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Abstract: The aim of this study is to evaluate the depth of penetration of an experimental prepa-
ration with the characteristics of a dental infiltrant into the decalcified root cementum tissue and
observation of the root cementum tissue subjected to a single and repeated twice hydrochloric acid
etching process. The study material consisted of 20 human teeth (the study group—12 demineralised
teeth, the control group—8 teeth). A commercially available Icon preparation and an experimental
preparation were used for the study with addition 2% of YF3 (yttrium trifluoride) added as an indi-
cator to facilitate microscopic observation. Each tooth was divided into two zones, blue (Icon) and
red (experimental preparation). The teeth were divided into two subgroups—in the first subgroup,
the etching preparation was applied once, in the second subgroup twice, and at the end the teeth
were infiltrated with the experimental preparation and the Icon preparation. The study of tooth
longitudinal section morphology and chemical composition was performed with the use of a Hitachi
S-3400N scanning electron microscope. Microscopic observations show that the applied YF3 tracer
in most cases agglomerates and remains in the form of conglomerates on the surface of the root
cementum. Single particles of YF3 are visible, penetrating through the cementum tissues into the
root dentine structure. The degree of tissue infiltration with the resin (depth of penetration into
decalcified tissues) is visible at a depth of approx. 80–120 µm. In the test group subjected to a single
etching process, good penetration of both resins was noticeable, however, excessive erosion of the
root surface was evident in several of the specimens—indicating that damage occurred as a result
of the etching process. In the test group subjected to two etching processes, excessive erosion of the
cementum is visible in each deposit.
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1. Introduction

The root cementum is mineralised hard tissue of the tooth that covers the outer
surface of the root. The thickness of the root cementum is greatest in the periapical region
(150–200 µm) and smallest in the cervical region (20–50 µm) [1]. Exposure of the tooth
root as a result of recession or marginal periodontal disease uncovers the maladapted root
cementum tissue to the negative effects of the oral environment. As the root cementum
has approximately half as many minerals as enamel, demineralisation of the root surface
already occurs at a higher environmental pH (approx. 6.7). The frequency of diagnosis of
root caries increases with age and it often causes tooth loss [2–4].

Based on the results of studies published in the last 5 years, caries are still frequent
worldwide, and their prevalence varies among countries. The prevalence rate of hard tooth
tissue caries ranges from 25% (Australia) to 99% (South Africa), while the prevalence of
caries within the roots, among the population of the respective communities, ranged from
8% (Finland) to 74% (Brazil) [5].

The presence of carious bacterial biofilm and fermentable carbohydrates is the main
etiological factor for the occurrence of root caries. The process of demineralisation of the
cementum and root dentin is similar to caries within the tooth crown, but the process is
twice as fast as in the enamel [6]. Another problem that occurs when the root surface is
exposed, and a thin layer of cementum is lost is the hypersensitivity to thermal, chemical,
and mechanical stimuli [7].

Minimal intervention dentistry is a modern concept of preventive and therapeutic
procedures. It is based on the idea of minimally invasive medical procedures in order to
preserve maximum patient tissue. One of the procedures of modern minimally invasive
dentistry is infiltration of the hard tissues of the tooth. This procedure is a treatment
modality that bridges the gap between prevention and restoration of carious lesions of
enamel and dentin, microscopically reaching up to 1/3 of the dentin, reducing the visibility
of white spots on the enamel. It is a treatment method that fills, strengthens, and stabilises
demineralised enamel without losing healthy tooth structure. The procedure involves
infiltration of porous, decalcified enamel with a low-viscosity resin by capillary action, thus
stopping the progression of lesions by closing microporosities, and preventing further acid
diffusion. This technique is designed to create a diffusion barrier within the lesion rather
than on the surface. Icon (by DMG) is commonly used for the infiltration process. The
preparation that prepares the enamel surface for resin infiltration is 15% hydrochloric acid
(Icon Etch).

The infiltration procedure has so far been used in the treatment of initial caries within
the enamel. The authors of the following paper assumed that the infiltration method also
appears to be feasible for the treatment of initial caries of all hard tissues of the tooth,
including the root cementum. In view of the assumption, the authors synthesized an
experimental preparation with the characteristics of a dental infiltrant using YF3 (yttrium
trifluoride) [8].

The procedure of acid etching of tooth surfaces used during dental procedures has a
60-plus year history. As early as 1955, Buonocore published a study which concluded that
the use of an 85% phosphoric acid-based etching agent significantly increased the bonding
between acrylic resin and enamel [9]. During the development of adhesion procedures,
attempts were made to develop a simplified alternative in the form of successive generations
of bonding systems which eliminated the need for an etching agent, although acid etching
remains the most effective procedure for stable adhesion of materials to enamel. Other
etching agents of different concentrations have been tried, by modification of their contact
time with tooth tissue: hydrofluoric acid, citric acid, hydrochloric acid, maleic acid, nitric
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acid, and phosphoric acid. Suggested digestion times can range from 15 to 60 s. In an
in vitro environment, phosphoric acid has been found to be the most effective in improving
the adhesion of dental materials to enamel [10]. Silverstone et al. tested acid solutions for
their effects on human enamel. The most beneficial effects were produced by an unbuffered
solution of 30% phosphoric acid. After etching, clear changes in surface structure were
noted—a thin layer of enamel was removed along with plaque, and the enamel surface
became porous. This porous area can penetrate the resin and micromechanically bond to
the enamel during restorative treatment [11]. Etching enamel with 30–50% phosphoric
acid for 60 s was accepted as the preferred method in the early 1980s. It is believed that
excessive etching of enamel occurs after 60 s, leading to impairment of tooth structure
and adhesion forces [12,13]. Scanning electron microscopy, contact profilo metry, non-
contact profilometry, and confocal laser scanning microscopy (CLSM), which combines laser
scanning with traditional visible light microscopy to produce a detailed three-dimensional
image of the surface, can be used to measure the depth of etching of the hard tissues of the
human tooth [14,15].

A study by Neuhaus et al. compared the penetration of resin after a pre-treatment of
the enamel surface with phosphoric and hydrochloric acid on active and inactive carious
lesions. The study showed that, after pre-treatment with hydrochloric acid, the depth of
penetration was satisfactory and similar for both active and retained lesions. In active
lesions, no significant difference in percentage of maximum penetration depth and of
mean penetration depth was observed between lesions pre-treated with hydrochloric or
phosphoric acid. However, in inactive lesions, pre-treatment with phosphoric acid resulted
in significantly lower resin penetration compared to the pre-treatment with hydrochloric
acid [16]. A study by Paris et al. evaluated the effect of phosphoric and hydrochloric acid
gels on reducing the surface layer of natural carious lesions of deciduous teeth. The study
was conducted on 32 extracted or naturally lost deciduous molars. Carious lesions in the
white spot stage were etched with phosphoric or hydrochloric acid for 30, 60, 90, or 120 s.
Phosphoric acid etching resulted in incomplete reduction of the surface layer in all groups.
The use of hydrochloric acid for 120 s led to almost total erosion of the superficial enamel
layer [17].

The new recommendations In the ICON application instructions for hard tissue prepa-
ration with Icon Etch are very vague. They suggest to visually inspect the infiltrated tissue.
If there is no noticeable reduction in enamel discolouration after application of Icon Etch
and Icon Dry, the manufacturer recommends repeating the process of etching, rinsing, and
application of desiccant two more times.

Dental caries, as mentioned, involves all hard dental tissues, including the root cemen-
tum. There are no published reports in the field of micro-invasive dentistry covering the
root surface. The authors’ own research in this field covers the area of the root cementum,
which in the course of many diseases becomes exposed and undergoes demineralisation
under the influence of the oral cavity environment. The lack of a uniform procedure for
the preparation of tooth hard tissues for the infiltration process and the lack of any studies
describing the preparation of the human tooth root-cementum surface for the application
of adhesive procedures in the field of minimally invasive dentistry, prompted the authors
to dwell on this topic.

The null hypothesis is the use of a low viscosity resin mixture in the process of
infiltration of hard tooth tissues within the root cementum.

The first aim of this study is to evaluate the depth of penetration of an experimental
preparation with the characteristics of a dental infiltrant into the decalcified root cemen-
tum tissue.

The second objective is to observe the root cementum tissue subjected to a single and
repeated twice hydrochloric acid etching process.
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2. Materials and Methods

Human teeth:
The study material consisted of 20 human teeth-molars and premolars extracted for pe-

riodontal reasons, with preserved anatomical crowns and roots, without cavities or fillings
in the cervical region. After extraction, the teeth were stored in a chloramine solution. The
study group (1) consisted of 12 demineralised teeth, 8 teeth constituted the control group
(2)—which was not demineralised (Table 1, PART ONE). Before the study, the chloramine
solution was poured off and the teeth were thoroughly rinsed in distilled water and left
there for 24 h. After rinsing and drying, the teeth in the study group (1) were subjected to
a chemical decalcification process in a buffer solution which contained calcium chloride
(3 mM/dm3), potassium dihydrogen phosphate(V) (3 mM/dm3), acetic acid (50 mM/dm3),
methylenehydroxydiphosphonate (MHDP (6 µm/dm3/dm3)), potassium hydroxide (in
an amount necessary to ensure that the appropriate pH level of the solution was reached).
Demineralisation was carried out at 37 ◦C for 4 w, with control and maintenance of the pH
level below 6.2, which is the critical pH for cementum caries development. If necessary,
the pH level was lowered by adding acetic acid. After the decalcification process was
completed, the teeth were rinsed three times in distilled water and left there for 24 h and at
the end they were dried [18].

Etching:
Both the test group and the control group were divided into two subgroups, which

differed according to the way of preparation of enamel surface for infiltration. The first
subgroup was prepared for the infiltration process according to the traditional protocol
(etching with Icon Etch for 120 s was performed once) while the second subgroup was
prepared for the infiltration process by using Icon Etch twice-2 times for 120 s each (Table 1—
PART ONE), repeating the steps according to the manufacturer’s recommendations (etching,
rinsing, and de-glazing).

Infiltration:
Based on the available literature, the infiltration preparation should feature high

surface tension, low density, hydrophilicity, lack of toxicity, chemical and mechanical resis-
tance, ability to polymerise, similarity of the colour of the infiltrated area to tooth tissue, no
interaction with food and drugs, and ability to inhibit multiplication of microorganisms on
the surface. The lack of an antimicrobial component in the Icon preparation led the authors
to synthesise an experimental preparation containing the bacteriostatic component called
metronidazole. A commercially available Icon preparation (DMG, Hamburg, Germany)
and an experimental preparation with the characteristics of a dental infiltrant (Table 2) were
used for the study [19,20].

Table 1. Scheme for the preparation of test material.

20 Teeth with Preserved Crown and Roots, No Fillings in the Cervical Region

12 teeth-study group-subjected to decalcification (1) 8 teeth-control group-without decalcification (2)

PART ONE
6 teeth in which the root

cementum was subjected to a
single etching for 120 s before

infiltration (1A)

6 teeth in which the root
cementum was etched twice

for 120 s before
infiltration (1B)

4 teeth in which the root
cementum was subjected to a
single etching for 120 s before

infiltration (2A)

4 teeth in which the root
cementum was etched twice

for 120 s, before
infiltration (2B)

Blue side
of

specimen—
ICON +

YF3 (1AI)

Red side of
specimen

experimental
preparation +

YF3 (1AE)

Blue side
of

specimen—
ICON +

YF3 (1BI)

Red side of
specimen

experimental
preparation +

YF3 (1BE)

Blue side
of

specimen—
ICON +

YF3 (2AI)

Red side of
specimen

experimental
preparation
+YF3 (2AE)

Blue side
of

specimen—
ICON +

YF3 (2BI)

Red side of
specimen

experimental
preparation +

YF3 (2BE)

PART TWO
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Table 2. Composition of the experimental preparation.

Components Amount [g] Percentage [%]

TEGDMA 3.75 75

HEMA 1.25 25

DMAEMA 0.05 1 *

PMMAn-MTZ 0.05 1 *

Camphorquinone (CQ) 0.025 0.5 *
* Relative to the sum of TEGDMA and HEMA.

Both preparations: commercial and experimental had 2% of YF3 (nanopowder, Nanoshel
LLC, Wilmington, DE, USA) added as an indicator to facilitate microscopic observation
of the depth of penetration of the resin mixture into the root cementum. Teeth from the
test and control groups were divided into two zones, blue and red, by a red line drawn
along the long axis of the tooth. In the red zone, infiltration was performed with use of the
experimental preparation with YF3, in the blue zone-Icon with YF3 (Table 1–PART TWO,
Figure 1). The infiltration preparations were then applied. Dentmeate LEDEX WL-070 lamp
was used for polymerisation.
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Figure 1. Diagram of the preparation of a single tooth under observation.

After soaking, the teeth were cold-inlaid in a methylmethacrylate-based two-component
resin: Metalogis Opti-Mix (Metalogis s.c., Warsaw, Poland), a methylmethacrylate-based
two-component resin with low polymerisation shrinkage. After that, they were cut lon-
gitudinally using a Buehler precision cutter (Buehler Holding A.G., Uzwil, Switzerland),
and sectioned at the end (Figure 2). The surfaces of the cross-sections were sanded with
Metalogis DEMPAX water-resistant sandpaper with decreasing gradations of P320, P500,
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P800 and P1000 (Metalogis s.c, Warsaw, Poland); and then polished with Struers DP Sus-
pension diamond slurries of 9 µm, 3 µm, 1 µm, 0.25 µm (Struers A/S, Ballerup, Denmark).
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Figure 2. Specimen prepared for microscopic observation.

The study of tooth longitudinal section morphology and chemical composition was
performed with the use of a Hitachi S-3400N scanning electron microscope (Hitachi Ltd.,
Tokyo, Japan) equipped with a Thermo Noran EDS energy dispersive X-ray spectrometer
(Thermo Fisher Scientific Inc., Madison, WI, USA), under low-vacuum conditions (50 Pa)
using the backscattered electrons detector (BSE), at an accelerating voltage of 15 kV.

3. Results

Microscopic observations show that the applied YF3 tracer in most cases agglomerates
and remains in the form of conglomerates on the surface of the root cementum. Single
particles of YF3 are visible, penetrating through the cementum tissues into the root dentine
structure. Despite this, the degree of tissue infiltration with the resin (depth of penetration
into decalcified tissues) is visible at a depth of approx. 80–120 µm. No differences in
penetration were observed between the experimental preparation and the commercial
preparation called Icon. (Figure 3A,B).

Yttrium trifluoride particles were present in large amounts in the inlay resin and spo-
radically on the surface, in cavities of the root cementum, and in dentine. (Figures 4 and 5).
Longitudinal sections of the teeth made after embedding them in resin showed large
amounts of YF3 particles in the resin used to inlay specimens, sporadically on the surface of
root cementum and deep into the cementum and dentin tissue of the root This demonstrates
high affinity of the YF3 preparation to the used resin (after completion of the crosslinking
process, the resin shrinks slightly, forming a gap between the surface of root cementum
and resin) (Figures 4 and 5).
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Figure 3. (A) Study group specimen, single etch, Icon + YF3 (1AI), visible gradual brightening of
infiltrated root dentin, arrows showing the depth of the root dentine infiltration. (B) Study group
specimen, one etch, experimental preparation + YF3 (1AE), visible infiltration of root dentine.
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Figure 5. Diagram of displacement of YF3 particles after polymerisation of the cross-linking resin.

In the test group (1AI, 1AE) subjected to a single etching process, good penetration of
both resins was evident, however, excessive erosion of the root surface was manifested in
several of the specimens—indicating that damage occurred as a result of the etching process.
(Figure 3A,B) In the test group subjected to two etching processes (1BI, 1BE), excessive
erosion of the cementum is visible in each deposit. In the control group (2), which was not
subjected to the demineralisation process, excessive cementum erosion was also observed,
but in this group, infiltration of the root hard tissues treated with both preparations was
poorly visible (Figure 6A–D).
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Figure 6. (A) Study group specimen, double etching, Icon + YF3 (IBI) visible over-etching of root 
surface. (B) Test specimen, double etched, experimental preparation YF3 (IBE), Excessive etching of 
the cementum surface extending into the root dentine is visible. (C) Test specimen, double etching, 
experimental preparation + YF3 (IBE), visible over-etching of the root surface. (D) Specimen from 
the test group, double etching, experimental preparation + YF3 (IBE), excessive etching of the root 
surface and penetration of resin into the root dentine visible. 

4. Discussion 

Figure 6. (A) Study group specimen, double etching, Icon + YF3 (IBI) visible over-etching of root
surface. (B) Test specimen, double etched, experimental preparation YF3 (IBE), Excessive etching of
the cementum surface extending into the root dentine is visible. (C) Test specimen, double etching,
experimental preparation + YF3 (IBE), visible over-etching of the root surface. (D) Specimen from
the test group, double etching, experimental preparation + YF3 (IBE), excessive etching of the root
surface and penetration of resin into the root dentine visible.
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4. Discussion

New recommendations by the manufacturer in the Icon preparation for preparing hard
tissue using Icon Etch are not clear. They recommend visual inspection of the infiltrated
tissue—if there is no noticeable reduction in enamel discolouration after application of Icon
Etch and Icon Dry, the manufacturer recommends repeating the etching process. In the
present study, an attempt was made to test and use this method of treatment within the
hard root tissue of the human tooth.

The inconvenience of undertaking the following research is the fact that, based on
the analysis of the available literature, research in the field of microinvasive dentistry
and the etching process most often concerns the crown part of the tooth—the enamel
surface. Moreover, not all researchers use human teeth for their studies. Sometimes
bovine teeth, which do not always reflect conditions in the human oral cavity, are used
as research material [18]. A study conducted by Meyer-Lueckel et al. was aimed at
comparing the effectiveness of three different gels—with 37% phosphoric acid, with 5 and
15% hydrochloric acid—for 30–120 s etching to remove the enamel surface layer with
different etching times. A gel with phosphoric acid (37%) and hydrochloric acid (5 or 15%)
for 30–120 s was used for the study. The samples were examined by confocal microscopy
and transverse microradiography. The reduction of the surface layer was significantly
increased in lesions etched with 15% HCl gel for 90 and 120 s, as compared to those etched
with phosphoric acid for 30–120 s (p < 0.05). The study concluded that an effective reduction
of the superficial carious layer of natural enamel can be achieved by etching with 15%
hydrochloric acid gel for 90–120 s [21]. In the authors’ own study, it was observed that the
use of 15% hydrochloric acid (Icon Etch) can lead to excessive erosion of the root cementum
surface tissue already after a single etching for 120 s, while a double etching (2 times for
120 s) virtually causes a complete loss of the root cementum).

Wilson et al. conducted a study which compares the etching depth of a traditional
34% phosphoric acid etchant and a self-limiting phosphoric acid etchant by measuring the
etching depth at multiple intervals. The study was conducted on 25 bovine teeth with two
different etches: a standard 34% phosphoric acid etchant and a self-limiting 35% phosphoric
acid etchant, applying the etches for 15, 30, 60, 90, and 120 s. Teeth were scanned using a
3D laser confocal scanning microscope before etching and scanned again after etching to
determine the depth of the etched enamel compared to the initial enamel surface before
etching. It was observed that phosphoric acid 34% etched significantly deeper than the
self-limiting etchant. Etching times which exceeded 30 s also caused significantly deeper
changes (for both etch types), but the etching depth at 120 s was not different from that at
60 s, indicating that both etches tend to be self-limiting in terms of depth over time [22].

Zafar and Ahmed evaluated the effect of etching time on the surface properties of
dental hard tissues. For this purpose, specimens from extracted human teeth were prepared
and treated with 37% phosphoric acid for different times using an established protocol.
The effect of etching time on surface roughness was evaluated using a non-contact surface
roughness profilometer, and surface hardness was measured using the nano-indentation
technique. This study found that etching time affects the surface properties of hard tooth
tissues, especially enamel. Prolonged etching time can increase the surface roughness
and decrease the surface hardness, which consequently can lead to a deterioration of the
bonding strength of adhesive materials [23].

Meng Li et al. evaluated the prophylactic use of enamel infiltration resins—the
resistance of healthy enamel surfaces of permanent teeth to demineralisation. Enamel
blocks from 80 premolars were prepared, and samples with an initial microhardness of
320–370 were selected. An infiltrant was applied to samples from the experimental group,
and no infiltrant was applied to samples from the control group, after which both groups
were artificially demineralised, and the microhardness values of the enamel surface were
measured again. Confocal laser scanning microscopy was used to measure demineralisation
depth and penetration. The samples were subjected to a simulated toothbrush abrasion test.
Scanning electron microscopy was used to observe changes in the surface morphology of the
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samples after each of these procedures. The researchers observed no significant differences
between the experimental and control groups in baseline microhardness values or, in case of
the experimental group, after resin infiltration, as compared to the baseline conditions. After
artificial demineralisation, the microhardness value in the control group was significantly
lower (266.0 (±34.5)) than in the experimental group 304.0 (±13.0), p = 0.017). Scanning
confocal microscopy results showed that the demineralisation depth in the control group
was significantly deeper (97.9 (±22.8) µm) than in the experimental group (50.4 (±14.3) µm),
and the resin infiltrate completely penetrated the acid-etched demineralised area of tooth
enamel with an average penetration depth of 31.6 (±9.0) µm. Scanning electron microscopy
showed that the surface morphology was more uniform and smoother after simulated
tooth brushing. Enamel surface structure was more severely damaged in the control group,
as compared to the experimental group. These studies provide an experimental basis for
the prophylactic application of infiltrations to healthy enamel surfaces in order to protect
tooth enamel from demineralisation [24]. In the opinion of the authors of this paper, the
continuation of our own research should concern root cementum tissues, as Meng Li’s
study, subjected to prophylactic infiltration followed by demineralisation and assessment
of the degree of tissue microhardness.

Recent studies recommend use of bonding systems (multi-mode) which are self-
etch systems and can therefore be used without prior etching of the mineralised tooth
substance. Numerous studies have shown that the bond between the composite and enamel
is weaker, which is why the so-called selective enamel etching with 37% orthophosphoric
acid for 5–15 s is recommended. The cavity is then rinsed, dried, and, according to the
manufacturer’s instructions, a universal bonding system is applied to the dentin and
enamel. Phosphoric acid should not be applied to the dentin surface, as additional etching
of the dentin during application of some universal bonding systems may result in faster
degradation of the hybrid layer and future loss of the bond [25]. In an experimental
study on 52 bovine incisors conducted by Diniz et al. it was found that self-etching and
universal bonding systems in which acid conditioning of the enamel was carried out,
achieved a higher bond strength than the same systems preceded by acid application. This
is consistent with literature data and manufacturers’ recommendations [26]. A study by
Stape et al. assessed whether selective dentin etching protocols using shortened phosphoric
acid etching times would affect the resin–dentin interaction of a universal bonding system
to improve long-term bond performance. The researchers found that selective dentin
etching for 3 s with conventionally used phosphoric acid improves the binding efficiency to
dentin, however, longer etching times should be strictly avoided [27]. The chemical affinity
between 10-methacryloyloxydecyl dihydrogen phosphate (MDP) and hydroxyapatite (HA)
is an important factor in the enamel bond provided by MDP-based self-etching bonding
systems, so Sauag et al. investigated how pre-etching with phosphoric acid affects the
formation of MDP-Ca salts when using MDP-based bonding systems. The study showed
that pre-etching increased the wettability of the enamel surface and the formation of
MDP-Ca salts was higher in samples etched with phosphoric acid [28].

The most common ways to prevent and treat initial root caries are remineralisation
with fluoride-containing preparations and use of antimicrobial preparations which contain
chlorhexidine or triclosan. Another way to prevent root caries is to seal the root surface
with glutaraldehyde, which is a fixative and a component of some adhesive systems. It has
been shown that sealing the root surface with two types of a dentin adhesive systems which
contained glutardialdehyde led to a significant reduction or even complete inhibition of
root cavity formation [29]. Observations in the authors’ own study indicate that it is also
possible to use infiltration to treat initial root caries.

A study by Walter et al. evaluated the ability of different adhesive systems to inhibit
root caries formation in in vitro conditions. The lesions in the groups were significantly
shallower after the use of One-up Bond F (Tokuyama), iBond (Heraeus Kulzer), and Gluma
Comfort Bond + Desensitizer (Heraeus Kulzer) preparations than in the control group [30].



Coatings 2022, 12, 675 13 of 15

Zhou et al. in their study evaluated the effect of infiltration on root caries induced by
Streptococcus mutans biofilm. Clearfil SE Bond (SEB), Icon-etch120s+Icon-infiltrant (HA120),
Icon-etch10s+Icon-infiltrant (HA10), and K-etchant10s+Icon- infiltrant (PA10) were used for
the study. The resin after 120s-HCl root pre-treatment was found to have good penetration
ability and prevent root caries, but an additional risk factor for enamel loss in the cervical
region was identified [31]. The authors, according to their own observations, confirm the
conclusions of Zhou et al.

Other researchers on human tooth root caries have compared the durability of a
resin-based root dentin surface coating material and a universal self-etch adhesive on
the root surface in vitro. In the experiments by Tian et al., PRG Barrier Coat (PRG) or
Clearfil S3 Bond (CS3) was used for the study. The sample preparation was subjected to a
demineralisation process and then longitudinal sections were examined with the use of
a scanning electron microscope. The thickness of the coating material was measured in
SEM images. With regard to the toothbrush wear test, coronal tooth discs were prepared
and coated with PRG and CS3, respectively. Coating the root dentin with PRG Barrier
Coat gave a coating layer of (47.1 ± 27.3) µm thickness, while CS3 presented a thin layer
of (5.7 ± 2.1) µm thickness. The exposed dentin was hermetically sealed and no clear gap
was observed at the interface in both PRG and CS3 groups. No dentin demineralisation
was observed in both groups [32].

A study by Ke-le Liu et al. aimed to evaluate the effect of different acid etching modes
on the bond strength between composite resin and non-carious sclerotic dentin. The use of
a total-etch adhesion system increasing the etching time could increase the bond strength.
In the case of a self-etching adhesive system, both double the adhesive treatment time and
the use of phosphoric acid can improve the bond strength. The use of phosphoric acid to
etch for 15 s and coating with a self-etching adhesive system for 20 s achieved the highest
bond strength. In both the self-etching and fully etching systems, the use of phosphoric acid
to etch for 15 s and coating with a self-etching adhesive system for 20 s achieved optimal
bond strength, the lowest bond strength was observed for the self-etching system used at
the recommended time [33]. It has been observed that the application of 37% phosphoric
acid to dentin, in some cases, can promote excessive demineralisation by preventing proper
infiltration and impregnation of the resin between the collagen fibres [34]. Consequently, it
can lead to bond failure, contrary to what happens when self-etching adhesive systems are
used [35].

Root cement infiltration appears to be a promising method for the treatment of initial
root caries. The results of the authors’ own research have shown that the use of YF3 as an
additive to the resin greatly facilitates microscopic observation, however, the size of its
particles, which tend to form conglomerates on the surface of the root cementum, is very
important. The study also showed that the indicator (YF3) may have insufficient adhesion
to the outer surface of the tooth root cementum. On longitudinal sections of the teeth made
after embedding them into the inlay resin, the authors observed presence of YF3 particles
in large quantities in the inlay resin and sporadically on the surface of the root cementum
and deep into the cementum and root dentin tissue. This demonstrates the high affinity of
the YF3 infiltrant to the used encapsulation resin (after completion of the resin crosslinking
process, a slight shrinkage of the resin occurs, resulting in the formation of a gap between
the root cementum surface and the resin).

The lack of reports by other authors and the results of our own research make it
necessary to continue observations in this field and try to answer the following questions:
how to prepare the surface of the human tooth root for the infiltration procedure, what acid
should be used and how long should its application last? Due to the porous structure of
the root cementum, it also seems advisable to compare the penetration of the preparation
without prior preparation of the surface in case of teeth that have had previous contact with
the oral environment. In case of periodontal diseases (e.g., recessions), further investigation
should focus on the preparation of shielded root dentine. In the opinion of the authors of
the present study, the continuation of own research should concern the assessment of the
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degree of microhardness of root cementum tissues before and after prophylactic infiltration,
and then after demineralisation, followed by a comparison of these results. The technique of
preparing teeth for testing needs to be improved. Due to the high affinity of YF3 molecules
for the resin used to inlay specimens, subsequent studies should be performed with a
different resin without inlaying the samples.

5. Conclusions

1. On the basis of the observations made, it has been shown that an infiltration procedure
is possible within the exposed tissues of the tooth root;

2. The degree of infiltration is satisfactory and is about 80–120 µm;
3. Re-etching of hard root tissues causes excessive erosion of the root cementum tissue;

and
4. On the basis of the observations to date, there is a need for further research to refine

the methodology for preparing the decalcified root cementum tissue for the infiltration
procedure.

6. Patents

Experimental preparation patent was reported in 2021 under number P.439851.
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