
Amal Nawasrah et al

732

ABSTRACT

Aim: This study aimed to evaluate the effect of the addition of 
various henna—which can have antifungal properties—on the 
surface roughness and hardness of polymethylmethacrylate 
(PMMA) denture base material.

Materials and methods: A total of 99 rectangular-shaped  
(10 × 20 × 3 mm3) specimens were prepared from heat-cured 
acrylic resin and divided into one control group without the 
addition of henna and five test groups, which were prepared by 
adding Yamani henna powder to polymer at concentrations of 1, 
2.5, 5, 7.5, and 10 wt%. The polymer was added to the monomer, 
mixed, packed, and processed using the conventional water 
bath method. After processing, specimens were finished and 
polished, then kept in distilled water for 48 ± 2 hours. A profilom-
eter and Vickers hardness tester were used to measure surface 
roughness and hardness respectively. Statistical data analysis 
was conducted via Statistical Package for the Social Sciences 
(SPSS) version 20.0 (IBM, USA). The independent sample t-test 
was used and p ≤ 0.05 was considered statistically significant.

Results: The addition of henna at varying concentrations signifi-
cantly increased the surface roughness values (p ≤ 0.01) while 
decreasing hardness (p ≤ 0.0001). The most favorable addition 
value was 1% henna between all henna groups.

Conclusion: The addition of henna to the acrylic resin may nega-
tively affect the surface properties of PMMA acrylic denture base.

Clinical significance: Antimicrobial denture with minimum 
deterioration effects on its physical properties could be achieved 
with henna addition to denture base material in low concentra-
tion. However, 1% henna showed the best results between 
the henna groups as regards roughness and hardness values.
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INTRODUCTION

Denture stomatitis (DS) is an inflammation of the mucosa 
under the complete denture.1 A symptomless disease,2 
its over- or underdiagnosis will lead to problems, such 
as errors in treatment and abuse of antifungal agents, 
leading to antimicrobial resistance.3 Instances of DS 
become more common with increasing age, especially 
in medicocompromised patients.4 Candida albicans is 
a common organism in the oral cavity;5 known as a 
pathogenic species, it may cause not only mucosal but 
also deep-tissue infections that can reach the blood-
stream.6 Candida albicans is able to adhere to the surface 
of PMMA denture base material. The presence of plaque 
and poor oral hygiene will render the organism virulent,5 
leading to the development of DS.7 Its pathogenicity 
has increased due to excessive use of antibiotics and 
immunosuppressors.8

Treatment of DS includes adjusting the existing 
denture and following oral hygiene instructions. The 
attainment of an antimicrobial denture is the aim of many 
researchers and dentists, who have attempted to make 
certain modifications to PMMA, such as treating the 
denture surface6 or coating it with hydrophilic material9 
to reduce the adherence of microbial agents.10 The treat-
ment of PMMA resins has been effected through various 
mechanisms, including the addition of antimicrobial 
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polymer (10% poly (2-tert-butilaminoethyl) methacry-
late, (PTBAEMA)) to PMMA to reduce the adhesion and 
growth of C. albicans on the denture bases.11-13

Among the antimicrobial agents, henna was added to 
the denture base as an antifungal agent to prevent DS.12 
Henna is a naturally occurring plant that is mainly used 
for coloring the hair and hands.13 In a recent review of 
the pharmacological effect of henna, it was found that 
it has anti-inflammatory, antimicrobial, and antioxidant 
properties.14-16 In addition, henna has burn wound healing 
properties17 and even antitumor effects.18

The characteristics of surface roughness affect the 
adhesion and initial biofilm formation of C. albicans on 
acrylic surfaces, most likely because PMMA provides a 
greater surface area and protected sites for colonization.19 
Some studies have shown a direct correlation between 
surface roughness and C. albicans; both plaque accumula-
tion and said organism’s adhesion were enhanced when 
the surface roughness increased.20

Hardness is defined as the resistance of a material 
to permanent surface indentation or penetration; it is 
considered an indicator of the denture base material’s 
abrasiveness. The surface properties of PMMA denture 
base material can be affected by hardness, which is charac-
teristic of the ease of finishing the material as it is resistant 
to in-service scratching during cleansing.21

Although the addition of henna to PMMA has anti-
microbial advantages, the surface properties of PMMA 
denture base material after such addition have not been 
investigated. Therefore, the aim of this study was to 
evaluate the effect of henna incorporation in PMMA on 
the latter’s surface roughness and hardness properties. 
The hypothesis is that the addition of henna to a PMMA 
denture base will affect the latter’s surface properties.

MATERIALS AND METHODS

This study involved an in vitro investigation of 99 
specimens(n = 9) of rectangular-shaped (10 × 20 × 3 mm3) 
acrylic plates, prepared using heat-cured acrylic resin 

(Major base 20, Major Prodotti Dentari SPA, Italy) and 
divided into two main groups with different ratio cal-
culations, each group will be divided into six subgroups  
(n = 9), group I specimens’ powder = AR + henna. Group II  
specimens’ powder = AR only + henna as additive to 
which were added Yamani henna powder (Harazi, Sanaa, 
Yeman) at concentrations of 0, 1, 2.5, 5, 7.5, and 10 wt%. 

An electronic balance (Denver instrument GmbH, 
Goettingen, Germany) was used to weigh the henna, 
which was then added to the PMMA powder inside 
bottles and shaken manually for around three minutes 
each. 

The first group of 54 specimens was distributed into 
six subgroups (n = 9) (Table 1). For the first group, the 
powder was the sum of both the PMMA and henna 
powder with a powder–liquid ratio of 1:1.22 Meanwhile 
in the second group, the remaining 45 specimens were 
distributed into five subgroups; the control group was 
the same for both groups (n = 9). In the second group, 
henna was added to the PMMA powder; therefore, 
the powder consisted completely of PMMA–liquid 
(1:1). Both groups were used to test the roughness and 
hardness, using a profilometer and hardness tester 
respectively.

A silicone mold with internal dimensions of 10 × 20 ×  
3 mm3 was used to fabricate 99 wax specimens (Cavex 
setup wax, Cavex, the Netherlands). The wax specimens 
were invested in dental stone (Talladium dental stone, 
USA). After dewaxing the randomly allocated flasks (61B 
Two Flask Compress, Handler Manufacturing, US), the 
mold spaces were cleaned and a thin separating media 
was applied (Isolmajor, Major Prodotti Dentari SPA, 
Italy). The PMMA–henna composites were mixed with 
the monomer until a doughy consistency was attained, 
before being packed into the mold. The specimens were 
placed in an automatic polymerization water tank (KaVo 
Elekto Technisches WERK GmbH D-88299 Leutkirch im 
Allgau, TYP 5506, Germany). Temperature was main-
tained at 73°C for 90 minutes, before being increased to 

Table 1: Ratio of henna to acrylic resin powder in both groups

Group Subgroups Code Polymer conc.(gm) Henna conc.(gm) Total (gm) #
Control 0% 100 0 100 9
Group I 1% 99 1 100 9

2.5% 97.5 2.5 100 9
5% 95 5 100 9
7.5% 92.5 7.5 100 9
10% 90 10 100 9

Group II 1% 100 1 101 9
2.5% 100 2.5 102.5 9
5% 100 5 105 9
7.5% 100 7.5 107.5 9
10% 100 10 110 9
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100°C for 30 minutes. After processing, flasks were left 
aside for bench cooling for at least 5 hours before deflask-
ing. The deflasked specimens were finished and polished 
using the Buehler MetaServ 250 Polisher and Grinder. 
Specimens were polished with a polishing cloth and a 
Masterprep Polishing Solution (0.05 micron) at speed 
using water as a cooling agent then stored in distilled 
water at 37°C for 48 ± 2 hours before testing.23

TESTING PROCEDURES

The testing of the surface roughness was performed 
using the appropriate tester (Contour GT, Bruker Nano 
gmbH Schwarzschildstrasse 12, 12489 Berlin, Germany). 
A linear variable differential transformer was deployed 
to measure the surface morphology, while the numerical 
values of the surface profile were calculated in a computer 
to obtain the Ra (the roughness of a surface, which is the 
mean value of all absolute distances of the roughness 
profiles from the mean line within the measuring distance 
using the noncontact lens during tracing).

The hardness test was conducted using the correspon-
ding tester (Wilson Hardness, ITW Test and Measurement 
GmbH, Shanghai, China) equipped with a Vickers 
diamond. Eight indentations were made per specimen 
through the application of a 25-gf load for 30 seconds. To 
attain the final hardness values, the average of the eight 
indentations was calculated for each specimen.23

Statistical Analysis

Statistical data analysis was performed using SPSS version 
20.0 (IBM, USA). The results of the surface roughness 
and hardness tests were 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 result.

RESULTS

The mean values and SD of the Ra are summarized in 
Table 2; it can be observed that the henna powder signifi-
cantly increased in Ra value for all concentrations in both 
groups (p-value ≤ 0.01), in comparison with the control 

group. The addition of 1% powder returned the lowest 
Ra value (0.0501 ± 0.0052) under the micrometer, while 
the 10% addition resulted in the highest value (0.316.9 
± 0.0351).

Among the groups, there were significant differences 
between those with 1 and 7.5%, while there were no sig-
nificant differences between other groups. Figures 1 and 2 
show the average surface roughness values using param-
eters with two colors (red and blue). Red denotes the peak’s 
height, while blue reflects the valley’s depth, or deviation, 
from a mean line. The graduated colors between red and 
blue (the readings for the top and bottom) in this parameter 
represent the overall surface roughness (Figs 1 and 2).

Table 3 shows the mean values and SD of the hard-
ness test. Statistical analysis revealed that the hardness 
reduced significantly (p-value ≤ 0.0001) in comparison 
with the control group, as well as between groups. As the 
henna concentration increased, the hardness decreased.

DISCUSSION

With the aim of improving the oral health of denture 
wearers, many studies have suggested the addition of 
antifungal agents to PMMA acrylic resin, which may 
represent a possible alternative method of controlling 
oral infections. Although henna powder has an antifungal 
effect when added to the PMMA denture base material, it 
may alter the latter’s surface characteristics. Accordingly, 
this in vitro study was carried out to evaluate the effect of 
henna on surface properties, with the results indicating 
that said properties affected especially with high henna 
concentrations. Therefore, the hypothesis was accepted.

The surface properties of denture base material are 
important as they affect the oral health of tissues in direct 
contact with the dentures. Since the initial adhesion of 
microorganisms is directly influenced by the surface 
roughness,24 the latter can increase or decrease microbial 
adhesion, colonization, and biofilm maturation.25,26 It has 
been reported that resins with high Ra values displayed 
higher numbers of C. albicans in comparison with highly 
polished smooth surfaces, possibly due to the increased 
hills and peaks of the rougher surfaces, which provide 
a wide surface area and are more accessible active sites 

Table 2: Main values and SD of surface roughness (μm) results

Group I Group II Mean comparison 
b/w groupsMean (SD) p-value Mean (SD) p-value

0% 0.01738 ± 0.0016 0.01738 ± 0.0016
1% 0.0501 ± 0.0052 0.0001* 0.0398 ± 0.0021 0.0001* 0.0001*
2.5% 0.0556 ± 0.0069 0.0001* 0.0552 ± 0.0059 0.0001* 0.44
5% 0.1568 ±0.0132 0.0001* 0.1499 ± 0.0139 0.0001* 0.089
7.5% 0.2436 ± 0.0343 0.0001* 0.2778 ± 0.0337 0.0001* 0.0058*
10% 0.316.9 ± 0.0351 0.0001* 0.3222 ± 0.0429 0.0001* 0.36
*Statistically significant
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Figs 1A to F: Two-dimensional representative surface roughness images of tested specimens according to henna concentrations: 
(A) 0% henna, (B) 1% henna, (C) 2.5% henna, (D) 5% henna, (E) 7.5% henna, and (F) 10% henna

Figs 2A to F: Three-dimensional representative surface roughness images of tested specimens according to henna concentrations: 
(A) 0% henna, (B) 1% henna, (C) 2.5% henna, (D) 5% henna, (E) 7.5% henna, and (F) 10% henna
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for microbial adhesion.27,28 Lower surface roughness is 
important to prevent stain catching.29

The results of the current study showed that henna, 
as an addition to the PMMA denture base material, 
significantly increased the surface roughness (Ra) of the 
specimens (p-value ≤ 0.01). The increase in Ra values 
with high henna concentrations may be attributed to the 
existing loosely attached clusters of henna particles on the 
resin surface, which are easily removed using finishing 
and polishing techniques, leaving voids.

A removable prosthesis with 0.2 μm surface rough-
ness is considered acceptable for clinical use27 and plaque 
accumulation of more than this value is expected in 
prosthetics.30,31 This increases the microbial adhesion, 
which is considered critical in impacting the value of 
PMMA roughness.32 Ra values found in this study for 
henna groups of low concentrations (1, 2.5, 5%) were 
below this level and considered clinically acceptable. In 
contrast, with the increased concentrations of 7.5 and 
10%, the values are more than the clinically acceptable 
threshold. Therefore, 5% henna could be considered as the 
limit, below which microbial adhesion reduction might 
be anticipated.

Compagnoni et al11 studied the effect of antimicro-
bial polymer PTBAEMA on the surface roughness and 
found that the addition of PTBAEMA to a PMMA acrylic 
denture base increased the Ra values, which is in line 
with the results of the current study. Meanwhile, Regis 
et al21 showed that the use of antimicrobial monomer 
methacryloyloxyundecylpyridinium bromide (MUPB) 
had no effect on the roughness of polished acrylic resin. 
Another team used alcohol vinegar in the PMMA as a 
way to reduce the number and adhesion of C. albicans; this 
had no effect on the surface roughness of the PMMA.33 
The differences in results may be due to the nature of 
the added antimicrobial agents, concentrations, methods 
of additions, or the PMMA denture base material used. 
Although clear correlations have been reported between 
surface roughness and microbial adhesion and biofilm 
formation,25 one group reported no significant influence 
of roughness on adherence of C. albicans.34 Therefore, 

whether surface roughness enhances or reduces microbial 
adhesion remains a matter for debate.

The hardness test has been considered a simple and 
useful method to determine the mechanical properties 
of polymer-based materials due to its high sensitivity to 
the amount of monomer in dental polymers.35 Hardness 
is important in preventing abrasion and wearing of the 
PMMA denture base.28

It was observed that the hardness significantly 
decreased after the addition of henna at all concentra-
tions. This may imply that the incorporation of henna 
interferes with the conversion of the tested resin. A pos-
sible reason for such an effect is the incomplete polymer-
ization process of PMMA denture base material after the 
addition of henna, resulting in a large amount of residual 
monomer. The latter adversely effects the mechanical 
properties via a plasticizing effect.36 In addition, increased 
henna concentrations that are above the saturation limit 
act as impurities within the resin matrix, subsequently 
weakening the materials and affecting their mechanical 
properties. As we have seen, increasing the henna con-
centration decreased the hardness of the PMMA resins. 
This may be explained by the fact that the maximum 
saturation of the matrix formation between PMMA and 
henna occurred at concentrations of 1 and 2.5%.37

With the aim of improving the properties of the PMMA 
denture base, antimicrobial polymers were added. Regis 
et al21 found that the incorporation of 0.6% antimicrobial 
MUPB reduced the base’s hardness, in agreement with 
the results of the current study. That said, our results are 
in opposition to a study in which alumina was added to 
the PMMA, which had a positive impact on the latter’s 
physical and mechanical properties.30 The increase in 
hardness may have been due to the characteristics of the 
alumina particles, which possess strong ionic interatomic 
bonding, giving rise to their desired material features that 
are not found in henna.38

Recently, nanotechnological products have been 
incorporated into PMMA to induce antimicrobial proper-
ties; their effects on the mechanical properties have been 
evaluated.39,40 For example, Köroğlu et al39 studied the 
effect of silver nanoparticle (AgNP) addition on PMMA’s 
mechanical and thermal characteristics, concluding that 
the incorporation of AgNPs, which are generally used for 
antimicrobial efficiency, affected the mechanical properties 
of the PMMA denture base depending on the concentra-
tion of nanoparticles. In contrast, Gad et al40 reported that 
zirconia nanoparticles have an antifungal effect without 
affecting mechanical properties. The differences in results 
may be due to surface properties of added particles as well 
as the bond between added particles and PMMA matrix.

In group I in our study, henna was added as a part 
of the acrylic powder ratio, while in group II, it was an 

Table 3: Main values and SDs of hardness (kg/mm2) results

Mean 
comparison 
b/w groups

Group I Group II
Mean ± SD p-value Mean ± SD p-value

0% 30.1 ± 0.58 30.1 ± 0.58
1% 29.5 ± 0.77 0.013 30.5 ± 0.39 0.003 0.0001
2.5% 29.1 ± 0.62 0.0001 29.6 ± 0.399 0.0001 0.0095
5% 24.1 ± 0.36 0.0001 23.6 ± 0.38 0.0001 0.00093
7.5% 19.9 ± 0.39 0.0001 18.8 ± 0.33 0.0001 0.0001
10% 15.4 ± 0.2 0.0001 15.7 ± 0.31 0.0001 0.0026
All p-values are statistically significant
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additive over the proposed powder ratio. This was done 
to evaluate the effect of the addition method on the prop-
erties of the final products. Table 2 shows comparative 
values between groups I and II and displays a significant 
difference in Ra values. With low concentrations, values 
of both groups were close, while group II showed higher 
values with increased henna concentrations. This con-
firms that the additive method, with increased concentra-
tions, affects the polymer–monomer ratio, whereas excess 
henna particles interfere with the polymerization reaction. 
Table 3 shows comparative values between groups I and II  
and displays a significant difference in hardness values. 
The results of both groups were in close conjunction, with 
a slight increase in values for group I. Based on the results 
of this study, as regards a comparison between the two 
groups, group I is more conventional and could be used 
for addition; however, this is still ambiguous and further 
investigations are required at low concentrations.

Clinical implications: The production of a denture 
base with an antimicrobial effect would be a remarkable 
achievement. At the same time, the physical and mechani-
cal properties should not be unduly altered. Based on 
the results of this study, the addition of henna at a high 
concentration adversely affects the base’s physical proper-
ties, while all values obtained for tested properties were 
higher than what is required in accordance with the ISO: 
1567 standard requirements. However, low concentra-
tions were closely aligned with ISO: 1567 No. 12. The 
addition of henna to the PMMA denture base material 
should be done with caution, as it may adversely affect 
the latter’s physical properties. It is necessary to study 
the minimum inhibitory concentration of henna as an 
antifungal agent. There are various schools of thought 
as regards the processing of the PMMA denture base 
material; one is to make the denture on two layers by 
adding just enough henna to form the intaglio surface of 
the palatal part of the denture. Another way of thinking 
is to evaluate the use of microwave processing instead 
of the conventional hot water bath technique to improve 
the physical properties of the henna-augmented PMMA 
denture base material.

LIMITATIONS OF THE STUDY

In clinical terms, the results of this study should be taken 
with caution, as it was performed in vitro where the oral 
environment is different (lacking dynamic movements, 
saliva with prospective pH, and the presence of other 
microorganism); this may affect the denture base surfaces 
and C. albicans adhesion. One limitation was the use of just 
one type of denture base material (i.e., PMMA), as it is the 
most commonly used type in this field. In addition, we 
could not achieve our goal of retesting the specimens after 

a certain time had elapsed, to evaluate the effect of aging 
on the physical properties of PMMA denture base mate-
rial containing henna. It is essential to conduct further 
investigations on henna through coating or attempting to 
enhance the bonding using the resin matrix. In future, it 
is also warranted to assess the durability through aging 
procedures that simulate oral conditions.

CONCLUSION

Within the limitations of this study, it could be concluded 
that the addition of henna to PMMA denture base material 
significantly increases the latter’s surface roughness and 
decreases its hardness. The use of henna as an additive 
constitutes no significant difference from considering it 
as part of the PMMA powder. A henna concentration of 
1% showed the best results between the henna groups as 
regards roughness and hardness values.
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