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Fig. 2. Photomicrographs of hematoxylin and eosin (H&E) staining sections
showing a portion of the capsule at the tissue-material interface on day 7

A — GuttaFlow Bioseal; B — MTA Angelus; C - Zical; D — control;

x400 magnification.

The capsules show a moderate to severe inflammatory reaction. The capsules
exhibit several inflammatory cells, mainly lymphocytes (yellow arrows), plasma
cells (blue arrows) and macrophages (green arrows). Multinucleated giant cells
(MNGCs) (red arrows) and blood vessels (BV) are observed. Fibroblastic activity
(curved arrow) and minimal fibrinoid-like deposition (black-arrow head) are
observed in 2D.

Fig. 3. Photomicrographs of hematoxylin and eosin (H&E) staining sections
showing a portion of the capsule at the tissue-material interface on day 30

A - GuttaFlow Bioseal; B — MTA Angelus; C - Zical; D - control;

%400 magnification.

The fibrous capsule shows mild inflammatory cell infiltration in 3A, 3B and
3D. Mild pericapsular fibrosis (red asterisks) and congested capillaries (black
asterisks) are observed in 3B. Mild to moderate inflammation is observed in
3C. The remodeling of the fibrous capsule and collagen fibers with marked
fibroblastic activity (curved arrow) is observed in 3D

On day 30, all subgroups showed a mild to moderate in-
flammatory tissue response on the capsule at the tissue—ma-
terial interface. The GuttaFlow Bioseal subgroup showed
progressive healing with a well-formed fibrous capsule; it
also exhibited multiple parallel collagen fibers with a marked
decrease in inflammatory cell infiltration (Fig. 3A). The
MTA Angelus subgroup exhibited a fibrous capsule of lim-
ited organization with mild peri-capsular fibrosis, including
some congested capillaries (Fig. 3B). The Zical subgroup
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showed significantly more inflammatory cells, vascular re-
activity and collagen fiber irregularity as compared to other
subgroups (Fig. 3C). The control subgroup displayed more
organized tissue with predominant connective tissue fibers,
fibroblasts and inflammatory reactions (Fig. 3D). Fibroblasts
were observed among the inflammatory cells and blood ves-
sels in all subgroups (Fig. 3A-D). Multinucleated giant cells
were absent in all subgroups.

Considering the severity of the inflammatory reaction
displayed by the subgroups, there were statistically sig-
nificant differences in stromal inflammatory response be-
tween the subgroups on day 7 and day 30 (p = 0.006 and
p = 0.004, respectively), with a larger number of inflamma-
tory cells in the Zical subgroup on both observation days.
There were no statistically significant differences in fibrous
tissue formation between the subgroups on day 7 and day
30 (p = 0.065 and p = 0.442, respectively). There were statis-
tically significant differences in vascular changes between
the subgroups on day 7 and day 30 (p = 0.003 and p = 0.018,
respectively), with the greatest amount of vascular changes
recorded in the Zical subgroup. There were statistically sig-
nificant differences in MNGCs between the subgroups on
day 7 (p = 0.019), but not on day 30 (p = 1.000) (Table 3).

Comparing the 2 observation times, stromal inflamma-
tory response decreased statistically significantly between
the time periods for the GuttaFlow Bioseal, MTA An-
gelus, Zical, and control subgroups (p = 0.028, p = 0.011,
p =0.003, and p = 0.011, respectively). Although it was not
statistically significant, fibrous tissue formation decreased
over time for the GuttaFlow Bioseal, MTA Angelus and
control subgroups (p = 0.073, p = 0.150, p = 0.298, respec-
tively). Conversely, a statistically significant decrease was
recorded on day 30 in the Zical subgroup (p = 0.033). There
was a statistically significant decrease in vascular reactiv-
ity between the time periods for the GuttaFlow Bioseal,
MTA Angelus and Zical subgroups (p = 0.001, p = 0.011
and p = 0.008, respectively), while the control subgroup
showed no significant difference between the 2 observa-
tion times (p = 0.140). There was a statistically significant
difference between the 2 observation times for MNGCs in
the GuttaFlow Bioseal and Zical subgroups (p = 0.028 and
p = 0.028, respectively), but this difference was not statis-
tically significant for the MTA Angelus and control sub-
groups (p = 1.000 and p = 1.000, respectively) (Table 3).

The connective tissue capsule thickness and the num-
ber of cell layers in the capsule decreased, while the colla-
gen fiber diameter increased in all subgroups with regard
to both time periods. An increase in the collagen fiber
diameter was not statistically significant (p = 0.101), but
decreases in the connective tissue capsule thickness and
the number of cell layers in the capsule were statistically
significant (p < 0.05) (Table 5).

On day 7, the capsules exhibited a well-defined structure
of variable thickness; the highest mean capsule thickness was
detected in the Zical subgroup, while the lowest value was
detected in the control subgroup on day 30 (Table 5).
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Table 5. Comparison of the subgroups at the 2 time periods in terms of particular parameters

Connective tissue capsule thickness 7 103.15£10.72CD
(urm] 30 4818 +12.74E
Number of cell layers 7 467 £1.32CD
(n) 30 439+070D
Collagen fiber diameter 7 1.96 +0.92
(k] 30 2454125

32353 £70.38A

236.28 £22.60B 119.64 £20.20C

0.000*
7230+15.71DE 69.89 +6.58D,E 59.79 £10.71E
9.17 £1.00A 9.06 £0.53A 833 +0.71A .
6.11 £1.05B 5.78 £0.71B,C 4.72 £0.83CD 0000
4.61 +0.69 4.66 +1.03 262 +1.32
6.64 +0.82 5.12£1.59 4.30+1.40 o101

Data presented as mean =+ standard deviation (M £SD). * — statistically significant. The same superscript letter means no statistically significant difference.

The pairwise comparison revealed statistically signifi-
cant differences between the Zical subgroup on day 7 and
the following subgroups: control on day 7 (p < 0.05); control
on day 30 (p < 0.05); GuttaFlow Bioseal on day 7 (p < 0.05);
GuttaFlow Bioseal on day 30 (p < 0.05); MTA Angelus on
day 7 (p < 0.05); and MTA Angelus on day 30 (p < 0.05).

Furthermore, the pairwise comparison showed statisti-
cally significant differences between the Zical subgroup
on day 30 and the following subgroups: Zical on day 7
(p < 0.05); GuttaFlow Bioseal on day 7 (p = 0.018); and
MTA Angelus on day 7 (p < 0.05).

A significant relationship was also detected between
the MTA Angelus subgroup on day 7 and the control sub-
group on day 7 (p < 0.05), the control subgroup on day
30 (p < 0.05), the GuttaFlow Bioseal subgroup on day 7
(p < 0.05), and the GuttaFlow Bioseal subgroup on day 30
(p < 0.05). Moreover, there was a significant relationship
between the MTA Angelus subgroup on day 30 and the
MTA Angelus subgroup on day 7 (p < 0.05) and the Gut-
taFlow Bioseal subgroup on day 7 (p = 0.010).

Additionally, a significant relationship was detected
between the GuttaFlow Bioseal subgroup on day 7 and
the control subgroup on day 30 (p < 0.05). There was also
a significant relationship between the GuttaFlow Bioseal
subgroup on day 30 and the GuttaFlow Bioseal subgroup
on day 7 (p = 0.001) and the control subgroup on day 7
(p = 0.040).

Moreover, there was a significant relationship between
the control subgroup on day 30 and the control subgroup
on day 7 (p = 0.003).

Regarding the number of cell layers in the capsule, the
highest mean number of cell layers was detected in the Zi-
cal subgroup on day 7, while the lowest number of cell lay-
ers was detected in the control subgroup on day 30; this
difference was statistically significant (p < 0.05).

The pairwise comparison revealed a statistically signifi-
cant relationship between the Zical subgroup on day 7 and
the control subgroup on day 7 (p < 0.05), the control sub-
group on day 30 (p < 0.05), the MTA Angelus subgroup on
day 30 (p < 0.05), and the GuttaFlow Bioseal subgroup on
day 30 (p < 0.05). There was also a statistically significant
relationship between the Zical subgroup on day 30 and the
Zical subgroup on day 7 (p < 0.05), the control subgroup on
day 7 (p = 0.021), the control subgroup on day 30 (p = 0.030),
the GuttaFlow Bioseal subgroup on day 7 (p < 0.05), the

GuttaFlow Bioseal subgroup on day 30 (p = 0.031), and the
MTA Angelus subgroup on day 7 (p < 0.05).

A statistically significant relationships was also de-
tected between the MTA Angelus subgroup on day 7 and
the control subgroup on day 7 (p < 0.05), the control sub-
group on day 30 (p < 0.05) and the GuttaFlow Bioseal sub-
group on day 30 (p < 0.05). There was also a statistically
significant relationship between the MTA Angelus sub-
group on day 30 and the MTA Angelus subgroup on day 7
(p < 0.05), the control subgroup on day 30 (p = 0.031) and
the GuttaFlow Bioseal subgroup on day 7 (p < 0.05).

Additionally, a significant relationship was detected be-
tween the GuttaFlow Bioseal subgroup on day 7 and the
control subgroup on day 7 (p < 0.05), the control subgroup
on day 30 (p < 0.05) and the GuttaFlow Bioseal subgroup
on day 30 (p < 0.05).

There was a non-significant increase in the collagen fi-
ber diameter among the subgroups with time.

Discussion

The biocompatibility of root-end filling cements is one
of the most important requirements of the material, since
it comes into direct contact with the vital periradicular
tissues. In vivo subcutaneous implantation is considered
one of the most reliable procedures to assess the biocom-
patibility of dental materials.?! The endodontic cement
extruded from the polyethylene tube orifice creates a tis-
sue—tube interface, which triggers inflammatory response
similar to that found at the periapical area of an endodon-
tically treated tooth.?? Inert polyethylene tubes were used
for implantation due to their ability to hold the tested
material in direct contact with the tissues.?! An additional
empty tube was implanted as a control in an attempt to
control variables, avoid selection bias, and neutralize any
confounders that might affect the results.!®

In this study, stromal inflammatory response (mononu-
clear cells), vascular changes, fibrous tissue formation, and
the presence of MNGC:s in the subcutaneous tissues of the
rats were evaluated. In all subgroups, the results showed
a moderate to severe stromal inflammatory response pre-
sented as the recruitment of inflammatory cells, numerous
blood vessels and irregular collagen fibers with the pres-
ence of MNGC:s. Following the initial moderate to severe
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reactions, all tissue reactions decreased over time. In ad-
dition, the structural reorganization of the capsules was
demonstrated over time. This is a positive indicator of the
material tolerability, as it is considered an immune reaction
that produces foreign bodies recognized as harmless.?
Besides the recruitment of inflammatory cells, angio-
genesis is essential for fibroblast proliferation and initial
granulation tissue formation.?* The number of blood ves-
sels decreased with time, which may be directly associated
with the regression of the inflammatory reaction and the
rearrangement of the connective tissue. On day 30, the
control subgroup showed the least number of blood ves-
sels, followed by the GuttaFlow Bioseal and MTA Angelus
subgroups; the greatest values were associated with Zical.
Multinucleated giant cells could be observed, as dem-
onstrated in Fig. 2A and 2C. These giant cells disap-
peared with time over the course of the study. These
findings are consistent with the results of another in vivo
study by Ghanaati et al.® In their study, the number of
MNGCs decreased with time as the degradation of the
material progressed, suggesting that MNGCs were the
main phagocytic cells associated with the degradation
of the material.?® Additionally, Hernandez-Pando et al.
proposed that MNGCs contributed to the initiation and
maintenance of the inflammatory process, and might also
be involved in the downregulation of inflammation and
the induction of the fibrotic process via the production
of proinflammatory and anti-inflammatory cytokines, de-
pending on the inflammatory process phase.?® Notably, it
is possible that the apoptotic cell death mechanism was
involved in the elimination of MNGC:s in the tissues.2¢
GuttaFlow Bioseal promoted connective tissue remodel-
ing similar to that observed in the control subgroup, which
indicates that the material was well tolerated by the tissues.
It induced the formation of the collagenous capsule con-
taining blood vessels and fibroblasts with mild inflamma-
tion 30 days after subcutaneous implantation. In previous
studies, GuttaFlow cements (GuttaFlow and GuttaFlow 2)
showed low cytotoxicity,?”?® which is an essential require-
ment for endodontic cements that come in contact with vi-
tal tissues. GuttaFlow Bioseal has been found to be slightly
soluble when in contact with water due to the presence
of soluble bioactive particles. This solubility is within the
American Dental Association (ADA) specifications and
has been suggested to provide the necessary ions needed
for the remineralization of dentin.!? In an in vitro study on
GuttaFlow Bioseal cultured on human periodontal liga-
ment stem cells (hPLSCs), GuttaFlow showed the least cy-
totoxicity, maintained cell viability, and exhibited better cell
migration, morphological characteristics and cytoskeletal
organization patterns. In another in vitro study, GuttaFlow
Bioseal was found to be the most biocompatible when cul-
tured on mouse fibroblast cells as compared to GuttaFlow
2, AH Plus and MTA Fillapex.”
MTA Angelus showed the accentuated recruitment of in-
flammatory cells on day 7. This elevated inflammatory reac-
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tion in the initial assessment period may be due to the high
alkaline pH reached by the cement during setting, leading to
the production and release of proinflammatory cytokines.?’
Additionally, MTA has shown a cytotoxic effect on V79 fi-
broblasts and BALB/c 3T3 cells, which may be due to the
presence of toxic components, such as salicylate and diluting
resins.3® This is in accordance with the findings of this study,
showing that the MTA Angelus subgroup demonstrated in-
flammatory cell infiltration on day 7, which decreased until
day 30, although it was still evident.3!

Zical demonstrated the highest inflammatory infiltration
throughout the study, which may be attributed to its con-
stituents — zinc oxide ions and eugenol oil. These findings
are consistent with an in vivo study showing an intense histo-
pathologic reaction to a ZnO/E sealer throughout the experi-
mental duration, with profuse lymphoplasmacytic infiltrate
and large quantities of macrophages. Similarly, ZnO/E end-
odontic sealers caused a mild to moderate inflammatory re-
action with a predominance of lymphocytes subcutaneously
in rats, which declined into a mild reaction at the later pe-
riod of the experiment.?® The setting reaction of this cement
involves the hydrolysis of zinc oxide ions to zinc hydroxide,
which chelates with eugenol oil in order to give a relatively
soluble matrix of zinc oxide and eugenol with trapped un-
reacted eugenol.!® A study on the cytotoxicity of eugenol re-
ported that it had a significant potential for periapical toxicity.
Eugenol leaches out into the surrounding periapical tissues,
contributing to the development of periapical inflammation,
or even the persistence of a pre-existing periapical lesion.>*
Eugenol may inhibit macrophage function by significantly af-
fecting their adherence and potential for phagocytosis, which
results in inflammatory reactions in the periapical tissues.>>*
On day 30, there was a significant reduction in the inflamma-
tory response produced by Zical. This might be explained by
the neutralization of the previously liberated eugenol, since
Zical is a ZnO/E-based sealer.3>3°

The control subgroup in both time periods showed in-
flammatory reactions, and since polyethylene is an inert
material, they may have been triggered by trauma from
the surgical procedure.?” Accordingly, the inflammatory
reaction brought about by the experimental cements was
due to both the surgical procedure and their components
released into the surrounding tissues. This observation
makes it evident that although the cements did show in-
flammatory response, they were still considered biocom-
patible if the level of inflammatory reponse was accept-
able and restricted to short periods of time.®

Conclusions

Within the limitations of this study, Zical showed the great-
estinflammatory reaction, while GuttaFlow Bioseal exhibited
the least inflammatory reaction. Hence, it can be concluded
that GuttaFlow Bioseal is biocompatible and comparable to
MTA Angelus, making it a promising root canal sealer. It is
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recommended that other stains are used in future studies
for enhanced detection of collagen fibers, such as Masson—
Goldner or picrosirius red staining.
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Abstract

Background. Instrument fracture is one of major challenges during root canal treatment. In order to re-
duce such errors, it seems necessary to investigate the effects of potentially impactful factors. One of such
factors could be the temperature of an agitator.

Objectives. This study examined the effects of different temperature of the sodium hypochlorite solution
on the cyclic fatigue resistance of ProTaper Gold (PTG) rotary files.

Material and methods. Forty-five PTG S1 rotary files were tested in a metal block that simulated a ca-
nal curvature angle of 60° and a curvature radius of 5 mm. They were randomly divided into 3 groups
of 15 according to sodium hypochlorite temperatures of 22°C (group 1), 4°C (group 2) and 37°C (group 3).
Files from each group were rotated at 300 rpm in the block at each temperature. The number of cycles
to fracture was calculated and the fragment length was measured. The fractured surfaces were exam-
ined by means of scanning electron microscopy (SEM). The statistical analysis was completed using the
Kolmogorov—Smimov and Kruskal-Wallis tests, and the IBM SPSS Statistics for Windows software, v. 22.0,
atasignificance level of 5%.

Results. The cyclic fatigue resistance of the PTG rotary files was not significantly affected by the tempera-
ture of sodium hypochlorite (p > 0.05).

Conclusions. Increasing the temperature of sodium hypochlorite to 37°C or decreasing it to 4°C did not
significantly affect the cyclic fatigue resistance of PTG rotary files.

Keywords: temperature, sodium hypochlorite, rotary instruments, cyclic fatigue, nickel-titanium
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Introduction

One of the most important goals in root canal therapy
is to reduce the microbial load in the root canal system
to an acceptable level. One important step in achieving
this goal is the cleaning and shaping of the root canal.!
Currently, rotary files are widely used for shaping root
canals.”? Research has shown that nickel-titanium (Ni-
Ti) rotary files result in fewer procedural errors during
the preparation and shaping of root canals, and more fa-
vorable outcomes as compared to stainless-steel files.!~3
However, the use of rotary files may be associated with
problems, such as file fracture within the root canal.*

The fracture of rotary files within the root canal can
have 2 forms — torsional fracture and cyclic fatigue frac-
ture. Torsional fracture occurs when the file tip is engaged
in the root canal and the file shank is in rotation, leading
to the fracture of the file tip. Cyclic fatigue fracture occurs
when the file undergoes repeated stress and tension, and
fractures within the root canal. Cyclic fatigue is respon-
sible for the majority of fractures. Many studies have been
undertaken in an attempt to reduce the risk of this type
of fracture.*”

Root canal therapy is most commonly performed us-
ing irrigation solutions, with sodium hypochlorite being
the most freqeuntly used.! This irrigation solution exhib-
its high antibacterial activity and strong tissue solubility.
Furthermore, according to some studies, its antibacterial
activity and tissue solubility increase with an increase in
temperature.>® Some studies have reported that the sodi-
um hypochlorite solution can cause the corrosion of Ni-Ti
files due to its hypochlorite ion content. This would affect
its mechanical properties and increase the odds of a sud-
den fracture.” Other studies, however, have reported that
the sodium hypochlorite solution does not have any effect
on the structure of heat-treated files.!°

ProTaper Gold (PTG; Dentsply Tulsa Dental Special-
ties, Tulsa, USA) is a new generation of ProTaper rotary
files. According to the manufacturer, PTG files have been
designed based on advanced metallurgy and exclusive ta-
pering, with high efficacy and a safe tip. Due to the heat-
treatment process, the shape memory and higher plastic-
ity associated with these files reduce the number of the
preparation errors in curved canals. In addition, this gen-
eration of files is more flexible than the ProTaper Univer-
sal file type.!112

Continuous advances in rotary file systems and their
ever-increasing use have made it possible to decrease
the number of procedural errors. Also, according to pre-
vious studies, an increase in the temperature of the so-
dium hypochlorite solution reduces the microbial load.
On the other hand, a decrease in the file temperature
reduces friction and failure during root canal treatment
steps.'>!* A limited number of studies have investigated
the effect of temperature variations on the fracture resis-
tance of these files. Therefore, the aim of this study was

S.A. Mousavi et al. Temperature of NaOCl and the cyclic fatigue resistance

to investigate the effect of the temperature of the sodium
hypochlorite solution on the fracture resistance of PTG
rotary files.

Material and methods

Forty-five PTG S1 rotary files were tested in this study.
The samples were examined using a scanning electron
microscope (SEM) (Leica M205 C; Leica Microsystems,
Wetzlar, Germany) for structural defects or deformities.
Defective files were replaced by new ones with no struc-
tural defects.

The specimens were randomly divided into 3 groups
(n = 15). A sodium hypochlorite (Wizard™; Rehber
Kimya, Istanbul, Turkey) solution was used at 22°C (room
temperature) in group 1, at 4°C in group 2, and at 37°C
(body temperature within the root canal) in group 3. The
concentration of the sodium hypochlorite solution was
5.25% for all groups.

For the cyclic fatigue test, a stainless-steel metal block
with a simulated canal with a curvature angle of 60°,
a curvature radius of 5 mm and a length of 25 mm was
used (Fig. 1). It was designed in such a way so that the file
could move freely within the canal. The file was inserted
into a handpiece connected to an endodontic motor (Sil-
ver; VDW, Munich, Germany). The block and handpiece
were fixed in place with a clamp. The engine speed was
set at 300 rpm and a torque of 5.1 N-cm, based on the
manufacturer’s recommendations. Before starting the
procedure, oil was poured into the canal to reduce fric-
tion. The file was inserted into the canal up to a length
of 25 mm. The block was fixed inside a recipient that was
filled with 5.25% sodium hypochlorite. The temperature
was preset at 22°C, 4°C and 37°C with a tolerance limit
of 1°C. Time was measured with a timer, starting from
the moment when the file began to rotate. The timer was
stopped a fracture was observed or after hearing a frac-
ture sound, and the time was recorded. The time in min-
utes was multiplied by 300 rpm to calculate the number
of cycles to fracture (NCF). The fragment length was
measured under an SEM (Leica M205 C) at x10 magni-
fication. The 3 fractured instruments were cleaned with
absolute alcohol in an ultrasonic bath. The fractured sur-
face was examined using an SEM (Leica M205 C), as dem-
onstrated in Fig. 2-7.

Statistical analysis

The mean (M) and standard deviation (SD) values were
calculated in terms of NCF. The distribution of data was ab-
normal, as confirmed by the Kolmogorov—Smirnov test. The
data was analyzed with the Kruskal-Wallis test. A confidence
level of 95% was established. The IBM SPSS Statistics for
Windows software, v. 22.0 (IBM Corp., Armonk, USA), was
used for data analysis.
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Fig. 3. Scanning electron microscopy (SEM) image of the ProTaper Gold
(PTG) S1 instrument after cyclic fatigue testing using NaOCl at 4°C
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Fig. 4. Scanning electron microscopy (SEM) image of the ProTaper Gold
(PTG) ST instrument after cyclic fatigue testing using NaOCl at 22°C

Fig. 1. Artificial stainless-steel canal %285 magnification.
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Fig. 2. Scanning electron microscopy (SEM) image of the ProTaper Gold Fig. 5. Scanning electron microscopy (SEM) image of the ProTaper Gold
(PTG) S1 instrument after cyclic fatigue testing using NaOCl at 4°C (PTG) S1 instrument after cyclic fatigue testing using NaOCl at 22°C

X277 magnification. %2,000 magnification.
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Fig. 6. Scanning electron microscopy (SEM) image of the ProTaper Gold
(PTG) S1 instrument after cyclic fatigue testing using NaOCl at 37°C
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Fig. 7. Scanning electron microscopy (SEM) image of the ProTaper Gold
(PTG) S1 instrument after cyclic fatigue testing using NaOCl at 37°C

%2,000 magnification.

Results

The M and SD values for NFC are presented in Table 1.
The mean fracture resistance in group 1 was slightly high-
er than that in the other groups. The mean fracture resis-
tance in group 2 was slightly lower than that in the other
2 groups; however, there were no significant differences
in the mean NCF values between the 3 groups (p > 0.05).
Table 1 presents the mean length of the broken pieces at
22°C, 4°C and 37°C; there was no statistically significant
difference between the 3 groups in this respect (p > 0.05).

Table 1. Number of cycles to fracture (NCF) and length of the broken
pieces in all study groups

Group NCF Length of the fractured piece

[mm]
(Group T 124850000 £299.17526 442+ 045 |
(Gioup2 107650000 £190.93411 4984056 |
[Group3 111950000 +117.81174 448+071 |

Data presented as mean + standard deviation (M £5D).
Group 1 =NaOCl at 22°C; group 2 — NaOCl at 4°C; group 3 — NaOCl at 37°C.
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Discussion

The introduction of rotary files has resulted in faster
root canal therapy and fewer procedural errors during
root canal preparation. One of the most common errors
during root canal therapy is file fracture within the root
canal. The highest probability of fracture is related to fa-
tigue. Factors that affect fatigue resistance include the ca-
nal curvature, the length and anatomy of the root canal,
the frequency of file use, the design of the file, the metal
alloys used in the file, the sterilization process, the rotary
machine factors, and the operator’s experience.!>~18

Recently, the effect of environmental temperature has been
investigated as a factor affecting fracture resistance.!%! The
majority of these studies have investigated the effect of tem-
peratures higher than the temperature within the root canal.
A temperature of 4°C is considered a low temperature of the
sodium hypochlorite solution; also, the sodium hypochlorite
solution is stable at this temperature.”’ Temperatures of 37°C
and 22°C are considered root canal and environmental tem-
peratures, respectively. A concentration of 5.25% was select-
ed for the sodium hypochlorite solution in this study, since it
is commonly used in root canal therapy.?!

In this study, fatigue resistance was determined with
a device that was similar to that used in previous stud-
ies.1822 The length of the broken pieces was not signifi-
cantly different between the groups, which indicates the
presence of a similar location of stress in the root canal,
i.e., the middle of the curvature in the root canal, which is
consistent with previous studies.!%2?

Previous clinical studies have shown that when the irri-
gation solution is delivered into the root canal at different
temperatures, the body tends to balance its temperature
with the temperature within the canal, which is around
35°C.2! One of the factors that can influence fracture resis-
tance is the temperature at conversion from the austenitic
phase to the martensitic phase during the fabrication of the
file alloy. If this temperature is between room temperature
and the temperature within the root canal, the file tempera-
ture reaches the phase transition temperature when the file
is inserted into the canal, resulting in a decrease in fatigue
resistance and an increase in the odds of fracture.”

One of the advantages of PTG Gold files over previ-
ous generations is that its phase transition temperature is
higher than the temperature within the root canal.? In this
study, unlike in previous studies, the temperature of the
solution did not affect the fracture resistance of the files,
which might be attributed to the phase transition tempera-
ture; therefore, in heat-treated files, temperature has a less-
er effect on the fracture resistance of the files.2*

In another study, the effect of 3 temperatures of the so-
dium hypochlorite solution (22°C, 37°C and 50°C) on the
fracture resistance of files was investigated.!* It was report-
ed that a temperature of 37°C had no effect on fracture re-
sistance, which is consistent with the results of the present
study, while a temperature of 50°C increased the fracture
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resistance of the rotary files.!* Another study determined
that a decrease in environmental temperature to 0°C in-
creased the fracture resistance of the tested files.!’

Previous studies have shown that contact between the so-
dium hypochlorite solution and Ni-Ti files might result in
the corrosion of the files. If this corrosion does not occur in
the area of file which is affected by high stress, it cannot af-
fect the fracture resistance of the file.” According to the man-
ufacturer’s claims, in newer generations, files do not undergo
corrosion due to more advanced metallurgy. For example,
a study on the effect of high concentrations of the sodium
hypochlorite solution at 22°C, 37°C and 50°C determined
that the concentration of the sodium hypochlorite solution
did not affect the fracture resistance of rotary files, which is
consistent with the results of the present study.*

A similar study compared the effects of environmental
temperature and the temperature within the root canal on
the fracture resistance of ProTaper Universal and PTG files.??
It concluded that temperature did not affect the fracture re-
sistance of PTG files, while increasing the temperature de-
creased the fracture resistance of ProTaper Universal files,
which is consistent with the results of the present study.”

Since the fracture resistance of files depends on different
factors, including the type of file and the method applied in
the study; it is suggested that other files and temperatures
should also be evaluated. In addition, since this study was
carried out in vitro, it is suggested that, if possible, clinical
studies should be carried out on vital teeth.

Conclusions

Increasing the temperature of the sodium hypochlorite
solution to 37°C or decreasing it to 4°C did not signifi-
cantly affect the fracture resistance of PTG rotary files.
In addition, the length of the broken pieces was not sig-
nificantly different between the 3 groups. Since this study
was carried out in vitro, it is suggested that further clinical
studies be undertaken on vital teeth.
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Abstract

This article describes what changes have had to be made to the functioning of dental practices due to the
COVID-19 pandemic and how the pandemic has affected dental staff. Dentists are at high risk of infection
and this is associated with fear, including the fear of being infected by their co-workers and patients, or
that they will infect their families. The introduced changes include increased protective measures, and the
introduction of additional questionnaires and procedures. In dental practices, the use of personal protective
equipment (PPE) has been increased and changes have been introduced in the functioning of surgeries
in accordance with the recommendations of dental associations and governments. The aforementioned
changes have significantly reduced the comfort of dental work, increased the costs of treatment and re-
duced the availability of dental treatment. A novel solution to this situation has been the implementation
of teledentistry, which helps to reduce the number of non-emergency visits. This process involves the re-
mote facilitation of dental treatment by means of technology (i.e., phone or the Internet) without direct
contact with the patient. Due to the restrictions implemented during the pandemic, many universities have
introduced remote or hybrid teaching for both didactic and practical classes.

Keywords: dentistry, dental practice, dental education, COVID-19, pandemic
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the 7% virus in the coronavirus family.
This virus is very easily transmitted by contact with in-
fected individuals, both symptomatic and asymptomatic.!
Restricting out-of-home movement, social distancing, the
cessation of almost all work activities, and wearing pro-
tective masks and gloves are intended to minimize the
transmission coronavirus disease 2019 (COVID-19).2 The
COVID-19 pandemic has had a significant impact on the
lives of all human beings.>* Contact with other people has
been reduced or eliminated, which has significantly af-
fected mental health along with personal and professional
life.>® Medical professions, depending on their specializa-
tion (different distances between workers and patients),
are exposed to infectious agents to varying degree.” Den-
tists are most at risk of COVID-19 infection, even more
than nurses and general practitioners.? This fact results
from immediate contact with the oral cavity, where the
virus is present. Moreover, water spray, which can reach
up to 2-3 m from the patient’s mouth, considerably in-
creases dental personnel’s exposure to the virus.®? This
has resulted in many changes in the functioning of dental
practices. !0

The aim of this article was to describe and discuss
changes in the availability and quality of dental services
and dental education during the COVID-19 pandemic
based on a review of the literature.

Method

The selected articles were obtained by searches, using
Google Scholar and PubMed. The selection of scientifi-
cally valid sources took place between December 1 and
29, 2020. The following keywords were used: ‘COVID-19’;
‘SARS-CoV?2’; ‘pandemic’; ‘coronavirus’; ‘dentistry in the
pandemic’; ‘teledentistry’; ‘dental education’; ‘stress’; ‘pro-
tective measures in the pandemic’; ‘psychological impact’;
and ‘mental health) Out of 96 retrieved articles, 51 items
were selected for this paper. Bibliographic reviews, sys-
tematic reviews, meta-analyses, cohort studies, and stud-
ies in English, Polish or Croatian were included. The ex-
clusion criteria were as follows: articles not related to the
topic; animal studies; full text not available; and articles in
other languages. No time limits were applied during the
screening phase with regard to the scientific articles.

Psychological consequences
of COVID-19

At the onset of the pandemic, there was no knowl-
edge on the transmission of SARS-CoV-2, and therefore

M. Lewandowska et al. Impact of the COVID-19 pandemic on dentistry

no guidelines were introduced. As a result, dentists did
not fully know how to proceed, and the first reaction
of many of them was to close down their offices at the end
of March 2020.12

Doctors’ main concerns were the fear of infecting their
family, their own safety and the awareness of the mor-
tality due to COVID-19 infection.!>'* Healthcare work-
ers were not immune to the psychological consequences
of COVID-19." They were at higher risk of developing
anxiety, depression and high levels of stress during the
outbreak of SARS-CoV-2.1>16 The reasons for this includ-
ed excessive workload, inadequate personal protective
equipment (PPE) and the feeling of being inadequately
supported.!>!”

The concern about being infected with COVID-19
by a patient was a major psychological strain.!*!® Fur-
thermore, psychological distress has been identified as
a cause of the potential reduction in the quality of treat-
ment provided. It seems that young practitioners became
more stressed when the spread of COVID-19 accelerated.
It was noted that decision-making skills, clinical experi-
ence, the ability to deal with the encountered difficulties,
and job satisfaction were higher in specialized dentists,
who managed stress more effectively than novices.!’the
aim of this study was to evaluate the level of perceived
stress (PS Moreover, dentists working within the private
sector (clinics and/or institutions) experienced higher
levels of stress than dentists working in hospitals or state
institutions.?

A survey conducted in March 2020 among 650 dentists
from 30 countries in Europe, Asia, Australia, and North
America showed that 66% of respondents wanted to close
their practices until a significant decrease in COVID-19
cases, 87% of individuals were afraid of being infected,
92% had concerns about infecting family members, and
72% felt nervous talking to a patient in close proximity.°
Moreover, a survey conducted in April 2020 among 365
dentists in Northern Italy reported that 6.2% of respon-
dents experienced anxiety intensely, 37.4% experienced
it lightly and 23.6% experienced it moderately.?’ Intense
sadness was felt by 12.6% of individuals and intense anger
by 9.3%, while 44.1% of respondents did not experience
anger at all.?’ In conclusion, health professionals experi-
enced different emotions and moods at different levels,
but anxiety and stress were the most common. The fear
of infection was inherent in the experiences of dental pro-
fessionals.

Changes in the organization
of dental practices

In the dental practices which were reopened or were
not previously closed, increased personal protection
measures and changes in the functioning of these practic-
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es were applied in accordance with the rapidly changing
recommendations from dental associations and govern-
ments.®#?! Dentists were to avoid planned patient treat-
ment during the COVID-19 pandemic, with only pain
patients being treated and those needing urgent assis-
tance.2?! The recommendations also included abstaining
from the aerosol-generating procedures which involve us-
ing a turbine, a handpiece or air-water syringes. Unfor-
tunately, these instruments are necessary to achieve the
right quality of treatment.??

Changes in the functioning of dental practices included
larger intervals between patients and fewer patients being
treated to prevent contact in the waiting room, increased
frequency of disinfection, taking additional medical his-
tory of the potential contact with a coronavirus patient
or COVID-19 symptoms, and more restrictive treatment
protocols.®2! The SARS-CoV-2 virus can persist on sur-
faces from a few hours to several days, depending on the
type of surface, temperature or humidity. This reinforced
the need for thorough disinfection of all surfaces in the
dental practice.?? Each area in the waiting room was as-
sociated with a risk of infection. Therefore, in addition
to ensuring adequate periodic air exchange, all surfaces,
chairs, magazines, and doors that could come into contact
with medical staff and patients were to be treated as “po-
tentially contaminated”? The complete removal of leaf-
lets and magazines from the dental office was also to be
considered.?* In order to reduce the number of people in
the office, people accompanying the patient were asked to
wait outside or in a car, the exception being when the pa-
tients were unable to arrive to the appointment by them-
selves due to their health condition.? In the waiting room,
the chairs were taped and marked with social distance
signs.?* The whole air conditioning system required strict
and frequent decontamination.?

Protective measures

Personal protective equipment included N95 or pref-
erably N99 masks (FFP2 and FFP3, respectively), dispos-
able aprons and caps, easily washable shoes, and addi-
tional protection of the doctor’s eyes and face in the form
of a face shield, instead of just protective glasses.® Proper
hand hygiene has been identified as the most important
factor in reducing the transmission of microorganisms
to patients.?® Dentists were advised to avoid or minimize
situations that may cause the formation of aerosol. The
use of high-volume saliva ejectors was advised to reduce
the production of droplets and aerosol.? Since the num-
ber of pathogens contained in the human saliva is very
high, rinsing the mouth with antiseptic liquids can reduce
the amount of infectious particles, but cannot eliminate
the virus from the saliva entirely.? Many products, such
as chlorhexidine (CHX), cetylpyridinium chloride (CPC)
and essential oils (EO), have been used in oral rinses.
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They exhibit antibacterial, antifungal and antiviral prop-
erties.?” The use of a rubber dam while performing proce-
dures was recommended to reduce contact with the saliva
by reducing the number of droplets around the operat-
ing field by 70%.2 If the use of a rubber dam was not pos-
sible, it was recommended to treat the cavities with hand
tools.® The use of a face shield was highly recommended.
However, the use of magnifying glasses and a microscope
was cumbersome due to the bulk of the mandatory attire.®
Minimally invasive procedures were also recommended
to avoid increased salivary secretion, coughing or vomit-
ing, which also may affect the quality of treatment.® The
procedures involving taking tomography or extraoral X-
rays instead of intraoral projections were favored. More-
over, the use of scaling or other treatment producing
spray needed to be limited.3!%2!

In addition, the time required for the treatment of a sin-
gle patient has been prolonged, due to the initial inter-
viewing of patients for COVID-19-related medical his-
tory, pre-qualification surveys for COVID-19 and the
measurement of body temperature.?®

Cost increases

The aforementioned changes have significantly reduced
the comfort of dental work, increased the costs of treat-
ment and reduced the availability of dental services.?!
Financial stress and anxiety are some of the important
aspects of financial mental health, which can impact
an individual’s cognitive, emotional and relational well-
being.!® According to a telephone survey carried out be-
tween March 24 and April 2, 2020 in Germany, carried
out after 135 days of restrictions, 12-29% of practices
were not able to cover their operating costs.?” The longer
the restrictions, and the associated closures, reductions
in the number of patients and increases in the amount
of new PPE last, the worse off dental practices and clinics
will be.?”

The overall need to introduce the aforementioned ad-
ditional PPE came with additional costs. Since the start
of the pandemic, the costs of personal protective mea-
sures and additional disinfectants have increased.?! As
the number of patients has been reduced and costs have
grown, some dentists have been forced to introduce ad-
ditional fees for each visit or to increase the price of treat-
ment.?® A partial economic evaluation was carried out in
Brazil, using the activity-based costing method to calcu-
late the purchase of the PPE and decontamination solu-
tions recommended for dental clinical practices during
the COVID-19 pandemic.?® Two scenarios were com-
pared — pre-COVID-19 and post-COVID-19, by taking
prices from at least 3 online quotations made in May 2020.
The pre-COVID-19 scenario included the standard use
of disposable gloves, disposable masks, disposable caps,
disposable coats, and safety glasses. The post-COVID-19
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scenario included the use of disposable gloves, N95/FFP2
masks, disposable masks, disposable caps, disposable
shoe covers, waterproof medical coats, disposable gowns,
protective goggles, and face shields. Each disposable item
was replaced after each patient. The waterproof medical
coat was recommended to be used for the whole day. The
dentists and dental hygienists were advised to use protec-
tive goggles and face shields, which were disinfected be-
tween patients. The cost of the protective goggles and face
shields was spread over the number of uses and the equip-
ment was recommended to be replaced every 6 months.
Prior to the COVID-19 pandemic, the direct costs of bio-
safety recommendations amounted to R$0.84 per patient,
R$6.69 per service shift and R$3,413.94 per year. The
post-COVID-19 costs of biosafety recommendations re-
sulted in R$16.01 per patient, R$128.07 per service shift
and R$32,657.96 per year. The costs of disposable PPE in
the post-COVID-19 scenario consisted of R$122, which
was 95.26% of the total.?® The results of the abovemen-
tioned study show that changes in biosafety protocols
during the COVID-19 pandemic have significantly in-
creased the costs of dental consultations.?® Most fixed
costs, such as the staff costs, materials and installments,
are difficult to reduce and require redundancies.?” A large
number of costs, such as the costs of disinfectants, PPE
and disposable materials, will only grow.2>?” Without in-
creases in the service costs, dental clinics will not be able
to survive.2” However, an increase in the treatment costs
means a decrease in the availability of dental services,
and, while almost all large- and small-scale sectors are on
the verge of losing their ground, the dental healthcare sec-
tor is no exception.%%’

Teledentistry

The closure of dental offices resulted in the lack
of proper dental care, and consequently a deterioration
in patients’ oral health.!> However, a new and interesting
solution to the situation of the pandemic turned out to
be teledentistry. Teledentistry involves the remote facili-
tation of dental treatment by means of technology (i.e.,
phone or the Internet) without direct contact with the
patient.?’ It can take the form of a real-time consultation
or be realized through the store-and-forward method.303!
A real-time consultation involves a video conference be-
tween the doctor and the patient.?? Based on the patient’s
history and clinical symptoms, the dentist makes a de-
cision about the necessity of the patient’s appearance at
the dentist’s office. In situations where dental treatment
does not have to be undertaken immediately, appropri-
ate detailed instructions for home medical care should be
provided by means of teleinformation and prescriptions
should be issued for the recommended medication.! Ad-
ditionally, the store-and-forward method involves shar-
ing clinical information between specialists for consul-
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tation and treatment planning.?® The patient does not
participate in this form of consultation.?>** There may
be exchanges between physicians, involving radiographs,
graphical representations of periodontal and hard tissues,
treatment, laboratory results, photographs, and other
information transportable through multiple providers.3*
A third method has also been described, known as the
remote monitoring method, in which patients are moni-
tored remotely in real time, and can be either hospital-
based or home-based.®

Teledentistry has the potential to address patients’ ther-
apeutic needs and reduce healthcare costs.?* It enables re-
dressing the balance in access to dental care for patients
in rural areas, nursing homes, and those who have mo-
bility or transportation problems.!33¢ Moreover, it plays
an important role in many fields of dentistry and enables
rapid diagnoses of patients at a distance. In the case of im-
pacted or semi-impacted third molars, a remote diagnosis
brings the same results as a real-time diagnosis.?” With
the help of teledentistry, orthodontic specialists can pre-
pare, advise, and even supervise general dentists when
a patient is unable to see an orthodontist.?® A diagnosis
of caries in young children is performed just as well with
teledentistry as it is conventionally.?® Of course, it will not
replace most dental visits, but at the same time provides
many advantages.>

Education of future dentists

Medical and dental universities educating future doc-
tors and dentists are also facing a problem. Many uni-
versities have introduced online or hybrid teaching. So-
cial distancing continues to be one of the most effective
means of protection against the infection. Therefore,
classes with a larger number of students, such as lectures
and seminars, have been moved completely to online plat-
forms.1%4 All types of knowledge testing, such as exams,
colloquia and tests, have been conducted online as well.
Whether or not such solutions can produce measurable
effects on education will have to be evaluated in the fu-
ture.®

Although e-learning is considered enjoyable by many
students,>® they are still worried about acquiring practi-
cal skills entirely through online learning.** Some dental
students may have fewer opportunities to practice and
develop their manual and practical skills, which are par-
ticularly important in dentistry.*> Learning on phantoms
during pre-clinical classes can only partially compensate
for the lack of contact with actual patients.*

The fact that students might not learn certain practical
skills due to the lack of actual clinical classes could prove
to be a major problem. The consequence of this could be
an extended transition time from a student to a qualified
healthcare professional, due to the need to catch up on
their clinical skills. Students of senior years are faced with
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the worst situation, since they will not have time to catch
up, in contrast to younger students. Therefore, many uni-
versities have prioritized the organization of classes for
students who perform clinical procedures.*” Many stu-
dents have therefore expressed the need to return to the
traditional form of education in the near future. However,
they realize that the way of education may have changed
for the years to come.*® On the other hand, a positive ef-
fect of online education turned out to be that it has en-
couraged students to expand their knowledge on their
own and to use resources provided on the Internet, such
as webinars, clinical videos, etc.84

Changes in the way education is provided have regarded
not only students, but also academic teachers, who addi-
tionally do clinical work in their own offices. The changes
caused by the pandemic have significantly affected both ar-
eas of their responsibilities. New solutions and procedures,
which continue to be introduced practically overnight, re-
sult in increased feelings of stress and anxiety. Doctors who
are also academic teachers speak out about the burden they
feel particularly during this time of crisis.*”>°

Overview and future perspectives

During the course of the pandemic, increased feelings
of fear, anxiety and sadness have been observed among
dentists. Due to these emotions, many practices closed
down at the beginning of the pandemic, making it dif-
ficult for patients to access treatment. Changes such as
extended breaks between patients and accepting only ur-
gent cases had a similar effect. Increased safety measures,
such as additional protective clothing, antiseptics, etc.,
resulted in increased treatment costs. Increases in prices
were not always reimbursed. Choosing alternative meth-
ods of treatment may not give equally good results and
could result in a lower quality of dental services. However,
the full quality of dental treatment during the COVID-19
pandemic will certainly still be examined from a long-
term perspective.

Based on the literature, it can be concluded that the lon-
ger the pandemic lasts, the higher the stress among medi-
cal workers. Personal protective equipment will become
part of the daily operation of dental practices. Teledentistry
will develop more rapidly and on a larger scale, so that it
can be of use to patients more than it used to be. Modern
technology and wide access to the Internet could make this
possible. The Internet will also play a greater role in the
education of future dentists. However, it will not replace
practical classes and contact with real patients.

To sum up, the COVID-19 pandemic is forcing changes
in the education of dental students as well as in everyday
dental practice. It also affects the availability and quality
of dental services for patients. Consequently, new proce-
dures have been developed and quickly implemented into
everyday work. Until the epidemiological situation calms
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down, the changes introduced will stay with us longer and
could possibly last forever.
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Abstract

Peri-implant mucositis is a common inflammatory lesion of the soft tissues surrounding endosseous
implants, with no loss of the supporting bone. Its prevention or early diagnosis are vital for dental implant
SUCCESS.,

The aim of this review was to investigate knowledge strengths and gaps in clinicians’ perceptions of peri-
implant mucositis prevalence and evidence for successful treatment.

A literature search for articles published until 2020, reparting on the prevalence of peri-implant mucosi-
tis and its treatment was performed in standard online databases. The inclusion criteria were as follows:
studies in English; studies with an available abstract; studies on humans with at least 1 dental implant;
and studies reporting on the prevalence and/or treatment of peri-implant mucositis. Sixty-five studies
fulfilled the inclusion criteria. The included papers were analyzed to identify data on the prevalence and
treatment of peri-implant mucositis. The prevalence statistics for peri-implant mucositis had wide ranges
in both the patient-based (PB) analysis and the implant-based (IB) analysis; the possible reasons for these
wide ranges are discussed. Treatment methods for peri-implant mucositis were analyzed individually and
compared to the management of gingivitis.

It was determined that the currently available information on the prevalence rates and the standardized
therapeutic protocols for peri-implant mucositis are insufficient. Since the mean gingivitis and peri-implant
mucositis prevalence rates in the PB analysis were similar, it is possible that peri-implant mucositis is
underestimated due to variables related to implant rehabilitation itself.

Keywords: inflammation, dental implant, literature review, oral mucositis, peri-implant healing


https://creativecommons.org/licenses/by/3.0/

546

Introduction

Dental implants are widely used for oral rehabilitation.
They are biocompatible prosthetic devices implanted in
living bone and, for this reason, the peri-implant tissue
conditions can change over time.>> Healthy peri-implant
tissues are characterized by the absence of erythema,
bleeding on probing (BoP), swelling, and suppuration.®

Once osteointegration has been achieved, allowing for
the healing time after implant insertion, implant compli-
cations can occur due to mechanical problems, inflam-
mation and/or the loss of the surrounding tissues (the
oral mucosa and the supporting bone). These could lead
to relevant discomfort for the patient as well as implant
failure over time.* After osteointegration has occurred,
implants may become contaminated and peri-implant tis-
sues could become inflamed, causing peri-implant muco-
sitis and/or peri-implantitis.?

In an animal study on beagle dogs, Berglundh et al.
compared the anatomy and histology of peri-implant
and periodontal tissues in block biopsies.” A histological
examination showed that both presented well-keratinized
areas (the oral epithelium and the outward portion of the
peri-implant mucosa), but periodontal tissues presented
only a few cells of thick epithelium in contact with the im-
plant abutment. Also, peri-implant tissue fibers displayed
a parallel course originating from the crestal bone, while
periodontal tissue fibers were perpendicular to the dental
root, going from the root cementum to the alveolar bone.’

Likewise, blood supply differed from an anatomical
point of view — the peri-implant bone vasculature con-
sisted only in the periosteum source, while gingival supply
was guaranteed by a double source composed of supra-
periosteal and periodontal ligament vessels.®

Being aware of histological differences between peri-
implant tissues and the periodontium is fundamental to
better understand the peri-implant tissue biology. Clini-
cians, implant-rehabilitated patients and the dental in-
dustry have mainly based their maintenance approaches
on the techniques and tools derived from the pre-implant
era.

Peri-implant mucositis is an inflammatory lesion of the
soft tissues surrounding an endosseous implant, with no
loss of the supporting bone or the continuing marginal
bone.” Conversely, peri-implantitis is described as a patho-
logical condition occurring in tissues around dental im-
plants that is characterized by inflammation in the peri-
implant connective tissue and a progressive loss of the
supporting bone.8

The etiology of peri-implant mucositis has been de-
scribed as the accumulation of bacterial biofilm around
the implant, which may cause signs and symptoms
of inflammation, such as local swelling, redness, pain,
and BoP.” The diagnosis of peri-implant mucositis vs.
peri-implantitis is made by the evidence of pathological
bone loss.” While peri-implant mucositis exhibits signs
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of inflammation with no bone loss besides the remodel-
ing process of the alveolar bone during the first year after
implantation, peri-implantitis shows signs of inflamma-
tion associated with a further loss of the crestal bone.3”
In recent years, there has been a general consensus that
following the first year of implant functioning, bone
loss around dental implants >2 mm represents peri-
implantitis.'°

Data indicates that patients diagnosed with peri-
implant mucositis may develop peri-implantitis, especially
in the absence of regular maintenance care, but the pro-
cesses and reasons for this pathological progress remain
unknown.!! Factors associated with peri-implant muco-
sitis include biofilm accumulation, smoking and radiation
therapy.” Regular supportive peri-implant care with bio-
film removal is an important preventive strategy against
the conversion of a healthy tissue to peri-implant mucosi-
tis, and also against the progression of peri-implant mu-
cositis into peri-implantitis.”!!

There is evidence that peri-implant mucositis can be
successfully treated. The resolution of the clinical signs
of inflammation may take more than 3 weeks following
the restoration of plaque/biofilm control.'! The manage-
ment of peri-implant inflammation should be addressed
in terms of infection control, decontamination of the im-
plant surface and regeneration of the alveolar bone when
needed.!?

The early diagnosis and prevention of peri-implant
infections are essential for the long-term dental implant
success. In order to perform a thorough evaluation of the
peri-implant conditions, peri-implant probing and rela-
tive radiographs are always required.!>!3

The purpose of this review was to highlight possible
clinicians’ perception problems related to peri-implant
mucositis, to investigate the prevalence of peri-implant
mucositis reported in the literature and to analyze the
evidence-based data regarding its treatment.

Material and methods

Focus question

The focus question for the literature search was: “What
is the clinician’s perception regarding the prevalence
levels and treatment strategy efficacy/evidence for peri-
implant mucositis?”

It was structured according to the PICO format!*:

— Population: patients rehabilitated with dental implants;
— Intervention: implant prosthesis, peri-implant tissue,
and peri-implant mucositis prevalence and treatment;

— Comparison: diagnostic criteria and peri-implant mu-

cositis treatment;

— Outcome: finding consistency between prevalence
and perception, and differences between various kinds
of treatment.
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Search strategy

The PubMed/MEDLINE, Embase, Scopus, Web of Science,
and Cochrane databases were searched to identify
published articles reflecting the inclusion criteria: studies
in English; studies with an available abstract; studies
involving humans with at least 1 dental implant; and
studies reporting data on the prevalence and/or treatment
of peri-implant mucositis. The search strategy was divided
into 2 parts: a pre-search to avoid discrepancies between
findings due to the device used (a personal computer or
a mobile device); and a focus question search.

The pre-search was used to determine the device and
keywords that provided the greatest number of results
in order to establish the focus question search. The pre-
search concerned peri-implant mucositis studies pub-
lished up to 2020. The terms used for the identification
of keywords were: ‘peri implant’ OR ‘peri-implant’ OR
‘peri-implant mucositis’ AND ‘mucositis’

The focus question search was carried out on a personal
computer to analyze the abovementioned databases,
using the 2 keywords that yielded the greatest number
of results in the pre-search. The focus question search
concerned peri-implant mucositis studies published up to
2020. The terms used for the identification of keywords
were: ‘peri implant mucositis’ OR ‘peri-implant mucositis’
AND ‘prevalence’ OR ‘treatment’.

The focus question search yielded 99 articles for “peri
implant mucositis prevalence’, 99 for “peri-implant mu-
cositis prevalence’, 300 for “peri implant mucositis treat-
ment’, and 271 for “peri-implant mucositis treatment”.

Screening and selection

The inclusion criteria were as follows: studies in English;
studies with an available abstract; studies involving humans
with at least 1 dental implant; and studies reporting on the
prevalence and/or treatment of peri-implant mucositis.

The exclusion criteria were as follows: studies in a lan-
guage other than English; studies without an available
abstract; non-clinical studies; studies without dental im-
plants; and studies reporting on neither the prevalence
nor the treatment of peri-implant mucositis.

Once the studies were selected according to the above-
mentioned initial screening, only those fitting the follow-
ing categories were included: randomized clinical trials
(RCTs); controlled clinical trials (CCTs); cohort studies;
cross-sectional studies; and case—control studies.

The studies were first screened by titles and abstracts,
and examined by 2 reviewers. The full text of the selected
articles was retrieved and the study results were analyzed.
Review articles and systematic reviews were also studied
in order to find other articles that did not emerge during
database inquiries.

Full-text studies admitted for final analysis were divided
into 2 groups: the prevalence group; and the treatment group.
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Results

Sixty-five studies fulfilled all the inclusion criteria:
25 RCTs; 3 CCTs; 15 cohort studies; 20 cross-sectional
studies; and 2 case—control studies. All these studies were
divided into 2 main groups according to the ‘prevalence’
(n = 34) or ‘treatment’ (n = 31) Medical Subject Headings
(MeSH). The results according to the type of study are
shown in Table 1 for the prevalence group and in Table 2
for the treatment group.

In the prevalence group, cohort and cross-sectional
studies constituted the majority of the research devoted
to peri-implant mucositis (Table 1). In cohort studies, the
peri-implant mucositis prevalence rates ranged between
7.14% and 68.00% in the patient-based (PB) analysis (re-
ferring to the number of patients included in the analysis),
and between 5.06% and 38.00% in the implant-based (IB)
analysis (referring to the number of implants included in
the analysis). In cross-sectional studies, the peri-implant
mucositis prevalence ranges varied from 20.80% to 80.90%
in the PB analysis, and from 21.00% to 90.00% in the IB
analysis (Table 3).

In the treatment group, there were RCTs, CCTs, cohort
studies, and 1 case—control study (Table 2). The search
found 1 RCT on the use of sodium hypochlorite gel,
1 RCT about the modification of the prosthesis, 1 RCT on
the use of a drying agent associated with manual debride-
ment, 2 RCTs in which chlorhexidine gel was used, 1 RCT

Table 1. Prevalence group results according to the type of study

Type of study Number of articles

RCTs 0 |
s 0 |
‘ Cohort studies 13 ‘
‘ Cross-sectional studies 20 ‘

|

‘ Case—control studies 1

RCT - randomized clinical trial; CCT - controlled clinical trial.

Table 2. Treatment group results according to the type of study

Type of study Number of articles

RCTs 25 |
s 3 |
‘ Cohort studies 2 ‘
‘ Cross-sectional studies 0 ‘

|

‘ Case—control studies 1

Table 3. Peri-implant mucositis prevalence ranges according to the type
of study

Prevalence range
[%]

Type of study

PB analysis IB analysis
| Coort studies 7.14-68.00 506-3800 |
‘ Cross-sectional studies 20.80-80.90 21.00-90.00 ‘

PB - patient-based; IB — implant-based.
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Table 4. Treatment proposed with regard to the type of study

Type of study Treatment tested

RCTs, CCTs and

Cohort studies

a case—control study

sodium hypochlorite gel
modifying the prosthesis
desiccant agent
chlorhexidine gluconate
cetylpyridinium
triclosan
chitosan brushes
probiotics
diode laser
photodynamic therapy
air polishing
enamel matrix derivative
ozone
hydrogen peroxide
systemic antibiotics
azithromycin
mechanical curettage

non-surgical therapy

Table 5. Treatment proposed and related results and conclusions

Treatment

Authors, year

Study type

Study description

in which a mouth rinse with 0.03% chlorhexidine and
0.05% cetylpyridinium was assessed, 1 RCT that inves-
tigated 0.12% chlorhexidine gluconate, 3 RCTs in which
toothpastes containing triclosan were assessed, 1 RCT
in which chitosan brushes were used, 5 RCTs about pro-
biotics (in one of the studies, photodynamic therapy was
added to probiotic administration), 2 RCTs about photo-
dynamic therapy, 3 RCTs about air polishing, 1 RCT in
which an enamel matrix derivative was used, 1 RCT on
the use of ozone and/or hydrogen peroxide, and 2 RCTs
in which systemic antibiotics supported mechanical de-
bridement. The 2 cohort studies were about mechanical
debridement and biofilm control (Table 4).

The selected studies proposed various kinds of treat-
ment, including sodium hypochlorite gel, a desiccant agent,
chlorhexidine, triclosan, chitosan brushes, probiotics,
diode laser therapy, photodynamic therapy, air polishing,
and antibiotics. Most of these consisted of mechanical
debridement combined with an additional therapy, such as
sodium hypochlorite gel, a desiccant agent, chlorhexidine,
probiotics, photodynamic therapy, an enamel matrix
derivative, and systemic azithromycin (Table 5).

Implant

Results Conclusions

Sodium
hypochlorite
gel

Modifying
the implant-
supported
prosthesis

Topical
desiccant agent
in association
with manual
debridement

Chlorhexidine-
containing
brush-on gel

Chlorhexidine
gel

of publication

lorio-Siciliano
etal.
20207

de Tapia et al.
2019%

Lombardo et al.

2019%

Hallstrom et al.

20174

Heitz-Mayfield
etal.
20114

mechanical debridement
with sodium hypochlorite

triple-blind gel
RCT (test group)
6-month Vs,
follow-up ~ mechanical debridement
with placebo gel
(control group)
modifying
the prosthesis
RCT to allow better
6-month oral hygiene
follow-up (test group)
or not
(control group)
desiccant agent
after debridement
(test group)
RCT VS.

1% chlorhexidine
after debridement
(control group)

double-blind  chlorhexidine-containing

RCT brush-on gel used as
12-week an adjuvant to
follow-up ~ mechanical debridement
non-surgical debridement
RCT with/without

0.5% chlorhexidine gel

number

PPD decreased in both the

test and control groups areC:oTEilgtne
46 68 (p=0.0001 ;
was not achieved
and p=0.0001, .
) with either therapy
respectively)
45 changes in mBl in the test
and control groups were g
test 145 1.14 and 0.50, respectively rorsntlfw)gls?s”ir:rg\] tl:oeve d
-4 (=018}, i PP pclinical outcgmes
control —0.31 mm and 0.02 mm,
-21 respectively (p = 0.040)
a complete
the FesF group presented resolution of the
significantly greater inflammator
23 52 reductions in BoP. mBlI, . y
conditions
VPI, and mPI )
than the control grou was not achieved
group by either group
the test group presented e findiings
a reduction in BoP -
indicate moderate
after 4 and 12 weeks S
37 37 but significant
as compared to ) )
improvement in
e ComiTe] o clinical parameters
(p < 0.05) P
at 1 month and from
7 1 to 3 months, there were adjunctive
statistically significant chlorhexidine gel
test reductions did not improve
15 29 in the mean number the results
of sites with BoP and as compared to
control ) .
14 the mean PPD values mechanical cleaning

atimplants alone

in both groups
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Treatment Author_s year Study type Study description [IELL Results Conclusions
of publication number
o -
0.03% , 0.03% chIorhex@mg and 46 2 reduction in BoP the use oft'he
- double-blind  0.05% cetylpyridinium } test mouth rinse
chlorhexidine - ! in the test group
Pulcini et al. RCT mouth rinse test demonstrated some
and 0.05% - 54 (p=10.002) ) ) )
. 2019 12-month VS. -24 adjunctive benefits
cetylpyridinium and the control group : -
mouth rinse follow-up placebo control (0> 0.05) in peri-implant
mouth rinse -22 ’ mucositis treatment
basic periodontal therapy 119
with 0.12% chlorhexidine significant improvement .
) . ) . 0.12% chlorhexidine
0.12% RCT gluconate mouthwash in comparison with baseline,
- Menezes et al. test T ) was not
chlorhexidine 3 6-month vs. 37 no significant differences )
2016 ) ) -61 more effective
gluconate follow-up  basic periodontal therapy between
control than placebo
and placebo _sg the treatment groups
mouthwash
subjects with peri-implant
mucositis who used a 0.3%
double-blind dentifrice containing tnclos{an ant|fr|ce exhibited the regulal e
) : significantly fewer of triclosan dentifrice
Triclosan Ramberg et al. RCT triclosan L
o % 60 N/A clinical signs may reduce
dentifrice 2009 6-month VS. : ) U
follow-up  sodium fluoride dentifrice Ol EIAEe) B eies] s
than subjects who of inflammation
used a regular
fluoride dentifrice
Trwclosgp— ) RCT .trlclosan/ both groups showed triclosan-containing
containing Pimentel et al. fluoride toothpaste . )
fluoride 5019%1 two 3-week ve. 26 N/A increases in Pl toothpaste reduce;l
toothpaste follow-ups fluoride toothpaste (p=0.001) the RANKL/OPG ratio
both groups showed
. increases in Pl
triclosan/ ) .
copolymer/ Ul eI triclosan-containing
Triclosan- . RCT ) from the 3 to the 21° day,
L Ribeiro et al. fluoride toothpaste o toothpaste controls
containing = 6-week 22 22 avoiding e ell o
2018 VS. ) ; the clinical signs
toothpaste follow-up an increase in BoP ; -
placebo of inflammation
' throughout the follow-up
fluoride toothpaste B .
was possible only with
triclosan treatment
) a chitosan brush
chitosan brush on
L both groups demonstrated seems to be
RCT an oscillating dental S o -
. Wohlfahrt et al. ) significant reductions in BoP  a safe and efficient
Chitosan brush s 6-month handpiece [ 24 ) )
2019 follow-u ve between baseline device for
P o and 6 months the debridement
titanium curette )
of dental implants
a4 the probiotic
o ) ) a decrease together with
oral probiotic with peri- o )
; . of P.gingivalis mechanical therapy
) ' ) L. reuteri implant } L
. Galofré et al. triple-blind . L bacterial load produced additional
Probiotics - as an adjuvant to mucositis 44 . : .
2018 RCT g 2 at implant sites improvement over
U9 ) ) with mucositis treatment with
mechanical therapy with peri- )
) - (p=0.031) mechanical therapy
implantitis alone
=2
mechanical debridement after the administration the administration
triple-blind  with 0.12% chlorhexidine o of the probiotic
. ; of 0.12% chlorhexidine, .
. Pena et al. RCT and L. reuteri o did not seem
Probiotics I, 50 50 all clinical parameters }
2019 3-month VS. imoroved to provide
follow-up ~ mechanical debridement in bofh oUDS an additional
with 0.12% chlorhexidine group clinical benefit
robiotic supplements I & T [2EEe robiotic
' P PP BoP and PPD significantly P
double-blind as an adjuvant to . supplements
. . decreased in both groups ) )
. Hallstrom et al. RCT conventional did not provide
Probiotics - 49 N/A (p <0.05), .
2016 26-week management o . additional
no significant differences )
follow-up VS. improvement
lacebo SSTVEE over placebo
P the treatment groups
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Treatment

Authors, year

Study type

Implant

Study description Results Conclusions

Probiotics

Probiotics with
photodynamic
therapy

Mechanical
curettage with
photodynamic
therapy

Antimicrobial
photodynamic
therapy

Low-abrasive
air polishing

Air-abrasive
debridement

Air polishing

Enamel matrix
derivative

Subgingival
ozone and/or
hydrogen
peroxide

of publication

Flichy-Fernandez

ot al double-blind
20154 RCT
Mongardini et al. i
% 6-week
2017
follow-up
Javed et al. 12}—2vilek
20177
follow-up
Al Rifaiy et al. Y
a2 12-week
2018
follow-up
Al Ghazal etal.  single-blind
20173 RCT
. RCT
Lupi et al.
201740 6-month
follow-up
Riben-Grundstrom
etal. RCT
20154
double-blind
Kashefimehr et al. RCT
2017% 3-month
follow-up
McKennaetal.  double-blind
2013% RCT

number

after treatment with
the probiotic, patients with

mucositis and without peri-  clinical parameters

) implant disease improved
L. reuteri 34 77 P . P
showed improvement after treatment
in clinical parameters, with the probiotic
with reductions
in cytokine levels
L. reuteri L ) the adjunctive use
) 3 no significant differences -
with professionally in clinical outcomes of the probiotic
administered 20 20 did not significantly

between

improve
the treatment groups P

clinical outcomes

plaque removal and
photodynamic therapy

mechanical
debridement with
54 photodynamic
mechanical curettage Pland PPD were therapy is
with/without test N/A significantly higher more effective in the
adjunctive antimicrobial -28 in the control group treatment of peri-
photodynamic therapy control (p <0.001) implant mucositis
-26 in comparison with
mechanical
debridement alone
mechanical debridement reductions in Pl antimicrobial
and photodynamic (p < 0.001) photodynamic
therapy and PPD therapy
(test group) 38 65 (p < 0.001) is more effective
Vs, in the test group in comparison with
mechanical debridement as compared to manual
(control group) the control group debridement alone
low-abrasive 18 25 both treatment
air polishing no difference in BoP methods
test test were proven to be
VS. between the groups o :
debriderent with -9 -15 (0 = 0350) effective in reducing
o control  control ' peri-implant
titanium curettes ) ;
-9 -10 inflammation
maintenance treatment treatment with
) i gllycme pgwder air-abrasive debridement elydine sontr
air-abrasive debridement significantly improved seems to be
VS. 46 88 I%I Bop PPyD aEd BS more effective than
manual debridement ' (p <0 65) traditional treatment
and chlorhexidine ’ with plastic curettes
administration and chlorhexidine
at 12 months, there were
statistically significant ical
reductions non-surgica
glycine powder ) treatment with
air polishing in the mean P, BoP air polishing
37 37 and the number

Vs, . or ultrasonic
of periodontal pockets

>4 mm within
the treatment groups
in comparison with baseline

debridement
is effective

ultrasonic debridement

significant improvement
in terms of BoP and PPD
in the test group

mechanical debridement
with
enamel matrix derivative

complete recovery
was not observed

41 41 ) .
VS. as compared to using either
mechanical debridement the control group treatment approach
alone (p < 0.0001)

significant differences

in plaque and modified

gingival and bleeding

indices were observed

between various kinds
of treatments

ozone showed
great potential for
the management
of peri-implant
MmMucositis

effect of subgingival
ozone and/or
hydrogen peroxide 20 80
on the development
of peri-implant mucositis
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Authors, year

Study description

il Results

Conclusions

Treatment of publication Study type
Systemic Hallstrom et al. 6—riE>rT1th
antibiotics 2012%

follow-up
) ) Gershenfeld et al. RCT
Azithromycin 35 6-month
2018
follow-up
Mechanical Serino et al. ;?Zgne
debridement 2018Y prosp
cohort study
- Gomes et al. longitudinal
Biofilm control 2015% cohort study
Photodynamic Zezaetal.
therapy 2018% ==
Mechanical
debridement Al Amri et al.
and 20165 CCcT
photodynamic
therapy
Mechanical
slelorltemenit Lerario et al
paired with P CcCcT
) 2016
diode laser
application
Chan et al. case-control
OMT 20192 study

non-surgical treatment
of peri-implant mucositis
with/without
systemic antibiotics

mechanical debridement
and systemic azithromycin
VS,
mechanical debridement
and placebo

effect of submucosal
mechanical
instrumentation
following supramucosal
plaque removal

comparison of the
gingival and peri-implant
mucosal inflammatory
response to mechanical
biofilm control

professionally
administered
plaque removal and
photodynamic therapy

mechanical debridement
with/without
photodynamic therapy
in the treatment
of peri-implant
inflammation
in T2DM patients

conventional treatment
with diode laser
application
(test group)

VS.
conventional treatment
alone (control group)
assessing the modifying
effect of DMT on the
induction and resolution
phases of experimental
peri-implant mucositis at
DMT = 3 mm (case) and
DMT < 1 mm (control)

48

17
test
-9
control
-8

44

22

20

67

test

-34
control

-33

27

number

the statistical analysis
failed to demonstrate
differences in PPD
at 6 months

N/A

the treatment patients
showed a consistently
greater reduction
66 of gingival inflammation
and improvement
in soft tissue healing
than the control patients

at 1 month following
supramucosal plague
removal, the number
of treated implants with
BoP was reduced with
a concomitant decrease
in the mean PPD value,
following submucosal
instrumentation,
a further reduction
in BoP was recorded with
a concomitant reduction
in the mean PPD value
at the 7-month examination

175

VPI, mPland gingival
bleeding indexes reduced
from day 0 onward

N/A

a reduction in the median
number of BoP sites
20 around implants
from3.5t0 2.0
(p=0.030)

BoP and PPD were
significantly lower
in the test group than
in the control group
at all follow-ups

N/A

a reduction
of pathological sites
from 89% to 14.35%
in the test group and
from 75.69% to 50%
in the control group

N/A

the removal of the
crown and professional
submucosal cleaning
were necessary
to revert to the baseline
gingival index
in the tested implant

N/A

no short-term
differences

were found between

the 2 study groups;

the study does not

provide evidence for

the beneficial effect
of systemic antibiotics

the adjunctive use
of azithromycin
can assist in the
control of peri-

implant mucositis

improvement
in the clinical
condition
appeared to be
in a large extent
due to supramucosal
plague removal

supragingival/
supramucosal
biofilm control
benefited
both the teeth
and the implants
peri-implant
mucositis can be
effectively treated
with photodynamic
therapy
in patients with
T2DM, mechanical
debridement
with adjunctive
antimicrobial
photodynamic
therapy
is more effective in
the treatment of peri-
implant inflammation
in comparison with
mechanical
debridement alone

diode laser
seems to be
a valuable tool
for peri-implant
mucositis treatment

a longer mucosal
tunnel results in a
much more difficult
resolution of peri-
implant mucositis

L. reuteri — Lactobacillus reuteri; T2DM — type 2 diabetes mellitus; DMT - depth of the implant mucosal tunnel; N/A — data not available; PPD — probing pocket depth;
mBI — modified bleeding index; BoP — bleeding on probing; VPI - visible plague index; mPI — modified plaque index; Pl - plaque index; RANKL/OPG - receptor activator
of nuclear factor kappa B ligand/osteoprotegerin; P gingivalis — Porphyromonas gingivalis; BS — bleeding score.
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Discussion

The prevalence data found in this literature review
revealed a wide gap in percentage ranges. This could
be due to the relevant heterogeneity of the prevalence
reported among the 13 cohort studies and 20 cross-
sectional studies. Other aspects to consider in order to
explain this gap are the sample size and the population
observed. Some articles addressed a population com-
posed of smokers or subjects affected by diabetes melli-
tus; both smoking and diabetes mellitus are well-known
periodontal risk factors.

Comparing the results of this review regarding the pre-
valence of peri-implant mucositis to the prevalence of gin-
givitis provided by the U.S. National Center for Health
Statistics (38.70% PB), a tight overlap can be observed.*>

According to the available data, the average prevalence
values for gingivitis and peri-implant mucositis look very
similar. This observation is in contrast with the results
of a recent study investigating clinical and biological re-
sponses in experimental gingivitis and peri-implant mu-
cositis in humans.!® Although less biofilm accumulation
was observed at the implant sites, the peri-implant muco-
sa yielded a higher proportion of BoP sites as compared to
the gingiva.l® This result probably indicates that less visi-
ble plaque accumulation is needed for peri-implant mu-
cositis to develop and that the lack of keratinized gingiva,
which is a frequent condition around implants, leading to
a weaker seal, can contribute to biofilm migration. This
would make the onset and progression of peri-implant
mucositis easier and faster than in the case of gingivitis.
A possible explanation of this discrepancy is that signs
of peri-implant mucositis are generally rarely identified
because of the great morphological variability of the over-
hanging prosthesis.

With regard to prosthodontics, it must be emphasized
that it definitely plays a crucial role in mucosal homeosta-
sis. Design, structural connections and constituent mate-
rials are all factors concretely correlated to plaque accu-
mulation and the soft tissue response. This heterogeneity
may help explain the wide gap in peri-implant mucositis
percentage ranges found in this review.

During the present investigation, a general deficiency
of the available data on this topic emerged, suggesting
more focused research is needed in the future, with
a general recommendation for more detailed information
in the upcoming studies about peri-implant mucositis.

Another relevant aspect concerns the varying clinical
indicators used by different studies. Plaque index (PI),
BoP, probing pocket depth (PPD), and marginal recession
are not always accompanied by radiological examinations
to exclude the presence of peri-implantitis. Therefore, it is
advisable to collect all the biometric parameters of signs
of inflammation, such as redness, swelling, bleeding, and
suppuration, and support them with periodontal indices
(BoP and PPD) and radiographic examinations.!”
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These limitations are stressed and partially addressed
by the 2017 classification of periodontal and peri-implant
diseases and conditions.!® It is literally cited that “a local
dot of bleeding resulting from probing may be the result
of a traumatic probing that should not be considered, in
the absence of other inflammatory changes, a definitive
criterion to characterize a peri-implant soft tissue lesion”®
For a correct examination, it is consequently crucial to
perform circumferential peri-implant probing, using
the walking probe method, and to collect all clinical and
radiographic parameters to evaluate them as a whole
before formulating a diagnosis.

Therefore, considering that attaining a peri-implant
mucositis diagnosis seems more complex than a gingivi-
tis diagnosis, the above reported similar prevalence data
leads one to presume that the peri-implant mucositis
prevalence rates might be underestimated, resulting in
a lower clinical perception of this pathology.

Peri-implant mucositis treatment protocols should fo-
cus on infection control and the decontamination of the
implant surface. Bacterial plaque and calculus must be
professionally removed, and the patient must be instruct-
ed and motivated to perform proper oral hygiene proce-
dures at home. While gingivitis treatment could achieve
restitutio ad integrum through professional hygiene care,
mechanical debridement and comprehensive home care,
peri-implant mucositis treatment appears more complex,
requiring several treatment modalities and devices. Many
treatment procedures are performed in association with
mechanical debridement, using ultrasonic devices with
dedicated polyetheretherketone-coated tips and implant-
friendly instruments, such as titanium-coated, carbon-
fiber, teflon, and plastic curettes. Also, air-abrasive devices
or lasers can be used in conjunction with local antibiotics
or antiseptics.!»1

In the treatment of gingivitis, scaling and periodontal
debridement are able to remove bacterial plaque and
calculus from the tooth surfaces, allowing proper heal-
ing. None of the proposed therapies for peri-implant
mucositis presented in this review led to a complete
or strongly predictable resolution, but mechanical
debridement accompanied by an adjunctive therapy,
such as probiotics, chlorhexidine or photodynamic
therapy, proved to provide additional improvement
over mechanical debridement alone.?>?! Galofré et al.
compared the effect of the oral probiotic Lactobacillus
reuteri as an adjuvant to non-surgical mechanical
therapy.?® In their triple-blind RCT, oral probiotics
and mechanical therapy together produced additional
improvement over treatment with mechanical thera-
py alone.?’ Also, Javed et al. investigated the outcome
of mechanical curettage with or without the adjunct
of antimicrobial photodynamic therapy.?! Forty-four
patients were involved in this RCT study, and after
12 weeks of follow-up, mechanical debridement with
photodynamic therapy was determined to be more
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effective in the treatment of peri-implant mucositis as
compared with mechanical debridement alone.?!

Another promising proposed treatment modality is
the use of glycine powder air-polishing devices, which
were demonstrated to be as effective as mechanical
debridement in a study by Schwarz et al.?? The same
study group, after an electronic and manual search,
selected 7 studies which showed that other therapies
added to professionally administered plaque removal
were quite promising.?

A proper prosthetic design that allows good oral hygiene
and low plaque accumulation is certainly a key factor in
the prevention of peri-implant mucositis. De Tapia et al.
reported that when peri-implant tissue inflammation oc-
curs, the prosthetic design should be assessed and modi-
fied if necessary to correct the design defects which may
be impeding proper hygiene as well as to diminish bio-
mechanical stress factors if involved.?* A recent RCT com-
pared peri-implant mucositis treatment through chitosan
brushes on oscillating handpieces and titanium curettes;
a chitosan brush seems to be a safe and efficient device
for the debridement of dental implants.?> Likewise, the
regular use of a toothpaste containing triclosan appears
to be able to reduce the clinical signs of inflammation in
the mucosa adjacent to dental implants.?® Finally, it has
been shown that there is a minimal difference between
the non-surgical treatment of peri-implant mucositis with
and without systemic antibiotics.?”

Conclusions

Currently, the available information on the prevalence
rates and the standardized therapeutic protocols for peri-
implant mucositis are insufficient. Also, it can be pre-
sumed that the prevalence rates may be underestimated
due to difficulty with making a clinical diagnosis, leading
to a lower level of perception among practitioners.

Peri-implant mucositis is a frequently encountered con-
dition. The absence of effective standardized therapeu-
tic procedures that would result in an empirical choice
of therapeutic modalities may lead to diminished effec-
tiveness and unsatisfactory treatment outcomes.

It has to be emphasized that implant placement and
prosthetic restorations must allow for proper cleaning
and plaque control to prevent peri-implant mucositis.

Further research is needed to improve clinicians’ skills
in the detection of peri-implant mucositis and to deter-
mine effective standardized therapies.
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Abstract

This systematic review was designed to evaluate and compare successful cases of regenerative endodontic
treatment (RET) in terms of etiology, diagnosis, treatment protocols, and signs of success. An electronic
search was performed in the PubMed and Google Scholar databases. The search was completed by 2 in-
dependent reviewers following the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines. All in vivo studies in humans that reported at least 1 successful case of RET were
included in this review. Successful RET cases were defined as any case that involved the absence of clini-
cal signs/symptoms of periapical inflammation and the presence of continued root maturation, especially
apical closure, after the completion of the initial RET. A total of 250 successful cases of RET from 18 studies
were selected in this review. A total of 98 (39%) successful cases were detected at least 2.5 years after
the initiation of RET. A total of 239 (96%) successful RET cases were presented with the healing/absence
of periapical lesions, and no further treatment was required. Furthermore, 45% of the successful RET cases
showed root development maturation (stage V). Finally, the clinical outcomes of these RET cases are pre-
sented in this systematic review. Prudent case selection and excellent operative protocols are considered to
he essential to achieve successful RET outcomes. Future studies are needed to identify a variety of relevant
data, including preoperative, intraoperative and postoperative factors, in order to provide a better under-
standing of successful cases after RET.

Keywords: endodontic regeneration, immature necrotic teeth, outcome assessment, systematic review
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Introduction

Regenerative endodontics has been suggested as the
appropriate treatment approach for immature, necrot-
ic-pulp permanent teeth cases. Most clinical regenera-
tive endodontic treatment (RET) cases reported in the
literature have presented promising clinical results.!?
Radiographic evidence of periapical healing and the
lack of clinical signs and symptoms have been recog-
nized as the primary indicators of successful RET.?
Also, increased root wall thickness and/or length
of the immature root, similarly as recovering the vi-
tality of the tooth, have been recognized as additional
goals of RET and are associated with a high rate of suc-
cess.® Current endodontic regeneration is frequently
referred to as “revascularization” This means cleaning
the root canal with the use of an antibiotic mixture and
irritating the root apex tissue to create a blood clot in-
side the root canal that works as a natural scaffold, and
to assist pulp—dentin stem cell proliferation and dif-
ferentiation.*~¢

Conventional endodontic therapy includes the dis-
infection, debridement, and subsequent obturation
of the root canal system with biologically based ma-
terials to replace the function of the organ and the
live tissue within the diseased system as an important
objective of regeneration in the body.*”8 Regenerative
endodontics or “regeneration” (the previous termi-
nology also included “revascularization”) consists in
performing biologically based procedures to replace
the necrotic tissue and create a new tooth structure.*
Additional benefits of achieving this goal are contin-
ued root development and/or apical closure (root end
development), and ultimately, avoiding “traditional”
root canal therapy. For regeneration, the available
cells of the body are invigorated to regrow the miss-
ing tissue. Stem cells, tissue scaffolds, growth factors,
and other ingredients that can be introduced into the
root canal system are beneficial adjuncts for the re-
generation of the pulp and further development of the
roots. 4811

After the redefinition of RET in its new concept,
evidence-based clinical outcomes have been extract-
ed from case reports/series with favorable outcomes.
However, the main apprehension related to this level
of evidence is that it may not factually represent the
true results of RET, considering that unfavorable out-
comes are underreported in most cases. In the last 5
years, numerous prospective and retrospective clini-
cal studies linked to RET have been published in the
literature.>1213 These types of studies contribute to
a higher level of evidence related to successful RET out-
comes and present a relatively more accurate depiction
of successful RET cases. One review study from 2018
concluded that a successful regenerative procedure
was achieved by the regeneration of the pulp with root

F.T. Alghamdi, M.A. Alsulaimani. Successful cases in regenerative endodontics

end closure as well as the healing/absence of periapical
pathology, and no further treatment being required.!*
However, if signs or symptoms of disease or necrosis
of the new pulp/pulp-like tissue occur, any additional
apical closure from the regenerative endodontic proce-
dure can promote a more predictable outcome, should
root canal therapy later be required. Thus, even “un-
successful” regeneration can still be beneficial, as any
progress from the initial immature-apex state must be
acknowledged as a victory. !4

Previous clinical studies and case reports have re-
vealed positive clinical results of the regenerative
therapy of immature necrotic permanent teeth.>15-22
Managing RET cases requires good treatment plan-
ning, and awareness to determine multiple challenges
and to prevent any complications that may occur. The
presence of an already compromised tooth with ne-
crotic pulp and an open apex represents a major chal-
lenge. Other challenges regard the signs and symp-
toms of healing periapical lesions which occurred after
a successful attempt at RET, such as root maturation
and/or the resolution of apical infection. To date, a few
available review studies from among the peer-reviewed
literature have focused on the success rates of different
RET cases without covering most of the different fac-
tors influencing RET outcomes associated with suc-
cessful cases.??2> Therefore, the present systematic
review aimed to systematically collect, compare and
evaluate all successful cases of RET mentioned in the
literature. It involved highlighting the etiology for the
initiation of RET in these cases, the initial diagnosis
of successful cases, the treatment protocols used in
these cases, the signs of success, and the time needed
to successfully treat immature necrotic teeth.

Material and methods

This study was conducted by 2 independent reviewers
following the Preferred Reporting Items for Systematic
reviews and Meta-analyses (PRISMA) guidelines.?

Research question

According to the PRISMA guidelines, the following re-
search question was framed:

“Can successful clinical regenerative endodontic treat-
ment cases be used as strong evidence and a promising
future approach in the field of endodontic treatment to
treat patients with immature necrotic pulp teeth?”

Information sources

An electronic search for articles published in the Eng-
lish language in the years 2015-2020 was performed us-
ing the PubMed and Google Scholar databases.
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Literature search strategy

The literature search strategy was carried out in July 2020.
The search was performed following the PRISMA guidelines,
using 2 electronic databases — PubMed and Google Scholar.
The electronic search used the Medical Subject Headings
(MeSH) terms, which were combined with the Boolean oper-
ators ("AND” and “OR”). The following keywords were used:
‘immature teeth’ OR ‘immature tooth’ OR ‘immature denti-
tion’ AND ‘pulp revascularization’ OR ‘pulpal regeneration’
OR ‘pulp revitalization’ OR ‘root canal revascularization’ OR
‘root maturation’ OR ‘regenerative endodontic’ OR ‘regenera-
tive endodontic therapy’ OR ‘regenerative endodontic treat-
ment’ OR ‘regenerative endodontic procedure’” AND ‘blood
clot’ OR ‘platelet-rich fibrin’ OR ‘platelet-rich plasma’ AND
‘calcified barrier’ OR ‘apical closure’ OR ‘root end formation’
OR ‘root apex closure’ The detailed description of the search
strategy is outlined in Table 1.

This systematic review used the available full-text ar-
ticles that illustrated the relevant searching of PubMed
and Google Scholar. Other databases, such as Scopus,
CINAHL (EBSCOhost), Web of Science, and ProQuest
Dissertations & Theses (PQDT), were not included in
the search strategy, since both the PubMed and Google
Scholar databases expand beyond International Scientific
Indexing (ISI)-listed journals to include additional schol-
arly sources, such as non-ISI journals and non-indexed
articles that may not be shown in specific databases like
Scopus, CINAHL (EBSCOhost) or Web of Science.

The following inclusion criteria were applied to deter-
mine which articles would be accepted for the study:

—all in vivo studies in humans in which RET was per-
formed;

— studies published in the English language;

— studies published between 2015 and 2020;

— studies that reported at least 1 successful case of RET.

Due to the lack of consensus in the literature as to de-
fining successful outcomes of RET, the success of RET
was defined in the present systematic review as any case
of RET that included significant root development matu-
ration as well as the healing/absence of periapical pathol-
ogy, and no further treatment being required.

Table 1. Search strategy used in the present study

Database,
search characteristics

PubMed
- from inception
up to July 31,2020
- all fields
— with no limits

#5 #1 AND #2 AND #3 AND #4

Google Scholar

- from inception
up to July 31,2020
—all text - TX

— with no limits

Search strategy

#1 Simmature teeth’ OR ‘immature tooth’ OR ‘immature dentition’

#2 ‘pulp revascularization’ OR ‘pulpal regeneration’ OR ‘pulp revitalization' OR root canal revascularization’ OR root
maturation’ OR regenerative endodontic’ OR regenerative endodontic therapy’ OR regenerative endodontic
treatment’ OR regenerative endodontic procedure’

#3'blood clot’ OR ‘platelet-rich fibrin’ OR ‘platelet-rich plasma’

#4 ‘calcified barrier’ OR ‘apical closure’OR root end formation’ OR root apex closure’

‘immature teeth’OR ‘immature tooth’' OR ‘immature dentition’ AND ‘pulp revascularization’OR ‘pulpal regeneration’ OR
‘pulp revitalization’OR ‘root canal revascularization’ OR ‘root maturation’ OR ‘regenerative endodontic’OR 'regenerative
endodontic therapy’ OR regenerative endodontic treatment’ OR regenerative endodontic procedure’ AND ‘blood clot’ 2,090
ORplatelet-rich fibrin’OR ‘platelet-rich plasma’ AND ‘calcified barrier’ OR ‘apical closure’ OR ‘root end formation’ OR root

apex closure’
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Articles that met any of the following criteria were ex-

cluded:

— review articles;

— in vitro studies;

— editorial, thesis and personal opinion articles;

— articles that did not report any successful RET cases;

— articles that illustrated clinical relevance about RET by
means of percentages and samples taken from non-hu-
man sources.

Critical appraisal

Both reviewers independently screened the titles
and abstracts of the retrieved articles according to the
eligibility criteria as well as the PRISMA guidelines.
Any disagreement was resolved through discussion
among the 2 reviewers until consensus was reached.

Data extraction

The studies were initially selected by reading their
respective titles and abstracts. Subsequently, the full
texts of the selected articles were analyzed and orga-
nized into standardized Microsoft Office Excel work-
sheets by both reviewers on an independent basis. The
following variables were considered: title; abstract;
material and methods; type of publication; and main
results.

Data items

Data items from the studies was collected and or-
ganized into a table with the following information:
author and year, study design, number of successful
cases, age and gender of the patients with regard to
successful cases, tooth type, etiology, diagnosis, treat-
ment protocol used (i.e., irrigation, intracanal medi-
caments and the inclusion of any specific scaffold),
number of visits needed to finish the treatment, time
elapsed between finishing RET and the reported suc-
cess, signs of success, and root development stage
(Cvek’s classification).

Results

#5 =267
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Assessment of the risk of bias
of the included studies

The assessment of the risk of bias was performed using the
criteria suggested in the Cochrane Handbook for Systematic
Reviews of Interventions (Version 5.1.0).”” The Cochrane
Collaboration recommends a specific tool for assessing the
risk of bias in each included study. The 2 review authors de-
termined the risk of bias of the included studies during the
process of data extraction. The risk of bias assessment tool
includes 7 specific domains: random sequence generation;
allocation concealment; blinding of participants and person-
nel; blinding of outcome assessment; incomplete outcome
data; selective reporting; and other bias.

Each domain was assessed as ‘low risk] ‘unclear risk’ or
‘high risk’ The overall risk of bias associated with each
study was evaluated as follows:

— low risk of bias: all domains were assessed as ‘low risk’;
— unclear risk of bias: at least 1 domain was assessed as

‘unclear risk’;

— high risk of bias: at least 1 domain was assessed as ‘high
risk’

Synthesis of the results

As mentioned above, tables were prepared with the rel-
evant data included as data items.
The following types of outcomes were measured:

— primary outcomes: elimination of clinical symptoms
(pain, swelling and the sinus tract); reduction in radio-
graphic evidence of the presence of apical pathology;

— secondary outcomes: root development, defined as
an increase in root length and root wall thickness.

Statistical analysis

Due to the heterogeneity between the included stud-
ies, no meta-analysis could be conducted. Therefore, only
parametric data involving the age of the patients for all the
included studies is provided as mean and standard devia-
tion (M +SD). The descriptive evaluation of the findings
is also shown.

Results

Study selection

A total of 2,357 studies were initially obtained through
the keywords, using the databases. Of those, 1,894 were
deleted after reading the title and the abstract, as they dis-
played either duplicity or an unrelated topic. After apply-
ing the inclusion and exclusion criteria, 185 articles were
assessed for eligibility. Finally, 18 papers were selected to
be included in this review. The flow chart of this system-
atic review is illustrated in Fig. 1.
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Potential relevant articles| | Potential relevant articles Total
identified through identified through <
PubMed searching Google Scholar searching| N = 2,357

(n = 267) (n = 2,090)
L . J

Records after
duplicates and unrelated
studies removed
(n=463)

v

Records screened
(n=463)

; -

Full-text articles

Duplicates and unrelated
studies removed
(n=1,894)

Full-text articles excluded
based on title and abstract
(n=278)

Full-text articles excluded
assessed for eligibility for different reasons (n = 167):
(n =185) ® no preoperative/postoperative
+ factors (n = 55)

® unclear success criteria (n =18)

® no follow-up period (n = 16)

o studies that did not have at least
1 succesul RET case (n = 78)

H Eligibility || Screening ||Identification|

Studies included
in qualitative synthesis
(n=18)

v

Studies included
in qualitative synthesis
(meta-analysis)
(n=0)

Included

Fig. 1. Flow chart of the search strategy used in this systematic review

Study characteristics

The search ultimately included 18 human studies that
satisfied both the inclusion and exclusion criteria and had
been conducted within the last 6 years. These studies com-
pared the different factors influencing RET outcomes for
successful cases. The 18 included studies had a total sample
of 250 successful cases of RET.}32-% The types of studies
included in this systematic review were as follows: 7 case
reports/case series?83035-374144 3 progpective studies333943;
5 retrospective studies332343840; and 3 randomized clini-
cal trials (RCTs).!32942 The number of successful RET cases
ranged from 1 to 45, with the total number of 250. The dis-
tribution of these 250 cases was as follows: 10 were extract-
ed from case reports/case series; 74 were identified from
prospective studies; 112 were identified from retrospective
studies; and 54 cases were identified from RCTs (Table 2).
The informative description of all included studies and the
different factors influencing RET outcomes for successful
cases are summarized in Table 2 and Table 3.

Primary outcomes

Preoperatively, all of the 250 successful cases of RET in-
cluded across the 18 studies illustrated pretreatment radio-
graphic evidence of periapical pathology.!*?#-* Postopera-
tively, clinical signs indicative of infection (pain, swelling
and the sinus tract) were absent from 239 (96%) of the
RET cases. There was a trend toward a reduction in the
size of periapical pathology early after the initiation of RET
(reported at less than 1 year) and the complete absence
of periapical pathology after at least 2.5 years (Table 3).
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Table 2. Summary of the preoperative factors of success and the etiology of regenerative endodontic treatment (RET) cases included in the present systematic review

Number Age [ofe g?;]lents
. of successful Y : . :
Authors Study design cases (fornz1 Tooth type Etiology Diagnosis
. M £SD
in the study
or range)
posterior tooth necrotic pulp
Alasgah et al® 2020 case report 1 male 8 (mandibular dental caries with asymptomatic
first molar) apical periodontitis.
nail)e anterior teeth tra();gr;wa necrotic pulp
Rizk et al.2? 2019 RCT 26 908 £1.04 (maxillary ) with or without
female ermanent incisors) dental caries apical pathosis
(12) P (13) p P
posterior tooth necrotic pulp
Ajram et al 2019 case report 1 female 7 (mandibular dental caries with symptomatic
first molar) apical periodontitis
male anterior teeth trauma
Boteroetal® 2017 RCT 9 ©) 9504273 ®) @®) necrotic pulp
’ female T posterior toot dental caries
@) ) )
necrotic pulp with
an acute apical abscess
m
trauma necrqtlc pulp with
5) a chronic apical abscess
anterior teeth ) (5)
Linsuwanont retrospective (4) dental caries necrotic pul
v 2017 P 13 NR 1200 +141 . ) . pul
etal. study posterior teeth dens with asymptomatic
9) : apical periodontitis
evaginatus
© 6)
necrotic pulp
with symptomatic
apical periodontitis
m
Pengetaliz  p017 retrospective 45 NR 108+1.92 NA NR _necroticpulp
study with apical pathosis
rospective necrotic pulp
Chanetal® 2017 P Stpu | 2% NR 920241 NA NR with or without
Y apical pathosis
necrotic pulp with
an acute apical abscess
m
trauma necrqtlc pulp with
) @ a chronic apical abscess
anterior teeth : (6)
Silujjai and retrospective ) SR CS necrotic pul
s L 2017 P 13 NR 1610 £1032 . ) . pup
Linsuwanont study posterior teeth dens with asymptomatic
(9—7 premolars and : apical periodontitis
evaginatus
2 molars) ) (5)
necrotic pulp
with symptomatic
apical periodontitis
m
anterior tooth necrotic pulp with
Moodley etal® 2017  case report 1 male 10 (maxillary dental fracture pu'p
- an acute apical abscess
central incisor)
. I —— previously |n|tt|ated
Timmerman ) dens therapy with
5 2017 case report 1 male 16 (maxillary ) ; S
and Parashos L invaginatus asymptomatic apical
lateral incisor) ) "
periodontitis
Topguoglu and rTE?)le posterior teeth necrotic pul
peuog 37 2016 case report 3 830+0.57 (mandibular NR ) DUCPUP
Topguoglu female with apical pathosis
) first molars)
Chen and retrospective posterior teeth dens necrotic pulp
+
Chen®*® 2016 study 16 NR 1090£0.98 (premolars) evaginatus with apical pathosis
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Number

Study desian of successful | Gender

Y 9 cases (@)

in the study

male

Estefanetal® 2016  ProsPective 33 (9)
study female

(14)

Bukharietal®0 2016 'CUOSPective 25 NR

study

male

Nosratetal*' 2015  case report 2 (0
female

@)

male

Bezginetal* 2015 RCT 19 ()
female

)

Narang etal®® 2015 prospective 15 NR

study
McCabe* 2015 case report 1 female

Age of patients
[years]
(fornz1 Tooth type Etiology Diagnosis
M £SD
or range)
anterior teeth necrotic pulp
13.20 £3.06 (maxillary NR with or without
incisors) apical pathosis
trauma
anterior teeth (18)
(19) dental caries necrotic pulp
8-31 posterior teeth 4) with or without
(6 -5 premolars and dens apical pathosis
1 molar) invaginatus
(©)
posterior teeth necrotic pulp
9.50 +0.70 (maxillary NR . ) )
) without apical pathosis
first premolars)
anterior teeth
(13 maxillary incisor
teeth) trauma eie s
101 £1.85 R 13 with or without
(6= 1 maxillary dental caries ical pathosis
second premolar 6) apicaipa :
and 5 mandibular
premolars)
necrotic pulp
below 20 NA NR with or without apical
pathosis
anterior tooth necrotic pulp
7 (maxillary trauma with symptomatic
central incisor) apical periodontitis

RCT - randomized clinical trial; NR — not reported; NA — not applicable.

Table 3. Summary of the intraoperative and postoperative factors of success of regenerative endodontic treatment (RET) cases included in the present
systematic review

Root Time
" G Irrigation Type of Number Capp".‘g Scaffold b‘?“f".ee.”
Signs of success stage tvoe medicament | of visits material used the initiation
(Cvek’s yp used of RET
classification) and success
periapical healing and complete 1:5% NaOCl antibiotic
Alasgah et al.”® root formation stage V and and Ca(OH) multiple MTA blood clot 2 years
17% EDTA ?
blood clot
Rizk et al.?? EemPISISE CSRlep e inG stageV 2% NaOCl antibiotic ~ multiple MTA (13) 1 year
root apex PRP
(13)
10 mL
Aameraln  compleeperepicalbealngand ooy sterlesaine cuon, mutple M bloodcot  2years
20% EDTA
2.5% NaOCl
Botero et al.’? apical closure stageV and Ca(OH), single MTA blood clot 1 year
17% EDTA




Dent Med Probl. 2021;58(4):555-567 561

Root Time
. e Irrigation Type of Number Capp'T‘g Scaffold b‘?t‘fv.ee.”
Signs of success stage : o material the initiation
(Cvek's type medicament | of visits used used of RET
classification) and success
stage IV
. 5, continued root development with 6) NaOCl antibiotic or . B
Linsuwanont et al. apical closure in most cases stage V and EDTA CalOH), multiple MTA bloodclot  1-8years
@)
resolution of periapical lesions and 5 50 (62|4C)
Peng et al*? various levels of root development NA N.aOCOI antibiotic multiple MTA blood clot  2.5-3 years
with apical closure or near closure @n
stage Ill
resolution of periapical lesions and 4)
i 0,
Chanetal various I‘evels of root development stage IV >25% antibiotic ~ multiple MTA blood clot 2.5 years
with apical closure or near closure (14) NaOCl
in most cases stage V
8
stage Ill
4) 1.5-2.5%
Silujjai and resolution of periapical lesions and stage IV NaOC| antibiotic or )
Linsuwanont** various levels of root development 4) and Ca(OH), mljele I bized DAl
stageV 17% EDTA
(@)
resolution of apical radiolucenc 1:5% NaOC antibiotic
Moodley et al.* ; picalr y stageV and multiple MTA blood clot  2-5 months
with complete apical closure 17% EDTA and Ca(OH),
0
Timmerman and complete periapical healing and e )
Parashos™ SN A - stageV and Ca(OH), multiple MTA blood clot 3 years
pieteap 15% EDTA
Topcuodlu and absence of periapical lesions and 2.5% NaOCl
Topguoglu” evidence of the apical closure of all stageV and Ca(OH), single MTA PRP 1.5 years
peued teeth 17% EDTA
Chen and Chen3® pigfg:sg:ﬁi“;%;ngsgfx NA 2.5% NaOCl Ca(OH), multiple MTA blood clot 1 year
eriapical healing and an increase 25% NaOCl
Estefan et al® P IF; oot a icgl narrowin NA and antibiotic ~ muiltiple MTA blood clot 1 year
P E 17% EDTA
absence of clinical signs and stage IV 2 vears
symptoms; either a reduction (a) 3% NaOCl| bioceramic (y12)
Bukhari et al 4 in size of periapical lesions, or stage V and antibiotic multiple  putty or blood clot 46 vears
complete healing and apical (291) 17% EDTA MTA (1y3)
closure in most cases
. ) 1.25%
Nosrat et al. 4! root developmtir;‘iswdent in both NA NaOCland  antibiotic single MTA blood clot 4 months
17% EDTA
) ) stage IV 2.5% NaOCl, blood clot
apical closure in most cases and © 17% EDTA ©
) ® ) A L )
Bezgin et al. evidence of té(;?eeshealmg in all stageV/ and antibiotic multiple MTA PRP 1.5 years
(13) 0.12% CHX (10)
blood clot
eriapical healing and apical resin- P(gJ
Narang et al.# periap aling P stageV 2.5% NaOCl  antibiotic NR modified 1.5 years
closure in all cases (5)
GIC
PRF
()
o ) . 5% NaOCl
McCabe* etk 2?;!&2 Bl E{plee! stageV and NR single MTA blood clot 1.5 years
17% EDTA

NaOCl - sodium hypochlorite; EDTA — ethylenediaminetetraacetic acid; CHX — chlorhexidine; Ca(OH), — calcium hydroxide; MTA — mineral trioxide aggregate;
GIC - glass-ionomer cement; PRP — platelet-rich plasma; PRF - platelet-rich fibrin.
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Secondary outcomes

The reported secondary outcomes were variable and
included an increase in root length and root wall thick-
ness in 154 (62%) cases. In addition, there was apical clo-
sure and complete root development in 112 (45%) cases
(Table 3).

Etiology and diagnosis
of successful RET cases

In 97 successful cases, the gender of patients was reported
(53 cases in males and 44 cases in females). Gender was not
stated in the other 153 cases (Table 2). A total of 110 success-
ful RET cases occurred in anterior teeth and 54 in posterior
teeth. The tooth location was not indicated in the other 86
cases (Table 2). The etiology for the initiation of RET was
not reported in 124 successful cases. On the other hand,
a total of 126 successful RET cases reported the etiology
resulting in the initiation of RET. Sixty-two (49%) of these
cases were caused by dental trauma, 30 (24%) by dental car-
ies, 29 (23%) by dens evaginatus, 4 (3%) by dens invaginatus,
and 1 (0.8%) by dental fracture (Table 2). All successful cases
reported a pulpal diagnosis with necrotic pulp, except for
1 case,®® which reported previously initiated therapy. Most
of the successful cases that reported a periapical diagnosis
had some type of apical pathosis. Only 2 cases reported
normal apical tissue, 3 cases were diagnosed with an acute
apical abscess, 11 cases reported a diagnosis of a chronic
apical abscess, 13 cases were diagnosed with asymptomatic
apical periodontitis, and 4 cases were diagnosed with symp-
tomatic apical periodontitis. Also, 64 cases were reported
“with apical pathosis” and 144 cases were reported “with or
without apical pathosis” in the studies, without specifically
identifying the type of apical pathology. Only 9 cases did not
report an apical diagnosis (Table 2).

Irrigation protocol used
in successful RET cases

The use of sodium hypochlorite (NaOCI) as the main
irrigation solution with a concentration ranging from 1%
to 5.25% was reported in 249 (99.6%) successful RET cas-
es, while 1 (0.4%) case® used 10 mL sterile saline and 20%
ethylenediaminetetraacetic acid (EDTA). Nineteen (8%)
cases used chlorhexidine (CHX) irrigation with a con-
centration of 0.12%. A total of 128 (51%) successful cases
reported that NaOCl was the only irrigation solution
used in the procedure, 102 (41%) of the successful cases
used various combinations of NaOCI and EDTA, and 19
(8%) of the successful cases used various combinations
of NaOCI, EDTA and CHX. A total of 128 (51%) success-
ful RET cases did not use EDTA in their irrigation pro-
tocols (Table 3). The type of intracanal medicament was
reported in 249 (99.6%) successful cases, and only 1 (0.4%)
case® did not report the type of intracanal medicament
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used in the procedure. Calcium hydroxide (Ca(OH),) was
the only intracanal medicament used in 30 (12%) cases,
and 2 cases (0.8%) used a combination of an antibiotic and
Ca(OH),. Twenty-six (10%) cases used an antibiotic com-
bination or Ca(OH), in their studies, and 191 (76%) suc-
cessful cases reported that an antibiotic was the only in-
tracanal medicament used in the regenerative endodontic
procedure (Table 3). In 15 (6%) cases, RET was finished in
a single visit, whereas in 220 (88%) cases, the completion
of RET required multiple visits. Only for 15 (6%) success-
ful cases, the number of visits was not reported (Table 3).

Scaffold and capping materials used
in successful RET cases

A total of 214 (86%) successful cases used a blood clot
as a scaffold. Thirty-one (12%) successful cases reported
the use of platelet-rich plasma (PRP) in the RET protocol
and 5 (2%) successful cases reported the use of platelet-
rich fibrin (PRF) (Table 3). A total of 186 (74%) successful
cases reported that mineral trioxide aggregate (MTA) was
the only capping material used in the procedure. Twenty-
four (10%) cases used glass-ionomer cement (GIC), 25
(10%) cases used various combinations of capping materi-
als with bioceramic putty or MTA and 15 (6%) cases used
resin-modified GIC in their RET (Table 3).

Signs of success and root development
stage of successful RET cases

The reported time elapsed between the initiation
of RET and the identification of successful cases ranged
from 2 months to 8 years (Table 3). Three (1%) successful
cases were detected less than 1 year after the initiation
of RET, 84 (34%) successful cases were detected immedi-
ately after 1 year since the initiation of RET, 38 (15%) suc-
cessful cases were detected 1.5 years after the initiation
of RET, 14 (6%) successful cases were detected 2 years
after the initiation of RET, and 98 (39%) successful cases
were detected at least 2.5 years after the initiation of RET.
Only 13 (5%) successful cases ranged the time of success
from 1 year to 8 years, without specifically identifying the
time for each case (Table 3). A total of 239 (96%) success-
ful cases reported the healing/absence of different peri-
apical lesions as the main sign of success (Table 3). Due to
the instructive radiographic features of Cvek’s classifica-
tion and the fact that it illustrates clinical outcomes better
than other classification schemes,* Cvek’s classification
was used in this review to determine the root maturation
stage for all of the successful RET cases. The distribution
of root development stages according to Cvek’s classifi-
cation was as follows: stage V (completed apical closure)
was reported as a sign of success in 112 (45%) cases; stage
IV was reported in 34 (14%) cases; stage I1I was reported
in 8 (3%) cases; and for 96 (38%) cases, the root develop-
ment stage was not reported (Table 3).
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Assessment of the risk of bias
of the included studies

The Cochrane Collaboration’s tool for determining the
risk of bias was used for all the studies included in this re-
view.?” The 2 authors integrated the information and sum-
marized the risk of bias associated with the included studies.
The majority of studies had a low risk of bias concerning the
following domains: blinding of outcome assessment (94%);
incomplete outcome data (66%); selective reporting (77%);
and other bias (88%). All of the studies presented a low risk
of bias (100%) with regard to the random sequence genera-
tion, allocation concealment, and blinding of participants
and personnel domains (Fig. 2). In summary, among the 18
studies assessed for the overall risk of bias, not one study
was classified as having a high risk of bias; 11 (61%) studies
were considered to have a low risk of bias and 7 (39%) stud-
ies had an unclear risk of bias (Fig. 3). The scoring of un-
clear risk of bias was given to 7 studies, as there was not
enough information to make a clear judgment concerning
the following domains: blinding of outcome assessment;
incomplete outcome data; selective reporting; and other
bias (Fig. 3). A review of the authors’ judgments about each
risk of bias domain is presented in Fig. 2. Finally, the risk
of bias for each study is presented in Fig. 3.

Discussion

This systematic review was carried out to summarize
and appraise all studies published within the last 6 years
that were relevant to our study aim. It gathered all recent
clinical studies that investigated the factors influencing
RET outcomes for successful cases. This study demon-
strates a comprehensive set of evidence extracted from 18
articles that fulfilled our inclusion and exclusion criteria.
To date, 2 systematic reviews have discussed the signs
of success in different human and animal studies concern-
ing the preoperative factors and postoperative factors in

Random sequence generation
Allocation concealment

Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data

Selective reporting

Other sources of bias
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RET (Table 4).24?> Alghamdi and Alqurashi concluded in
their systematic review that most of the retrieved stud-
ies about RET suggested its effectiveness in periapical
healing and the formation of apical closure in immature
necrotic teeth.?> In addition, Torabinejad et al. demon-
strated in their systematic review that the primary goal
of RET could be reliably achieved with high probability
(91-94% of periapical healing).?* This clearly shows con-
sistency in the conclusions drawn by the previously pub-
lished systematic reviews. In agreement with those find-
ings, 239 (96%) cases in this review showed the healing/
absence of different periapical lesions after RET in human
subjects. Also, the 2 abovementioned articles covered
the period between 1966 and 2019 (Table 4), while our
systematic review covered all eligible articles published
within the last 6 years (Table 2 and Table 3).

In our systematic review, most of the successful cases
mentioned the etiology for the initiation of RET (Table 2).
Dental trauma accounted for 49% of these cases as the
main etiology for the initiation of RET, followed by the ex-
istence of dental caries (24%) and dens evaginatus (23%).
These outcomes are in agreement with a previously pub-
lished review, which found that the etiology of 30% of all
cases treated with RET was dental trauma, followed by
the presence of dens evaginatus (22%).% However, for the
majority of successful RET cases, the type of traumatic in-
jury was not reported. One clinical study concluded that
there were significantly better outcomes for RET cases
with an etiology of dens evaginatus as compared to den-
tal trauma.? The current systematic review found that the
healing/absence of periapical lesions was the main pre-
sentation of RET success in 96% of cases, as one of the
signs of RET success (Table 3). In addition to other signs
of success for these RET cases (Table 3), apical closure
formation is the secondary goal of RET and the second
sign of success in 45% of successful RET cases (Table 3) in
comparison with other traditional treatment options for
the management of immature necrotic teeth, including
periapical surgery and apexification.

0%

Fig. 2. Risk of bias graph

25%

50% 75% 100%

B Low [ Unclear

The review authors'judgments about each risk of bias item are presented as percentages across all the included studies. Green and yellow refer to a low risk

of bias and an unclear risk of bias, respectively.
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Risk of bias
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D1: Random sequence generation

D2: Allocation concealment
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D4: Blinding of outcome assessment

Fig. 3. Risk of bias summary

D5: Incomplete outcome data
D6: Selective reporting - Unclear
D7: Other sources of bias

Judgement

‘ Low

The review authors’judgments about each risk of bias item for each included study. Green and yellow refer to a low risk of bias and an unclear risk of bias,

respectively.

Other publications point out that maintaining a high
level of disinfection intra/postoperatively in RET is im-
portant to enhance RET outcomes.?*’->° Antibiotic me-
dicaments and high-concentration irrigation solutions

are recommended to improve the irrigation protocols
during RET, since NaOCl,>! CHX,%2 and antibiotic intra-
canal medicaments® have concentration-dependent an-
tibacterial effects that contribute to reducing different
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Table 4. Summary of the 2 systematic reviews included in the present review

Number

Authors of studies

Method summary

565

Main conclusions

included

Alghamdi and Alqurashi® 2020 46 studies

144

Torabinejad et al.* 2017 )
studies

The systematic review presents and summarizes
human and animal studies performed from 2009
to 2019 retrieved by means of the electronic search
of 2 databases (PubMed and Google Scholar).

The systematic review presents and summarizes
in vivo human clinical studies performed from
1966 to November 2016 retrieved by means of the
electronic search of 3 databases (PubMed, Web

of Science and Cochrane Library).

RET was more efficient in treating immature
necrotic $permanent teeth and offered a greater
advantage, which should lead to wider acceptance
among endodontists with regard to effective results
in comparison with other treatment options.

The treatment of immature teeth with pulp necrosis
with the use of MTA or RET shows high survival and
success rates.

biofilms produced by endodontic pathogens. However,
the main irrigation predicament in RET is that lower
concentrations of various intracanal medicaments and
irrigation solutions are advised to preserve the survival
of stem cells from apical papillae.”*>” Thus, different ir-
rigation approaches should be examined in an endeavor
to reach lower concentrations of antibacterial irrigations
and medicaments that can still maintain a high level
of irrigation.

In our systematic review, most of the successful RET
cases had a follow-up period ranging from 2 months to
8 years. In contrast, there is a previous review that re-
trieved 18 successful cases with RET and reported the his-
tory of pulp necrosis no longer than half a year.’® Also, in
the present study, the time elapsed between the initiation
of RET and the recognition of successful RET was exactly
1 year in 34% of successful RET cases. Furthermore, 39%
of all the included successful RET cases were identified
at least 2.5 years after the initiation of RET. Some of the
successful RET cases reported evidence of initial favor-
able outcomes, such as the resolution of radiographic
lesions,>*%541 apical closure,?>* and an increase in root
length and root thickness.3#34! Several case reports and
retrospective clinical studies in the literature have report-
ed a high success rate for RET after a maximum follow-up
period of 12-19 months.}*12425 [n one of the system-
atic reviews, they calculated the average follow-up time
of RET studies to be 16.7 months.?*

In our systematic review, 15 successful RET cases were
completed in a single visit with different intracanal medi-
caments used.!374L4 These results are in agreement with
a previously published case report, in which RET was per-
formed in a single visit and was reported to be success-
ful.® A total of 74% of successful RET cases reported the
use of MTA as the main capping material in their studies.
Other studies used different capping materials, including
GIC (10% of cases) and resin-modified GIC (6% of cases).
A comparative systematic review found that the pooled
success rates for MTA apical plugs and RET were 94.6%
and 91.3%, respectively.?*

In summary, this systematic review was developed
based on the comparison of the impact of the preopera-

tive and postoperative factors on eventual treatment suc-
cess in RET (Table 2 and Table 3). Some studies used ra-
diographic evidence of completed apical closure and the
healing of periapical lesions to define the successful out-
comes of RET cases. There is heterogeneity in the RET
protocols used to manage the cases reported in this re-
view. Thus, following the updated evidence-based clinical
considerations from the American Association of Endo-
dontists (AAE), it is compulsory to reduce variability in
RET protocols.”’ Finally, it can be concluded that RET can
be a useful tool in the field of endodontics along with other
approaches in treating children and young adult patients
with immature necrotic teeth. The successful clinical RET
cases discussed in this review can be considered as high-
level evidence in the field of endodontics with regard to
patients with immature necrotic-pulp teeth. Based on the
present evidence, it seems that the treatment of immature
teeth with pulp necrosis by means of RET provides high
survival and success rates.

Study strengths and limitations

This study summarized and appraised all peer-reviewed
studies published within the last 6 years that fulfilled both
our inclusion and exclusion criteria. To our knowledge,
this is the only systematic review that covered the topic
of the different factors influencing RET outcomes for suc-
cessful cases in depth. The systematic reviews conducted
by Alghamdi and Alqurashi?® and Torabinejad et al.?* cov-
ered the periods of 2009-2019 and 1966-2016, respec-
tively (Table 4). Our review used PubMed and Google
Scholar as search engines. One advantage of using Google
Scholar is that it ensures that reviewers do not miss any
relevant research published in journals that are still not
cited in PubMed. Unfortunately, due to the heterogene-
ity of the influencing factors in the existing human stud-
ies, we were restricted to performing a systematic re-
view without a meta-analysis. Finally, although studies
conducted on human subjects were part of the inclusion
criteria, we unfortunately could find but a few published
successful case studies that used RET to treat children
and young adult patients with immature necrotic teeth.
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Conclusions

Several RET cases of immature necrotic teeth were
reported in this review. These cases provide clinical
outcomes, such as apical closure formation, the heal-
ing of different forms of apical pathology as well as
a significant follow-up duration. Thus, prudent case
selection and excellent operative protocols are consid-
ered to be essential to achieve the successful outcomes
of the RET procedure. Collectively, this systematic
review showed that the healing/absence of periapi-
cal pathology was the main measure of success in 96%
of successful RET cases. Furthermore, 45% of success-
ful RET cases presented with root development matu-
ration Stage V, and 39% of successful RET cases were
identified at least 2.5 years after the initiation of RET.
Future studies should describe a variety of relevant
data, including preoperative, intraoperative and post-
operative factors, to provide a better understanding
of successful cases after RET.
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