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In this study, we aimed to improve the osseointegration of Cp Titanium (CpTi) 
implants by modifying their surface properties through electrospinning a composite 
coating of Polycaprolactone (PCL), Chitosan (CH), and cinnamon watery extracted 
(CN). Various techniques, including Microscopy, chemical analysis, hydrophilicity, 
and biological assays, were employed to evaluate the effectiveness of this coating. 
The results demonstrated significant enhancements in microroughness, surface area 
ratio, wettability, and antibacterial activity after applying the PCL/CH/CN coating. 
These improvements hold promise for enhancing osseointegration by increasing 
torque removal rate. potentially benefiting the field of implantation, wound healing, 
and tissue engineering. Titanium implants are widely used in medical applications 
due to their biocompatibility, cost-effectiveness, and biomechanical strength. 
However, they are bioinert materials with limited osseointegration capabilities. 
This study explores the use of an electrospun composite coating to improve the 
surface characteristics of CpTi implants, aiming to enhance their osseointegration 
potential. The study involved electrospinning a PCL/CH/CN composite onto CpTi 
substrates. Various analytical techniques were employed, including Field-Emission 
Scanning Electron Microscopy (FESEM) for surface morphology examination, 
Energy Dispersive X-ray Spectroscopy (EDX) for chemical composition 
analysis, and Fourier-Transform Infrared Spectroscopy (FTIR) for functional 
group identification. Surface microroughness was assessed using Atomic Force 
Microscopy (AFM), wettability was determined via contact angle measurements, 
and antibacterial activity was tested against anaerobic bacteria from implant 
patients. Osseointegration was evaluated through torque removal measurements in 
a rabbit femur in vivo test. The PCL/CH/CN electrospinning coating significantly 
improved microroughness, surface area ratio, wettability, and exhibited antibacterial 
activity. These enhancements contribute to improved osseointegration, as evidenced 
by torque removal measurements The electrospun PCL/CH/CN composite coating 
offers a straightforward and rapid method to introduce topographical features while 
providing antibacterial properties. This promising technique has the potential to 
advance osseointegration in titanium implants, making it relevant for applications 
in wound healing and tissue engineering within the implantation field.
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INTRODUCTION 
In recent years, herbal therapy has gained 

recognition for its effectiveness and safety in 
various medical applications. However, a significant 
challenge in harnessing the full potential of herbal 
medicine lies in its low water solubility, which 
limits its bioavailability. Overcoming this limitation 
is crucial for optimizing herbal therapy delivery [1-
4].

Simultaneously, surface modification of dental 
implants at the nanoscale or micro scale has 
emerged as a promising approach to enhance 
bioactivity both in vitro and in vivo [5]. To achieve 
this, researchers have turned to the innovative 
technique of electrospinning. Electrospinning 
involves the creation of nanofibrous structures 
through the controlled application of an 
electric field to a polymer solution or melt. In 
this context, it offers a unique solution to the 
challenge of incorporating herbal medicine into 
implant coatings. Natural polymers, known for 
their biocompatibility and ability to mimic the 
extracellular matrix (ECM), have been favored for 
electrospinning applications, as they promote cell 
adhesion and proliferation [6]. However, these 
natural polymers often suffer from drawbacks 
such as poor mechanical properties and rapid 
degradation, limiting their utility. Synthetic 
biological polymers, on the other hand, offer a 
compelling solution with their uniform quality, 
adaptability, and stability in vivo, often being 
coated to enhance performance [7].

Among the diverse herbal options, cinnamon, 
an uncommon tropical plant from the Lauraceae 
family, has garnered attention in Eastern natural 
medicine and culinary traditions. Its extracts 
contain a rich array of bioactive compounds, 
including cinnamon aldehyde, cinnamic alcohol, 
cinnamic acid, cinnamate [8], along with 
polyphenols, protocatechuic, and coumarin [9]. 
Additionally, cinnamon boasts essential nutrients 
such as calcium, fiber, iron, and manganese 
[10]. Its reputation is built on its antimicrobial 
[11,12], antioxidant, and anti-inflammatory 
properties, positioning it as a valuable asset in 
treating conditions like cardiovascular disease and 
diabetes. Furthermore, its antibacterial qualities 
have led to its use as a preservative [13].

In the realm of tissue regeneration, chitosan-
based scaffolds have demonstrated their excellence 
in promoting the regeneration of hard tissues 
both in the laboratory and living organisms [14]. 

Notably, they possess antibacterial properties that 
disrupt bacterial cell membranes [15]. However, 
the direct use of pure chitosan for electrospinning 
presents challenges due to its low solubility, large 
molecular size, and strong hydrogen bonds [16]. 
To address these hurdles, researchers have turned 
to blending chitosan with other natural and 
synthetic materials, making it more amenable to 
electrospinning [17].

Poly(ε-caprolactone) (PCL), a stable, non-
hazardous, and biodegradable polyester, has 
found widespread use in various applications 
[18]. Its excellent mechanical properties and 
biocompatibility make it suitable for applications 
ranging from tissue engineering to sutures and 
drug delivery [19]. However, PCL nanofibers, 
being inherently hydrophobic, may not be ideal 
for stimulating cell growth and migration [20]. 
To tackle this limitation, researchers often opt to 
blend PCL with chitosan to improve the nanofibers’ 
surface wettability [21].

This study embarks on an innovative path 
by exploring the application of a water-
based cinnamon extract incorporated into 
polycaprolactone/chitosan nanofibers through 
electrospinning. The objective is to create a 
coating for titanium implants that enhances their 
physical and chemical properties, The ultimate 
goal is to significantly improve osseointegration, 
thereby benefiting the field of implantation, 
wound healing, and tissue engineering. The 
pharmacological relevance of this research, 
especially in the context of wound healing and 
implant coatings, justifies the incorporation of a 
polymer matrix with plant-based materials.

MATERIALS AND METHODS
Materials

Polycaprolactone (PCL polymer with a 
molecular weight of Mn = 80,000g/mol) purchased 
from Sigma Aldrich. Chitosan (CH) with a medium 
molecular weight (300 - 1000 cps) and a degree of 
deacetylation of ≥85%, purchased from Glentham 
Life Science. Acetic acid glacial with a molecular 
weight of 60.05, provided by Alpha chemika. 
Formic acid with a molecular weight of 46.03, also 
provided by Alpha chemika.

Plant extracts preparation
Cinnamon Extract Preparation: Cinnamon 

bark was finely ground and sifted to obtain a fine 
powder. 100 g of this powder was mixed with 1 
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liter of sterile water and heated in a water bath at 
60°C for one hour. The mixture was then filtered 
through sterile filter paper (Whatman, UK) No.1. 
The filtrate was concentrated under reduced 
pressure using a rotary vacuum evaporator until it 
became a semi-solid substance. This substance was 
further dried at a controlled temperature (45°C) in 
a convection oven to remove water and obtain a 
solid powder. The resulting extract had a brown, 
viscous appearance, with particles averaging 
about 3.29 micrometers in size, spherical in shape. 
It was stored at 4°C in a refrigerator until needed 
[22].

Substrate preparation for vitro study 
Experimental Setup for Titanium Discs: For 

all experiments in this study, commercially pure 
titanium grade II discs from Smart DEM-Germany 
were used. These discs had a diameter of 20 
mm and a height of 2 mm. To prepare the discs, 
a polishing machine was utilized along with a 
sequence of SiC paper with grit sizes of 320, 
400, 600, 800, and 1000. Subsequently, the discs 
underwent two rounds of sonication, each lasting 
5 minutes, using acetone, ethanol, and distilled 
water. After the smoothing process, the discs were 
left to air dry at room temperature for a duration 
of 15 minutes [23].

Preparation of electrospinning solutions 
Preparation of Polymer Blend with Cinnamon 

Extract: In accordance with a previous study [24], 
a polymer blend consisting of 8wt% PCL and 10% 
chitosan was selected. PCL was dissolved in a 
mixture of acetic and formic acid (3:7 v/v) using 
a plate magnetic stirrer for a duration of 3 hours. 
Subsequently, chitosan was added to the PCL 
solution and stirred overnight until a clear and 
homogeneous Chitosan/PCL blend was achieved. 
The appropriate concentration of the cinnamon 
watery extract was determined through trials 
with varying concentrations (10, 15, 20 mg/ml). 
Afterward, the extract was added to the blend and 

stirred for 1 hour to create solutions that were 
further homogenized for 10 minutes using an 
ultrasonic homogenizer (Model 300VT Ultrasonic 
Homogenizer, USA). These prepared PCL/Chitosan/
cinnamon solutions were then ready for use in the 
electrospinning coating process.

Electrospinning Fabrication process
Electrospinning Process for PCL/CH/Cinnamon 
Extract Nanofibers: The prepared PCL/CH solution 
was loaded into a 5-ml syringe fitted with a blunt-
end 0.7 G needle. This solution was dispensed at a 
controlled rate of 0.6 ml/h using an infusion pump 
(kd scientific syringe pump 200, USA). The distance 
between the needle tip and the grounded titanium 
disc samples was maintained at a constant 15 
cm. After experimentation with various voltage 
settings (15, 20, 25 kV), a high voltage of 25 kV was 
applied to the needle. The electrospinning process 
took place in an environment with a relative 
humidity ranging from 30% to 50%. Once the PCL/
CH/Cinnamon extract solution was prepared, it 
was electrospun under the optimized parameters 
selected for this study. The resulting samples were 
air-dried overnight and stored in a desiccator 
before subsequent analysis.

Table 1 summarizes the key details of the 
composites and the electrospinning parameters 
employed in the creation of the samples as 
outlined in the methods section.

Vitro test 
Field Emission-Scanning Electron Microscopy (FE-
SEM)

Microstructural Analysis: Following sputtering 
with gold, the microstructures of Cp Ti and the 
coatings of PCL/CH and PCL/CH/CN with varying 
concentrations were examined. This analysis was 
conducted using a field emission scanning electron 
microscope (Hitachi SU8020, Japan) operating 
at an accelerating voltage of 15 kV, utilizing 
secondary electron (SE) imaging, and maintaining 
a working distance of 15,800 µm. To characterize 

 
Selected Specimen Conc. Feed Rate T.C.D (cm) Volt 

PCL/CH 8%+0.8% 0.6 15 25 
PC//CH/CN 8%+0.8%+0.6% 0.6 15 25 
PC//CH/CN 8%+0.8%+1.2% 0.6 15 25 
PC//CH/CN 8%+0.8%+2.4% 0.6 15 25 

 
  
 
  

Table 1. The electrospinning settings of fabricated fibrous mats.
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the resulting fibers, pore size, and particle size, 
measurements were taken at random locations on 
each fiber using Image J software (version 20).

Fourier Transform Infrared spectroscopy (FTIR)
Chemical Bond Analysis: To investigate the 

chemical bonds present in PCL, CH, CN, and the 
coating nanofibers, Fourier Transform Infrared 
Spectroscopy (FTIR) was utilized. The FTIR analysis 
was conducted using a BRUKER TENSOR-27 IR 
spectrometer located in the Material Engineering 
Department laboratory at the University of 
Technology, Iraq.

For the analysis, the samples were securely 
attached to the Attenuated Total Reflection (ATR) 

crystal. The infrared spectra were then recorded 
across the (4000–650) cm-1 spectral range, with 
a resolution of 4.0 cm-1 and 16 scans, using a 
universal ATR sampling accessory. This allowed 
for the identification and characterization of the 
chemical bonds within the studied materials and 
nanofibers.

Wettability assay
The wettability was tested using deionized distal 

water and the sessile drop technique (Optical 
contact angle SL200KS, China). This approach was 
carried out by dropping 1 ml of distilled water 
on the coated and control disks and evaluating 
the contact angle of water for 10 seconds. The 

 

  

  

 

  

Fig. 1. Position of dental implant (DI) in the rabbit femur.

Fig. 2. Torque removal test.
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wettability test was performed in triplicate, and 
the contact angle was measured using a camera-
based contact angle meter.

The atomic force microscope assay (AFM)
AFM is the candidate device to quantify the 

roughness measurements of a materials` surface 
of coating and uncoating, it also used to construct 
2D and 3D high resolution images of the surfaces 
which provides additional source of data analysis 
and quantification. Surface topography and 
morphology were characterized by atomic force 
microscopy using TT-2 AFM model. A non-contact 
mode was used during the AFM examination 
because the metals have rough surface. 

Antibacterial test withe Disc diffusion method 
(Kirby-Bauer method) 

Assessing Antibacterial Activity: The 
antibacterial properties of the PCL/CH/CN 
coating were evaluated using the inhibition 
zone technique. For this study, total anaerobic 
bacteria isolated from deep pockets of peri-
implantitis implants were employed as model 
microorganisms. To ensure sterility, the disks were 
exposed to UV light for one hour.

In the experimental setup, Müller-Hinton agar 
plates were utilized, and they were inoculated 

with 1 mL of bacterial suspension containing 
approximately 10^8 colony-forming units (CFU) 
per milliliter. Both the titanium substrate with 
the coating and the uncoated controls, each 
with a 6mm diameter, were gently positioned 
on the inoculated plates. These plates were then 
incubated at 37°C for a period of 24 hours.

The zones of inhibition, indicating the 
antibacterial effect, were quantified by measuring 
the clear areas surrounding both the coated and 
uncoated titanium samples [25].

Vivo test 
Biomechanical Torque Removal Test

Test Materials: Screws with specific dimensions 
were utilized for this test, measuring 8mm in 
length (comprising 5mm threaded and 3mm non-
threaded sections) and 3mm in diameter. Each 
screw featured a central slit, measuring 1mm in 
width and 1.5mm in depth, to accommodate a 
screwdriver and torque meter. Two groups were 
examined: coated dental implants with the PCI/
CH/CN composite and uncoated screws. Prior 
to testing, all components were subjected to 
sterilization using UV light [26].

Animal Model and Implantation
The biomechanical assessment involved the 

Flow rate (ml/h) Voltage (Kv) Distance (cm) Fibre production 

0.6 15 15 No fibre produced 

0.6 20 15 No fibre produced 

0.6 
 

25 
 

15 
 

Fibre production 
 

 
  

Conc. Cinnamon 
Mg/ml Flow rate (ml/h) Voltage (Kv) Distance (cm) Fibre diameter (nm) 

10mg/ml 0.6 25 15 Spraying without any fiber 

15mg /ml 0.6 25 15 Fibers with bead 

20mg//ml 0.6 25 15 Homogenous fiber without any bead 

 
  

Table 2. The electrospinning processing variables for PCL/CH solution.

Table 3. The average fiber diameters related to the concentration of cinnamon.
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implantation of these screws into the femur bones 
of 10 male rabbits, each weighing 2 kg. The surgical 
procedure commenced with the shaving of the 

external surfaces of the rabbit femurs, followed by 
a carefully executed lateral incision. Using a 1.3,2.8 
mm diameter round bur, two holes were created, 

 

 

 

 

 

 

 

 

 

 

 

 

  

A B C 

Fig. 3. Optical view of samples electro spinning coating with different concentration CN, A:10mg/ml with spraying, 
B:15mg/ml white homogenous coating, c: 20mg/ml coating with few drapes of spraying.
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D 

Fig. 4. SEM for PCL/CH with different cinnamon extract concentration A:CN 10mg/ml, B:20mg/ml, C: pcl/CH 
without CN D:15mg/ml.
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B 

Fig. 5. SEM for uncoated titanium substrate at different magnification. A: 
magn. 4000 , B: magn. 2000, C: magn. 1000×.

`Fig. 6. SEM morphology with histogram of fibers diameter and distributions for A: PCL/ CH nanofibers 
B: PCL/CH/CN fiber.



2308

K. Hasen et al. / Improving Titanium Osseointegration with Electrospun Coatings

J Nanostruct 16(2): 2301-2316, Spring 2026

positioned 1 cm apart. In these holes, the coated 
screws were inserted into the upper hole, while 
the uncoated screws were placed in the lower hole 
for each femur of rabbit. they were implanted in 
rabbit femurs for 2 and 6 weeks for biomechanical 
assessment. 10 screws/group were tested by this 
test [27] as shown with Fig. 1.

Biomechanical Testing
Subsequently, the removal torque test was 

conducted on these implanted screws. using a 
removal torque tester (professional torque meter, 
TQ 8800, Mrclab, China) [26] as shown with Fig. 2. 

Statistical analysis 
The data obtained from the characterization 

were analyzed using IBM SPSS software (ver. 23, 
SPSS Inc., IL, USA). By using T test for Significant 
Difference (difference between the means of the 
two groups). The level of significance was set at 
p-values less than 0.05. All experimental data are 
presented as mean ± standard deviation (SD). 

RESULTS AND DISCUSSION
Optimization of electrospinning parameters and 
cinnamon extraction 

The Table 2 shows the results for different 
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A B 

Fig. 7. Histogram for average pore size for A: PCL/CH B: PCL/CH/CN.

Fig. 8. Histogram for cinnamon particle size and distribution A: before electrospinning. B: after electrospinning.
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combinations of flow rate, voltage, and distance. 
At a flow rate of 0.6 ml/h and a voltage of 25 KV 
with a fixed distance of 15 cm, fiber production 
was achieved. This combination of parameters 
was selected for further experiments involving 
different concentrations of cinnamon. Table 3 and 
Fig. 3 provide additional details on the chosen 
concentration of cinnamon extract and visual 
representation of the fibers produced. However, 
when incorporating different concentrations of CN 
into PCL/CH, distinct results were obtained. For a 
CN concentration of 10 mg/ml, no fiber formation 
occurred. At 20 mg/ml CN concentration, spindle-
shaped beaded fibers were observed. It was only 
at a CN concentration of 15 mg/ml that bead-free, 
homogeneously distributed non-woven fibers 
were achieved as shown with Fig. 4.

Field-emission scanning electron microscopy 
(FESEM) 

Observations of Fiber Characteristics: The 
surface of the titanium substrate, as depicted in 
Fig. 5, exhibited numerous valleys and grooves. 
These surface features were a direct outcome of 

the grinding process involving SiC paper. 
 In the case of PCL/CH fibers, uniform and 

bead-free non-woven fibers were observed. These 
fibers exhibited a diameter ranging from 100 to 
900 nm, with a mean diameter of 224 ± 9.94 nm as 
are shown with Fig. 6A. The average pore size was 
measured to be 2.093.83 ± 167.98 nm, as depicted 
in Fig. 7A. The PCL/CH/CNT fibers exhibited a 
diameter ranging from 50 to 550 nm, with a 
mean diameter of 178.66 ± 17.55 nm as shown 
with Fig. 6B, the average porosity was measured 
to be 1649.29 ± 153.45 nm, as illustrated in the 
histogram in Fig. 7B.

Furthermore, the cinnamon particles were 
evenly distributed with an average particle size of 
65.199 ± 2.272 nm, as demonstrated in Fig. 8. 

Fourier Transform Infrared spectroscopy (FTIR)
FTIR Analysis of PCL, Chitosan, Cinnamon, and 

Coating in Electrospun Fibers: In Fig. 9, we present 
the FTIR spectra of various components, including 
PCL, CS (Chitosan), cinnamon, and the PCL/CS/
cinnamon coating within electrospun fibers. These 
spectra provide valuable information about the 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 9. FTIR spectra of polycaprolactone (PCL), chitosan (CH). Cinnamon extract (Cn), and PCL/CH/Cn composite nanofibers.
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chemical composition of the materials.
PCL Spectrum: The spectrum of pristine 

PCL exhibits a prominent peak at 1723 cm−1, 
corresponding to the carbonyl group of the 
ester. Additionally, it displays an asymmetric CH2 
stretching peak at 2943 cm-1 and a symmetric 
CH2 stretching peak at 2869 cm−1. The absorption 
peak at 1292 cm−1 is attributed to C–O and C–C 
stretching modes, with bands at 1237 and 1161 
cm−1 related to asymmetric and symmetric C–O–C 
stretching [28].

CS Spectrum: The FTIR spectrum of chitosan 
demonstrates peaks at 3293 cm−1, representing 
OH and NH stretching, and a band between 
1636–1650 cm−1 corresponding to C=O stretching 
(amide-I). Another peak at 1587 cm−1 is attributed 
bending vibration, C-O-C stretching to the C=O 
stretching (amide-I). Peaks at 1418, 1150, and 
1025 cm−1 represent CH3 vibration, and C-OH 
bending vibration, respectively [29,30].

Cinnamon Spectrum: The spectrum of pure 
cinnamon displays a broad peak at 3404 cm−1, 
indicating the presence of free hydroxyl groups 

and hydroxyl groups involved in hydrogen 
bonding. Peaks between 3400 and 3600 cm−1 are 
associated with the vibrational O-H of hydroxyl 
groups, and a band at 2930-2925 cm−1 is attributed 
to the asymmetric stretching vibration of C-H in 
methylene and methyl groups. There’s a peak at 
1440-1450 cm−1 characterizing the C–OH group’s 
bending vibration, while a transmittance peak 
at 1500-1525 cm−1 represents the C=O aromatic 
structure. Additionally, a band at 1434 cm−1 arises 
from the C=C stretching vibration in aromatic rings, 
which can be found in phenolic and flavonoid 
compounds [31].

Coating Spectrum: In the FTIR spectrum of the 
coating, a broad, low-intensity peak at 3404 cm−1 
indicates NH and OH vibrations from chitosan or 
CN, while a high-intensity peak at 1732 cm−1 is 
associated with PCL. There are also low-intensity 
peaks at 1500-1525 cm−1, possibly originating from 
aromatic rings, which may belong to cinnamon.

Water Contact Angle Analysis
In Fig. 10, water contact angle measurements 

 

 

 

 

 

 

 

 

 

 

  

  

A 
B 

Fig. 10. Water contact angle measure A: -coating sample, B: control samp

 
  

Group N. Mean Std.Deviation Std.Error T df Sig. (2-tailed) 

Control 10 66.4 3.170 1.1 9.246 18 .000 

Coated 10 42.9 7.36 2.3 9.246 12.3 .000 

Table 4. Descriptive analysis for control and coating sample andT-test comparison 
between coating and control sample by student test at value<0.05.
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were presented for both the control and coating 
groups. The control group exhibited contact angles 
ranging from 62.18°C to 73.41°C, with a mean of 
66.39°C ± 3.17°C. In contrast, the coating group 
had contact angles ranging from 30.03°C to 43.0°C, 
with a mean of 42.96°C ± 7.3°C.

A statistical analysis using the T-test (shown 
in Table 4) demonstrated a highly significant 
difference between the coated surfaces and the 
uncoated group. 

Atomic Force Microscopy (AFM) Surface Analysis:
For the examination of surface morphology and 

surface roughness, AFM was mployed to analyze 
two groups: uncoated titanium samples and 
nano-fiber coated titanium samples. The 3D and 
2D images of both groups are visually depicted 
in Fig. 11.A comparison of the mean values of 
surface roughness( Sa ) for these two groups is 
summarized in Table 5, which highlights that the 
coating group exhibited the highest mean surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

A 
C 

B D 

coating uncoating 
Fig. 11. Atomic force microscopy (AFM) 2D,3D topographical images of control and coated samples.

Group Statistics Independent Samples Test  

Group N Mean Std. Deviation Std. Error Mean t df Sig. (2-tailed) 

Control 5 0.15280 0.007014 0.003137 -29.266 8 00 
Coating 5 1.155 0.068191 0.03496 -29.266 4.1 .000 

 
  

Table 5. Statistical analysis for surface roughness between control and coating sample. descriptive analysis. And t test for 
comparison between two groups at P value less than0.05.
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roughness values.

The antibacterial Activity Assessment:
The PCL/CH/CN composite demonstrated a 

significant antibacterial effect by inducing the 
formation of an inhibition zone measuring 36.9 
± 5.5 mm against bacterial growth. In contrast, 
the control groups exhibited no inhibition zones, 
as illustrated in Table 6 and Fig. 12. This result 
underscores the potent antibacterial properties of 
the PCL/CH/CN composite.

Result of vivo test
In the study, all animals showed excellent 

postoperative healing with no notable side 
effects. Throughout the study period, they 
exhibited normal movement without any signs of 
inflammation, infection, or allergic reactions at the 
surgical site. The intervention procedures had no 
impact on the animals’ overall health, behavior, or 
feeding habits. Additionally, the screws used in the 
procedure remained securely in place and could 
not be moved manually.

 

Fig. 12. Zone of inhibition (mm) of coating and control samples against test bacteria on 
Mueller-Hinton agar medium.

 
  Group Bacterial inhibition zone (mm) mean 

Coating 36.9 
Control 0 

Table 6. Zone of inhibition (mm) of coating and control samples against test 
bacteria on Mueller-Hinton agar medium.

Groups Mean ±SD ±SE Minimum Maximum t p.value Sig. (2-tailed) 
Coating 12.2840 0.67822 .21447 11.32 13.45    
Control 10.0060 0.69500 .21978 8.90 11.00 7.418 0.000 H.S 

Total 11.1450 1.34621 .30102 8.90 13.45    
 
  

Table 7: Descriptive statistics of Torque 2w between groups.
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Torque removal test
The Torque values of both coated and uncoated 

samples after 2 weeks are displayed in Table 
8. Interestingly, the mean value for the coated 
samples increased to (12.2840 ± 0.67822), 
whereas the uncoated samples exhibited lower 
mean values (10.0060 ± 0.69500). This difference 
was statistically significant with a p-value of 
0.0001. 

The removal torque values of both coated and 
uncoated samples after 6 weeks are presented 
in Table 8. This observed difference was highly 
significant with a p-value of 0.0001.

The study utilized electrospinning; a versatile 
technique known for its ability to create 
nanofibrous structures. The choice of PCL, CH, and 
CN in the composite coating was well-considered. 
PCL contributes to surface roughness while CH 
and CN provide hydrophilicity and antibacterial 
properties. This strategic combination addresses 
multiple aspects critical to enhancing implant 
osseointegration.

 Introduction to Electrospinning Parameters: 
The choice of voltage during electrospinning is 
a crucial factor influencing fiber quality. Higher 
voltage can reduce bead defects and create more 
uniform fibers [32], this observation aligns with 
the findings of previous research, which have 
indicated that the number of beaded fibers tends 
to decrease as the applied voltage is increased 
[30]. Essentially, a higher voltage imparts more 
electrical force to the polymer solution, aiding 
in the stretching and thinning of the solution 
during the electrospinning process. This leads to a 
reduction in bead formation and the production of 
more uniform fibers [33].

 Incorporating Cinnamon Extract: In our study, 
we aimed to incorporate cinnamon extract 
into the electrospinning process at different 
concentrations (10, 15, and 20 mg/ml). However, 
using the lowest concentration (10 mg/ml) with 
the PCL/CH polymer resulted in electrospraying 
due to low viscosity. Electrospraying produces 
droplets instead of continuous fibers, which is 
undesirable [34]. To overcome electrospraying, 

we selected a slightly higher concentration (15 
mg/ml) for cinnamon extract. This concentration 
provided the right viscosity and surface tension for 
successful electrospinning, yielding uniform and 
continuous fibers [35].

Pore Size and Porosity Considerations: Porosity 
plays a crucial role in nanofibers’ functions, 
influencing fluid transport, water absorption, 
chemical release, and biochemical interactions 
[36]. Our study observed that PCL/CH/CN coatings 
had smaller pores compared to PCL/CH coating, 
likely due to cinnamon particles interacting within 
these pores [36].

Herbal extracts like cinnamon contain various 
components such as tannins, phenols, and 
minerals like magnesium, chloride, sulfate, and 
nitrate [37]. These components can influence the 
electrical conductivity of materials [38] that may 
be contributed to formation the smallest fiber 
diameter which are are considered significant in 
terms of their fiber morphologies. Other studies 
have concluded that non-woven nanofibrous 
membrane mats used for wound healing should 
have pore sizes ranging from 500 nm to 1 mm. 
These pore sizes are small enough to prevent 
bacterial penetration through aerosol particle 
capturing mechanisms. Additionally, these 
nanofibers provide a high surface area, which is 
highly efficient for fluid absorption. and delivery 
[39]. The microarchitecture of these fibers’ 
mimics that of the extracellular matrix, which can 
enhance cell adhesion, proliferation, migration, 
and differentiation [40].

Surface Roughness Enhancement: The 
electrospinning process introduced changes in 
surface roughness. Rougher implant surfaces 
promote better attachment and stability by 
enhancing bone interlocking. Our study found that 
the coating’s roughness fell within the optimal 
range for promoting mineralized bone-implant 
interaction [41,42]. This increase in roughness 
could be attributed to the electrospinning process, 
which creates valleys and peaks within the 
membrane fiber coating.

The electrospinning process transformed 

Groups Mean ±SD ±SE Minimum Maximum t p.value Sig. (2-tailed) 
Coating 30.4220 1.15897 .36650 28.98 33.12 15.262 0.000 H.S 
Control 22.2010 1.24835 .39476 19.90 24.00    

Total 26.3115 4.37721 .97877 19.90 33.12    
 

Table 8. Descriptive statistics of Torque 6 w between groups.
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cinnamon particles from a micro to a nano size and 
this may be contributed to increase Sa of coating. 
The presence of nano-sized cinnamon particles in 
the coating might positively influence cell growth 
and osteoblastic differentiation on the implant 
surface. This could contribute to improved bone 
integration and overall implant success. Moreover, 
nano-sized cinnamon particles may possess 
antibacterial properties, potentially inhibiting the 
colonization of bacteria on the implant surface. 
This antibacterial effect aligns with the goal of 
reducing the risk of infection and promoting faster 
healing before implant loading.and this agree with 
thus facilitating quicker healing prior to loading 
as elucidated by Deng et al. in 2015 [43]. This 
observation aligns with the findings of GH Jani and 
AA Fatalla in 2022 and Eom et al. in 2012 [44,45], 
whom noted a significant increase in surface 
roughness when coated with materials featuring 
nano or micro-sized particle.

Synergistic Antibacterial Effects of combination 
of chitosan and cinnamon in our coating 
enhanced its antibacterial effects. Cinnamon’s 
cinnamaldehyde compound interferes with 
bacterial growth, complementing chitosan’s 
antimicrobial properties [46].

Incorporating hydrophilic components 
like chitosan and cinnamon extract into the 
electrospun composite improved the traditionally 
hydrophobic titanium surface’s hydrophilicity. 
This enhancement is beneficial for biological 
compatibility and implant performance in a 
physiological environment.

both the present study and the study by 
Agnes Mary et al. demonstrate a trend where the 
incorporation of natural plant extracts, such as 
Aloe vera, into PCL nanofibrous scaffolds leads to 
improved hydrophilicity [47,48].

 In the FTIR spectrum of the coating, comprising 
PCL, chitosan, and possibly cinnamon, the absence 
of new, significant peaks or shifts suggests that 
there are no strong chemical reactions occurring 
among these components [49]. Instead, the 
spectrum reveals that the coating primarily 
involves physical interactions between the 
individual constituents.

The increase in torque following coating can be 
attributed to heightened hydrophilicity, surface 
roughness enhancement, and antibacterial 
properties. After six weeks, bone maturation likely 
contributed to improved implant stability and 
compatibility with biological system [50,51].

Overall, these results underscore the coating’s 
positive influence, enhancing implant compatibility 
with biological systems and facilitating seamless 
integration with surrounding bone. Enhanced 
surface characteristics, marked by increased 
roughness and enhanced wettability, expedite 
and reinforce bone tissue attachment, thereby 
promoting superior osteoconduction [52,53].

CONCLUSION
The study found that the PCL/CH/CN coating 

significantly improved the surface properties of 
titanium, including surface morphology, chemical 
bioactive structure, roughness, and wettability. 
The electrospinning coating method used in the 
study produced nanoparticles that increased 
surface roughness and wettability. The coating also 
created a high surface contact area and porosity, 
which improved the interaction with physiological 
medium and promoted cell adhesion, proliferation, 
and differentiation. The water contact angle 
measurements showed that the coated surface 
was more hydrophilic than the uncoated surface. 
Additionally, the study confirmed the antibacterial 
activity of the PCL/CH/CN fiber coating against 
anaerobic bacteria associated with perimplantitis. 
These findings suggest that the PCL/CH/CN coating 
has the potential to enhance osseointegration and 
may be beneficial for implant success. 
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