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Abstract: Background: The aim of this in vitro study was to assess the morphological characteristics
and stability of dental composites immersed in saliva collected from patients with leukemia. Material
and Methods: A total number of five patients without systemic disease and 20 patients with leukemia
(acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia
(CLL), and chronic myeloid leukemia (CML)) were included for saliva sampling. Composite disks
were immersed in the leukemia, control, and artificial environments for 7 days. At the end of the
experiment, atomic force microscopy (AFM), color stability (∆E), and saliva elements analysis were
performed. Statistical significance was considered for a p-value under 0.05. Results: The most
changed surface resulted for ALL with a roughness that was almost double that of the untreated
sample and was significantly increased compared to the healthy saliva. The effect of CLL was not
as intense as observed for acute leukemia, but was significantly over the control. ALL seemed
to modify structural components of the saliva, which were able to deteriorate the surface of the
composite. ALL saliva promoted a significant dissolution of the initial feature of the samples
and promoted nano-particle clusterization. All dental composites showed clinically acceptable
color change values (∆E < 3.3) in all four-leukemia salivas; CLL and CML showed large color
differences for all composites. The total concentrations of P, Na, and K showed wide ranges of
variations, while the coefficient of variation in Fe, Cu, and Mg showed narrow variations between the
salvias’ investigated. The salivary concentration of zinc decreased considerably in the CLL and CML
environments compared to the ALL and AML environments. Fe and Cu were significantly increased
in the CML environment. Conclusions: Control and artificial salivas have a mild erosive effect on
the surface of dental composites. The acute stage of the disease seems to deteriorate the surface
roughness rather than its morphology, however, in the chronic stage, it is the surface morphology
that mostly deteriorates.
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1. Introduction

Leukemia represents a well-known malignant disease of uncontrolled proliferation of
white and red blood cells [1,2]. Due to the impairment of the blood cells and the presence
of immunosuppression, patients present with several oral complications such as cervical
lymphadenopathy, petechiae, oral ulcers, and mucositis [1,2]. Gingival bleeding is another
common oral sign in patients with leukemia and some reports have stated that it is the
initial oral sign in 17.7% of acute leukemia patients and 4.4% in patients with chronic
leukemia [3]. Gingival enlargement has also been reported; initially, beginning in the
interdental papilla and then evolving to the marginal and attached gingiva [2]. Gingival
bleeding in association with gingival enlargement and lack of dental care leads to plaque
and calculus accumulation and inflammation, which enable the initiation of oral infection;
it is worth mentioning that up to 25–54% of septic episodes have an oral infection source [4].

Besides oral mucosa and periodontal infections, leukemia patients are subjected to
tooth caries [5,6]. Angst and coworkers published a meta-analysis in which the pooled
decayed, missing, and filled tooth (DMFT) index means were 2.28 and 3.65 for patients
before and after chemotherapy for leukemia [5]. Hong and coworkers found that the
prevalence of dental caries in patients who received chemotherapy was 37.3% [7]. Teeth
caries may develop due to high doses of chemotherapy, which lower pH value and buffer
the ability of saliva; severe pancytopenia and a suppressed immune system are other
factors that determine an increased presence of dental caries [6–8]. Another research
paper published by Hansen and coworkers indicated that a conservative dental approach
resulted in low odontogenic complications in patients before starting hematopoietic stem
cell transplantation (HSCT) [9].

Oral complications (e.g., deep dental caries) require immediate dental treatment in
order to prevent a life-threating situation in patients who are about to receive a hematopoi-
etic stem cell transplant [1,3,4]. When it comes to dental caries, teeth should be treated
with the minimum involvement of the pulp. Cancer patients are mostly treated using an
amalgam, composite, or glass ionomer restoration before/during/after chemotherapy [4].
The evidence published by Hong suggests that conventional glass ionomer restorations
performed more poorly than resin-modified glass ionomers, composite resins, and amal-
gam restorations in patients with head and neck radiation [7,8]. It is well stated that
odontogenic infections are mostly related to improper dental treatment, rather than the
potential myelosuppression determined by chemotherapy [10]. The oncology team should
pay attention to dental infections due to the fact that these disorders may change the course
of the chemotherapeutic regimen [11]. Other researchers found that DMFT scores increased
post HSCT [12], and found an association between dental decays and HLA types [13].
In regards to this, it is mandatory that dentists and oncologists/hematologists establish
an interdisciplinary collaboration. All leukemia patients should undergo a detailed oral
examination and dental radiology in order to assess potential oral foci, treat possible oral
disorders, and keep a healthy oral status during chemotherapeutic regimens [14,15].

It is well known that patients who are receiving hematopoietic stem cell transplant are
systematically compromised, and thus a good oral hygiene cannot be maintained [1,4]. In
order to prevent the initiation of dental caries, appropriate dental restorative material is
needed. So far, there are no guidelines mentioning which dental composite should be used
in leukemia patients. In regards to the last statement, the aim of our in vitro study was to
investigate the effects of leukemia salivary contamination before chemotherapy on four
dental composites.

Many etiological aspects of degradation of dental composite in both artificial and
human salivary environments have been evaluated [16–18], but the differences between the
four types of leukemia, before the start chemotherapy regimens, have not been investigated.
The role of saliva in maintaining oral function is a constant factor to consider as a preventive
effect in the subsequent occurrence of leukemia disease complications. Factors such as
differences in salivary characteristics that result in a different composition of elements [19],
may lead to a change in the aesthetics and surface morphology of dental composites and,
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implicitly, in the patient’s quality of life. Therefore, the aim of our in vitro study was to
assess the morphological characteristics and stability of dental composites immersed in
saliva collected from patients with leukemia.

2. Material and Methods
2.1. Preparation Saliva Sampling and Dental Composite Systems

Before starting out our in vitro research, an IRB approval (183/25.06.2020) was ob-
tained from the ethical board of Institute of Oncology “Prof. Dr. Ion Chiricuta”, Cluj-
Napoca, Romania. A total number of 5 patients without systemic disease and 20 patients
with leukemia (acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML),
chronic lymphocytic leukemia (CLL), and chronic myeloid leukemia (CML)) were included.
All included patients agreed with the study protocol and signed the informed consent.
The inclusion criteria for our patients were: no gingivitis/periodontitis, at least 20 teeth
present, no fillings, and no use of alcohol or tobacco. Saliva sampling was performed
according to the protocol of Berge et al. [20]. Four nanohybrid composite resins used for
both anterior and posterior fillings (G-aenial Anterior A2, GC corporation, Japan; Herculite
XRV Ultra A2, Kerr, Italy; Evetric A2, Ivoclar Vivadent, Liechtenstein; Enamel Plus HRi,
UD2, Micerium, Italy) (Table 1) were investigated using the artificial saliva and in saliva
collected from patients with/without leukemia. For each composite, 18 disc-shaped spec-
imens (1 mm thickness × 10 mm diameter) were prepared using a Teflon mold matrix.
Specimens were polymerized in 5 points for 20 s/point using a photopolymerizable lamp
Led.B (Woodpecker) with an intensity of 1000 mW/cm2. The materials were initially inves-
tigated, i.e., immediately after the polymerization process and after 7 days of immersion in
different storage media (ALL, AML, CLL, CML, Artificial, Control). Saliva was collected
and changed daily and the body temperature was simulated by immersing the saliva
samples in a laboratory water bath at a temperature of 37 ◦C.

Table 1. Composition of dental composites tested.

Material Composition Manufacturer

G-aenial Anterior A2,

- UDMA, Bis-GMA (37%)
- pre-polymerized fillers containing silica (19-17 µ), pre-polymerized

particles containing strontium (400 nm), lanthanoid fluoride
(100 nm), silica (16 nm), fumed silica (63%)

GC corporation,
Tokyo, Japan

Herculite XRV Ultra A2; - Bis-GMA, TEGDMA (41%)
- Al-B-Si glass, SiO2 (59% by volume, particles 0.6 µ) Kerr, Bolzano, Italy

Evetric filling material A2,

- Dimethacrylates (19–20%)
- barium glass, ytterbium trifluoride, mixed oxide, copolymers

(80–81 wt.%; 55–57 vol.%, size 40–3000 nm)), additives, catalysts,
stabilizers, pigments (80%)

Ivoclar Vivadent, Schaan,
Liechtenstein

Enamel Plus HRi, UD2, - UDMA, Bis-GMA, 1,4-butandiol-dimethacrylate (45%)
- glass filler (0.7 µ), highly dispersed silicone dioxide (0.04 µ) (55%) Micerium, Avegno, Italy

Bis-GMA: bisphenol A glycol dimethacrylate; TEGDMA: triethylene glycol dimethacrylate; UDM: urethane
dimethacrylate.

2.2. Atomic Force Microscopy and Scanning Electron Microscopy Analysis

The dental composites discs have plain parallel surfaces being suitable for the Atomic
Force Microscopy (AFM) investigation. The samples exposed to saliva were extracted from
the storage recipient and washed with bi-distilled water to remove any traces, and then
dried in a desiccator. The completely dry state of the discs is an AFM requirement. The
AFM investigation was effectuated with a JEOL JSPM 4210 Scanning Probe Microscope,
Tokyo, Japan, operated in AC mode using NSC 15 cantilevers (MikroMasch Co, Bulgaria,
Sofia). The cantilevers have a resonant frequency of 325 kHz and a force constant 40 N/m.
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Each sample was scanned in at least five different macroscopic areas where the topographic
images were recorded in an area of 5 × 5 µm. The images were processed according to the
standard procedures using JEOL Win SPM 2.0 processing software following 2D and 3D
representation of the topographic images, and measuring of the surface roughness was
expressed as Ra and Rq. Both the roughness parameters are important to illustrate the
surface changes induced by saliva. Ra is described as an arithmetical mean deviation in the
surface height of each pixel from the topographic image, and Rq represents the root mean
squared deviation in the surface height of each pixel from the topographic image. Ra and
Rq are measured for the entire topographical image, also known as area roughness, and
the values are calculated by the processing software.

Scanning electron microscopy (SEM) was used to investigate the structure of the dental
composites disc investigated for the AFM. The investigation of the samples was performed
using INSPECT S electron microscope of the FEI company (Hillsboro, OR, USA), at low
vacuum, with an acceleration voltage of 30 kV. SEM images were captured initially and
after 7 days of immersion in the study’s salivas (magnification 5000×).

2.3. Color Stability

Color stability was measured with spot measurement devices, which measure a small
area on the composite surface using Vita Easy Shade Advance 4.0. system. According
to the CIE (Commission Internationale de l’Eclairage) L*a*b* system, CIE-L*a*b* values
are measured relative to a standard illuminant (A) against a white background, with L*
representing lightness (white–black axis) and a* and b* representing chroma (green-red
and blue-yellow, respectively) [21]. Each specimen was measured three times, and the
mean values for L*, a*, and b* were recorded, thus obtaining the initial values. Then, the
specimens were divided into 6 subgroups, which were immersed in different environments:
ALL, AML, CLL, CML, Artificial saliva, and Control. Color measurements were obtained
again after 7 days storage at 37 ± 1◦C, and color change (∆E) was calculated using the
following formula:

∆E = [(L∗
1 − L∗

0)
2 + (a∗1 − a∗0)

2 + (b∗1 − b∗0)
2]

1/2

2.4. Saliva Elements Analysis

Trace elements were determined using an inductively coupled plasma optical emission
spectroscopy-Optima 2100 (ICP-OES, PerkinElmer, Shelton, CT, USA). This is a highly
sensitive technique that allows the determination of many elements in volumes of minimal
biological samples [22]. Thus, the purpose was to assess the relationship between the levels
of the elements of the salivary state in patients with different leukemia types compared
to batches of healthy and artificial controls. In ICP-OES, samples were introduced as
dilute solutions of frozen saliva and freeze-dried after the 7-day immersion of the dental
composites for different elements (Zn, Ca, P, Fe, Cu, K, Mg, Na) present in the saliva
composition.

2.5. Statistical Analysis

For color determination (∆E), each sample was tested at 3 different points. The
obtained results were considered for statistical analysis in order to compare the storage
medium variables. Thus, the statistical difference between the groups was evaluated using
the ANOVA One-Way test, and for post-hoc comparisons between groups, the Tukey test,
the level of significance being set at α = 0.05. The statistical analysis was performed using
the Origin2019b Graphing and Analysis graph. Statistical significance was achieved when
p value was 0.05.
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3. Results
3.1. AFM and SEM Analysis

The fine microstructure evolution of the dental composites was investigated with AFM
to observe the changes that occurred to the surface morphology and the roughness caused
by exposure to saliva (Figure 1). The effect of leukemia was followed by a complex system
of reference samples: untreated materials (Figure 1a), materials exposed to the healthy
saliva (Figure 1b), and materials exposed to artificial saliva (Figure 1c). Therefore, the effect
induced by the saliva collected from patients with leukemia will be evidenced compared to
the healthy saliva, in addition to the effect of healthy saliva on the untreated materials.
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Enamel is a dental composite based on a nano-structured filler well dispersed onto
the polymer matrix. Therefore, the initial sample features a very compact morphology
proving an optimal cohesion between the polymer and the filler nano-particles, which
leads to a relative smooth topography (Figure 1Aa). Some of the sample handling traces
occur on the left side of the image, but do not influence the morphological aspect of the
composite, as observed in the 3D image in Figure 2Aa. Surface roughness is Ra = 5.28 nm
and Rq = 7.42 nm, proving the smoothness of the Enamel composite.
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The exposure to healthy and artificial saliva deteriorates the Enamel composite surface
in a similar manner. The polymeric outermost layer interacts with the wet environment in
saliva, which is slightly eroded, revealing the internal structure of the composite. The filler
nano-particles are well dispersed and embedded into the matrix (their diameter capped
with polymer is about 80 nm). Some clustering tendency occurs among the nano-particles.
The clusters are formed by the coalescence of rounded nano-particles in submicron domains
that have an irregular shape. Their size varies from about 200 to 500 nm. This is very
well observed on the surface topography after exposure to the healthy saliva (Figure 1Ab),
and the clustering is more evident after exposure to the artificial saliva (Figure 1Ac). The
situation leads to an increasing roughness of the exposed samples; the values obtained for
artificial saliva are slightly increased compared to the healthy saliva (Table 1).

Myeloid leukemia has influenced the saliva composition and is expected to change the
Enamel composite surface (Figure 1Ad,Af). The erosion after exposure was more intense
than the one observed for healthy saliva and seems to be more intense for acute leukemia.
This finding is sustained by the roughness variation of 8.78 nm for AML and 6.24 nm for
CML. The filler clusters are modified by some components of myeloid leukemia saliva;
they become more rounded and their diameter increases in a range of about 300–800 nm
for AML (Figure 1Ad) and 400–800 nm for CML (Figure 1Ae). The tridimensional aspect of
cluster modification is observed in Figure 2Ad,Af. The AFM data show that AML saliva
deteriorates the Enamel composite in a more accentuated manner than CML. Following
the Tukey test, for Ra and Rq, significant differences were found between AML and other
types of saliva.

Evetric is also a composite based on a polymer matrix and a nano-structured filler. The
AFM investigation of the untreated sample reveals a uniform surface with nano-particles
well dispersed into the polymer bulk having diameters of about 60 nm (capped with
polymer) and some small clusters of about 150–200 nm (Figure 1Ba). The cluster presence
in the untreated surface leads to a significant roughness of Ra = 6.82 nm and Rq = 9.08
(Table 2).

Table 2. Mean values of the surface roughness.

Saliva

ENAMEL EVETRIC G-AENIAL HERCULITE

Ra,
nm

Rq,
nm

Ra,
nm

Rq,
nm

Ra,
nm

Rq,
nm

Ra,
nm

Rq,
nm

Unexposed 5.28 ± 0.21 7.42 ± 0.83 6.82 ± 0.66 9.08 ± 1.07 6.38 ± 0.39 8.38 ± 0.28 7.37 ± 2.82 10.20 ± 3.18

Healthy 6.21 ± 2.23 8.42 ± 2.32 7.05 ± 2.15 8.85 ± 2.54 15.38 ± 2.23 19.40 ± 2.64 7.01 ± 2.67 9.08 ± 3.36

Artificial 6.76 ± 0.33 8.73 ± 0.51 10.0 ± 3.30 14.43 ± 6.35 15.68 ± 0.93 19.98 ± 1.02 5.92 ± 2.52 7.76 ± 3.22

AML 8.78 ± 3.55 11.4 ± 3.96 10.91 ± 2.35 15.6 ± 3.10 13.80 ± 3.55 17.58 ± 4.25 6.23 ± 3.59 9.36 ± 4.44

CML 6.24 ± 1.06 8.30 ± 1.43 8.97 ± 1.45 12.37 ± 2.58 13.53 ± 4.29 19.19 ± 6.61 5.91 ± 0.47 7.76 ± 0.84

ALL 10.32 ± 2.20 13.30 ± 2.57 9.02 ± 0.69 11.46 ± 1.05 11.17 ± 1.86 14.42 ± 2.33 6.15 ± 0.54 8.50 ± 1.15

CLL 7.56 ± 1.04 9.74 ± 1.53 8.66 ± 1.07 10.85 ± 1.05 16.42 ± 2.90 21.04 ± 4.03 17.28 ± 6.30 22.08 ± 9.40

p value 0.00369 6.19194 × 10−4 0.02203 0.01198 5.46568 × 10−4 0.00506 4.31649 × 10−5 3.99809 × 10−4

The exposure to the healthy saliva had a mild effect on the Evetric surface (Figure 1Bb)
consisting of some erosion, which slightly increases the surface roughness and gives a
washed-up aspect to the microstructure. Besides this, the artificial saliva has a more intense
effect on the Evetric surface. Micro- and nano-structural changes occur (Figure 1Bc). The
observed number of clusters increases, and their diameter grows to be about 100 nm
over the values observed in the untreated state (some of them are around 500 nm, upper
side of Figure 1Bc). This situation shows that the Evetric composite is sensitive to some
components in the artificial saliva.

Acute myeloid leukemia is expected to deteriorate the surface of the Evetric composite.
AML (Figure 1Bd) leads to a significant increase in the cluster number and diameter to
a range of 200–400 nm. The effect is more intense than the one observed on the artificial
saliva leading to a roughness boost (Table 2). The exposure to the CML saliva modifies
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the surface in a similar manner but not quite identical. The number of clusters increases
slowly but their diameter is significantly bigger with some of them being situated at around
800 nm (Figure 1Be) and are surrounded by washed areas, which indicate mineral loss.
Therefore, the roughness increasing is not as high as compared to the acute stage. Both
stages, the acute and chronic forms, prove to significantly deteriorate the surface of the
Evetric composite because of some components of the saliva that do not occur in healthy
saliva. Following the Tukey test, for Ra and Rq, significant differences were found between
AML and the unexposed and healthy types of saliva.

G-aenial composite is a complex mixture containing a polymer matrix and a complex
filler system based on 16 nm silica nano-particles; 100 nm lanthanoid fluoride; 400 nm stron-
tium glass; and 850 nm silica glass. It leads to a complex surface, which was investigated
by AFM. The polymer matrix tends to form a smooth surface and the complex filler system
is dispersed randomly in the material bulk. Some of the components are close enough to
the surface to be seen in Figure 1Ca. The finest nano-particles are so well dispersed and
embedded in the polymer that they are not visible in the topographic image, however,
submicron filler particles such as lanthanoid fluoride, strontium glass, and silica glass are
observed on a nearby surface, but are covered with a thin layer of polymer.

The exposure to healthy and artificial saliva apparently does not deteriorate the G-
aenial topography (Figure 1Cb,Cc). The morphology is almost unchanged but the surface
roughness is significantly increased. This finding could be explained by a partial washing
of some of the polymer layer without mineral loss or filler shape changes.

Saliva collected from AML determined severe morphological changes to the G-aenial
composite sample. The smooth polymer surface is deeply eroded, which brings the filler
particles to the top. It seems that lanthanoid fluoride nano-particles (initially about 100 nm
diameter) react with some of the saliva components and become bigger on the surface hav-
ing diameters of about 300 nm (Figure 1Cd). This finding is more visible in a tri-dimensional
view (Figure 2Cd). Therefore, the roughness presents a strong increase compared to the
initial material, but slightly lower than the one observed for healthy saliva. Similar be-
havior is observed for CML, but the erosion presents more drastic changes to the surface
topography, the erosion seems to change even the smaller nano-particles, which tend to
form clusters of about 70–80 nm on the surface (Figure 1Ce). The roughness measured for
CML is comparable with the one observed for AML. Following the Tukey test, significant
differences were found between unexposed G-aenial samples and those immersed in AML,
CML, and CLL. Statistical differences were also found between the sample surfaces exposed
in artificial and healthy saliva.

Herculite is a nano-hybrid composite based on nano-particle filler designed to assure
optimal workability associated with the desired degree of surface polishing. The AFM
investigation of the initial sample reveals an irregular surface with some clusters in the
range of 300–800 nm in diameter very well coated with polymer (Figure 1Da). Despite
the irregular morphology, the roughness of the initial sample is comparable to the other
composites tested in present article. This is due to the outermost layers of polymer that
cover the nano-structural asperities.

The exposure to the healthy and artificial saliva is expected to remove the outermost
layers of polymer and to expose the observed submicron formations. Despite all expec-
tations, both cases lead to a smooth and compact surface with nano-particles of about
60 nm well embedded into the matrix and only few nano-clusters of about 120–180 nm in
diameter (Figure 1Db,Dc). This leads to a significant decrease in the roughness compared
to the initial state. The nano-structural evolution leads to the dissolution of the surface
irregularities (caused by the molding process) at the area of saliva exposure, which reveals
the uniform and smooth consistence of the composite bulk.

The AML saliva acts very similarly to the healthy saliva as well as to that of the surface
topography and roughness (Figure 1Dd). The morphology changes occur on the surface
after exposure to the CML saliva. The profound dissolution of the upper layers of the
Herculite composite sample leads to the exposure of the nano-particle structure to the
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medication residues from the saliva, which causes their clusterization (Figure 1De). The
nano-particles changed by erosion tend to regroup into clusters having about 200 nm with
a washed-up aspect. This leads to a significant decrease in the roughness compared to the
initial state and to the healthy saliva. Following the Tukey test, for Ra and Rq, significant
differences were found between samples immersed in CLL and all other immersion media.

Following the SEM images (Figure 3), it can be seen that after the 7 days of immersion
in healthy saliva, the composites kept the same uniform surface (Figure 3B), just like the
untreated samples (Figure 3A). Different immersion environments on the surface of the
materials indicate deformations and fractures following the process of degradation. For
the G-aenial composites, the surfaces underwent the most visible changes compared to the
initial and control group (Figure 3A,B), causing gaps in CLL and artificial saliva. In the
same immersion environments, gaps were found for the Herculite composite. The enamel
composite material is the one that indicates less erosion on surfaces after being in contact
with saliva, showing the most stable surfaces compared to the initial and control sample,
followed by Evetric.

1 
 

 
Figure 3. SEM images for dental composites: (A) Enamel, (B) Evetric, (C) G-aenial, and (D) Herculite
exposed to various saliva: (a) untreated sample, (b) healthy, (c) artificial, (d) AML, (e) CML, (f) ALL,
(g) CLL.
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3.2. Color Analysis

All materials showed color changes during the 7 days of storage. Table 3 illustrates the
reduction in the ∆E value depending on the saliva environment. A statistical evaluation of
Anova one-way was performed between the same ∆E obtained at the same immersion time
interval, but in different environments. For all dental composites investigated, no statistical
significance was found between the immersion environment (Control, Initial, and Artificial
Saliva) following the Tukey test. For the Evetric composite, the statistical differences be-
tween the environments are the most minimal (p = 2.05817 × 10−4), showing differences
between the immersion environments and the Initial values, but not compared to the discs
immersed in the Control environment. For the Enamel composite, (p = 4.549 × 10−9) most
variations were obtained in the CML environment compared to other environments. The
Herculite composite showed statistical differences in the AML, CLL, and AML environ-
ments, while the G-aenial composite showed differences between CML, CLL, and the rest
of the environments (p=2.28931 × 10−16). For comparative studies of color changes, images
captured digitally with a Zweiss Stemi 2000-C optical microscope were made for each
material after immersion for 7 days in the six different saliva media (Figure 4) with a zoom
range of 0.65X. According to the obtained images, a discoloration of the specimens visible
to the naked eye for each dental material can be observed. Their behavior was similar: all
four investigated materials have an insignificant difference in color change between the
Control and Artificial environments, the most pronounced difference being in the CML
environment. Enamel material is the most stable in terms of color change in all six types
of saliva.

Table 3. Color changes in the dental composites’ using VITA EasyShade.

Dental
Composite

∆E ± SD
Initial

∆E ± SD after 7 Days of Immersion
p Value

Control Artificial ALL AML CLL CML

G-aenial 23.15 ± 0.26 22.04 ± 1.04 20.74 ± 0.80 21.27 ± 1.06 20.68 ± 1.04 18.25 ± 1.81 15.28 ± 1.43 2.28931 × 10−16

Evetric 21.27 ± 0.55 18.98 ± 1.36 19.91 ± 1.68 19.67 ± 0.70 18.30 ± 0.85 17.29 ± 1.28 17.57 ± 2.48 2.05817 × 10−4

Herculite 22.55 ± 0.39 23.34 ± 1.45 21.63 ± 1.37 21.99 ± 1.30 19.46 ± 1.70 19.50 ± 1.04 18.85 ± 1.20 2.71886 × 10−9

Enamel 20.04 ± 0.05 18.97 ± 0.41 18.96 ± 0.64 18.65 ± 1.08 17.72 ± 0.96 16.88 ± 1.47 13.88 ± 1.19 4.549 × 10−9
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3.3. Saliva Elements Analysis

The results of the concentrations of the major elements in saliva samples are summa-
rized in Table 4. The total concentrations of P, Na, and K showed wide ranges of variations,
while the coefficient of variation in Fe, Cu, and Mg showed narrow variations between
the salvias’ investigated. Comparisons between the results showed that the highest con-
centrations of elements are present in healthy saliva, and the lowest in artificial saliva and
ALL saliva.
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Table 4. Concentrations of major elements in whole saliva.

Saliva Zn (mg/L) Ca (mg/L) P (mg/L) Fe (mg/L) Cu (mg/L) K (mg/L) Mg (mg/L) Na (mg/L)

Control 8.4246 47.8872 149.2041 3.7689 4.434 528.7545 7.5378 160.0541

Artificial 4.002524 19.54173 87.82008 4.002524 4.002524 375.5309 1.883541 152.3314

ALL 8.460541 28.80184 52.02333 3.060196 3.60023 140.949 5.220334 40.18635

AML 9.075908 32.34323 126.0726 2.970297 3.79538 492.5743 5.445545 66.3663

CLL 2.993056 21.74954 59.06297 2.993056 3.990741 171.2028 3.591667 41.15093

CML 3.506879 31.29215 72.56542 4.855678 5.125438 265.4438 4.855678 103.4985

4. Discussion

Lymphoblastic leukemia deteriorates the surface of the Enamel composite, enhancing
the erosive effects of saliva and modifying to a lesser extent the filler cluster shape and
sizes. The most changed surface resulted for ALL (Figure 1Af), the roughness was almost
double that of the untreated sample and significantly increased as compared to the healthy
saliva. The effect of CLL is not as intense as observed for acute leukemia, but is signifi-
cantly greater than for the one observed for the healthy state (Figure 1Ag). Lymphoblastic
leukemia also deteriorated the Evetric composite surface in a manner caused by the ex-
cretion of some compounds. Its morphology was strongly modified by exposure to the
ALL saliva (Figure 1Bf). An erosion of polymer between filler nano-particles occurs leading
to the cluster’s diameter increasing to a range of 200–350 nm. This influences the surface
roughness, which also increases (Table 2). The exposure to CLL saliva leads to a more
significant increase in the clusters’ diameters, many of them being around 350–400 nm
(some of them being over 500 nm) (Figure 1Bg). The roughness is not as high as the one
observed for ALL, but it is significant higher than the healthy saliva. An explanation of the
cluster increasing combined with slightly roughness decreasing could be the formation of
some residual deposits from the saliva to the etched clusters in the Evetric composite.

Acute lymphoblastic leukemia (ALL) has a strong influence on the surface of the
G-aenial composite. Certain features of erosion occur deteriorating the fillers particles
(Figure 1Cf); the submicron ones have a washed appearance and clusters are formed on
the smaller filler particles, their diameter growing up to 90 nm. This could be explained
by a complex interaction between the composite and some components excreted by the
saliva. The measured roughness (Table 2) is comparable with the value obtained for healthy
saliva, but the surface morphology is significant altered. The CLL has a stronger influence
on the surface morphology (Figure 1Cg) with altered submicron filler particles in a range
of 400–800 nm, and the nano-particles clusters growing up to 180–200 nm also becoming
submicron constituents of the surface. Therefore, the surface roughness also increases
to higher values than the ones observed for healthy saliva. ALL seems to modify some
components of the saliva, which are able to significantly deteriorate the surface of the
Herculite composite. ALL saliva promotes a significant dissolution of the initial feature
of the samples and promotes nano-particle clusterization (Figure 1Df). The dissolution of
nano-particles bonding into the polymer matrix leads to a relative increase in the diameter
to about 90 nm. The partially de-binded nano-particles tend to reorganize into clusters
of about 300 nm. This stage corresponds to a relative decrease in the surface roughness
compared to the initial state. A more pronounced effect was observed for the CLL saliva
where the roughness increased significantly due to the morphology distortion induced by
severe erosion (Figure 1Dg). Two types of clusters were revealed: smaller in the range of
160–300 nm in diameter and large ones in the range of 600–900 nm. The morphological
changes in the surface of the Herculite composite showed that CLL saliva acts as a strong
erosive agent.

The changes in dental composite color are due to both exogenous factors (e.g.,
leukemia) [23] and endogenous factors (the characteristics of the composition of each
resin) [24]. The discoloration of composites is closely related to the type of organic matrix
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used that influences the absorption [24,25]. Thus, dental composites with a higher filler
ratio (80%) had a lower absorption capacity and, implicitly, a lower ∆E value (Evetric com-
posite). The behavior of discoloration is also determined by the types of filling, and their
size; Enamel and Herculite composites contain small filler particles (dimension 0.04–0.6 µ)
that can be easily dispersed in the polymer matrix increasing the conversion degree and,
for that reason, the values of ∆E are lower. The value of ∆E of the investigated materials
increased in all six saliva environments; the greatest difference was seen between the initial
values and the CLL and CML environments. However, all tested dental composites showed
clinically acceptable color change values (∆E < 3.3) in all four-leukemia salivas; CLL and
CML showed large color differences for all composites. The Herculite composite showed
the smallest difference (3.69 ± 0.79) in the CLL and CML environments.

The degradation and discoloration of dental materials may be also influenced by the
chemical composition of leukemia saliva. Zinc is a stable mineral element that is involved
in numerous reactions in the cellular metabolism, being responsible for both general and
oral health [26]. In the current literature, it is stated that lower salivary flow determines
higher concentrations of zinc [27,28]. It is well known that patients with leukemia develop
oral mucositis with low salivary flow [4]. Surprisingly, the salivary concentration of zinc
decreased considerably in the CLL and CML environments compared to the ALL and
AML environments.

Human saliva has the ability to improve the process of remineralization of teeth by
the presence of Ca and P ions. Some researchers have suggested that if there is calcium
present, it should be at a high concentration to provide protection, with concentrations
ranging from 60–100 mg/L Ca for healthy patients to 20–30 mg/L for those with peri-
odontal disease [29,30]. The effect of periodontal disease showed the increase in Ca and
Fe concentrations compared to the healthy group [31,32]. Another aspect that was stated
was the significant increase in Cu and Na elements in the saliva of patients with severe
periodontitis compared to healthy ones [33]. When it comes to our study, AML and ALL
environments showed high concentrations of these elements.

Among the inorganic components, Na and K are predominantly responsible for main-
taining the osmolarity of saliva, while Ca, P, and Mg are responsible for maintaining the
resistance of enamel to dental cavities [34–36]. Of the mineral elements targeted in the
current study, Fe and Cu were significantly increased in the CML environment and Zn in
the AML environment. These levels can lead to increased oxidative stress, which can cause
tissue destruction [37]. Recently, it has been suggested that the Cu:Zn ratio could be a good
indicator of the inflammatory condition [38]; so, in the CML and CLL environments, the
inflammatory ratio was the highest. Low concentrations of Na, P, K, and Cu were seen in
the ALL environment. There are very few studies on P and Mg concentrations in saliva;
the limitations in their comparisons are difficult to be made. However, the mean values in
Table 4 appear to indicate that the P concentrations are lower in all the six environments
investigated. The Mg concentration in the control samples corresponded to those recently
stated by Yu and collaborators [39]; the rest of the samples having lower values than those
reported by Olmez and collaborators [40].

The behavior of RBCs in different salivas varies due to their characteristics and com-
position. The three-dimensional crosslinked structure of composites consisting of filler
particles, polymeric matrix, and binders can change in different saliva media depending
on their speed and degree of absorption. The character and the quantity of dilution plus
the base of monomers mainly gives the absorption values of the composites, which, at a
high degree of absorption, can modify their structure by breaking the polymeric bonds and
releasing the filler particles. Another process may be due to reacted monomers from the
polymer network, which influence the color stability, surface structure, and roughness of
RBCs. This discoloration can be attributed to the degrees of hydrophilicity and absorption
of fluids found in leukemia saliva. As seen in one of our previous studies, acute leukemia
influenced more RBCs by changing their properties compared to chronic leukemia [41].
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This behaviour was also found to be less in the AML, ALL, and CML saliva samples where
the amount of residual UDMA is double that of TEGDMA.

Due to the lack of scientific literature on salivary leukemia and its influence on dental
materials (e.g., dental composites), comparisons with other research could not be made.
From our study, a few explanations may be drawn about the effects of salivary contamina-
tion on the longevity of restoration that may lead to sensitivity, discoloration of the teeth,
and, finally, loss of restoration. One explanation could be the presence of xerostomia, which
determines the alteration of the salivary composition. In regards to this, the accumulation
of heavy dental plaque and calculus changes the composition of oral biofilm, which alters
composition of human saliva in this frail patient. The observed erosive behavior of saliva
from myeloid and lymphoblastic leukemia may also be caused by some components from
chemotherapy, which are excreted into the saliva. Additionally, saliva of leukemia patients
seems to attack the polymer matrix causing its partial dissolution, which induces modifica-
tion of the filler particle disposal on the surface, discoloration of restorative materials, and,
thus, the value and flow rate of oral flow that ensures patient health.

Another important factor that should be taken into account is the chemotherapeutic
regimen and its side effects on the oral mucosa and content of saliva. Degradation of RBCs
is also influenced by oral microbes and by the mastication process [42]. In this case, saliva’s
composition may contribute to the biodegradation process of the RBCs. This process
was described by several authors where they stated that water molecules penetrate the
polymer network, which allows the diffusion of unpolymerized monomers from the RBC
network [43,44]. Another limitation of our research was the low number of participants;
this fact might have influenced the statistical analysis.

It is well studied in the literature and mentioned in oncological guidelines [14,15]
that patients following chemotherapeutic regimens experience xerostomia, salivary gland
dysfunctions, and oral mucositis, which change the oral health status of leukemia patients
and increase the risk of dental decay. A clear conclusion about what kind of dental material
should be use for decay is not stated.

In future studies, other RBCs should be analyzed according to the cycle of the
chemotherapeutic regimen. Moreover, these RBCs should be studied in bone marrow
transplant patients to conclude if they are safe to use in these frail patients.

5. Conclusions

This in vitro pilot study showed that control saliva and artificial saliva have a mild
erosive effect on the surface of dental composites, with minimal changes in morphology.
Saliva from myeloid leukemia and lymphoblastic leukemia determined significant changes
on surface morphology and roughness. Acute leukemia developed modifications on the
surface roughness rather than on its morphology; meanwhile, in the chronic stage, surface
morphology mostly seems to deteriorate. Results of this study should be interpreted with
caution. More research in the assessment of dental composites in patients with leukemia
are needed in order to have a clear conclusion.
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