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ABSTRACT
DOI:

10.30595/jrst.v10i1.28564 Osteoporosis is a disease can make bones brittle and weak by

reducing bone mass and altering bone's microarchitecture.
. . Osteoporosis increases every year, and it is predicted that in 2050,
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. osteoporosis will cause an increase in bone fractures in men by 310%
Received: ) 0 . )
28/10,/2025 and in women by 240%. Existing treatments for osteoporosis, such as

bisphosphonate therapy and tissue transplantation, have several
limitations. Hydrogel is a new solution to overcome osteoporosis. In

ORS‘/IBSZe?Z.OZ 6 this research, hydrogels are fabricated using three combinations of
materials: carboxymethylcellulose (CMC), hyaluronic acid, and
hydroxyapatite. In this study, hydrogels were fabricated using a
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hydroxyapatite in four formulations: 1:1:0, 1:1:1, 1:1:2, and 1:1:3. The
study will identify the optimal hydrogel formulation as a candidate
for regenerative medicine in osteoporosis. The XRD results show
hydroxyapatite is successfully incorporated into the hydrogels. The
fluid affinity test results show that the fabricated hydrogels include
3E, 2E, and 1E. Based on viscosity tests, all fabricated hydrogels fulfill
the viscosity requirements for injectable hydrogels, with viscosities
ranging from 5 to 200,000 mPa.s. In the stability test, the hydrogels
were stable after the freeze-thaw cycle. All of the hydrogels fabricated
have an injectability approach 100%. Afterward, the resuspension
test showed no change in pH, and formulation 1:1:1 resuspended the
least. The SEM results indicate a pore size of 87.06 * 41.63 pum, and
the morphology shows that hydroxyapatite successfully fills the
pores. Based on the test results, the 1:1:1 formulation is a strong
candidate for regenerative medicine applications in osteoporosis.

Keywords: Injectable Hydrogel, Nanocomposite, Blending Method,
Physicochemical Properties, Regenerative Medicine Candidate
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ABSTRAK

Osteoporosis adalah kondisi penyakit yang dapat membuat tulang rapuh dan lemah disertai dengan
berkurangnya massa tulang serta perubahan mikroarsitektur tulang. Osteoporosis ini meningkat setiap
tahunnya dan diprediksi dapat meningkatkan terjadinya patah tulang pada tahun 2050 sebesar 310% pada
pria dan 240% pada wanita. Solusi yang ada untuk osteoporosis saat ini berupa terapi bifosfonat dan
transplantasi jaringan yang masih memiliki keterbatasan. Hidrogel merupakan solusi terbarukan untuk
menangani osteoporosis. Pada penelitian ini hidrogel difabrikasi dengan menggunakan metode
pencampuran yang mengombinasikan CMC, asam hialuronat, dan hidroksiapatit sebanyak empat variasi
formulasi, yaitu 1:1:0, 1:1:1, 1:1:2, dan 1:1:3. Penelitian ini akan menemukan formulasi hidrogel yang
optimal sebagai kandidat regenerative medicine osteoporosis. Hasil XRD menunjukkan hidroksiapatit
berhasil terinkorporasi dalam hidrogel. Hasil uji fluid affinity menunjukkan bahwa hidrogel memiliki tipe
yang berbeda-beda. Hasil pengujian viscosity menunjukkan seluruh sampel memenuhi viskositas hidrogel
yang dapat diinjeksi yaitu 5 sampai 200.000 mPa.s. Uji stability menunjukkan semua sampel bersifat stabil.
Seluruh hidrogel yang difabrikasi memiliki tingkat injectability yang mendekati 100%. Hasil uji percolation
menunjukkan formulasi hidrogel 1:1:1 memiliki kemampuan slow release. Kemudian, uji resuspension tidak
menunjukkan abnormalitas pH dan hidrogel 1:1:1 memiliki kemampuan pembentukan endapan kembali
paling lama. Hasil uji SEM menunjukkan ukuran pori sebesar 87,06 + 41,63 um dan morfologi menunjukkan
hidroksiapatit telah berhasil mengisi pori matriks. Dari keseluruhan hasil pengujian, formulasi 1:1:1 dapat
sebagai kandidat regenerative medicine untuk osteoporosis.

Kata Kunci: Hidrogel Injeksi, Nanokomposit, Metode Pencampuran, Sifat Fisikokimia, Kandidat Pengobatan
Regneratif

1. INTRODUCTION used in hydrogels because CMC is a material that
L i has good biocompatibility and biodegradability,
Osteoporosis is a severe disease that and CMC has low toxicity and low

requires a solution to overcome it. Right now, immunogenicity (Kaith et al, 2021; Priya et al,
overcoming osteoporosis can be achieved using 2021; Zhang et al, 2022). On the other hand
conventional methods like tissue transplantation, ’ ” : ’

such as autograft, allograft, and xenograft, which
have several limitations, including a limited stock,
an increased risk of transmission of disease, and
a potential rejection response in the body (Abdul-
Monem et al, 2021; Sarita, Rai, et al, 2024).
Another solution for osteoporosis is using a
scaffold that is fabricated from metal, which also
has several limitations, disturbing the structural
and functional aspects of bone that can obstruct
bone regeneration (Jinugu et al, 2024).
Bisphosphonate therapy can also be another

lS_Oh_ltlo_n fo; osteoporosmh blfl; it still ha§ biocompatibility, and osteoconductivity, and is
Zlgnzlgatlznst at clan- cause side etfects ernputrjl, non-toxic and non-inflammatory (Bien et al,
)- A new solution to overcome osteoporosis 2025; Mondal et al, 2023). Based on the

is hydrogels (Abdul-Monem et al, 2021). characteristics of these three materials, some
Recently, hydrogels have been extensively studies have combined them into hydrogels for
developed with respect to the variety of material bone regeneration.
combinations within a single hydrogel and the
methods of hydrogel fabrication. Hydrogels can
be fabricated from natural polymers, synthetic
polymers, or a combination of the two (Bashir et
al, 2020). Commonly used polymers include
carboxymethylcellulose (CMC), hyaluronic acid
(HA), and hydroxyapatite (HAP). CMC is widely

hyaluronic acid is commonly used because it can
help in tissue regeneration (Amsia, 2021; Zhang
et al, 2024). The use of hyaluronic acid is
beneficial  because  the  material has
biocompatibility, biodegradability, and
viscoelasticity that are convenient for medical
applications (Chang et al., 2024; Moreira et al,,
2024). While hydroxyapatite is also commonly
used, especially in hydrogels that are applied in
bone, because hydroxyapatite has the same
mineral as natural bone (Sari et al, 2020).
Hydroxyapatite exhibits good bioactivity,

The previous study fabricated hydrogels
that can increase bone regeneration. However,
the researchers sought to maintain the hydrogel's
viscosity by combining HA with CMC. HA
promotes bone regeneration, and CMC is used to
maintain the hydrogel's viscosity (Lin et al,
2022). The previous study combining CMC with
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HA has limitations in application. It focuses on
dental cells and does not provide pschochemical
characterization for the fabricated hydrogels.

Furthermore, another study combining HA
and HAP as a hydrogel shows good results,
indicating that adding HAP to HA improves
mechanical characteristics and can increase cell
adhesion and proliferation (Bien et al., 2025). The
previous study that combines HA with HAP shows
a good result for regeneration in fibroblast cells
and has shows psyhochemical characterization
(Tan et al, 2022). However, that study doesn't
focus on bone regeneration.

This study will combine CMC, HA, and HAP
into hydrogels for osteoporosis, as previous
studies have not examined this combination. This
research will determine the optimal hydrogel
fabrication ratio and characterize each variation,
enabling identification of the best hydrogel
candidate for regenerative medicine in
osteoporosis.

2. RESEARCH METHOD
2.1 Materials

CMC, hyaluronic acid (MW = 1,300,000
Da), nano-hydroxyapatite 60 nm (MW = 502.31
Da), glycerol, deionized water, trypan blue dye,
NaCl, CaClz, agar powder, gelatin, phosphate
buffer saline (PBS). All material used was
technical grade.

2.2 Methods
2.2.1 Preparation for CMC gel

Weigh 4.4 g of CMC and mix it into 20 g of
glycerol solution. Next, add deionized water until
the total weight of the solution mixture reaches
100 g (Paramadini et al,, 2023).

2.2.2 Preparation of 1% HA Solution

1 g of HA was dissolved in deionized
water at 50°C using a hotplate stirrer until
homogenized (Lin et al.,, 2022).

2.2.3 Preparation CMC-HA gel

CMC and HA that were prepared before
mixing with a ratio of 1:1 using an overhead
stirrer at 1100 rpm until homogenized
(Paramadini et al., 2023).

2.2.4 Preparation 5% HAP Solution

5 g of HAP was dissolved in deionized
water at room temperature using a hotplate
stirrer until homogenized (Lin et al., 2022).

2.2.5 Preparation CMC-HA-HAP Hydrogels

HAP solutions were added to the CMC-
HA gel; the variation of adding HAP based on the
study (Chocholata et al., 2020). Table 1 shows all
of the variation. This step will yield four hydrogel
variants.

Table 1. Variation Formulation Hydrogels

Ratio Formulation

No  Hydrogels [CMC: HA : HAP]

1. CMC-HA-HAPO 1:1:0

2. CMC-HA-HAP1 1:1:1

3. CMC-HA-HAP2 1:1:2

4. CMC-HA-HAP3 1:1:3
2.2.6 X-Ray Diffraction (XRD) Test

The test began with freeze-drying until
the hydrogel was dry. After that, each hydrogel
was cut into small pieces. Then, each sample piece
was tested using XRD in the angle range of 5°- 80°
(Sarita, Dayaram, et al., 2024).

2.2.7 Fluid Affinity Test

The first step is to prepare solution A by
dissolving 8.29 grams of NaCl and 0.36 grams of
CaCl2 in 1 L of distilled water. Then, prepare a 50
mL syringe with the tip cut. Subsequently,
prepare the substrate by weighing 2 + 0.01 g of
agar powder in a glass beaker and adding solution
A until the total mass is 100 + 0.02 g. Prepare the
agar substrate using a hotplate stirrer at 121 +
1°C for 20 minutes.

Gelatin powder was added to test solution A
atarate of 65 + 0.02 g and stirred using a hotplate
stirrer at a temperature of 60°C for twelve to
eighteen hours. Then, 10 g of the resulting agar or
gelatin substrate was placed separately into a 50
ml syringe. Each syringe was weighed and
recorded as W1. Next, 10 g of the test sample was
added, and the mass of the syringe was recorded
as W2. The syringe was then sealed and left at
room temperature for 48 hours. After 48 hours,
the syringe is weighed and recorded as W3. After
weighing, the sample is removed using a plugger,
leaving the gelatin or agar substrate. Then, the
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syringe mass is weighed again and recorded as
W4. From the mass calculation results, W5 can be
calculated using the formula:
(W3-W4)—(W2-W1)
(W2-W1)

%WS5 = X 100% (D
W1l=syringe with substrate (agar or gelatin);
W2=syringe with substrate and sample;
W3=syringe with substrate and sample after 48
hours; W4=syringe with substrate after gel
removal (Paramadini et al,, 2023).

2.2.8 Viscosity Test

This test was conducted using a Brookfield
viscometer with spindle number 64 at a speed of
6 rpm at room temperature (Tasqué et al,, 2023).
Measurement of the viscosity ratio of each
hydrogel variation, repeated three times
(Paramadini et al., 2023).

2.2.9 Stability Test

This test was conducted in 3 freeze-thaw
cycles, in which each sample was frozen or
thawed for at least 48 hours. Freezing was
performed using a freezer, and thawing was
performed at room temperature (Jacob et al,
2025).

2.2.10 Percolation Test

This test was conducted to examine the
permeability capacity of the hydrogel by taking 1
ml of the hydrogel using a syringe placed in an
upright position. Then, 500 ul of trypan blue dye
was poured onto the surface of the hydrogel
(Sarita, Dayaram, et al., 2024).

2.2.11 Injectability Test

This test was conducted using a 12 ml syringe
and an 18G syringe. The test was repeated five
times, and the average injectability percentage of
each hydrogel variation was calculated. The
injectability percentage of the hydrogel was
calculated by measuring the mass of the hydrogel
before and after injection, which can be calculated
using the following formula (Alonso et al,, 2021):

mass hydrogel expelled

Injectability = X 100% (2)

Total initial mass hydrogel
2.2.12 Resuspension Test

This test is conducted to examine the ability
of a suspension to return to its original form after

undergoing sedimentation. This test is conducted
in two aspects: the time required to reform the
suspension and the pH of the suspension sample
solution. This test is performed by adding
Phosphate Buffered Saline (PBS) to the
suspension and shaking it (Putra et al., 2019).

2.2.13 Scanning Electron Microscope (SEM) Test

The SEM test was conducted by comparing
the control hydrogel with the hydrogel with
optimal characteristics. This test was conducted
to determine the morphology of the surface and
the size of the pores formed in the hydrogel
(Sarita, Dayaram, et al., 2024).

2.2.14 Statistical Test Data

Data analysis used a one-way ANOVA
statistical test with a p-value of less than 0.05,
which indicates that there are significant
differences between data groups (Jacob et al,
2025).

3.RESULT AND DISCUSSION
3.1 Result Fabrication CMC-HA-HAP Hydrogels

Hydrogel fabrication has been successfully
carried out by combining CMC, HA, and HAP with
four formulation variations in Table 1. The 1:1:0
formulation (CMC-HA-HAPO) is a hydrogel
without hydroxyapatite, showing a homogeneous
colloidal gel. On the other hand, hydrogels
containing hydroxyapatite, namely formulations
1:1:1 (CMC-HA-HAP1), 1:1:2 (CMC-HA-HAP2),
and 1:1:3 (CMC-HA-HAP3), have a suspension-
like form due to the presence of HAP
precipitation. This precipitation indicates that
HAP undergoes agglomeration and low solubility
in water, which reduces the mobility of HAP in a
solution (Maggi et al., 2024).

3.2 XRD Test

Figure 1 shows the results of the XRD test,
where CMC-HA-HAPO is the control sample in this
study, which does not contain hydroxyapatite and
demonstrates the absence of peaks in the XRD
test. This proves that the CMC-HA-HAPO sample
does not have a crystal structure or has a low
crystal structure, so it can be said to have an
amorphous structure (Karatas et al., 2024).
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Figure 1. Result X-Ray Diffraction (XRD) Test

The XRD results also show that the CMC-HA-
HAP1, CMC-HA-HAP2, and CMC-HA-HAP3
hydrogel samples have successfully incorporated
HAP into the hydrogel, as evidenced by the
formation of diffraction peaks in 26.0°, 32.1°,
40,1°, 46,8°, 49,7°, and 53,3°. The observed
diffraction peaks are near and consistent with
JCPDS 090432, indicating that the hydroxyapatite
in the hydrogel does not alter the shape or crystal
structure of HAP (Karatas et al.,, 2024; Tan et al,,
2022; Zhou et al., 2024). Therefore, HAP in the
hydrogel has an effective role in the tissue later
on. (Karatas et al,, 2024).
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3.3 Fluid Affinity Test

A fluid affinity test, performed by BS EN
13726-1:2002 standards, determined the
hydrogel type based on its ability to donate or
absorb a fluid. The results of the fluid affinity test
are shown in Figure 2, which depicts the
absorption and donation capabilities of each
sample, where the test results indicate that as the
ratio of hydroxyapatite in the hydrogel increases,
the absorption capability of the hydrogel
decreases, but this is inversely proportional to its
donation capability, which actually increases as
the hydroxyapatite increases.

42.65%

41.07%

= %Absorption

H %Donation

CMC-HA-HAP0O CMC-HA-HAP1 CMC-HA-HAP2 CMC-HA-HAP3

Sample

Figure 2. Absorption and Donation Capabilities of Each Hydrogel Variation
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Table 2. Types of Hydrogels

No Hydrogel Hydrogel Types
1. CMC-HA-HAPO 3E
2. CMC-HA-HAP1 2E
3. CMC-HA-HAP2 1E
4. CMC-HA-HAP3 1E

The absorption capacity of each sample
indicates that the CMC-HA-HAPO sample, with
28.59%), is a type 3 hydrogel, as its absorption
capacity is in the 20-30% range. Then, CMC-HA-
HAP1, with an absorption capacity of 11.76%, is
classified as hydrogel type 2 because its
absorption capacity is in the 10-20% range. For
CMC-HA-HAP2 and CMC-HA-HAP3, with
absorption capacities of 3% and 1.8%, both
hydrogels are type 1, as their absorption
capacities are only in the 0-10% range. On the
other hand, when considering the donation
capacity of all samples, they exceed 25%,
indicating that all fabricated hydrogels are type E
based on their donation capacity. Therefore, the
types of hydrogels fabricated can be summarized
in Table 2.

The results of the one-way ANOVA on the
fluid affinity test data showed a p-value less than
0.05, indicating a significant effect on the
variation in the HAP addition ratio in the hydrogel
formulation.

Based on the fluid affinity test results, the
CMC-HA-HAP1 sample is the optimal formulation.
This is because samples in osteoporosis require
hydrogels that act as donors so that they can
regenerate bone tissue by releasing bioactive
substances such as calcium (Chen et al., 2025).
Calcium is present in the HAP, which is released
when the hydrogel is injected. This bioactive
release promotes osteoblast differentiation and
regulates the expression of genes related to bone
formation (Wangetal.,, 2025). The CMC-HA-HAP1
sample is better than CMC-HA-HAP2 and CMC-
HA-HAP3 because it does not have too high a
donation capacity. If the donation capacity is too
high, it will cause the hydrogel to have a burst
release effect, which can lead to toxic side effects
(Klara & Lewandowska-tanicucka, 2022). In
addition, the CMC-HA-HAP1 sample is better

because it has good absorption properties that
support the absorption of nutrients from body
fluids, which can aid cell growth. (Annisa et al,,
2024).

3.4 Viscosity Test

The viscosity test results shown in Figure 3
indicate that an increase in the hydroxyapatite
solution contained in the hydrogel will decrease
the viscosity of the fabricated hydrogel. The
viscosity results also show that all samples meet
the requirements for viscosity set by US Patent
No.US 8,747,899 B2 is in the range of 5 to 200,000
m.Pa.s. The one-way ANOVA results from the
viscosity test data have a p-value of less than 0.05,
indicating a significant effect or relationship.

3.5 Stability Test

The results of stability testing conducted
using the freeze-thaw method for three cycles are
shown in Table 3. Based on the results, all
samples remained stable because they did not
change color or odor (Paramadini et al., 2023)

3.6 Percolation Test

Percolation  testing was  performed
qualitatively by observing the movement of
trypan blue in the hydrogel samples, the results of
which are shown in Figure 4. Based on the test
results, CMC-HA-HAP1 was the slowest to pass
the trypan blue dye compared to the CMC-HA-
HAP2 and CMC-HA-HAP3 samples and was not
significantly different from the control sample
(CMC-HA-HAPO). Therefore, it can be said that
CMC-HA-HAP1 has slow-release capabilities
suitable for osteoporosis. The slow-release
capability of hydrogels will help improve bone
tissue regeneration for osteoporosis (Poorirani et
al,, 2023).

JRST (Jurnal Riset Sains dan Teknologi) - Vol. 10 (1) 2026 - (B.101 - B.113) B.106



Bagus Satria Nurpriyanto, Rheynaldi Wijaya, Wimar Ardhi Mulyana, Salwa Tegar Cahaya Maharani, Adanti

Wido Paramadini

Fabrication and Characterization of Injectable Hydrogel Based on Carboxymethylcellulose-Hyaluronic with Variation Hydroxyapatite as

a Candidate Regenerative Medicine for Osteoporosis

45000 42900

CMC-HA-HAPO

CMC-HA-HAPL

3667
2000
[ ] -

CMC-HA-HAP2 CMC-HA-HAP3

Sample

Figure 3. Viscosity of Each Variation Hydrogels

Table 3. Stability Test Result

Hydrogel

Stability Indicator of Hydrogels

No Color Change No Odor

CMC-HA-HAPO
CMC-HA-HAP1
CMC-HA-HAP2
CMC-HA-HAP3

v

v
v
v

v

v
v
v

CMC-HA-HAPO CMC-HA-HAP1

CMC-HA-HAP2 CMC-HA-HAP3

Figure 4. Result of Percolation Test After 6 Days
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Figure 6. Resuspension Test Based on Time for Resuspend
Table 4. Resuspension Test Result pH
pH Condition
Hydrogel
Before Adding PBS After Adding PBS
CMC-HA-HAP1 7 7
CMC-HA-HAP2 7 7
CMC-HA-HAP3 7 7
3.7 Injectability Test according to US Patent No. US 8,747,899 B2,

namely, 16- to 22-gauge needles for injection. The
results of this injectability test are shown in
Figure 5, which shows that the injectability
percentage ranges from 96.89% to 99.31%. The

This injectability test determined how easily
the material can be dispensed through a syringe
needle. This study adjusted needle selection
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injectability percentage for all samples was close
to 100%, indicating that the mass dispensed was
not significantly different from the mass
introduced. Therefore, the high injectability
percentage indicates that the hydrogel can deliver
accurate doses suitable for clinical injection
applications (Moreira et al., 2018).

3.8 Resuspension Test

Resuspension testing examined the pH and
time required for suspension reforming. The
results of resuspension testing for pH are shown
in Table 4, where all samples containing
hydroxyapatite did not experience pH
abnormalities after adding PBS.

As shown in Figure 6, resuspension testing
over time showed that the CMC-HA-HAP1 sample
had the slowest resuspension time. The
precipitates formed in all hydroxyapatite samples
could be resuspended without sticking to the vial.

3.9 SEM Test

The SEM test results are divided into two
parts, namely the morphology of the hydrogel and
Bt T s, N £ #

=

: ’.?Jt_v. ‘-v;;z S ¢ o
R i "E «{\ Fi :

Average pore size: 87.06 £ 41.63 pm SEE $erD

its dispersion energy. The SEM morphology of the
hydrogel is shown in Figure 7. The test results
revealed that the average pore size of the CMC-
HA-HAPO hydrogel was 87.06 + 41.63 um, that
result show in Figure 7A. This pore size is still
within the range of 10-500 pm, which can
support tissue growth and nutrient supply
(Martinez-garcia et al., 2022; Sarita, Dayaram, et
al, 2024). CMC-HA-HAPO hydrogel is considered
a matrix in which hydroxyapatite is filled into the
pores formed in the matrix. Hydroxyapatite as a
filler has been successfully incorporated, as
evidenced by the morphology of the filled pores
shown in Figure 7B. On the other hand, the
dispersion energy is shown in Figure 8. Figure
8A depicts that in CMC-HA-HAPO contains some
atoms like oxygen, carbon, nitrogen, and sodium.
On the other hand, for CMC-HA-HAP1, that show
in Figure 8B have same result as CMC-HA-HAPO,
but there are some new atom show, like calcium
and phosphorus. That Ca and P are from
hydroxyapatite, which can indicate successful
incorporation of hydroxyapatite in matrix CMC-
HA.

Figure 7. Morphology Result from SEM with Magnification 265x (A) CMC-HA-HAPO (B) CMC-HA-HAP1
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Figure 8. Energy Dispersive (A) CMC-HA-HAPO (B) CMC-HA-HAP1

4. CONCLUSION

The XRD test results show that
hydroxyapatite has been successfully
incorporated into the hydrogel, as evidenced by
the formation of diffraction peaks. The results of
the fluid affinity test show that the hydrogel has
types 3E, 2E, and 1E. The results of the viscosity
test show that all samples have viscosities in the
range of 5 to 200,000 mPa.s, consistent with the
viscosity of injectable hydrogels. All fabricated
hydrogels were stable after freeze-thaw cycles.
The injectability rate was close to 100%, making
it suitable for injection. CMC-HA-HAP1 passed
trypan blue the slowest, indicating slow release
capability. Furthermore, the resuspension test
showed no pH abnormalities, and CMC-HA-HAP1
had the longest recrystallization time. The pore
size based on SEM test results was 87.06 + 41.63
um, and the morphology of CMC-HA-HAP1
showed that hydroxyapatite had successfully
filled the pores formed in the hydrogel. Based on
the overall test results, the 1:1:1 (CMC-HA-HAP1)
formulation shows characteristics suitable for a
regenerative medicine candidate in osteoporosis.

ACKNOLEDGEMENTS

The author expresses gratitude to the Student
Creativity Program 2025 (Program Kreativitas
Mahasiswa (PKM) 2025) for providing a platform
to conduct research with the funds provided. The
author would also like to thank Telkom
University for providing both facilities and
financial support.

REFERENCES

Abdul-Monem, M. M., Kamoun, E. A,, Ahmed, D. M.,
El-Fakharany, E. M., Al-Abbassy, F. H., & Aly,
H. M. (2021). Light-Cured Hyaluronic Acid
Composite Hydrogels Using Riboflavin as A
Photoinitiator For Bone Regeneration
Applications. Journal of Taibah University
Medical  Sciences, 16(4), 529-539.
https://doi.org/10.1016/j.jtumed.2020.12.
021

Alonso, ]. M., Del Olmo, ]. A., Gonzalez, R. P., & Saez-
martinez, V. (2021). Injectable Hydrogels:
From Laboratory to Industrialization.

JRST (Jurnal Riset Sains dan Teknologi) - Vol. 10 (1) 2026 - (B.101 - B.113)

B.110



Bagus Satria Nurpriyanto, Rheynaldi Wijaya, Wimar Ardhi Mulyana, Salwa Tegar Cahaya Maharani, Adanti

Wido Paramadini

Fabrication and Characterization of Injectable Hydrogel Based on Carboxymethylcellulose-Hyaluronic with Variation Hydroxyapatite as

a Candidate Regenerative Medicine for Osteoporosis

Polymers, 13(4), 1-24.
https://doi.org/10.3390/polym13040650

Amsia, H. A. S. (2021). Efek Asam Hialuronat pada
Berbagai Jenis Luka. Jurnal Penelitian
Perawat  Profesional, 3(2), 269-278.
https://doi.org/10.37287 /jppp.v3i2.371

Annisa, R, Agustin, Y. E,, Rahmadani, N., & Mutiah,
R. (2024). Formulation and Characteristics
of Film Forming Hydrogel (FFH) of Yellow
Root Extract (Arcangelisia Flava (L.) Merr.)
As Wound Healing for Burns. Biomedical &
Pharmacology Journal, 17(3), 1667-1677.

Bashir, S, Hina, M., Igbal, ]., Rajpar, A. H., Mujtaba,
M. A, Alghamdji, N. A., Wageh, S., & Ramesh,
S. (2020). Fundamental Concepts of
Hydrogels: Synthesis, Properties, and Their
Applications. Polymers, 12.

Bien, D., Lange, A., Matuszewski, A., Ostrowska, A.,
Klimek, M., Batorska, M. & Jaworski, S.
(2025). Biocompatibility and Antioxidant
Effects of  Hydroxyapatite-Quercetin
Composites: In Vitro and In Ovo Studies.
Scientific Reports, 15(1), 1-13.
https://doi.org/10.1038/s41598-025-
17387-2

Chang, W., Chen, L, & Chen, K. (2024). The
Bioengineering Application of Hyaluronic
Acid in Tissue Regeneration and Repair.
International  Journal  of  Biological

Macromolecules, 270, 132454.
https://doi.org/10.1016/j.ijbiomac.2024.1
32454

Chen, Z,, Yang, D., Wang, S., & Hao, C. (2025). The
Role of Magnesium Hydrogels in Bone
Regeneration: A Systematic Review and
Meta-Analysis. Journal of Materials Science:

Materials in Medicine, 36(1).
https://doi.org/10.1007/s10856-025-
06881-8

Chocholata, P.,, Kulda, V., Dvorakova, J., Dobra, J. K.,
& Babuska, V. (2020). Biological Evaluation
of Polyvinyl Alcohol Hydrogels Enriched by
Hyaluronic Acid and Hydroxyapatite.
International Journal of Molecular Sciences,
21(16), 1-11.
https://doi.org/10.3390/ijms21165719

Jacob, S., Abdullahi, ]. 0., Usman, S., Boddu, S. H. S,,
Khan, S. N., Saad, M. A., & Nair, A. B. (2025).
Preparation and Evaluation of Tadalafil-

Loaded Nanoemulgel for Transdermal
Delivery in Cold-Induced Vasoconstriction:
A Potential Therapy for Raynaud’s
Phenomenon. Pharmaceutics, 17(5), 1-27.
https://doi.org/10.3390/pharmaceutics17
050596

Jinugu, M. E,, Solanki, R., Dhanka, M., Thareja, P., &
Bhatia, D. (2024). Self-Healing, Injectable
Chitosan-Based  Hydrogels:  Structure,
Properties and Biological Applications.
Materials Advances, 5(13), 5365-5393.
https://doi.org/10.1039/d4ma00131a

Joenputri, N. (2020). Terapi Bisfosfonat untuk
Pasien Osteoporosis Pasca-Menopause.
Cermin Dunia Kedokteran, 47(8), 692-696.

Kaith, B. S., Singh, A. Sharma, A. K,, & Sud, D.
(2021). Hydrogels: Synthesis, Classification,
Properties and Potential Applications—A
Brief Review. Journal of Polymers and the
Environment, 29(12), 3827-3841.
https://doi.org/10.1007/s10924-021-
02184-5

Karatas, E., Koc, K., Yilmaz, M. & Aydin, H. M.
(2024). Characterization and Comparative
Investigation of
Hydroxyapatite/Carboxymethyl Cellulose
(CaHA/CMC) Matrix for Soft Tissue
Augmentation in a Rat Model. ACS Omega,
9(29), 31586-31600.
https://doi.org/10.1021/acsomega.4c0150
3

Klara, ], & Lewandowska-tancucka, J. (2022).
How Efficient are Alendronate-
Nano/Biomaterial Combinations for Anti-
Osteoporosis Therapy? An Evidence-Based
Review of the Literature. International
Journal of Nanomedicine, 17, 6065-6094.
https://doi.org/10.2147 /IJN.S388430

Lin, Chun Yu, Kuo, P.]., Lin, Y. H,, Lin, Chi Yu, Lin, ].
C. Y, Chiu, H. C, Hung, T. F, Lin, H. Y, &
Huang, H. M. (2022). Fabrication of Low-
Molecular-Weight Hyaluronic Acid-
Carboxymethyl Cellulose Hybrid to Promote
Bone Growth in Guided Bone Regeneration
Surgery: An Animal Study. Polymers, 14(15).
https://doi.org/10.3390/polym14153211

Maggi, L., Friuli, V., Cerea, B., Bruni, G., Berbenni,
V., & Bini, M. (2024). Physicochemical
Characterization of Hydroxyapatite Hybrids
with Meloxicam for Dissolution Rate

JRST (Jurnal Riset Sains dan Teknologi) - Vol. 10 (1) 2026 - (B.101 - B.113) B.111



Bagus Satria Nurpriyanto, Rheynaldi Wijaya, Wimar Ardhi Mulyana, Salwa Tegar Cahaya Maharani, Adanti

Wido Paramadini

Fabrication and Characterization of Injectable Hydrogel Based on Carboxymethylcellulose-Hyaluronic with Variation Hydroxyapatite as

a Candidate Regenerative Medicine for Osteoporosis

Improvement. Molecules, 29(11).
https://doi.org/10.3390/molecules291124
19

Martinez-garcia, F. D., Fischer, T., Hayn, A., Mierke,
C.T., Burgess, J. K, & Harmsen, M. C. (2022).
A Beginner ’s Guide to the Characterization
of Hydrogel Microarchitecture for Cellular
Applications. Gels, 8(9), 535.
https://doi.org/10.3390/gels8090535

Mondal, S., Park, S., Choi, J., Vu, T. T. H., Doan, V. H.
M., Vo, T. T, Lee, B, & Oh, ]J. (2023).
Hydroxyapatite: A Journey From
Biomaterials to Advanced Functional
Materials. Advances in Colloid and Interface
Science, 321, 103013.
https://doi.org/https://doi.org/10.1016/j.
cis.2023.103013

Moreira, C. D. F., Carvalho, S. M., Sousa, R. G,
Mansur, H. S, & Pereira, M. M. (2018).
Nanostructured
Chitosan/Gelatin/Bioactive Glass In Situ
Forming Hydrogel Composites As A
Potential Injectable Matrix For Bone Tissue
Engineering. Materials Chemistry and

Physics, 218, 304-316.
https://doi.org/10.1016/j.matchemphys.2
018.07.039

Moreira, T. D., Martins, V. B., da Silva Junior, A. H.,
Sayer, C., de Aradjo, P. H. H., & Immich, A. P.
S. (2024). New Insights Into Biomaterials
For Wound Dressings and Care: Challenges
And Trends. Progress in Organic Coatings,
187, 108118.
https://doi.org/https://doi.org/10.1016/].
porgcoat.2023.108118

Paramadini, A. W., Chinavinijkul, P., Meemai, A,
Thongkam, P., Apasuthirat, A., & Nasongkla,
N. (2023). Fabrication And In Vitro
Characterization of Zinc Oxide
Nanoparticles and Hyaluronic Acid-
Containing Carboxymethylcellulose Gel For
Wound Healing Application.
Pharmaceutical Development and
Technology, 28(1), 95-108.
https://doi.org/10.1080/10837450.2022.2
164304

Poorirani, S., Taheri, S. latif & Mostafavi, S. A.
(2023). Scaffolds: A Biomaterial
Engineering in Targeted Drug Delivery For
Osteoporosis. Osteoporosis International,

34(2), 255-267.
https://doi.org/10.1007/s00198-022-
06543-3

Priya, G., Madhan, B., Narendrakumar, U., Suresh
Kumar, R. V., & Manjubala, I. (2021). In Vitro
and In Vivo Evaluation of Carboxymethyl
Cellulose Scaffolds for Bone Tissue
Engineering Applications. ACS Omega, 6(2),
1246-1253.
https://doi.org/10.1021/acsomega.0c0455
1

Putra, A. P., Hikmawati, D., & Budiatin, A. S.
(2019). Injectable Bone Substitute of
Hydroxyapatite-Gelatin Composite With
Alendronate For Bone Defect Due to
Osteoporosis. Journal of International
Dental and Medical Research, 12(2), 813-
818.

Sari, N., Putra, A. P., Siswanto, Pradipta, M. F. F.,, &
Hikmawati, D. (2020). Hydroxyapatite-
Gelatin-HPMC Composite as Injectable Bone
Substitute With Alendronate Variation For
Osteoporotic Bone. The 2nd International
Conference on Physical Instrumentation and
Advanced Materials (ICPIAM) 2019, 2314(1).
https://doi.org/10.1063/5.0034044

Sarita, Dayaram, P. M., Singh, B., Rai, A. K., Tewari,
R. P, & Dutta, P. K. (2024). An Injectable
Blend Hydrogel for Bone Tissue
Engineering Application: Synthesis And
Characterization. Journal of Macromolecular

Science, 61(1), 2-10.
https://doi.org/10.1080/10601325.2023.2
277211

Sarita, Rai, A. K., & Tewari, R. P. (2024). Different
Approaches in Bone Tissue Engineering:
Advantages and Disadvantages. Biomedical

Engineering - Applications, Basis and
Communications, 36(2), 1-13.
https://doi.org/10.4015/5S101623722430
0013

Tan, Y., Ma, L., Chen, X, Ran, Y., Tong, Q., Tang, L.,
& Li, X. (2022). Injectable Hyaluronic
Acid/Hydroxyapatite Composite Hydrogels
as Cell Carriers for Bone Repair.
International ~ Journal of  Biological

Macromolecules, 216, 547-557.
https://doi.org/10.1016/j.ijbiomac.2022.0
7.009

JRST (Jurnal Riset Sains dan Teknologi) - Vol. 10 (1) 2026 - (B.101 - B.113) B.112



Bagus Satria Nurpriyanto, Rheynaldi Wijaya, Wimar Ardhi Mulyana, Salwa Tegar Cahaya Maharani, Adanti

Wido Paramadini

Fabrication and Characterization of Injectable Hydrogel Based on Carboxymethylcellulose-Hyaluronic with Variation Hydroxyapatite as

a Candidate Regenerative Medicine for Osteoporosis

Tasqué, J. E., Raffo, P. A, Sanz, L. A, Sanz, M. R,
Vega, . N., & D’Accorso, N. B. (2023). A New
Organosilylated Hydrogel as Loss Control
Materials: Synthesis, Characterization, and
Evaluation. Results in Engineering, 17.
https://doi.org/10.1016/j.rineng.2022.100
804

Wang, X,, Zeng, |, Gan, D,, Ling, K,, He, M,, Lj, ], &
Lu, Y. (2025). Recent Strategies and
Advances in Hydrogel-Based Delivery
Platforms for Bone Regeneration. Nano-

Micro Letters, 17(1).
https://doi.org/10.1007/s40820-024-
01557-4

Zhang, M,, Ye, Q., Zhu, Z,, Shj, S,, Xu, C,, Xie, R., & Li,
Y. (2024). Hyaluronic Acid-Based Dynamic
Hydrogels for Cartilage Repair and
Regeneration. Gels, 10(11), 703.
https://doi.org/10.3390/gels10110703

Zhang, W,, Liu, Y., Xuan, Y., & Zhang, S. (2022).

Synthesis and Applications of
Carboxymethyl Cellulose Hydrogels. Gels,
8(9), 529.
https://doi.org/10.3390/gels8090529

Zhou, L. Chen, D., Wu, R, Li, L, Shi, T,

Shangguang, Z., Lin, H., Chen, G., Wang, Z,, &
Liuy, W. (2024). An Injectable and
Photocurable Methacrylate-Silk
Fibroin/Nano-Hydroxyapatite Hydrogel
For Bone Regeneration Through
Osteoimmunomodulation. International
Journal of Biological Macromolecules, 263,
129925.
https://doi.org/10.1016/j.ijbiomac.2024.1
29925

JRST (Jurnal Riset Sains dan Teknologi) - Vol. 10 (1) 2026 - (B.101 - B.113) B.113


https://doi.org/10.3390/gels10110703

