
 
 

269 

 

Malaysian Journal of Microscopy 2025 21(2) 269-277 

 

RESEARCH ARTICLE  

 

 

MICROSTRUCTURE, SURFACE ROUGHNESS AND VICKERS HARDNESS ANALYSES OF 

MISWAK REINFORCED DENTAL COMPOSITE 
 

Raja Azman Raja Awang, Muhammad Aqil Haikal Ab Halim Fauzi, Gao Guanlin, Noor Huda Ismail* 

 
School of Dental Sciences, Health Campus, Universiti Sains Malaysia, Kubang Kerian, 16150 Kota Bharu, Kelantan, 

Malaysia. 

 

 
 

Abstract. Despite the widespread use of dental composites, their mechanical properties and surface characteristics 

can sometimes fall short of clinical expectations, potentially affecting long-term durability and overall 

performance. Miswak, a natural product with known oral health benefits, has been proposed as a novel 

reinforcement agent to improve composite properties. This study investigated the effects of miswak on the 

microstructure, surface roughness, and Vickers hardness (VHN) of dental composites. Specimens were prepared 

in the following groups: negative control (no miswak), 1 wt% miswak, 3 wt% miswak, and positive control 

(Filtek™ Z350XT, 3M ESPE). Scanning electron microscopy (SEM) was used to examine the microstructure, 

while surface roughness and VHN were assessed using a profilometer and hardness tester, respectively, under 

standardised laboratory conditions. Data were analysed with one-way ANOVA and post-hoc Tukey's test. SEM 

analysis showed a homogeneous miswak distribution in all groups. The 3 wt% miswak group exhibited 

significantly lower surface roughness than the other groups (p < 0.05). The 1 wt% and 3 wt% miswak groups 

showed increased VHN compared to the negative control, but no significant difference was found between the 1 

wt% and 3 wt% groups (p > 0.05). These results suggest that miswak reinforcement can improve the surface 

roughness and VHN of dental composites without compromising the resin matrix’s homogeneity. 
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1. INTRODUCTION  

 
Dental composites, commercially introduced in the 1960s, are tooth-coloured restorations 

widely used in restorative dentistry due to their aesthetic appeal, lower toxicity compared to some 

traditional materials, and suitability for conservative treatment [1]. These composites typically consist 

of a resin matrix reinforced with fillers, such as silica, hydroxyapatite, zirconia, and alumina, to provide 

the mechanical and physical properties needed to withstand occlusal forces. Key properties include high 

strength, wear resistance, and low polymerisation shrinkage, all of which contribute to the clinical 

success of restorations [2,3]. However, traditional composites face challenges, particularly fatigue and 

crack propagation under masticatory forces, limiting their durability [3]. To address these issues, 

various reinforcement strategies have been developed, including the incorporation of inorganic fillers 

and/or natural minerals with different shapes and sizes into the resin matrix [4]. This study proposes 

miswak, a natural fiber with known oral health benefits, as a reinforcement agent to improve the 

longevity and biocompatibility of composite materials.  

  

Miswak (Salvadora persica), traditionally used as an oral hygiene tool, has attracted attention 

for biomedical applications due to its safety, biocompatibility, and availability, particularly in the 

Middle East, Asia, and Africa. Its unique composition could enhance the structural integrity and impart 

bioactivity to composites [5]. Miswak contains carbohydrates, flavonoids, terpenes, sterols, alkaloids, 

glycosides, and essential trace elements such as fluoride, calcium, phosphorus, silica, and ascorbic acid. 

These bioactive compounds contribute antimicrobial, antiviral, antifungal, antibiofilm, and antioxidant 

properties [5,6]. Integrating miswak into dental composites could reinforce the material mechanically 

while also introducing bioactive advantages to dental restorations [7]. 

 

Surface roughness and hardness are critical parameters in assessing the performance and 

durability of dental composites. Surface roughness influences wear resistance, colour stability, optical 

properties, and hardness [8]. Rougher surfaces promote plaque accumulation, increasing bacterial 

growth and risking discolouration and degradation of restorations [9]. Hardness, defined as resistance 

to permanent deformation, is closely linked to wear resistance. Research has shown that lower hardness 

values are associated with reduced wear resistance, potentially limiting the composite's ability to 

withstand occlusal forces and resist long-term damage [8]. Conversely, higher hardness values enhance 

the material’s resistance to surface wear, a crucial property for maintaining the structural integrity of 

restorations, especially in high-stress areas of the oral cavity. 

 

Optimal surface roughness in dental composites prevents plaque accumulation [9,10]. While 

Vickers hardness is commonly used to assess the brittleness of dental composites. Noushad et al. have 

reported that silica from rice husk improves the hardness, compressive strength, and flexural strength 

of dental composites [2]. Modifying existing dental composites with miswak may further improve their 

mechanical properties. To our knowledge, no studies have been published on the surface roughness and 

Vickers hardness of dental composites incorporating silica rice husk reinforced with miswak. 

 

In this study, silica extracted from rice husk and miswak was treated with a silane coupling 

agent and used to develop a hybrid dental composite. The objective was to characterise the 

morphological features of miswak powder to understand its interaction with the composite matrix and 

to investigate the effects of incorporating miswak powder at concentrations of 1 wt% and 3 wt% on the 

microstructure, surface roughness, and Vickers hardness of a newly developed experimental dental 

composite. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 

The composite resins used in this study were bisphenol A-glycidyl methacrylate (Bis-GMA) 

(Esstech, Inc., Essington, PA, USA) and triethylene glycol dimethacrylate (TEGDMA) (Sigma-Aldrich, 
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USA). The fillers included miswak powder (Minature Siwak, Marudhar Impex, India) and silica from 

rice husk. For surface treatment, -methacryloxypropyltrimethoxysilane (-MPS) (Sigma-Aldrich, 

USA) was employed as a silane coupling agent. DL-camphorquinone (CQ) (Merck, Schuchardt OHG, 

Germany) served as the photoinitiator, while (2-dimethylaminoethyl) methacrylate (DMAEM) (Merck, 

Schuchardt OHG, Germany) was used as the amide co-initiator. Filtek™ Z350XT (3M ESPE, USA) 

was used as a reference material for comparison. 

 

2.2 Fabrication of the Experimental Dental Composite 

 

The silica and miswak powders were treated with γ-MPS, and their surface morphology was 

examined using Field Emission Scanning Electron Microscopy (FESEM) (Quanta 650 SEM, FEI, 

Germany). A 0.4 g sample of each filler was dried at 100 °C for 24 hours in a porcelain crucible. The 

dried particles were mounted on aluminium stubs, sputter-coated with gold using a cool sputter coater 

(EM SCD 005, Leica, Germany). Elemental analysis of silica was performed using FESEM at 15 kV. 

The dental composites were formulated using silica extracted from rice husk, following a method 

outlined in a prior study [2], with modifications made to the resin ratio for optimisation. Miswak powder 

was then incorporated into the composite to enhance its physical and mechanical properties. Disc-

shaped composites were mounted, gold-coated, and analysed under the same SEM conditions. Surface 

images were captured at 150x magnification. 

 

Table 1 presents the formulation for the experimental dental composite. The base materials Bis-

GMA, TEGDMA, 0.5 wt% CQ, and 0.5 wt% DMAEM were initially premixed in a porcelain dish to 

ensure uniform distribution of the liquid components. The treated silica and miswak powders were then 

gradually incorporated into the mixture. To achieve thorough and homogenous mixing, a Kakuhunter 

mixer (Model DK-300S II, Japan), which utilises planetary centrifugal force, was employed under 

optimised speed and duration settings. This method ensured uniform dispersion of the fillers while 

minimising air entrapment. The resulting mixture was visually inspected for consistency and the 

absence of any powder agglomerates. Figure 1 depicts the preparation and fabrication procedure for the 

composite.   

 

Table 1: Composition of experimental dental composites 

 

Groups 

Filler/Resin (50/50) 

Filler loading (%) Resin Matrix (%) 

 Silica Miswak 

CTR 100 - BisGMA/TEGDMA 

(60/40) 1 wt% miswak 99 1 

3 wt% miswak 97 3 

FiltekTM Z350XT N/A N/A BisGMA, BisEMA, UDMA, and TEGDMA 

 

 

 
 

Figure 1: Preparation and fabrication of experimental dental composite 
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The experimental dental composite was divided into two groups based on the percentage of 

miswak filler reinforcement: 1 wt% miswak and 3 wt% miswak. A control group, consisting of a 

composite without miswak reinforcement (CTR), served as the negative control. In contrast, the 

commercial dental composite resin Filtek™ Z350XT (3M ESPE, USA) was used as the reference 

material. Filtek™ Z350XT was chosen for its clinical approval, durability, and aesthetic qualities. It 

resists wear, maintains colour stability, and mimics natural teeth. The experimental dental composites 

underwent evaluations of their physical and mechanical properties, including microstructural analysis, 

surface roughness (SR), and Vickers hardness (VHN). Descriptive statistics for SR and VHN were 

calculated, and a Tukey’s post hoc multiple comparison test (one-way analysis of variance) with a 

significance level of p < 0.05 was performed. 

 

2.3 Surface Roughness (SR) 

 

A total of 40 specimens (n = 10 per group) were prepared for the SR test using a custom Perspex 

mold to create disc-shaped specimens (5 mm diameter, 2 mm thickness). A Mylar strip was placed over 

the free surface of each specimen and pressed with a glass slide to remove excess material before curing 

with an LED unit (Celalux II; Voco, Germany) for 40 seconds on both sides. The curing unit emitted 

light at a wavelength of 470 nm. To standardise the surface preparation, all experimental groups were 

polished with silicon carbide abrasive papers (Sof-Lex discs; 3M ESPE, St Paul, MN) in a sequential 

order of course, fine and extra-fine grits. The same operator performed the polishing manually using a 

slow-speed handpiece to minimize inter-operator variability. SR was measured using a profilometer 

(Surfcom Flex, Accretech, Japan). Three measurements were taken per specimen, and the average value 

was calculated. 

 

2.4 Vickers Hardness (VHN) 

 

 For the VHN test, a total of 40 specimens (n = 10 per group) were prepared using the same 

procedure as for the SR test. Disc-shaped specimens (5 mm diameter, 2 mm thickness) were fabricated 

using a custom Perspex mold. A Mylar strip was pressed against the free surface of each specimen with 

a glass slide to remove excess material before curing with an LED unit (Celalux II; Voco, Germany) in 

standard mode for 40 seconds. The specimens were then polished using silicon carbide abrasive papers 

(Sof-Lex discs; 3M ESPE, St. Paul, MN) in the same sequential grit order as for the SR test. VHN was 

measured using an automatic hardness tester (Model FALCON 500G2, INNOVATEST, Netherlands) 

in accordance with the ASTM E384-22 standard [11]. Three indentations were made at different points 

on each specimen using a 1 kg load applied for 15 seconds. The average of the three measurements was 

calculated. 

 

2.5 Statistical Analysis 

Data analysis was performed using a one-way analysis of variance (ANOVA), complemented 

by post-hoc Tukey’s honestly significant difference (HSD) multiple comparison test. The level of 

statistical significance was set at 0.05. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Characterizations of Fillers 

 

Figure 2 presents FESEM micrographs of mesoporous spherical silica and irregularly crystal-

shaped miswak particles at magnifications of 40,000× and 2,000×, respectively. Different 

magnifications were selected to capture the morphological features of each filler appropriately, as the 

particle size of treated silica (63–346 nm) is significantly smaller than that of treated miswak (43–

125.15 µm). These size ranges were calculated from the SEM images using ImageJ software (version 

14), based on measurements of randomly selected particles. 
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Figure 2: FESEM micrographs at magnification of (a) 40,000x of treated silica and (b) 2,000x of 

treated miswak 

The results showed that the treated silica exhibited a narrower apparent pore size and more 

uniform surface morphology compared to the treated miswak. The FESEM analysis confirmed that the 

treated miswak, with its distinct crystal-like structure and larger particle size, displayed wider surface 

voids and rougher texture than the treated silica. Although these observations are qualitative, they 

provide useful insight into the relative differences in surface structure, consistent with previous studies 

[12,13]. 

 

3.2 Characterisation of the Experimental Dental Composite 

 

  The CTR group displayed a relatively smooth surface with slight microscale irregularities, 

indicating uniform surface contours, as shown in Figure 3. In contrast, composites containing additional 

fillers, such as 1 wt% miswak, 3 wt% miswak, and Z350XT, exhibited irregularities and granular 

structures.  

 

Figure 3: FESEM micrographs at 150x magnification of the specimen (a) CTR, (b) 1 wt% miswak, 

(c) 3 wt% miswak, and (d) Z350XT dental composites 
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Figure 3(c) illustrates the FESEM micrograph of the 3 wt% treated miswak composite. The 

surface appears relatively smooth and compact, indicating good filler dispersion and strong adhesion 

between the miswak particles and the resin matrix. Compared with the 1 wt% miswak composite, the 3 

wt% sample exhibits a slightly smoother texture and the presence of a crystal-like morphology, 

suggesting improved filler–matrix interaction and reduced surface irregularities. The varying sizes and 

irregular shapes of miswak particles and the surface modification techniques influenced their 

incorporation into the resin matrix. These findings align with previous studies, which have shown that 

surface morphology is closely related to the size and distribution of filler particles [14,15]. Additionally, 

hybrid fillers often appear as discrete particles embedded within the resin matrix, as observed in the 1 

wt% miswak and 3 wt% miswak groups, which is in line with previous studies [7,16,17]. However, 

when well-dispersed, fillers contribute to a smoother and more uniform surface, while poor dispersion 

can lead to filler agglomeration, resulting in rougher areas [15,18]. 

 

3.3 Analysis of Surface Roughness  

 

Table 2 presents the mean (SD) values of surface roughness (SR) for each specimen group. The 

SR test results indicate a significant difference between the study groups. While the addition of 1 wt% 

miswak did not significantly affect SR, the addition of 3 wt% miswak resulted in a significant reduction 

in SR compared to the CTR group. Surface roughness improves with the optimum addition of hybrid 

reinforcement or miswak filler, as reflected by lower SR values indicating a smoother surface finish. 

The findings suggest that the addition of miswak improves SR compared to both the CTR and Z350XT 

groups. Additionally, the SR values were close to the ideal limit of 0.2 µm, consistent with previous 

studies and in accordance with the ISO 4049:2019 [19-21] standard, which is linked to a reduction in 

plaque accumulation. 

 

Table 2: Surface roughness of the dental composite 

 

Dental composite Surface roughness (µm) F statistica p valuea 

Mean (SD) (df)  

CTR 

1 wt% miswak 

0.345 (0.063)b 

0.265 (0.080)c 

 

6.337 

(3, 36) 

 

0.001 

3 wt% miswak 0.244 (0.071)bd 

FiltekTM Z350XT 0.376 (0.100)cd 

*Statistical analysis was carried out using One-way ANOVAa, followed by post-hoc Tukey's test. Significance level 

set at p = 0.05. The same letter indicates a statistically significant difference (p < 0.05).   

 

3.4 Analysis of Vickers Hardness 

   

Table 3 presents the mean Vickers hardness (VHN) values for the study groups. In this study, 

miswak reinforcement increased in the VHN of the dental composite. The 1 wt% miswak group showed 

a significantly higher VHN value compared to the control (CTR) group. This improvement is attributed 

to the hybrid-treated silica and miswak, which strengthened the resin matrix’s microstructure and 

reduced pore volume. These findings are consistent with those of Khan et al., who incorporated miswak 

into a dental composite [17].  

 

Table 3: Vickers hardness of the dental composite 

 

Groups Vickers hardness (VHN) F statistica p  valuea 

Mean (SD) (df)  

CTR 

1 wt% miswak 

37.629 (2.268)b 

39.833 (1.371)b 

 

3350.222 

(3, 36) 

 

0.000 

3 wt% miswak 38.783 (0.841)c 

FiltekTM Z350XT 94.357 (1.229)bc 

*Statistical analysis was carried out using One-way ANOVAa, followed by post-hoc Tukey's test. Significance level 

set at p = 0.05. The same letter indicates a statistically significant difference (p < 0.05).   
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There are very limited studies that have incorporated both miswak and silica derived from rice 

husk into dental composites, particularly in relation to Vickers hardness. Despite the slight increase in 

VHN with 1 wt% miswak, the difference was not statistically significant when compared to the 3 wt% 

miswak group in this study, which is consistent with findings from a previous study [17]. This could be 

due to the higher content of crystal shape and larger miswak particles, which may affect the mechanical 

properties. It remains unclear whether the improvement was solely due to miswak fillers or the hybrid 

reinforcement of silica and miswak. The increased hardness may be due to the presence of crystal-

shaped structures and larger miswak particles, which resist surface deformation and act as rigid fillers.  

   

In contrast, a decrease in Vickers hardness was observed with 3, 4, and 5 wt% miswak 

incorporated into the dental composite [17], while another study reported a reduction in compressive 

strength with 10 wt% miswak in glass ionomer cement [12]. Additionally, nanohybrid composite resin 

exhibited smaller voids due to the smaller filler particles debonding from the resin while maintaining 

their micro-sized particles in situ [22]. This characteristic helps explain the force distribution in miswak-

reinforced dental composites. Overall, achieving optimal filler loading and uniform dispersion is crucial 

for improving the physical and mechanical properties of the composite, as improper dispersion may 

lead to stress concentrations and weak interfacial bonding. Notably, the Z350XT group exhibited 

significantly higher VHN values than all other study groups, suggesting that further improvements or 

modifications may be required for the experimental composites to reach clinical suitability. 

   

This study suggests that filler loading, despite variations in the size and shape of miswak 

particles, can enhance the physical and mechanical strength of hybrid dental composites when added to 

silica, consistent with previous research [23,24]. Furthermore, the improvements in surface roughness 

and Vickers hardness indicate that adding miswak may help the composite better withstand mechanical 

forces, contributing to its longevity.  

 

 

4. CONCLUSIONS 

 

The miswak filler improves surface quality by reducing surface roughness and increasing 

Vickers hardness of the experimental composite. The treated miswak filler also aids force distribution 

within the composite's hardness. However, achieving the optimal miswak filler content is crucial to 

minimise agglomeration, which could negatively impact the physical and mechanical properties. 
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