-
served for M-CPC.SBF (JCPDS card No. 09-0432). In 
C-CPC and C-CPC.SBF samples, the α-TCP peak at ap-
proximately 30.7° was observed. In addition, the peak at 
approximately 22.8°, which is attributed to α-TCP, was 
present in all four samples.

It has been reported that the intensity ratio of the most 
intense HA peak (approximately 32°) to the most intense 
α-TCP peak (approximately 30.8°) can provide an ap-
proximate estimation of the HA/α-TCP phase ratio. 
However, the α-TCP peak at 30.8° was not clearly de-
tectable in all samples. Therefore, the common α-TCP 
peak at 22.8° was selected as a reference peak to obtain 
semi-quantitative information regarding the HA/α-TCP 
ratio. The ratio of the peak height at approximately 32° 
to that at approximately 22.8° was 5.4, 5.7, 7.8, and 9.5 
for C-CPC, C-CPC.SBF, M-CPC, and M-CPC.SBF, re-
spectively.

SEM analysis

SEM micrographs of C-CPC, C-CPC.SBF, M-CPC, 
and M-CPC.SBF are presented in Figure 3. As shown 
in the figure, HA formed on the surface of C-CPC with 
a cauliflower-like morphology (Figure 3a), whereas C-
CPC.SBF exhibited a needle-like HA morphology on 
its surface (Figure 3b). In contrast, M-CPC and M-CPC.
SBF exhibited a plate-like morphology of HA on their 
surfaces (Figures 3c and 3d). Since biological bone apa-
tite typically exhibits a plate-like morphology, the for-
mation of plate-like HA on the surface of M-CPC may 
be considered a biomimetic feature and a potential ad-
vantage of the modification process.

Effect of modification on the porosity and biode-
gradability

The porosity percentages of C-CPC and M-CPC ce-
ments were 43.24±1.62% and 70.71±2.05%, respec-
tively (Figure 4a). This result demonstrates a significant 
increase in porosity for M-CPC than for C-CPC. One 
possible explanation for this observation is the larger 
particle size of the modified powders (23 µm) com-
pared to that of the control powders (6.98 µm). It has 
been reported that an increase in particle size can lead 
to larger pore sizes and a higher overall porosity level. 
Another possible reason may be the differences in HA 

Table 1. Particle size characteristics of the cement powders determined by DLS analysis

Sample / Powder Median Particle Size (d50)

α-TCP ~6

TTCP ~13

DCPA ~2

C-CPC powder 6.98

M-CPC powder ~23

Moraveji M, et al. Calcium Phosphate-based Bone Cement Using Bioorthogonal Reactions. JTRM. 2026; 1:E1018.

https://www.jregmed.com/


6

2026. Volume 1

morphology between M-CPC and C-CPC. According to 
recent studies, plate-like HA particles often exhibit a less 
efficient packing arrangement than needle-like particles, 
which can contribute to increased porosity [19, 20]. 

The biodegradability results showed no significant 
change in the weight of either the C-CPC or M-CPC 
samples during the 28-day immersion period (Figure 
4b). In addition, the pH of the SBF solution decreased 
from approximately 7.2 on day 1 to around 6.9 on day 

Figure 2. The XRD patterns of C-CPC, C-CPC.SBF (control cement immersed in SBF), M-CPC, and M-CPC.SBF (modified ce-
ment immersed in SBF)

Figure 3. The SEM micrographs showing the surface morphology of (a) C-CPC, (b) C-CPC.SBF, (c) M-CPC, and (d) M-CPC.SBF

Moraveji M, et al. Calcium Phosphate-based Bone Cement Using Bioorthogonal Reactions. JTRM. 2026; 1:E1018.
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28. Given the higher porosity of M-CPC compared to 
C-CPC, a greater weight loss was expected for M-CPC. 
However, the results showed that both samples exhibited 
approximately similar weight losses. One possible expla-
nation for this observation is accelerated HA nucleation 
and enhanced conversion of α-TCP to HA in the modi-
fied cement. Although increased porosity generally pro-
motes degradation, enhanced HA formation may reduce 
material dissolution due to the relatively low solubility 
of HA. Therefore, the opposing effects of increased po-
rosity and accelerated HA formation may have compen-
sated for each other, resulting in comparable biodegrada-
tion behavior for the two cement formulations.

Mechanical properties

The study of the effect of powder modification on the 
mechanical properties of the cement revealed a decrease 
in compressive strength (Figure 5a), energy absorption 
up to the failure point (Figure 5b), and Young’s modu-
lus (Figure 5c). Two possible explanations can be men-
tioned for these observations. First, the reduction in me-
chanical properties may be related to the higher porosity 
of M-CPC, which resulted from the increased particle 
size of the modified powders compared to the control 
powders. Increased porosity is known to reduce the ef-
fective load-bearing area and act as stress concentration 
sites within the cement matrix. Second, the decrease in 
mechanical performance may be due to differences in 
HA morphology between M-CPC and C-CPC, arising 
from differences in the surface energy of the powders. 
Plate-like HA structures may provide lower mechanical 
reinforcement than needle-like HA crystals, resulting in 
reduced mechanical properties.

SEM images of the fracture surfaces revealed a more 
porous microstructure in M-CPC and a denser, more 

compact microstructure in C-CPC (Figure 6). Further-
more, longer cracks were observed in M-CPC, whereas 
shorter cracks were present in C-CPC. This observation 
suggests that crack propagation occurred more readily in 
M-CPC, thereby reducing its resistance to fracture and 
energy absorption capacity.

The reduction in compressive strength, Young’s modu-
lus, and energy absorption observed in the modified ce-
ment is consistent with previous reports on porous CPCs. 
Ambard et al. [8] emphasized that mechanical perfor-
mance is strongly influenced by porosity, with increasing 
pore volume generally leading to reduced load-bearing 
capacity and increased stress concentration. Similarly, 
Grosfeld et al. [3] demonstrated that introducing poros-
ity into injectable CPC systems improved biological per-
formance at the expense of mechanical strength. 

The fracture surface morphology observed in the pres-
ent study, characterized by longer crack propagation 
paths in the modified cement, further supports the role 
of increased porosity in reducing mechanical integrity. 
Therefore, the observed reduction in mechanical proper-
ties may be regarded as an expected trade-off associated 
with the development of a more biologically favorable 
microstructure.

Cell study: MTT assay and cell adhesion

MTT assay results for 24, 48, and 72 h of cell expo-
sure to 24-h and 48-h extracts of M-CPC and C-CPC 
are presented in Figure 7. Cell viability across all groups 
exceeded 90%, except for two conditions: cells treated 
with the 24-h M-CPC extract for 48 h and cells treated 
with the 48-h M-CPC extract for 72 h, in which viability 
remained above 85%. According to ISO 10993-5, a bio-
material is considered non-cytotoxic and biocompatible 

Figure 4. Porosity (a) and biodegradability (b) of C-CPC and M-CPC
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if cell viability exceeds 70%. Therefore, both M-CPC 
and C-CPC can be classified as biocompatible bioma-
terials.

SEM images of cell adhesion in M-CPC and C-CPC 
after 72 h of culture are shown in Figure 8. The SEM mi-
crographs demonstrate good cell attachment on both ce-
ment types. In M-CPC, in addition to well-spread cells, 
cells with a more rounded morphology were observed. 
Previous studies have shown that several factors, includ-

ing surface roughness, chemical composition, surface 
functional groups, zeta potential, and microstructure, 
can influence cell morphology. Indeed, zeta potential is 
strongly influenced by surface functional groups. It has 
been reported that different cell types exhibit different 
responses to surface charge. Some cells preferentially 
adhere to positively charged surfaces (e.g. NH2-modified 
surfaces), whereas others show a preference for nega-
tively charged surfaces (e.g. COOH-modified surfaces). 

Figure 6. The SEM images of fracture surfaces after compressive testing

a) C-CPC, b) M-CPC

Figure 5. Mechanical properties of C-CPC and M-CPC

a) Compressive strength, b) energy absorption up to the failure point, c) Young’s modulus measured under uniaxial compression
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Microporosity is another important microstructural pa-
rameter. Previous studies have suggested that when the 
capillary force generated by micropores approaches the 
critical force required for cell deformation, cells cultured 
on microporous surfaces tend to deform and penetrate 
into the pores. According to our previous study, the zeta 
potential of C-CPC was approximately −18 mV, whereas 
surface modification increased it to approximately −40 
to −50 mV. However, this change did not appear to 
significantly affect cell attachment or overall cell mor-
phology. Therefore, microporosity may be the dominant 
factor influencing cell morphology in the present study. 
Specifically, the higher porosity of M-CPC may gener-
ate stronger capillary forces, thereby promoting cell de-
formation and infiltration into the microporous structure.

Biological evaluation demonstrated excellent cy-
tocompatibility for both cement formulations, with cell 
viability consistently exceeding the threshold specified 

by ISO 10993-5. These findings are in agreement with 
the results of previous studies reporting favorable cel-
lular responses to calcium phosphate ceramics and ce-
ments. Samavedi et al. [11] highlighted that calcium 
phosphate materials generally support cell attachment 
and proliferation due to their chemical similarity to bone 
mineral. Furthermore, Polak et al. [13] demonstrated that 
microporous substrates can enhance cellular infiltration 
through capillary-force-driven mechanisms. The pres-
ence of well-spread cells on both cement surfaces and 
the observation of altered cell morphology in the modi-
fied cement suggest that the increased microporosity 
generated by bioorthogonal modification may facilitate 
more intimate cell–material interactions. Importantly, 
the substantial change in surface chemistry and zeta po-
tential resulting from modification did not induce any 
detectable cytotoxic effects, further confirming the bio-
logical safety of the proposed approach.

Figure 7. Cell viability of human fibroblast cells exposed to extracts obtained from C-CPC and M-CPC for different incubation periods

a) 24-h extracts, b) 48-h extracts

Figure 8. SEM micrographs showing the attachment and morphology of human fibroblast cells on the surfaces of C-CPC (a, b, 
c) and M-CPC (d, e, f) for 72 h 
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Conclusion

Bioorthogonal surface modification of α-TCP-based 
CPC effectively improved its bioactivity and micro-
structural characteristics. The modified cement exhibited 
enhanced HA formation, as evidenced by the increase 
in the HA/α-TCP peak ratio from 5.4 in the control ce-
ment to 7.8 in the modified cement and further to 9.5 
after immersion in SBF. In addition, surface modifica-
tion significantly increased cement porosity, resulting in 
a microstructure that may be more favorable for tissue 
ingrowth and cell–material interactions. SEM observa-
tions revealed the formation of plate-like HA crystals in 
the modified cement, a morphology that more closely 
resembles that of the mineral phase in natural bone. This 
biomimetic morphology may contribute to improved bi-
ological performance and osteogenic potential. Although 
the increase in porosity resulted in reductions in com-
pressive strength, energy absorption, and Young’s modu-
lus, the modified cement maintained sufficient structural 
integrity for potential bone tissue engineering applica-
tions. Despite its higher porosity, the modified cement 
exhibited biodegradation behavior comparable to that of 
the control cement over the 28-day evaluation period, 
suggesting that the enhanced HA formation may com-
pensate for the increased susceptibility to degradation. 
Furthermore, biological evaluation demonstrated excel-
lent cytocompatibility, with cell viability consistently ex-
ceeding 85% and generally remaining above 90%. SEM 
analysis also confirmed favorable cell attachment and 
spreading on both cement formulations.

Overall, the results suggest that bioorthogonal surface 
modification is a promising approach for tailoring the 
microstructure and biological performance of CPCs. The 
combination of enhanced bioactivity, increased porosity, 
biomimetic HA morphology, and excellent cytocompatibil-
ity highlights the potential of the modified cement for future 
bone regeneration and tissue engineering applications.
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