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a b s t r a c t 

Regeneration of craniofacial bone defects is a key issue in the bone regeneration field. Hence, novel treatment 

strategies, such as tissue engineering using porous scaffolds, have been developed. An ideal tissue-engineered 

scaffold for bone tissue regeneration should possess pores to facilitate nutrients transmission and support repar- 

ative tissue ingrowth, bioactivity for osteoconduction and osseointegration, and biocompatibility to improve cell 

attachment, proliferation, and extracellular matrix formation. In the present study, we manufactured chitosan- 

based hydrogels substituted with alginate with optimized properties by extrusion-based three-dimensional (3D) 

printing. 3D printing of the scaffolds enables the designing and developing of complex architectures for cranio- 

facial reconstruction using computer-aided design (CAD). Different ratios (2.5, 5, and 10%) of hydroxyapatite 

were added to the hydrogel, printed, and subsequently lyophilized to augment the physical and biological char- 

acteristics of the scaffolds. Hydroxyapatite incorporation into the chitosan-based scaffolds increased the porosity 

and pore size of the printed scaffolds. In addition, the presence of hydroxyapatite amplified apatite formation 

and decreased the size of formed apatite crystals. All the scaffold samples showed biocompatible properties and 

did not have toxicity toward rat bone marrow mesenchymal stem cells. Furthermore, the scaffolds containing 5% 

w/w hydroxyapatite exhibited significant growth in cell viability compared to the control. Overall, it is concluded 

that chitosan-based scaffolds adorned with hydroxyapatite are considerable for regenerating craniofacial bone 

defects. 
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. Introduction 

Bone is a dynamic connective tissue with a highly mineralized ar-

hitecture, offering excellent strength and serving as a structural basis

or the human body and muscles. For the proper development of the

keleton, bone undergoes dynamic modeling and remodeling processes,

ncluding the development of bone formation and resorption. There is an

ncreasing demand for dental, craniofacial, and orthopedic regeneration

nd repair as the world’s elderly population grows [1] . Oral and cranio-

acial bone lesions vary considerably from small bony defects, namely

eriodontal and peri-implant defects, to severe and significant defects

rought on by trauma, tumor excision, and congenital deformities, af-

ecting aesthetic appearance and functionality [2] . 

Autologous and allogeneic bone grafts are the most clinically ap-

lied graft treatments. Autologous bone grafting is regarded as the gold

tandard with acceptable clinical success. However, several limitations

re associated with bone regeneration treatment methodologies of this
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pproach, including donor site morbidity, limited availability, and sur-

ical risks. Hence, a paucity of optimal treatment for oral and craniofa-

ial bone tissue regeneration is still a significant challenge in dentistry,

urgery, and medicine and has led to the emerging application of bone

issue engineering [3] . 

Bone tissue engineering combines scaffolds, cells, and biological fac-

ors to reconstruct, regenerate, and repair bone tissue. Scaffolds play

 pivotal role in bone tissue engineering since they provide mechan-

cal and structural support for cells to attach and offer a proper mi-

roenvironment that affects cell survival, proliferation, and differenti-

tion, which leads to bone tissue formation. An ideal scaffold should

isplay biocompatibility and controlled biodegradability in addition to

uitable microarchitecture. An interconnected porous structure is essen-

ial for nutrient and oxygen uptake and waste diffusion. Pores expand

he available surface area, enhancing cell migration into the scaffold

nd interaction with surrounding tissues [ 4 , 5 ]. The pore size influences

ell attachment, growth, and differentiation. Furthermore, the pore size
 22 September 2022 
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Fig. 1. Schematic illustration of the preparation and 3D printing of the nanocomposite scaffolds. 
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s considered a double-edged sword; by decreasing pore size, the avail-

ble surface area increases; on the other hand, a pore size less than a

roper size hardens cell migration to the scaffolds. Hence, the scaffold

icrostructure should be precisely tailored to be compatible with spe-

ific cells and tissues [ 6 , 7 ]. 

Polymers are extensively investigated for bone tissue engineering;

specially natural polymers have notably drawn attention due to their

iocompatibility and biodegradability [8–10] . Chitosan is a cationic

olysaccharide that demonstrates excellent characteristics namely bio-

ompatibility, non-toxicity, biodegradability, antimicrobial characteris-

ics, and availability [11–13] ; chitosan scaffolds enhance cell adhesion,

roliferation, and osteoblast differentiation and mineralization [ 14 , 15 ].

Various methods can be employed to fabricate porous bone tissue

ngineering scaffolds, namely freeze drying, gas foaming, solvent cast-

ng, and thermally-induced phase separation. However, the size, shape,

nd interconnectivity of pores cannot be precisely controlled using

hese conventional methods. Furthermore, the majority of these meth-

ds make it challenging to produce scaffolds with customized porosity

or certain defects. Additive manufacturing methods, such as extrusion-

ased printing, have the potential to design and develop a complex

rchitecture for scaffolds using computer-aided design (CAD) files and

omputer-aided manufacturing (CAM) by 3D printers [16–18] . 

Despite the favorable characteristics of chitosan for bone tissue en-

ineering, its poor printability has limited its potential for further appli-

ations. In this study, we developed a chitosan-based hydrogel blended

ith alginate and hydroxyapatite to increase the printability of the

ydrogel. The hydrogel was printed with the extrusion-based printing

ethod without increasing the temperature of the polymer. Afterward,

he physicochemical characteristics of the printed scaffolds and their in

itro bioactivity and biocompatibility were investigated. 
2 
. Materials and methods 

.1. Three-dimensional (3D) printing of scaffolds 

Chitosan (Sigma-Aldrich, USA) was dissolved in an acetic acid

Merck, Germany) solution (1% v/v) with a concentration of 4.5% w/v

t room temperature under mechanical stirring for 3 h. Then, alginate

Sigma-Aldrich, USA) with a concentration of 0.45% w/v was added

o the chitosan solution and mechanically stirred for 1 h. Afterward,

ydroxyapatite (Sigma-Aldrich, USA) was added to the chitosan and

lginate solution at different ratios (2.5, 5, and 10% of the chitosan

nd alginate dry weights) and stirred for 1 h to produce Chit/Alg,

hit/Alg/2.5HA, Chit/Alg/5HA, and Chit/Alg/10HA hydrogels, respec-

ively. The scaffolds were designed using CATIA v.5 software (Dassault

ystèmes,Vélizy-Villacoublay, France); briefly, 20 mm × 20 mm × 2 mm

esh scaffolds were designed and printed using Abtin II (Abtinteb

anavar, Iran) 3D printer. Upon printing, KOH (Merck, Germany) was

dded dropwise to the printed scaffold, and after 10 min, the scaffolds

ere collected and moved to -20 °C. The scaffolds were then lyophilized

sing an Alpha 1-2 LD plus freeze dryer (Christ, Germany) for 24 h at

0 °C and 0.040 bar ( Fig. 1 ) . 

.2. 3D printed scaffolds characterization 

Attenuated Total Reflectance Fourier Transform Infrared Spec-

roscopy (ATR-FTIR, Bruker, Germany) was used to determine the func-

ional groups present in the fabricated scaffolds. Detailed information

egarding morphological and elemental characteristics of the printed

caffolds were examined using scanning electron microscopy (SEM, TES-
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Fig. 2. ATR-FTIR spectra of the Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and 

Chit/Alg/10HA scaffolds. 
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AN VEGA3 XMU, Tescan, Brno, Czech Republic) paired with energy

ispersive X-ray spectroscopy (EDS). 

.3. Porosity and pore size measurement 

The porosity, pore size distribution, and average pore size of the

rinted scaffolds were assessed via evaluating SEM images by the Image

 software (NIH, USA). The surface area of pores was divided by the

verall picture area to calculate porosity. Additionally, several scanning

lectron microscopy (SEM) pictures were measured, and the averages

ere calculated. 

.4. Scaffolds swelling behavior 

According to a methodology previously described, the be-

avior of the printed scaffolds swelling was measured. The

0 mm × 10 mm × 2 mm mesh scaffolds measuring were initially

eighed dry before being soaking in phosphate-buffered saline (PBS)

nd incubated at 37 °C. Following the removal of the surplus water

rom the scaffolds, the samples’ wet weight was measured at set time

ntervals. The following formula was used to calculate the scaffold

welling ratio: swelling ratio = Ww - Wd / Wd, where Ww represents

he weight of the wet sample and Wd represents the original dry weight

f the same sample. 

.5. Scaffolds bioactivity 

The bioactivity of the scaffold samples was evaluated in vitro by im-

ersing them in the simulated body fluid (SBF-1X). In the first step,

ortions of the scaffolds with consistent dimensions were obtained, and

he requisite volume of SBF for the scaffold soaking was determined us-

ng the formula V = S/10, where V is the required volume in ml and S

s the surface area of the scaffolds in mm. After 28 days, the scaffolds

ere withdrawn from SBF, washed using SBF and lyophilized. Finally,

he scaffolds were investigated using SEM. 

.6. Mesenchymal stem cells (MSCs) isolation and characterization 

The ethical standards for using laboratory animals were fol-

owed for all animal operations, which have been approved by the

thical committee of the Hamadan University of Medical Sciences

IR.UMSHA.REC.1400.941). The femur and tibia of a healthy Wistar rat

hat was 3–4 weeks old and weighed 100–120 g were isolated under

terile conditions after being ethically sacrificed while receiving deep

nesthesia (75 mg of ketamine and 5 mg of xylazine/kg). The samples

ere immersed in low glucose DMEM (L-DMEM) containing 2% peni-

illin/streptomycin. Without first separating the epiphysis, the diaph-

sis was cut in half by removing the joint capsules from each end of

he bone. The bone marrow cavity was repeatedly washed, and the cells

ere collected in a sterile petri dish using a disposable aseptic syringe

nd L-DMEM medium supplemented with antibiotics. The obtained sus-

ension was filtered through a 200-mesh sieve and then centrifuged for

0 min at 2000 rpm. The supernatant was withdrawn, and cells were

esuspended in a medium containing 10% FBS and 1% penicillin and

treptomycin antibiotics and moved into a culture flask, and incubated

t 37 °C with 5% CO 2 . One flask was used to cultivate cells obtained

rom one rat. Non-adherent cells were removed from the medium by re-

lacing it with a DMEM medium containing 10% FBS and 1% penicillin

fter two days. Cells were passaged using 0.25% Trypsin/EDTA once

hey had reached 90% confluency. After three passages, cells were col-

ected for the flow cytometric analysis of cell surface markers, including

D34, CD44, and CD90. 

.7. Cell proliferation analysis 

Cell Counting Kit-8 (CCK-8) assay was used to measure the viabil-

ty of cells on the various scaffolds ( n = 3 for each group). Rat bone
3 
arrow Mesenchymal stem cells (MSCs) were grown at 37 °C in 5%

O 2 in the DMEM medium with 10% fetal bovine serum and 1% peni-

illin/streptomycin antibiotic. The scaffolds with a thickness of 2 mm,

 size of 5 mm, and a weight of approximately 2.4 mg were sterilized

ith 70% ethanol and exposed to UV irradiation for 2 h, and then were

insed two times using PBS and culture media. The specimens were put

n a 96-well plate, and the MSCs were seeded on the top of each scaffold

t a density of 5 × 10 3 cells per scaffold. 

The scaffolds were transferred to new wells after being cultured for

4 and 72 h (the number of cells was counted as they grew on the scaf-

olds rather than the plate), and 10 μL of the CCK-8 solution was added

o each well. After 4 h, 100 𝜇L of each sample was moved into a 96-well

late and measured by a microplate spectrophotometer at a wavelength

f 450 nm [19] . 

.8. Statistical analysis 

Data were reported as mean ± standard deviation (Mean ± SD) and

ere analyzed using GraphPad Prisma v.9 (San Diego, CA, US) and Ori-

in Pro v.9 (Northampton, MA, US). The one-way analysis of variance

ANOVA) and post hoc Tukey’s tests was used to analyze statistical data.

or all of the tests, a p-value less than 0.05 was regarded as statistically

ignificant. 

. Results and discussion 

.1. Structural characterization of the fabricated composite scaffolds 

.1.1. ATR-FTIR 

Fig. 2 shows the ATR-FTIR spectra of the fabricated samples. The

eak at 1640 cm 

− 1 corresponds to the stretching vibrations of C = O

n the sodium alginate and amide in the chitosan. The asymmetric ad-

orption band at 1400 cm 

− 1 appears in response to oscillations of the

OO- groups and indicates the presence of carboxyl groups in alginate

olecules. Bands at 1550 and 1150 cm 

− 1 refer to oscillations of the

H bond and indicate the presence of amine groups in chitosan. The

ands at 1026 and 1060 cm 

− 1 correspond to C-O stretching. The bond

t 1315 cm 

− 1 is also related to the CH 2 vibrations [20] . Also, after

A incorporation, no significant change was observed in the band at

040 cm 

–1 (PO 4 
3 ), attributed to a probable overlap with other bands. 
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Fig. 3. Representative SEM images of the Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and Chit/Alg/10HA scaffolds. Scale bars from left to right represent 1 mm, 

500 μm, and 250 μm. 
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.1.2. SEM and EDS 

Hydrogels with varying amounts of HA were prepared using the

lending technique. The extrusion-based 3D printing technique success-

ully produced scaffolds of the same size and thickness. The hydrogel

ossessed a degree of elasticity and fluidity. After the printing process,

 20 mm × 20 mm × 2 mm scaffold was developed with different pores

izes. Through SEM ( Fig. 3 ), it is observed that the scaffolds demonstrate

 porous structure with clearly defined pores of a thick pore wall struc-

ure. Due to the lyophilization process, no shrinkage or other textural

bnormalities were observed. 

The energy dispersive spectrum (EDS) mapping images show that

oth Ca and P elements are distributed evenly in the whole scaffolds,

ndicating the homogenous distribution of HA in the printed scaffolds

 Fig. 4 ). Al element in (Fig. 4A) is related to the background due to the

EM sample holder. 

.2. Porosity and pore size of the scaffolds 

As shown in Fig. 5 A, the Chit/Alg and Chit/Alg/10HA scaffolds

how more uniformly distributed and oriented porous structures. The
4 
orosity of the printed Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and

hit/Alg/10HA scaffolds was measured to be 9.53 ( ± 1.28) %, 10.31 ( ±
.71) %, 10.41 ( ± 0.68) %, and 16.62 ( ± 0.61) %, respectively ( Fig. 5 B) .

he pore size of the Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and

hit/Alg/10HA scaffolds ranged from 89-331, 118-289, 40-280, and

90-464 μm, respectively. Furthermore, the average pore size of the

hit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and Chit/Alg/10HA scaffolds

ere 176.5, 206.9, 169.4, and 285.5 μm, respectively ( Fig. 5 C) . 

The pore size has been demonstrated to significantly influence the

eneration of new bone and associated regeneration processes, such as

ngiogenesis and bone tissue ingrowth. In brief, the minimum accept-

ble pore size for bone tissue engineering scaffolds is 100 𝜇m. Smaller

ores are inappropriate for adequate nutrients and oxygen transport to

aintain cell viability and preserve primary cellular activities. Addition-

lly, it has been proposed that for the optimal osteogenesis and vascu-

arization, interconnected pore sizes should be maintained in the range

f 200–350 𝜇m [21–23] . 

Cortical or compact bone is typically 10–30% porous, whereas can-

ellous bone has a porosity of 30–90% in nature. Higher levels of bone

orosity are associated with lower bone density and a greater propen-
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Fig. 4. EDS analyses of the printed (A) Chit/Alg, (B) Chit/Alg/2.5HA, (C) Chit/Alg/5HA, and (D) Chit/Alg/10HA scaffolds (white scale bars indicate 2 mm). 

5 
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Fig. 5. (A) Corresponding SEM images of the printed (a) Chit/Alg, (b) Chit/Alg/2.5HA, (c) Chit/Alg/5HA, and (d) Chit/Alg/10HA scaffolds indicating their pores 

(white scale bars indicate 1 mm). (B) Pore size distribution of the printed scaffolds. (C) and (D) bar graphs showing the porosity and average pore size of the printed 

scaffolds, respectively. 

6 
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Fig. 6. The swelling ratio of the Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and 

Chit/Alg/10HA printed scaffolds. 
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Fig. 7. SEM images of the surface of (A) Chit/Alg, (B) Chit/Alg/2.5HA, (C) Chit/Alg

28 days submerging in SBF-1X. Scale bars from left to right represent 10 mm, 5 mm,

7 
ity for bone fractures observed in patients bearing osteoporosis [ 24 , 25 ].

ome studies have shown that high porosity is ideal for bone tissue en-

ineering; however, the mechanical stability of scaffolds was decreased

y increasing porosity. Thus, a fundamental difficulty in creating bone

eplacement scaffolds is balancing mechanical strength and porosity

 26 , 27 ]. The porosity of scaffolds is slightly increased by increasing

he HA concentration; however, Chit/Alg/10HA exhibited the highest

orosity. Also, the average pore size of the Chit/Alg/10HA scaffold was

emonstrated to be larger than the other scaffold groups. It seems that

he presence of HA increases the printability of the prepared hydrogel,

hich results in a higher printing resolution and increased pore size

esides more uniformly distributed pores. 

.3. Scaffolds swelling behavior 

Regarding the ability of the dry scaffolds to absorb water, all samples

xhibit a high swelling capacity ( Fig. 6 ). The increased swelling ratio

hat results from prolonged soaking implies that the water absorption

evels have grown; nevertheless, the growing water absorption rate has
/5HA, and (D) Chit/Alg/10HA scaffolds for evaluating apatite formation after 

 and 2 mm. 
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Fig. 8. (A) Rat bone marrow mesenchymal stem cells morphology under light microscopy as (a) primary, (b) Passage 3 with about 60% confluency, and (c) Passage 

3 with more than 90% confluency. Images were acquired at low magnification (20X). (B) The stem cell surface marker analysis using flow cytometry shows CD34 

negative surface markers and CD44 and CD90 positive surface markers for the stemness of isolated cells. 
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s  

s  
educed, and the scaffolds achieved a swelling equilibrium. The Chit/Alg

caffold possesses the highest swelling ratio; however, the difference was

ot statistically significant. In addition, the results show that the hydrox-

apatite incorporation does not affect the scaffolds swelling kinetics, as

ll scaffolds swelled after submerging in the PBS. 

The transmittance of biological fluids, nutrient absorption, and cel-

ular waste transportation through biomaterials are all essential to the

uccess of tissue engineering procedures, making water absorption ca-

acity a crucial property of tissue engineering scaffolds [28] . A high

welling ratio in the manufactured scaffolds is necessary to preserve the

forementioned features. In addition, The pH of the surrounding fluid

as a significant impact on the expansion behavior. Due to the biolog-

cal applications of the scaffolds, their swelling behavior was tested in

hosphate-buffered saline (pH 7.4). Utilizing such a method makes it

ossible to assess how the scaffolds behave after they have been im-

lanted within the body [ 29 , 30 ]. 

.4. Scaffolds bioactivity 

All of the scaffolds show apatite formation upon incubation in SBF.

he size of the apatite particles formed on the Chit/Alg scaffold is larger

han that of the particles on the HA-containing scaffolds. Furthermore,

he number of formed apatite particles increases with the increase in the

ydroxyapatite content of the scaffolds ( Fig. 7 ) . 

SBF is a supersaturated solution of metastable calcium phosphate

ith regard to apatite. It has been indicated that since there is a sig-
8 
ificant barrier to the homogeneous nucleation of apatite from SBF, ex-

ernal stimulation is required to initiate the heterogeneous nucleation

f apatite. Numerous nano-HA particles potentially serving as nucle-

tion sites were present on the Chit/Alg/HA composite scaffolds. Thus,

he composite scaffolds were more able to support the formation of ap-

tite compared to the chitosan/alginate scaffolds. For this reason, the

hit/Alg/HA composite scaffolds attained a higher apatite deposition

han Chit/Alg throughout the same period. The number of generated

uclei impacted the amount of minerals that could accumulate on each

ucleus since the local mineralization microenvironment has a limited

evel of inorganic ions. As a result, the particles generated on the com-

osite scaffold were smaller than those on the chitosan scaffold ( Fig. 7 )

31] . 

According to the studies, adding components with the capability to

nteract with or bind to biological tissues has been shown to promote

ioactivity. Enhanced scaffold bioactivity has the potential to enhance

steoconduction (bone tissue ingrowth), osteointegration (stable attach-

ent of the scaffolds to host bone tissue), osteoinduction (causes imma-

ure cells to differentiate into osteogenic cells), and angiogenesis (in-

reases blood vessel growth) [32–35] . 

.5. Bone marrow mesenchymal stem cells (MSCs) characterization 

Stem cells with enhanced regeneration ability have the potential to

elf-renew and specialize into a wide variety of cell types, resulting in

uperior tissue regeneration [ 36 , 37 ]. In order to characterize isolated
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Fig. 9. (A) Cell viability of rat bone marrow MSCs cultured on the printed Chit/Alg, Chit/Alg/2.5HA, Chit/Alg/5HA, and Chit/Alg/10HA scaffolds in comparison 

with two-dimensional cultured cells (control) after 24 h and 72 h. (B) Corresponding heatmap of the viability of the cells after (a) 24 h and (b) 72 h. ( ∗ ∗ : p < 0.01, 
∗ ∗ ∗ : p < 0.001). 
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SCs, a morphological analysis was performed ( Fig. 8 A) , and flow cy-

ometry was used to quantify the surface marker expression. The high

urity of isolated MSCs is demonstrated by the high level of positive

urface markers (CD44, CD90) expression and the low level of negative

urface markers (CD34) expression ( Fig. 8 B) . 

.6. Cell proliferation analysis 

CCK-8 assay was conducted using rat bone marrow MSCs on

he different scaffold samples to investigate the cytocompatibility of

he printed scaffolds. The optical microscope investigation showed

hat MSCs incubated with the scaffolds showed normal morphology

nd proliferation ( Fig. S1 ). After 24 h, all of the scaffold samples

howed increased cell viability compared to the control; however,

nly the Chit/Alg/2.5HA and Chit/Alg/5HA samples showed a statis-

ically significant increase in viability. After 72 h, the Chit/Alg/HA

omposite scaffolds demonstrated increased cell viability, in which the

hit/Alg/5HA scaffold sample showed a statistically significant increase

ompared to the control group ( Fig. 9 ) . 

Materials implanted in hosts should be biologically inert and en-

ble tissue development. In addition to their physicochemical charac-

eristics, scaffolds also need to be biologically compatible. Biocompat-
9 
bility is a key criterion for all bone scaffolds and has been defined in

 variety of ways. The capacity of a scaffold to sustain normal cellular

unction, including molecular signaling, without causing any immediate

r long-term adverse consequences on the host tissue is known as bio-

ompatibility [79]. Ideal bone scaffolds are osteoconductive scaffolds

hat promote bone cell adhesion, proliferation, and extracellular matrix

ormation on their surface and pores [ 24 , 38 ]. 

The compositions of the scaffolds are generally regarded as one

f the most critical factors that influence biocompatibility and cyto-

oxicity characteristics. Chitosan and alginate have received FDA ap-

roval to be used as biomaterials; In addition, nanohydroxyapatite has

een indicated to have noncytotoxic and genotoxic profiles. Hence,

he biocompatibility of chitosan, alginate, and hydroxyapatite as the

omponents of the scaffold is represented in the cytotoxicity results

39–41] . 

Potential clinical applications of the printed scaffolds are shown in

ig. 10 . Complex bone defects in the craniofacial area can be filled with

D printed scaffolds to accelerate bone regeneration. Due to the com-

lex structure of craniofacial bones, defects in this area cannot be re-

enerated by scaffolds fabricated by conventional methods. The printed

caffold architecture can be adjusted based on the defect and patient to

rovide the optimal treatment for the patients [42–44] . 
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Fig. 10. Schematic illustration of potential applications of patient-specific scaffolds developed by CAD/CAM systems. 
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. Conclusion 

In the present study, we successfully developed a printable chitosan-

ased hydrogel partially substituted with alginate and hydroxyapatite.

ll of the printed nanocomposites with the different hydroxyapatite con-

entrations (2.5, 5, and 10%) showed a homogenous distribution of hy-

roxyapatite in their polymeric matrix. The addition of hydroxyapatite

ncreased porosity and average pore size in the Chit/Alg/5HA scaffold.

urthermore, the HA addition increased apatite formation amounts and

ecreased the size of apatite crystals. All of the scaffold samples showed

iocompatible properties and did not have toxicity toward mesenchy-

al stem cells compared to the control group. Furthermore, the scaffolds

ontaining 5% hydroxyapatite showed a significant increase in cell vi-

bility in comparison with the control. Overall, printed Chit/Alg/HA

anocomposite scaffolds desinged with desired characteristics could be

onsidered as a promising option for craniofacial complex bone defects

egeneration after further in vitro and in vivo evaluations regarding their

steogenic differentiation potential. 
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