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Abstract
Background The aim of this in vitro study was to evaluate the effect of khat extract on the color stability of five 
different provisional restorative materials (PRMs).

Methods In this study, 50 specimens were fabricated from five different PRMs with different techniques. Twenty 
specimens were digitally fabricated of poly-methyl methacrylate (PMMA) CAD/CAM milling and 3D printing PRMs, 
while the other thirty specimens were manually fabricated of three different PRMs: PMMA self-cured (SC) acrylic resin, 
light-cured (LC) composite, and Bis-acrylic SC composite. Milling and 3D printing machines were used to fabricate 
the digital specimens, while the manual specimens were fabricated using a metallic mold. The material was placed in 
the mold, covered by a polyester stripe, and held between two glass slabs with a constant load for 30 s. After setting, 
the specimens were removed and checked. Ten disc-shaped specimens with 2 ± 0.3 mm thickness and 10 ± 0.3 mm 
diameter were prepared from each of the tested PRM. Then all the specimens were polished. Five specimens of each 
PRM were immersed in khat extract, while the other five were immersed in distilled water medium as a control group. 
The color measurements were recorded before and after 1 and 7 days of immersion using a spectrophotometer. 
The immersion media were renewed every 24 h and kept along with the specimens at 37 °C. The T test, paired T test, 
and ANOVA analysis of variance were used to analyze the results. The Bonferroni test was used for post-hoc multiple 
comparisons.

Results The interaction between the tested PRMs, the media, and the duration of immersion time was statistically 
significant (p < 0.05). PMMA CAD/CAM milling PRM was the most stable in color, and this was statistically significant 
(p < 0.05). The LC composite PRM composite was the least stable in color and was statistically insignificant (p > 0.05) 
when compared to the 3D printing and Bis-acrylic SC composite PRMs, respectively.

Conclusions This study demonstrated that khat extract medium has a high staining ability on the tested PRMs. CAD/
CAM milling PRM was the most stable in color and could therefore be used as a long-term provisional. The increase in 
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Introduction
A provisional restoration (PR) now serves more as a diag-
nostic tool than just a space maintainer. In dentistry, pro-
visional or interim restorations are often used between 
the preparation of the tooth and the placement of the 
definitive prosthesis [1]. While the definitive prosthesis 
is being made in the dental laboratory, which typically 
takes around 7 to 10 days, PR allows the patient to per-
form various biological, masticatory, esthetic, and speech 
functions [2]. Although each of these goals is crucial, the 
patient frequently places the most emphasis on the PR’s 
aesthetics, particularly when the PR will be worn for an 
extended amount of time or is in the aesthetic zone [3–
7]. Furthermore, in clinical settings such as changes in 
the vertical dimension in full oral rehabilitation, immedi-
ate load implant prosthetics, long-span fixed prostheses, 
therapies for temporomandibular joint dysfunction, or 
patients who exhibit para-functional habits, the mechan-
ical properties of PRs play an important role in enabling 
the dentist to critically evaluate commercial products 
and select the best material for a given clinical situation 
during the provisional prosthesis phase [8, 9].

By properly managing this intermediate stage of ther-
apy, dentists can gain the confidence of their patients [8]. 
However, discoloration of provisional restorations (PRs) 
may make patients unhappy [4, 10]. Even though color 
stability is just one factor to consider when selecting a 
provisional material, patients and dentists who work in 
the esthetic zone place a high value on it [11].

Different materials are currently available for fabri-
cating PRs. Most of these materials are made of meth-
acrylate resin or Bis-acrylate composite resin [12]. 
Poly-methyl Methacrylate (PMMA), a heat-processed 
thermosetting material, was first introduced in 1936 [13]. 
It was quickly adapted for use in dentistry as a self-cur-
ing prosthetic and restorative resin [14]. Thermoplastic 
materials have also been introduced for the fabrication of 
PRs using the indirect technique [15]. Computer-assisted 
design/computer-assisted machining (CAD/CAM) 
allows for the milling of 3D-designed objects from bulk 
material, and this technique has been reported to provide 
high precision [16]. PRs fabricated using CAD/CAM are 
said to have better color stability and more precise mar-
ginal quality than resin that has undergone conventional 
processing, which includes hand mixing, molding, adapt-
ing, gross finishing, and so on [17]. 3D printing is another 
technology that is used in dentistry to fabricate PRs, 
dental implants, orthodontic models, metal restorations, 

implant surgical guides, and other products [18]. These 
technology-sensitive materials require special equipment 
and are used for rapid prototyping, including liquid-
based stereolithography and powder-based 3D printing 
[19].

The successful performance of a provisional material is 
not based solely on its mechanical properties, but also on 
its interaction with its immediate environment. There-
fore, other factors such as marginal adaptation, color 
stability, and pulp and gum response need to be assessed 
[20]. Up to date, no type of PRM has been developed to 
eliminate the discoloration under various staining media. 
Therefore, this subject is still controversial. Several stud-
ies in various staining media were conducted. However, 
the color stability of PRMs in khat extract medium has 
never been investigated. Rayyan et al. [15] concluded that 
the CAD/CAM milling PRM demonstrated the best color 
stability and mechanical properties and may be used for 
long-term provisional restorations. Atria et al. [33] con-
cluded that the PMMA CAD/CAM milling PRM was the 
best color stable. PMMA auto-polymerized acrylic resin 
and Bis-acrylic SC composite performed less well than 
PMMA CAD/CAM milling PRM. 3D printing PRM was 
the least stable in color and decreased significantly over 
time. Song et al. [34] concluded that the color stability of 
conventional materials varied depending on the staining 
solution. PMMA milling blocks showed a relatively low 
color change up to 4 weeks, but the color change sig-
nificantly increased after 8 weeks. 3D-printed materials 
exhibited a high color change or a significant increase in 
color over time. P. Malik and M. Rathee [2] concluded 
that Bis-acryl composite resins (Integrity and Luxatemp 
Fluorescence) were more color-stable than the auto-
polymerized acrylic resin (DPI self-cure tooth molding 
powder, Unifast Trad). Guler et al. [37] concluded that 
the methyl methacrylate-based PR material (TemDent) 
was found to be more color-stable than the Bis-acryl 
composite resin (Protemp II and Luxatemp) and light-
polymerized (Revotek LC) composites that were tested. 
Sham et al. [10] concluded that the Bis-acryl composite 
resins (Luxatemp and Integrity) were the most color-
stable PRMs tested, compared to the methyl and ethyl 
methacrylate-based resins. Yannikakis et al. [21] found 
that the composite-based materials, especially the light-
curing composite materials, were the least color-stable in 
their study.

Researchers have concluded that practically all provi-
sional restorative materials only exhibit satisfactory color 

immersion time was a significant factor in the color change of the tested PRMs. The color of the 3D-printed PRM was 
the most affected over time.
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stability for a short period of time and that, when sub-
jected to staining solutions, they all eventually discolor 
[21]. There is no single material available right now that 
meets the optimal requirements for all situations. How-
ever, certain materials have already been productively 
employed for this purpose [9]. That is why new materi-
als are being produced and introduced to the market in 
an attempt to improve these materials or reduce their 
defects.

Yemeni society, like any other, has its own unique tradi-
tions and customs. One of the most common behaviors 
among Yemenis that could affect the color of an aesthetic 
restoration is chewing khat. There has been little research 
on how chewing khat affects tooth discoloration. Accord-
ing to various studies, teeth stains can come from a vari-
ety of extrinsic sources, including khat in the Horn of 
Africa and tobacco and tea in the Arabian Peninsula [22]. 
Over 20 million people chew fresh leaves from khat trees 
(Catha edulis Celestrasae) every day in Yemen and other 
East African countries. Khat (qat) chewing is a popular 
social behavior that has spread to Yemeni, Somali, or East 
African communities in the United States and the United 
Kingdom [23]. In Yemen, there are many different variet-
ies of khat, including Al-Arhabi, Al-Hamdani, Al-Dhalea, 
Al-Ansi, Al-Qutini, Al-Muraisy, Al-Sabri, Al-Hattabi, 
Khat Mawia, and others. These names are clearly derived 
from the location of the tree, unlike other varieties of 
khat, such as Al-Sawti, Al-Thuhla, Al-Ballut, Al-Shami, 
etc., whose names do not appear to be related to the loca-
tion of the tree.

Since no previous studies have been published on the 
color stability of PRs in khat extract medium, this topic 
was chosen for this study. The goal of this study was to 
assess the impact of khat extract and the duration of 
immersion time on the color stability of the tested PRMs 
and to demonstrate the differences in color changes 
between them. Two null hypotheses were made in this 
study. The first hypothesis is that there are no significant 
differences in color change between the tested PRMs in 

the immersion media. The second hypothesis is that an 
increase in the immersion period does not have a signifi-
cant impact on color change.

Method
The study was an in vitro observational study. Five dif-
ferent PRMs were used to fabricate 50 disc-shaped 
specimens with a diameter of 10 ± 0.3  mm and a thick-
ness of 2 ± 0.3  mm. The properties of the tested PRMs 
are shown in Table 1. The dimensions of the specimens 
were checked using an electronic caliper. A2 shade was 
confirmed using a VITA Easyshade V Spectrophotometer 
for all the tested PRMs. Ten specimens of each PRM were 
prepared.

Experimental research complied with relevant institu-
tional, national, and international guidelines and legisla-
tion. Ethical approval form number 828 was obtained 
from the Medical Ethical Committee of the Medi-
cal Researches, Faculty of Dentistry, Sana’a University, 
Yemen.

Manually fabricated specimens
Thirty specimens were fabricated of PMMA self-cured 
acrylic resin (Takilon bb), light-cured composite (Tran-
scend Temp), and Bis-acrylic self-cured composite 
(Prime Crown) PRMs.

The specimens were prepared using a metallic mold 
that was fabricated by a CNC machine. To provide bet-
ter distribution of the material and avoid porosity forma-
tion, during the process of pouring the material into the 
mold, each two holes were connected to each other by 
a shallow groove on each side (Fig. 1). The material was 
placed in the metallic mold, covered by a polyester stripe, 
and held between two glass slabs with a constant load 
for 30 s. After the material had completely set according 

Table 1 Properties of the tested PRMs
Product Type Fabrica-

tion 
Method

Manufacture Lot no.

TAKILON BB (PMMA) SC 
Acrylic Resin

P/L Hand 
Mixing

SPD Co.
Italy

032A0508

TRANSCEN 
TEMP

LC
Composite

Moldable 
Putty

Nexobio Co.
Korea

TT200409

PRIME 
CROWN

Bis-
Acrylic SC 
Composite

Auto-mix
Syringe

Prime Dente Co.
U.S.A

VNG22W

CERAMILL 
TEMP

(PMMA) 
Block

CAD/CAM 
Milling

Amann Girrbach 
Co.
Austria

45,017

DENTAL 
SAND

Liquid Resin 3D Printing Harzlabs Co.
Russia

Fig. 1 Metallic mold fabricated by a CNC machine showing the molding 
holes and the groove that connects each two holes
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to the manufacturer’s instructions, the specimens were 
removed from the mold.

For LC composite PRM (Transcen Temp) specimens, 
each surface was cured twice by an LED light curing unit 
(LY-B200, NO: 181,230,020). The first curing was done 
about 2 mm away from the polyester strip, followed by a 
second curing about 1 mm away from the surface of the 
specimen for 20 s each, as per the manufacturer’s instruc-
tions. Each specimen was prepared separately to avoid 
the light curing effect on the other specimen and then 
removed from the mold.

Specimens were checked. Any specimen with any 
abnormality, such as porosity, or that did not meet the 
dimensions was excluded and replaced with an accepted 
specimen.

Digitally fabricated specimens
Disc-shaped specimens with a diameter of 10  mm and 
a thickness of 2  mm were designed using a 3D model-
ing software program (Ceramill Mind v2.4-7228) and 
exported as a file in Standard Tessellation Language 
(STL) format to two separate milling and 3D printing 
machines.

Ten specimens of the CAD/CAM milling PRM (Cera-
mill Temp) were fabricated using a milling machine 
(AMANN GIRBACH, Model: Ceramill Mikro (5X), SN: 
AAC39032, Lot: AWE179) with a constructing file (Cera-
mill TEMP 11- SlotAdapter 712,021.nest).

Ten specimens of the 3D printing PRM (Dental Sand) 
were fabricated using a DLP (Digital Light Processing) 
3D printing machine (Phrozen Sonic XL 4  K Desktop 
3D Printer, Model: Phrozen Sonic XL 4  K, Year: 2020) 
with a resolution of 50 μm and a constructing file (Slice-
Job_PhrozenSonicXL4K.zip). To remove the excess liquid 
resin, the specimens were dried with compressed air and 
washed in an ultrasonic bath with the solvent cleaner for 
2 cycles of 3 min, as per the manufacturer’s instructions. 
After that, the specimens were post-cured in an oven 
with a turntable and 36–48 W UV LED lamps (Phrozen 
UV Light Post-Curing, Model: PC-60-DJ, Year: 2020) 
according to the manufacturer’s instructions.

Surface treatment
To standardize the surface of all different specimens, 
Dian Fong polishing burs (from Dian Fong Abrasives Co. 
Ltd.) were used. A green sandstone bur with coarse pum-
ice was used first, followed by a silicon bur, and then a 
rag wheel bur for 15 s each one, on each surface. A blind 
random method of polishing was applied during the pol-
ishing process.

Khat extract preparation
Al-Arhabi khat, one of the most famous types of khat in 
Yemen, was purchased from the khat market in Sana’a 

city, Republic of Yemen. Initially, a suitable amount of soft 
fresh leaves and twigs of khat were cleaned and air-dried. 
Then, they were blended three times using a manual 
blender. After that, they were blended using an electric 
blender, pausing the blender every few seconds until the 
sound of the blender changed, which took about 15–20 s. 
Then, 20 g of the electrically blended leaves and twigs of 
khat were added to 500 milliliters of distilled water and 
shaken by an electrical shaker at 200 revolutions per min-
ute for 5  h in a Napco incubator at 37 degrees Celsius. 
After that, the shaken material was filtered using string, 
medium-grade filter paper. Then, an aqueous khat extract 
was prepared by adding 100 milliliters of mineral water to 
100 g of khat extract in a 1:1 ratio. The pH of this aqueous 
khat extract medium was 6.03 ± 0.23 (SD) at 37 degrees 
Celsius, which was within the normal limits of salivary 
pH (6–7), as stated by Humphrey and Williamson [24]. 
The researcher performed the same procedures daily to 
obtain a fresh solution.

Pilot study
A pilot study was conducted with 20% of the specimens. 
Baseline measurements were taken after 24 h of immer-
sion in distilled water at 37 °C. Then, the measurements 
were retaken after 24  h of immersion in aqueous khat 
extract and distilled water media at 37 °C. The variability 
of specimen preparation, the accuracy of the spectropho-
tometer, and the accuracy of specimen repositioning and 
re-measuring in the measuring mold were clear.

Experimental procedures
First, the specimens were classified. Then, after 24  h of 
storage in distilled water at 37 °C, the baseline measure-
ments were recorded. There were two subgroups of each 
PRM: one was immersed in the aqueous khat extract 
(treatment medium), and the other was immersed in dis-
tilled water (control medium). Distilled water was used in 
this study because artificial saliva was unavailable in the 
local market. The use of distilled water has been reported 
in previous studies, such as Sham et al. [10], Ergun et al. 
[7], and Rutkunas et al. [36].

Each of the five specimens in each subgroup was placed 
in a glass test tube with a label indicating the specimen 
number, the type of material, and the medium of immer-
sion. The tube was concave, so that both surfaces of the 
specimen were facing the solution at all times, and were 
not touching the bottom of the tube. Then, all the tubes 
were held on a stand. After that, each specimen within 
the tube was submerged in the solution of aqueous khat 
extract (treatment medium) or distilled water (control 
medium), leaving 1 milliliter of the tube empty. Then, the 
tube was closed with a tightly sealed plastic cover to pre-
vent the escape of gases. Next, the specimens within the 
solution in the tubes were stirred directly after immersion 
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and then every 8 h for 10 min using a shaker (MX-T6-S) 
with 70 revolutions per minute (rpm). This was done to 
prevent air entrapment around the specimens and sedi-
mentation of the solution. Finally, the immersion media 
along with the specimens were kept in the incubator at 
37 °C at all times, and the temperature was checked with 
a thermometer.

To maintain the effect of fresh khat extract and to avoid 
bacterial or yeast contamination, the khat extract and 
distilled water solutions were renewed every 24  h for 7 
days. The measurements were retaken after 1 day and 7 
days of immersion using a spectrophotometer. Before 
each measurement, the specimens were rinsed under 
running distilled water, then dried with a clean, soft nap-
kin, and air-dried in mild weather for 30 min. Each speci-
men was measured twice on each side, and the average 
value was calculated. The color change (ΔE*) was calcu-
lated using the color difference formula: ΔE* = [(ΔL*)2 + 
(Δ a*)2 + (Δb*)2]½. Khat extract and aqueous khat extract 
pH were measured twice by a pH meter every day during 
the week of the experiment, and the mean pH for each 
one was collected separately.

Measuring mold
To standardize the point of re-measuring over the sur-
face of the specimen, a metallic mold was fabricated by 
a CNC machine (Fig.  2). A half-moon-shaped chamber 
was prepared according to the radius of the specimen. 
This chamber can accommodate one half of the speci-
men, with one of the specimen surfaces facing the roof 
of the chamber and the other surface facing a white back-
ground. A semicircular opening was prepared in the 

midpoint of the roof of the chamber, according to the 
radius of the spectrophotometer tip. This ensures that the 
measuring point on the surface is approximately unified 
with each measurement, even if the specimen is rotated 
in the mold.

Statistical analysis
The independence t-test was used to compare the quan-
titative data of each material between both media. A 
paired t-test between ΔE*1and ΔE*2 of each PRM was 
used to evaluate whether there is a significant change in 
color with an increase in the duration of immersion time. 
A three-way ANOVA was used to test the significance 
of the variables involved (PRMs, media, and immersion 
time) and their interactions. A one-way ANOVA was 
used to test the significance of color change among the 
tested PRMs at every measurement time. The Bonfer-
roni test was used for post-hoc multiple comparisons. A 
p value (p < 0.05) was considered statistically significant.

Results
The reliability test was performed after two weeks of 
reexamination of 10% of the specimens. Cronbach’s 
Alpha value of 0.997 indicates a high level of internal 
consistency for our sample’s data.

Khat extract was a statistically significant (p < 0.05) fac-
tor affecting the color stability of the tested PRMs, except 
for PMMA SC acrylic resin, where this effect was statis-
tically insignificant after 1 week of immersion compared 
to that at 1 day. The duration of immersion time was also 
a statistically significant (p < 0.05) factor, increasing the 
color change of the tested PRMs. There was a statistically 

Fig. 2 (A) Measuring mold fabricated by a CNC machine; (B) Specimen in the mold with a spectrophotometer centered over it for the process of color 
measurement
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significant difference in color change among the tested 
PRMs (p < 0.05). The results are summarized in Table  2 
and illustrated in Fig. 3.

Differences in color changes after 1 day of immersion in 
khat extract (ΔE*K1)
The LC composite demonstrated the highest color 
change, with a mean of ΔE*K1 6.28, which was statistically 
significant (p < 0.05) when compared to each of the other 
tested PRMs. PMMA CAD/CAM milling PRM demon-
strated the least color change, with a mean of ΔE*K1 0.52, 
which was also statistically significant (p < 0.05) when 
compared to each of the other tested PRMs.

Bis-acrylic SC composite, PMMA SC acrylic resin, and 
3D printing PRM demonstrated statistically insignificant 
color change between them, with mean values of ΔE*K1 
2.77, 2.5, and 1.96, respectively.

Differences in color changes after 1 week of immersion in 
khat extract (ΔE*K2)
The LC composite demonstrated the highest color 
change, with a mean of ΔE*K2 11.6, followed by 3D print-
ing PRM and Bis-acrylic SC composite, respectively, with 
a mean of ΔE*K2 10.6 and 9.84. The difference between 
these three PRMs was statistically insignificant. PMMA 
CAD/CAM milling PRM demonstrated the least color 
change, with a mean of ΔE*K2 1.08, which was statistically 
significant (p < 0.05) when compared with each tested 
PRM.

Among the manually fabricated PRMs, the PMMA SC 
acrylic resin demonstrated the best color stability, with 
a mean of ΔE*K2 4.58. This was statistically significant 
(p < 0.05) when compared to that of each manually fab-
ricated PRMs.

Differences in color changes after 1 day of immersion in 
distilled water (ΔE*W1)
The LC composite demonstrated the highest color 
change, with a mean of ΔE*W1 1.03. 3D printing PRM and 
PMMA SC acrylic resins followed, with means of ΔE*W1 
0.76 and 0.62, respectively. The difference in color change 
between these two PRMs was statistically insignificant. 
PMMA CAD/CAM milling PRM demonstrated the best 
color stability among all tested PRMs, with a mean of 
ΔE*W1 0.29 and the difference was statistically significant 
(p < 0.05) when compared to the LC composite but not 
when compared to the other PRMs.

Bis-acrylic SC composite, with a mean of ΔE*W1 0.34, 
was more stable in color than LC composite and PMMA 
SC acrylic resin. The difference between Bis-acrylic SC 
composite and LC composite was statistically significant 

Table 2 The mean color change (ΔE*) of tested PRMs in khat extract and distilled water media
Material S.G N One Day One Week

∆E*
Mean ± SD

T Test P Value ∆E*
Mean ± SD

T Test P Value

TAKILON BB Khat 5 2.5 ± 0.56 6.1 0.001 4.58 ± 1.25 1.3 0.2
water 5 0.62 ± 0.41 3.38 ± 1.68

TRANSCEN TEMP Khat 5 6.28 ± 0.51 17.9 0.001 11.65 ± 0.87 8.1 0.001
water 5 1.03 ± 0.41 4.42 ± 1.79

PRIME CROWN Khat 5 2.77 ± 1.17 4.67 0.009 9.84 ± 1.35 12.51 0.001
water 5 0.34 ± 0.06 2.13 ± 0.29

CERAMILL TEMP Khat 5 0.52 ± 0.17 2.47 0.04 1.08 ± 0.31 2.89 0.02
water 5 0.29 ± 0.13 0.59 ± 0.22

DENTAL SAND Khat 5 1.96 ± 0.78 3.39 0.02 10.67 ± 1.77 11.5 0.001
water 5 0.76 ± 0.15 1.30 ± 0.45

 S.G = Subgroup, N = Number of specimens, SD = Stander Deviation, ΔE* = color change

Fig. 3 Graphical representation of the mean color change (ΔE*) of the 
tested PRMs after 1 day and 1 week of immersion
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(p < 0.05), while it was statistically insignificant with 
PMMA SC acrylic resin.

Differences in color changes after 1 week of immersion in 
distilled water (ΔE*W2)
The LC composite demonstrated the highest color 
change, with a mean of ΔE*W2 4.42, and was statistically 
insignificant when compared to PMMA SC acrylic resin, 
with a mean of ΔE*W2 3.38. However, it was statistically 
significant (p < 0.05) when compared to each of the other 
tested PRMs. PMMA CAD/CAM milling PRM demon-
strated the best color stability among all tested PRMs, 
with a mean of ΔE*W2 0.59. It was statistically significant 
(p < 0.05) when compared to LC composite and PMMA 
SC resin, but was not statistically significant when com-
pared to Bis-acrylic SC composite and 3D printing PRM, 
with a mean of ΔE*W2 2.13 and 1.3, respectively.

PMMA SC acrylic resin demonstrated a statistically 
significant higher color change (p < 0.05) than PMMA 
CAD/CAM milling PRM, but was not statistically signifi-
cant when compared to the other two PRMs. Bis-acrylic 
SC composite demonstrated statistically insignificantly 
higher color change, with a mean of ΔE*W2 2.13, when 
compared to 3D printing and PMMA CAD/CAM milling 
PRMs.

Discussion
According to the results of the present study, the null 
hypotheses were rejected. There were significant differ-
ences in color change among the five tested provisional 
restorative materials (PRMs). The tested PRMs showed 
a considerable increase in color change as the immer-
sion time increased. The results of this study demon-
strated that khat extract has a high staining ability on the 
five PRMs tested. The difference in composition of the 
tested materials and the duration of immersion time were 
shown to be factors affecting the degree of color change 
of these tested PRMs.

The color stability of PRMs in tea, coffee, red wine, 
juices, and other substances has been studied in a num-
ber of studies. However, the color stability of provisional 
restorations (PRs) in khat extract media has not been 
previously studied. Khat chewing is a common social 
behavior in Yemeni daily life. Khat is widely cultivated 
in parts of East and South Africa, the Arabian Peninsula, 
Ethiopia, Kenya, Yemen, Somalia, Sudan, and Madagas-
car. It has also been found in Afghanistan and Turkistan 
[25].

In the present study, a color change expressed by a 
ΔE* ≥ 3.3 was considered visually perceptible and clini-
cally unacceptable [3, 26–28]. A ΔE* < 3.3 was considered 
clinically acceptable, either imperceptible (ΔE*≤ 2) [21] 
or just perceptible (2 < ΔE* < 3.3) [29]. The findings of this 
study showed that the khat extract medium had strong 

staining power. This agreed with the findings of Al-Anesi 
et al. (2019) [30], with the exception that their materials 
were composite restorative materials. It also agreed with 
the findings of Yarom et al. [31], who found that 91.2% 
of khat chewers had stained teeth, while no stains were 
seen in the control group. This is because their research 
was conducted in vivo on real teeth. Tannins and a small 
amount of fluoride are present in crude khat, which may 
be the cause of the staining [32].

At 1  day and 1 week of immersion in khat extract 
media, PMMA CAD/CAM milling PRM was statistically 
significantly different from all other investigated PRMs in 
terms of color stability, with negligible color change. The 
LC composite PRM was the least stable in color among 
all the tested PRMs, with unacceptable color change. This 
color change was statistically significant when compared 
to each of the tested PRMs at 1 day, but after 1 week of 
immersion, the color change was insignificant when 
compared with 3D printing and Bis-acrylic SC composite 
PRMs. The color stability of LC composite was found to 
be the lowest, followed by that of 3D printing and Bis-
acrylic SC composite PRMs, with the differences between 
them being negligible. Among the manually fabricated 
PRMs used in this study, PMMA SC acrylic resin had 
the most stable color, displaying barely perceptible color 
change after 1 day and being statistically less significant 
than Bis-acrylic SC composite PRM. However, after 1 
week of immersion in khat extract medium, it showed an 
unacceptable color change that was statistically less sig-
nificant than LC composite and Bis-acrylic SC composite 
PRMs.

The results of this study were consistent with those of 
Atria, Lagos et al. (2020) [33]. However, their study did 
not include LC composite PRMs, and the samples were 
subjected to 6,000 cycles of thermocycling (TC) in a 
water bath between 5 and 55 °C with a dwell time of 30 s 
in each bath before the color stability was determined. 
The results of this study were also in agreement with 
Song et al. [34]. However, they used coffee and black tea 
as staining media, and the measurements were taken at 
1, 2, 4, 8, and 12 weeks. This was also in agreement with 
Shin et al. [35] on the CAD/CAM fabrication of PRMs, 
milling, and 3D printing. However, their measurements 
were obtained at 2, 7, and 30 days, and their media con-
sisted of distilled water, grape juice, coffee, and curry.

Among the manually fabricated PRMs, LC composite, 
Bis-acrylic SC composite, and PMMA SC acrylic resin, 
the results of this study were in agreement with Rutkunas 
et al. [36]. However, their study used food colorants, cof-
fee with sugar, and red wine as staining media. This study 
was also in agreement with Guler et al. [37]. However, 
they used tea as a staining medium, and ΔE* was evalu-
ated after 48 h. Finally, this study was in agreement with 
Yannikakis et al. [21]. However, their media were coffee 
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and tea, and they used dual-cured composite instead of 
LC composite.

The findings of this study corroborated those of Shin 
et al. [35]. They concluded that although water sorption 
is only one contributing cause to the low color stability 
of 3D printing PRMs, it cannot fully explain it. The DLP 
method uses a micro mirror 3D printing principle, which 
results in a slightly more distinctive pattern on the sur-
face. This may have an impact on color stability. Another 
contributing factor to the low color stability is the low 
polymerization rate of 3D printing resins compared to 
other materials [35]. Another potential contributing fac-
tor to the low color stability of 3D printing PRMs is the 
presence of oxygen- inhibiting layers.

The color shift of the studied PRMs in distilled water 
was caused by water sorption. Water absorption can also 
affect the optical properties of PRMs [10]. The color and 
optical properties of provisional restorative materials 
have been shown to be affected by water accumulation 
and photo-oxidation [36, 38]. These may be the causes of 
the color changes of the specimens upon immersion in 
distilled water.

Intrinsic and extrinsic discolorations combine to pro-
duce color changes. Intrinsic discoloration can occur 
when pigments penetrate through microcracks or inter-
facial gaps at the filler-matrix contact. Extrinsic discol-
oration can occur when polar pigments and colorants 
present in the media are adsorbed onto the surface of 
resin composite materials [39]. The polarity of the colo-
rants can influence the degree of penetration into the 
composite. More polar colorants tend to be adsorbed on 
the surface of the material, while less polar colorants may 
be more easily absorbed into the substance [26]. Both 
adsorption and absorption of colorants can be used to 
describe the staining process. The latter phenomenon, 
stain sorption, is closely connected to water sorption. 
According to a number of studies, filler content, the exis-
tence of leftover unpolymerized monomers, the pres-
ence of air bubbles, and the degree of cross-linking of 
resin molecules all have an impact on how much water is 
absorbed [36].

Depending on their chemistry and structure, dental 
polymers exhibit hygroscopic and hydrolytic effects to 
varying degrees. Fillers can have a significant impact on 
the uptake and dissolution of solvents in a polymer net-
work, probably in proportion to their proportion, as fill-
ers diminish the overall volume of the absorbing polymer. 
The main determinants of water sorption are the density 
of the dental polymer network, the hydrogen potential, 
and polar interactions. Dental monomers contain hydro-
lytically sensitive groups such as hydroxyl, ester, and 
urethane bonds. Although these monomers and the poly-
mers they give rise to are not particularly hydrophilic, 
they do absorb water to an extent that is harmful [40].

PMMA blocks of the CAD/CAM milling PRMs are 
made by polymerizing in a high-temperature and high-
pressure environment. Therefore, the polymerization 
rates in these materials are high, and their structures 
are compact [35]. The polymerization rate is the veloc-
ity and degree of the reaction. A higher polymerization 
rate leads to higher curing and higher mechanical prop-
erties. The chemical composition and unique feature of 
the complete processing of prefabricated PMMA blocks 
of the CAD/CAM milling PRMs may be the reason they 
are the most stable in color. The photoinitiator compo-
nent, resin matrix composition, light-curing device, and 
irradiation time are all factors that affect the color stabil-
ity of light-cured composite materials [36].

The tested PRMs, the medium, and the immersion 
time all had substantial interactions. This interaction 
was revealed by a change in the color of the tested PRMs. 
All of the tested PRMs showed a statistically significant 
increase in color change when the immersion period was 
extended from E*1 (immersion for 1 day) to E*2 (immer-
sion for 1 week). This is because the PRMs absorbed and 
adsorbed more of the media over time, making the length 
of immersion time a significant factor that influences the 
intensity of this interaction.

It was observed that the color of the 3D printing mate-
rial changed surprisingly more after one week of immer-
sion in khat extract medium. This suggests that with 
further research, this material may become the least sta-
ble in color if the immersion period is extended beyond 
the duration of this study. Atria, Lagos et al. [33] reported 
that 3D printing PRM has the least color stability and 
degrades drastically over time. A week of immersion in 
the khat extract medium did not statistically change the 
color of PMMA SC acrylic resin PRM when compared to 
its color change in distilled water. This suggests that the 
effect of khat extract on the color stability of this PRM 
decreased as the substance began to become saturated 
with pigments.

Al-Alimi et al. [41] reported that the pH of khat 
extracts is 5.3. In this study, the mean pH of khat extract 
was 5.5 with a standard deviation of 0.29. The pH of the 
aqueous khat extract used in this study was 6.03 with a 
standard deviation of 0.23 (SD) at 37  °C. This pH of the 
aqueous khat extract medium was within the normal 
range of salivary pH, which is typically 6 to 7, as reported 
by Humphrey and Williamson [24]. The aqueous khat 
extract medium was created by adding 100 ml of mineral 
water to 100  g of khat extract in a 1:1 ratio. The pH of 
the mineral water used (a Shamlan bottle) was 7.1. The 
acidic components in khat are responsible for its low pH. 
Khat leaves contain 257.20 mg of ascorbic acid per 100 g 
[41]. Studies have shown that khat leaves contain tannins 
in the range of 3.5 g/100 g to 9.7 g/100 g [42]. The inter-
action of astringent substances, such as tannins, with 
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salivary proteins and glucosamine glycan (mucopolysac-
charides) is thought to be the primary mechanism caus-
ing the decrease in salivary lubricity [43]. Khat chewers 
are more likely to experience attrition, staining, tooth 
caries, swelling of the salivary gland, and inflammation of 
the parotid duct [44].

This study has some shortcomings. While clinical PRs 
will have an uneven shape with convex and concave sur-
faces, the specimen surfaces in this study were flat. In 
this study, khat extract medium was used to assess the 
products’ color stability. However, provisional materials 
may come into contact with other food-staining agents in 
the oral environment. The degree of overall color change 
may also be influenced by additional factors such as heat 
cycling and abrasion. Future studies should take these 
things into account.

In this study, five specimens (n = 5) were immersed in 
each medium. This number of specimens was consistent 
with the study by P. Malik and M. Rathee [2]. Color stabil-
ity was evaluated by accelerated aging for five specimens 
of each tested PRM [28]. In other studies, the number 
of specimens immersed in each medium was higher. 
For example, Sham et al. [10], Ergun et al. [7], Guler et 
al. [37], and Shin et al. [35]. Therefore, the sample size in 
this study could be considered a limitation that should be 
taken into account in future studies. Finally, although 7 
days of specimens’ immersion brought significant results, 
this duration seems a bit short. Therefore, further studies 
could be conducted for a longer period of time.

Conclusion
Under the limitations of the current study, it can be con-
cluded that khat extract has a high staining ability on the 
tested PRMs. PMMA CAD/CAM milling PRM was the 
most stable in color among all the tested PRMs. How-
ever, LC composite PRM was the least stable in color. The 
increase in immersion time was a significant factor in 
the color change of the tested PRMs. The color of the 3D 
printing PRM was the most affected over time.
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