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ABSTRACT

Purpose: The purpose of this study was to evaluate the flexural strength of the acrylic 
denture base material modified with different concentrations of henna. Materials and 
Methods: Sixty heat polymerized acrylic resin specimens were fabricated in dimen-
sions 65×10×2.5 mm according to ADA specifications #12. Specimens were divided 
according to henna concentrations into 6 groups. One control group without henna ad-
dition while the other five groups were processed by adding henna in concentrations 
1%, 2.5%, 5%, 7.5% and 10% of acrylic powder. After processing, specimens were 
finished, polished, and stored in distilled water at 37oC for 48±2 hours prior to testing. 
The three-point bending test was used to measure the flexural strength using univer-
sal testing machine. The morphology of the fractured specimens was studied under 
a scanning electron microscopy (SEM). The independent sample t-test was used and  
p≤ 0.05 was considered statistically significant. Results: The flexural strength signifi-
cantly decreased with henna addition to PMMA denture base material (P<0.05), and 
this decrease was in proportional to henna concentrations. Conclusion: The flexural 
strength of acrylic denture base material negatively was affected by henna addition.

INTRODUCTION

Denture stomatitis (DS) is an inflammation of the mucosa under the 
complete denture base (1). Treatment of DS includes adjusting the ex-
isting denture and follow oral hygiene instructions. The trend now is 
to prevent DS by using different materials including probiotics used 
locally contacting the mucosa and part of it will be swallowed and get 
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systemic effect (2). Recently, more attention has 
directed toward the incorporation of novel antimi-
crobial agents (3,4) and antimicrobial polymer added 
to Polymethyl methacrylate (PMMA) to decrease 
candida adhesion and growth on the denture bases 
(3,5).  Amongst, henna has approved to be antifungal 
agent against Candida albicans (3,6). Henna is a natu-
rally occurring plant that is mainly used for coloring 
the hair and hands. In a recent review of the phar-
macological effect of henna, it was found that it has 
anti-inflammatory, antimicrobial, antioxidant, and 
burn wound healing properties (7-9).

In addition to the effect of antifungal agents, 
many factors that affect Candida adhesion and bio-
film formation on acrylic surfaces have been de-
scribed, among them surface roughness and hard-
ness (10). The surface properties of any denture base 
material are of particular concern as studies of these 
materials have shown a direct link between surface 
roughness, the accumulation of plaque and adher-
ence of Candida Albicans (11). The surface proper-
ties of acrylic resin can be affected by hardness, 
which is characteristic of the ease of finishing the 
material as it is resistant to in-service scratching 
during cleansing (12). Therefore, study conducted to 
evaluate the effect of henna addition on the surface 
properties of PMMA and the results showed that the 
tested properties were adversely affected with more 
than 2.5% concentrations (13). 

Denture base acrylic resins are subjected to dif-
ferent stresses. Repeated masticatory forces lead 
to fatigue phenomena intraorally, resulting in frac-
ture.  Alternatively, flexural strength of a material 
is a measure of stiffness and resistance to fracture 
and it can be measured and interpreted by various 
tests. PMMA resin is the material of choice for fab-
rication of a denture base, even though fracture is 
known to occur during function due to its poor flex-
ural properties (14). Therefore, additives effect pref-
erably improve or at least keep the original flexural 
strength rather than weaken the modified material. 

As noticed from the previous researches (3,6) al-
though addition of henna to PMMA has antimicro-
bial advantage and could be effective in controlling 
Candida albicans proliferation on the denture sur-
face,(3) we should also be concerned about its ef-
fects on the physical properties. Thus far, previous 
studies (3,6) have been conducted to investigate the 
effect of henna addition on the surface properties. 
However, there has not been any study investigating 
mechanical properties of PMMA/henna composite. 
Since the flexural strength is a proper test for the 
evaluation denture base material strength (15), this 
study was done to evaluate the effect of henna addi-
tion on the flexural strength of PMMA denture base 
material. The hypothesis of the present study was 
the flexural strength of PMMA denture base mate-
rial will be affected after henna addition. 

MATERIALS AND METHODS 

Heat polymerized acrylic resin plates were fab-
ricated according to ADA specifications #12 for 
denture base polymer (15). Custom metal molds in 
dimensions 65x10x2.5 mm were waxed up to fab-
ricate 60 wax specimens which invested in type 
III dental stone (GC Fujirock EP) within the flask 
(61B Two Flask Compress, Handler Manufacturing, 
USA). After stone setting, flasks were placed into 
wax elimination machine for 10 minutes to melt 
away all wax creating mold spaces. When stone sur-
faces were warm, a separating medium (Isolmajor, 
Major Prodotti Dentari SPA, Italy) was applied. 
Specimens were divided according to henna con-
centrations into 6 groups (table 1). 

Table (1) Specimens grouping and specifications 
according to henna concentrations

Group Code Polymer 
conc. Gm

Henna 
conc. gm

Total Sample 
#

0% Control 100 0 100gm 10
1%, A 99 1 100 gm 10

2.5%, B 97.5 2.5 100 gm 10
5%, C 95 5 100 gm 10
7.5% D 92.5 7.5 100 gm 10
10% E 90 10 100 gm 10
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Yamani henna (Harazi) was weighted using an 
electronic balance to be added in concentrations 0%, 
1%, 2.5%, 5%, 7.5%, and 10wt% of acrylic powder 
(Major base 20, Major Prodotti Dentari SPA, Italy) 
and then added and mixed separately. First, the mix 
was done manually using conventional mortar and 
pestle with gentile hand pressure. The PMMA/hen-
na composite powder was stirred with electric mixer 
at a rotating speed of 400 rpm at room temperature 
for 30 minutes to obtain a more homogenous and 
an equal distribution of henna powder. According 
to manufacturer recommendation, monomer poly-
mer ratio was mixed and packed into mold spaces 
at a dough stage using pneumatic press and then 
pressed in the flask clamp for one hour before pro-
cessing (bench curing). The flask was processed at 
73oC for 90 minutes and then the temperature was 
increased to 100oC for 30 minutes in a thermal cur-
ing unit (KaVo Elektrotechnisches Werk GmbH, 
D-88299, Germany). The flasks were then kept for 
a minimum of 5 hours at room temperature to cool 
before deflasking. The retrieved specimens were 
finished and polished using a tungsten carbide bur 
(HM 79GX-040 HP; Meisinger, Centennial, CO 
80112, USA) with a thin cross cut at 18,000 rpm, 
followed by a coarse grain cylindrical rubber top 
bur for acrylic resin (Super Acrylic Polish, Long 
Dental, IL, USA) and then a fine grain cylindrical 
rubber top bur (Super Acrylic Polish, Long Dental, 
IL, USA) (16). A digital caliper with a 0.01mm accu-
racy (Neiko 01407A Electronic Digital Caliper) was 
used to check the proper dimension of specimens 
then stored in distilled water at 37oC for 48±2 hours 
prior testing.  

A common method to measure the flexural 
strength of denture base resins is the three-point 
bending test described in ISO standard 1567 (17). 
Flexural strength was evaluated using a three-point 
bending test using a universal testing machine 
(Instron 8871; Instron Co., Norwood, MA, USA), 
done at room temperature. Specimen was placed 

horizontally on two vertical supports with 50mm 
distance. Load was applied in the middle of each 
specimen with 50Kgf load with a crosshead speed 
of 5 mm/min until the specimen fractured recording 
the fracture load. Flexural strength was calculated 
using the formula: FS = 3WL/2bd2, where W is the 
maximum load before fracture, L is the distance be-
tween supports (50 mm), b is the specimen width 
10 mm, and d is the specimen thickness 2.5 mm (18).

Scanning electron microscopy (SEM) analysis:

After performing the flexural test, six fractured 
specimens were randomly selected from each group 
to study the morphology of the fractured surfaces. 
Cuts were made 5 mm away from the fracture line 
underwater cooling. A gold coating was applied us-
ing a sputter coating machine (Quorum, Q150R ES, 
UK) to overcome the non-conductive nature of the 
material. The surface of the specimens and the frac-
tured cross- section were examined by SEM (FEI, 
ISPECT S50, Czech Republic). The acceleration 
voltage used to perform the SEM evaluation was 
set at 20 kV with a working distance of ~ 10 mm 
and a 3.5 spot size. The specimens were mounted 
on a metallic stub using double-sided adhesive tape. 
For better visual inspection, images were taken 
at different magnifications (x100, ×500, ×1000, 
×2000, ×4000, ×5000) so that important features 
could be observed to determine the nature of the 
failure. Compact and smooth surface fields pres-
ent brittle fracture modes, while a rough and jagged  
appearance presents intermediate (brittle to ductile) 
fracture modes (Figs 2).

Statistical data analysis was performed using 
SPSS version 20.0 (IBM, USA). The results of the 
flexural strength is shown as arithmetic mean and 
standard deviation (SD). In comparisons with the 
control group, an independent sample t-test used. 
A p-value ≤ 0.05 was considered a statistically 
significant.
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The mean, SD, and P-value of flexural strength 
of tested specimens are presented in table 2 and fig-
ure 1. The results showed that the addition of hen-
na significantly decreased the flexural strength of 
acrylic denture base (P-value<0.05) in comparison 
to control group. In between henna modified groups 
(A-E), the flexural strength significantly decreased 
as the henna concentrations increased and the low-
est flexural strength was recorded with group E. 

Variation in the morphology of the fractured sur-
face was assessed using SEM analysis. SEM imag-
es showed the surface characteristics of specimens 
with different concentrations of henna, the change 
in the fracture morphology ranging from rough sur-
faces (figure 2A, B) to smooth background with 
clusters and voids formation (fig 2. C-F). Figure 
2A representing conventional acrylic resin with ir-
regular compact surface and show flake or sheet like 
structure of certain thickness while 2B show small 
voids with less irregularities. By increasing henna 
concentration, mirror like appearance background 
with some cluster formation which increased while 
going from B to E sample (fig. 2C-F).  These voids 
may be formed due the formation of henna clus-
ters, which increased as the henna concentration 
increased, leaving large voids. Ductile fracture 
mode (i.e., rough surface with uniform distributed 
lamellae) Fig. 2A which changed by henna addi-
tion to less random lamellae with appearance of 
small henna clusters fig. 2B represent intermediate 
form of fracture (i.e., jagged and less rough appear-
ance). Brittle fracture mode (i.e., smooth or mirror 
like appearance background) mostly demonstrated 
as shown in fig. 2 C-F in addition to the increased 
henna cluster in size more the resin.

RESULTS

Table 2. Mean values, SD, and P-values of flexural strength (MPa) of tested specimens

Group Control A B C D E

Mean ± SD 87.23±5.02 77.94±6.32 65.34±8.94 54.72±6.04 40.43±9.31 29.07±9.34

P-value 0.045* 0.000* 0.000* 0.000* 0.000*

*Statistically significant. 

Fig. (1) Mean values of flexural strength of tested groups

Fig. (2) Representative SEM images of tested specimens. A) 
Control group ; B)1% henna; C) 2.5% henna; D) 5% 
henna; E) 7.5% henna; F) 10% henna.
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DISCUSSION

The study of the incorporation of antimicro-
bial agents into acrylic resins may represent a vi-
able alternative to control the development of oral 
infections and improve the oral health of denture 
wearers. The construction of a denture base with an 
antimicrobial effect would be a remarkable achieve-
ment (3). At the same time, the physical properties 
should not be unduly altered (13). It seems that addi-
tion of henna to PMMA for antimicrobial activity 
would be beneficial but it should be performed un-
der particular care and after evaluation of its effect 
on the physical properties of the acrylic resin.

The flexural strength of denture base resin is 
considered the primary mode of clinical failure par-
ticularly during which a bending force was applied 
to the denture during mastication (19). The flexural 
strength test is a mixture of compressive, tensile, 
and shear strengths, this test reflects its rigidity 
and fracture resistance (19,20). These characteristics 
of strength are important to a longer denture ma-
terial’s clinical service life, particularly having ad-
equate mechanical cleansing (21). In view of these 
requirements, PMMA denture base material modi-
fied with henna powder was evaluated for its flex-
ural strength. The hypothesis of the present study 
was accepted since the flexural strength of acrylic 
denture base material was affected after henna addi-
tions as antifungal agent.

Based on the results of this study, adding henna 
at any concentration to acrylic denture base materi-
al has a significant decreasing effect on the flexural 
strength. This decrease may be attributed to the ef-
fect of this additive to PMMA denture base material 
since it acts as an interfering factor in the integrity 
of the polymer matrix (22,23). Moreover, this decrease 
in flexural strength could be explained on that; the 
addition of henna causes these particles to aggregate 
(fig. 1 C-E) which can act as stress concentrating ar-
eas in the matrix (24). The aggregated henna particles 
could lead to void formation from entrapped air and 
moisture and incomplete wetting of the particles by 
the resin (25).

On the other hand, one of the problematic issues 
in incorporating henna into PMMA is pertained to 
lack of chemical bond between henna and PMMA 
resin matrix (23,26). The other reason may be that the 
adverse effect of added henna on the degree of con-
version which in turn leads to increase in the level of 
residual unreacted monomer that acts as plasticizer 
(25,27). Accordingly, we can inferred that finding out 
more appropriate substances as coating or coupling 
agent between henna and resin matrix, alleviating 
it’s deleterious effect on mechanical properties and 
not affecting its antifungal effect is hopeful. 

It is noteworthy that the amount of additives is of 
critical importance. In previous study (13), the hard-
ness was significantly decreased with henna concen-
tration of 2.5% and more, while it has insignificant 
decrease of hardness with 1% henna. According to 
the results of the present study, when henna exceed-
ed a particular percentage (2.5%), PMMA/henna 
composite decreased the flexural strength values 
dramatically. The decrease above this amount may 
be attributed to the fact that the maximum saturation 
of the matrix formation between PMMA and henna 
occurred at concentrations of 2.5wt% (13,28). 

Many studies (27,29,30) have suggested antifungal 
agents (silver, titanium, or silica nanoparticles) ad-
dition to PMMA denture base resin and studied their 
effects on the effect on the flexural strength and re-
ported that, the effect on flexural strength of PMMA 
depends on the filler concentrations. Moreover, the 
obtained flexural strength values at concentrations 
of 0.5% and 1% by weight into acrylic resin denture 
base adversely affected the mechanical properties of 
the polymerized material and flexural strength val-
ues decreased with increase in nanoparticles con-
centration (27,29,30). The results of this study are con-
sistent with previous reports regarding the decrease 
of the flexural strength value with the increase of 
the concentration of the antimicrobial agents added 
to the acrylic resin (27,29-31). 

It was reported that the minimum accepted 
flexural strength value according to ISO: 1567 
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standard requirements is 65 MPa (17,32-35). Although 
the flexural strength obtained in the tested groups 
were lower than the control group, the values were 
above the minimum flexural strength recommended 
for denture base materials for group A and group B 
while the values obtained for C, D, and E groups 
were lower than ISO: 1567 standard requirements. 
Therefore, based on the results of the current study, 
more than 2.5% henna deteriorate the mechanical 
properties of modified denture base resin. 

Finally, it should be mentioned that this study 
was limited to just one brand of acrylic resin denture 
base and testing one property. Also, the specimen 
testing was in vitro and not mimic the oral condi-
tions where repeated stress and wetted oral environ-
ment are present. Therefore, retesting the flexural 
strength of acrylic denture base material after some 
time-intervals to evaluate the effect of aging pro-
cedures on mechanical properties of PMMA/henna 
composite is recommended. Additionally, henna 
color may affect and alter the denture base color 
and esthetically unacceptable. To overcome the 
drawback of henna addition, there should be some 
ways to think about processing the acrylic resin; as 
to make the denture on two layers by adding henna 
just to the intaglio surface of the denture.

Clinically, adding henna to the acrylic resin 
should be done with caution as it may affect the 
physical properties of the acrylic resin inversely. 
However, the main concern regarding the trade-off 
between the antifungal activity of the henna and 
its effects on the mechanical properties of denture 
material should be balanced. Studying the mini-
mum inhibitory concentration of henna as antifun-
gal agent is necessitated. From the previous study, 
1% henna showed a good level of antifungal activ-
ity and was statistically significant but the question 
remains whether it will be biologically significant. 
Also is possible that it will have negligible impact 
in vivo, or only be effective for a short duration. 
Therefore, it is important to determine the appro-
priate amount of henna that will create a balance 
between achieved properties.

CONCLUSION 

Within the limitation of the current study, it 
could be concluded that the addition of henna pow-
der to PMMA denture base material significantly 
decreased the flexural strength and this decrease 
was in proportion to henna concentrations. 
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