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Endodontic treatment aims to remove all living and necrotic tissue,
microorganisms and microbial by-products from the root canal system to
allow the tooth to continue to function normally. Given the complex stru-
cture of root canals, mechanical shaping alone is not sufficient to achieve
this goal. Studies have shown that the files used in mechanical shaping can-
not reach a large part of the root canal system [1]. In addition to mechanical
removal, chemical removal should be performed using irrigation solutions
[2]. The use of chemical irrigation solutions together with mechanical
preparation is called chemomechanical preparation [3]. Chemomechanical
preparation aims to enlarge the root canals, to remove living and necrotic
pulp residues, microorganisms, and exposed infected dentin chips [4].

Characteristics of an ideal irrigant [5], [6]:
* Bactericidal, antimicrobial, antifungal action,
» Lubrication during instrumentation,
+ Dissolve inorganic and organic dentinal tissues,
* Does not irritate periapical tissues,
Long-lasting and sustained antibacterial activity after use,

* Activity in the presence of blood, serum and tissue protein
products,

*  Ability to completely remove the smear layer,

*  Low surface tension,

» Disinfection of dentin and dentinal tubules,

»  No inhibition of periapical tissue healing,

* No staining of dental tissues,

* Do not cause tooth tissue weakening,

* Do not induce a cell-mediated immune response,

* No antigenic, toxic, or carcinogenic effect on the cells of the
periapical tissues of the tooth,

* No adverse effect on the physical properties of exposed den-
tin,

* No negative effect on the sealing ability of the root canal
cushions,

» Easy to use and low cost,

*  Long shelf life.
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Current Irrigation Solutions

1. Sodium hypochlorite (NaOCI):

NaOCl is the most widely used rinsing solution due to its high antimic-
robial activity against bacteria on biofilm, its success in dissolving biofilm
and pulp tissue residues, its low cost, and its widespread availability[7].

NaOCl is sporicidal and virucidal with a broad antibacterial spectrum.
It is more suitable necrotic tissue dissolving. The pH of NaOCI solutions is
close to 11-12. This high pH causes disruptions in the cytoplasmic memb-
rane of bacteria, cell metabolism, and lipid peroxidation. It can easily dif-
fuse into dentin walls[8] and can be used as a lubricant during the use of
rotary instruments[9].

Although a systematic review concluded that higher concentrations
may offer an advantage [10], recent clinical trials have found no signifi-
cant difference in the antimicrobial effect or healing of apical periodontitis
between different NaOCI concentrations [10,11]. It has been reported in
the literature that this solution destroys all microorganisms in the root ca-
nal in one minute or less[12].

Grossman and Meiman[13] reported that 5% NaOCI was dissolved
organic tissue in times ranging from 20 minutes to 2 hours. Hand et al.[14]
examined the effects of dilution of NaOCI solution on tissue dissolving
power and reported that 2.5% NaOCI solution was approximately one-
third as effective as 5.25% NaOCI, while 1% and 0.5% NaOCI solutions
did not affect necrotic tissue.

Zehnder[15] and Christensen et al.[16] stated that 1% concentration
of NaOCl is sufficient for antibacterial activity. Siqueira et al.[17] showed
that 1% NaOCI was as effective as 5% NaOCl in the destruction of int-
ra-canal microorganisms. However, Berber et al.[18] evaluated the effecti-
veness of 0.25%, 2.5%, and 5.25% NaOClI against E.faecalis and reported
that the most effective solution was NaOCI with a concentration of 5.25%.

Siqueira et al.’s evaluation [19] of 4% NaOCI’s anti-Enterococcus Fa-
ecalis (E. Faecalis) activity in vitro revealed that it was noticeably more
successful at disinfecting the root canal than saline (the control group).
Siqueira et al. used an agar diffusion test [20] to examine the antibacterial
activity of several irrigants against four facultative and four black-pigmen-
ted anaerobic bacteria in a different investigation. According to their fin-
dings, 4% and 2.5% NaOCI had far stronger antibacterial action than the
other studied drugs. Siqueira et al.’s study [21] revealed no variation in the
1%, 2.5%, and 5% NaOCI antibacterial efficacy.
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Spratt et al.’s evaluation [22] assessed the effectiveness of phosphate
buffered solution (PBS) as a control, 10% povidone iodine, 0.2% CHX,
2.25% NaOCl, 5 ppm colloidal silver, and 10% PBS against monoculture
biofilms (Intermedia, Peptostreptococcus miros, Streptococcus intermedi-
us, F. nucleatum, E. faecalis). According to this study, NaOCl showed the
most effective antimicrobial activity, followed by iodine solution. Clegg
et al[23] evaluated the effect of 3 different concentrations of NaOCl (6%,
3%, 1%), 2% CHX and MTAD (mixture of tetracycline, acid, detergent)
on apical dentin biofilm in vitro. The results showed that 6% NaOCl was
the only irrigant that removed the biofilm and eliminated microorganisms.

Gomes et al.[24], using blood diffusion test, found that the time requ-
ired for 100% mortality in E.faecalis culture was 30 min in 0.5% NaOCl
and 30 s in 5.25% NaOCl.

In another study investigating the effects of different solutions of Na-
OCI on E.faecalis, it was reported that 0.5% NaOCI eliminated E.faecalis
in 30 min, 1% in 10 min, 2.5% in 5 min and 5.25% in 2 min [25].

Raphael et al.[26]found that 5.25% NaOCI at 21 and 37 °C did not
make a difference in the antimicrobial activity of E.faecalis, S. aureus, and
Paeruginosa and even decreased it.

Karatag et al. compared postoperative pain scores with final irrigation
with sodium hypochlorite at 3 different temperatures (NaOCl 2°C, NaOCl
25°C, and NaOCIl 45°C). They conclude that equivalent antibacterial acti-
vity was obtained with final irrigation with NaOCI at varying temperatu-
res. In terms of postoperative pain, they found that cold NaOCI (2°C) final
irrigation was superior to NaOCl1 45°C. (27).

2. Chlorhexidine

With broad-spectrum antibacterial activity against both Gram-positive
and Gram-negative bacteria and yeasts, chlorhexidine (CHX) is a catio-
nic bis-biguanide. CHX is both bacteriostatic and bactericidal, depending
on the concentration. Elevated levels of CHX cause bacterial death and
membrane damage to cells. Only bacteriostatic at low concentrations is
chlorhexidine effective.

In a study comparing the antibacterial activity of different concentra-
tions of CHX in vitro, it was found that the antibacterial activity of a 2%
solution of CHX was more effective than a 0.12% solution. Therefore, the
antibacterial activity of CHX has been shown to be concentration depen-
dent [28].
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Unlike NaOCI, CHX does not dissolve tissue. Therefore, NaOCI is
still used as the primary irrigation solution in endodontics. In terms of root
canal cleaning ability, 2 forms of CHX were compared in 2 different expe-
riments using scanning electron microscopy (SEM). In an in vitro study,
2% CHX gel cleaned the canal much better than the canal treated with a
combination of 2% CHX and 5.25% NaOCI.

This showed that the gel form was more effective in canal cleaning
with mechanical effect. In another in vitro study, it was shown that 2%
CHX was inferior to 2.5% NaOCI in canal cleaning [29]. However, in-vit-
ro studies may not reflect the clinical reality compared to in-vivo studies.
The antibacterial activity of CHX has been demonstrated in several in-vivo
studies by reducing bacteria in the infected root canal. Ringel et al [30] re-
ported that 2.5% NaOCI was more effective than 2% CHX in infected root
canals by applying each solution for 30 min.

It has been demonstrated in recent research that CHX is a far less ef-
fective antibacterial than NaOCI [31, 32]. In contrast to what is commonly
believed, at the same concentration, CHX is just as cytotoxic as or more
so than NaOCl [33]. Furthermore, it forms a potentially hazardous oran-
ge-brown precipitate that may also result in discoloration when it combines
with leftover NaOClI in the root canal [34]. In conclusion, the information
that is now available opposes the use of CHX as a last irrigant[35].

3-Decalcifying Solutions

3.1. EDTA (Ethylenediaminetetraacetic acid)

Because it is a chelator and eliminates the mineralized portion of the
smear layer, EDTA is a frequently used irrigation solution. The “sequest-
ration” of di and tri cationic metal ions (like calcium and iron) in EDTA’s
structure is what gives it its chelating properties.

EDTA alone is not effective in the removal of smear layer. It should be
used in combination with NaOCI to remove the smear layer [36].

Typically, EDTA is used at a concentration of 17%. The solution
works on the smear layer in significantly less time if it can cover the whole
surface of the root canal walls. It restricts the actual decalcification process
because it is a chelator. Because it opens calcified canals, EDTA plays a
crucial role in the preparation of root canals. If given enough time, it can
decalcify 50 um and open highly calcified canals [6].

Grawehr (2003) conducted a study to investigate the interaction
between NaOCI and EDTA [37]. This study showed that the calcium
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complexing ability of EDTA did not change when mixed with Na-
OCI. Nevertheless, EDTA did reduce NaOCI’s capacity to dissolve
tissue, and the mixture contained no free chlorine. In a clinical set-
ting, EDTA and NaOCI ought to be given apart.

When CHX and EDTA are used together, they form a white preci-
pitate. Rasimick et al [38] reported CHX degradation in the precipitate.
Dilute trifluoroacetic acid obtained from the precipitate was redissolved in
a known amount. According to the results, CHX forms a salt with EDTA
instead of undergoing a chemical reaction [39].

3.2. Citric Acid

Citric acid, like EDTA, is an effective agent for the removal of the
smear layer in canal irrigation. Irrigation with sodium hypochlorite is re-
commended both before and after citric acid application for smear elimi-
nation. In a comparative study, 10% citric acid was reported to be more
effective than 1% citric acid and more effective in terms of dentin demine-
ralization than 17% EDTA [40]. However, Liolios et al. reported that 15%
and 3% EDTA concentrations were more effective in dissolving the smear
layer than 50% citric acid [41].

3.3. EDTA-T:

EDTA-T, which is a combination of EDTA and 0.2% lauryl sodium
sulfate, a cationic detergent, increases the diffusion and efficacy of the de-
tergent in the dentinal tubules (15).

3.4. HEBP (Etidronic Acid):

1-hydroxyethylen-1, 1-bisphosphonate is called etidronic acid. HEBP
is a chelator that can be used as a compound with NaOCI apart from its ef-
fects providing proteolytic and antimicrobial properties [15]. It is thought
to be the only chelator that can be used with NaOCI without affecting the
antimicrobial properties of NaOCI. The use of the NaOCI+HEBP combi-
nation optimizes binding to resilon/epiphany root fillings [42].

3.5 Maleic Acid (MA)

The smear layer is successfully eliminated at concentrations of 5%
and 7%. Particularly in the apical portion of the root canal system, Ballal et
al. (2010) found that a 1-minute irrigation with 7% MA as the last irrigant
eliminated the smear layer more successfully than a 1-minute irrigation



Research And Evaluations In The Field Of Endodontics - 2024 October * 7

with 17% EDTA [43]. It has been shown that 7% MA causes higher surface
roughening of the root canal walls than 17% EDTA. It was also discovered
that maleic acid was less cytotoxic than EDTA [44].

4- Solutions Used in Combination

4.1. BioPure MTAD and Tetraclean

MTAD is a broad-spectrum antibiotic aqueous solution that was first
introduced by Torabinejad and Johnson. It is capable of simultaneously
disinfecting the root canal and removing the smear layer [45]. MTAD is a
concoction of 0.5% polysorbate (Tween 80) detergent, 4.25% citric acid,
and 3% doxycycline hyclate [88]. As directed by the manufacturer, MTAD
should be used as a last rinse solution in clinical settings following the
completion of traditional chemomechanical preparation [45, 46].

Tetraclean has demonstrated good antibacterial action against plank-
tonic phase bacteria [47], but in a “ex vivo” model, it was found to have
outstanding antimicrobial activity against E faecalis [48].

4.2. QMIX

Stojicic et al [49] evaluated the efficacy of Q-MIX on a biofilm of
E. feacalis and mixed plaque bacteria and in the planktonic phase. They
observed that application of Q-MIX and 1% NaOCI for 5 s killed all plank-
tonic E. feacalis and plaque bacteria. They found that the effect of Q-MIX
and 2% NaOCI on bacteria in the biofilm was more than 12 times greater
than that of 1% NaOCI or 2% CHX.

4.3. Irritrol

Strong EDTA (17%) solutions are frequently used in conventional
rinses to remove the smear layer, which significantly demineralizes the
dentin. Irritrol’s proprietary blend of surfactants and chelators work in har-
mony to effectively remove the smear layer without excessive deminera-
lisation. Because it does not include a considerable amount of EDTA, an
irrigant that can chelate calcium ions and cause serious damage to the den-
tin surface, Irritrol is not an excessively “aggressive” irrigant [50]. In the
study by Kiigiik et al, Irritrol demonstrated an ability to penetrate dentinal
tubules similar to QMIX and CHX [51].
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4.4. Smear Clear

A commercially available chelating agent called Smear Clear (Sybro-
nEndo, Orange, CA, USA) combines two additional proprietary surfac-
tants with a 17% EDTA solution.

According to Ankur et al., Smear Clear and EDTA performed compa-
rably when it came to eliminating the smear layer from the middle third of
the root canal. But in the apical third, Smear Clear considerably outperfor-
med 17% EDTA solution in terms of smear layer removal [52].

In a study by Luciano et al. measuring the dentinal tubule penetration
depth of 17% EDTA, Smear Clear and BioAKT Endo, viscosity and sur-
face tension tests showed that BioAKT Endo had the lowest values than
EDTA and Smear Clear [53].

4.5. Triton

Triton demonstrated significantly higher bacterial killing and smear
layer removal for both E. faecalis and multi-species biofilms in dentinal
canals compared to NaOCl or NaOCI + EDTA, according to an evaluation
by Xuyan et al. of the drug’s effectiveness in eliminating single and mul-
ti-species oral biofilms and smear layers in dentinal canals [54].

Comparing 6% NaOCI (5 minutes) and 6% NaOCl + 17% EDTA (5 +
1 minutes) to Triton used for 3 minutes and then another 3 minutes treat-
ment, the results indicated a much higher bacterial death of biofilms [54].

5- Herbal Medicines Used as Irrigation Solution:

Despite the good tissue dissolving ability and strong antimicrobi-
al activity of chemical agents, problems and safety concerns due to their
unpleasant taste and odor, tissue toxicity, weakening of tooth structures
by reducing dentin structural integrity, etc. have increased the interest in
medicinal plants. Since ancient times, plants have been used for many me-
dicinal purposes (55).

Herbal medicine is defined by the World Health Organization (WHO)
as any material or preparation generated from plants that contains raw or
processed parts of one or more plants that have therapeutic effect [56].
Currently, herbal products are widely used in dentistry and medicine be-
cause of their strong antibacterial, biocompatible, anti-inflammatory, and
antioxidant qualities [57]. Herbal preparations made from a variety of plant
materials, including roots, seeds, leaves, stems, and flowers, have been
utilized as endodontic irrigants, analgesics, sedatives, anti-inflammatory
agents, and antibiotics in dentistry [58].
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5.1. Morinda Citrifolia (Indian Mulberry, Noni, Nono, Ba Ji
Tian, Cheese Fruit)

Commercially known as Noni, Morinda citrifolia (MCJ) is one of the
traditional medicinal plants utilized for over 2000 years in Polynesia (59).
Numerous medicinal benefits of noni juice have been discovered. The an-
timicrobial, antiviral, analgesic, anticancer, antihelminthic, hypotensive,
and immiine-enhancing properties are among them [60].

It has been demonstrated that the main components of these plants
are vitamin C, scopoletin, potassium, terpenoids, alkaloids, alizarin, anth-
raquinones, vitamin A, carotene, linoleic acid, amino acids, caproic acid,
caprylic acid, rutin, and maybe proxeronin. The following bacteria are
effectively combated by these substances: Salmonella, Shigella, Bacillus
subtilis, Pseudomonas aeruginosa, Escherichia coli, Pseudomonas aureus,
and Bacillus subtilis [61]. For root canal irrigation, MC]J is the first herbal
substitute for NaOCI [62, 63].

According to Murray et al., 14% M. citrifolia in combination with
EDTA produced more effective smear removal than 5.25% NaOCI. If MCJ
is to be used as an endodontic irrigation solution, EDTA irrigation fol-
lowed by a final MCJ irrigation is recommended [62].

5.2. Propolis (Bee Glue)

Propolis contains flavonoids, aromatics, and phenolics, which
are its pharmacologically active ingredients. Additional components
consist of 50-70% resin and balm, essential oil, 30-50% sand wax,
and 5-10% pollen. There are other minerals, vitamins A, E, and B
complex, and amino acids. Additionally present is a highly active
molecule called bioflavonoid (vitamin P) [64]. Propolis possesses a
variety of biological actions, including as cytotoxic, anesthetic, an-
tibacterial, and anti-inflammatory effects. Flavonoids and cinnamic
acid derivatives have been considered as the primary biologically
active components [65]. The antimicrobial property of propolis is
mainly against gram-positive bacteria such as Enterococcus spp,
Mycobacteria spp, S. Aureus [66]. In dentistry, propolis is used in the
treatment of aphthous ulcers, candida albicans, gingivitis, acute nec-
rotising ulcerative gingivitis, and periodontitis [67]. Since propolis
has good antimicrobial and anti-inflammatory properties, it is thou-
ght to be used as an intra-canal irrigation and medicament [67,68].
In a study by Al-Qathami and Al-Madi, the antimicrobial activity of
propolis, NaOCl and saline as irrigation agents was evaluated and it
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was shown that propolis had equal antimicrobial activity to NaOCl
[69]. In a study by Kandaswamy et al, propolis was found to have
better antimicrobial activity against E. faecalis than calcium hyd-
roxide, but less than CHX. This result suggests that propolis can be
used as an alternative intra-canal medication [70].

A 2014 study showed that propolis was as effective as NaOCl
against E. faecalis biofilm and more effective than triphala, neem,
and green tea [69]. In a study by Madhubala et al. ethanolic extract
of propolis was found to be more effective than triple antibiotic paste
against E. faecalis at the end of 2 days [70]. In an in vivo study on
samples from 60 children aged 6-12 years with acute apical abscess,
the effects of propolis, calcium hydroxide, and CHX on endodon-
tic aerobic and anaerobic bacteria were evaluated and propolis was
shown to be effective in reducing aerobic bacteria. In this study, it
was also found that its effect was higher than calcium hydroxide
[73]. There is also a study that propolis can be used effectively in
combination with calcium hydroxide for the elimination of endodon-
tic pathogens, especially against E.faecalis (17). Propolis also pro-
motes the formation of hard tissue bridges. This property has been
attributed to its ability to stimulate various enzyme systems, cell me-
tabolism, circulation and collagen formation [74]. Sabir et al (2005)
reported in a mouse study that direct pulp quafting with propolis can
delay pulp inflammation and stimulate regenerative dentin formati-
on [72]. Ethanol extract of propolis promotes bone regeneration and
induces hard tissue bridging in pulpotomies or pulp quafage cases
[73]. There are also studies suggesting that propolis may be used for
dentin sensitivity as it can occlude dentin tubules [66].

Recommended Irrigation protocol

NaOCl is still the recommended primary irrigation solution to be used
during the chemomechanical preparation process because of its effective-
ness in eliminating organic components from the smear layer, dissolving
pulp tissue residues, disrupting the biofilm structure, and killing microor-
ganisms. It also has lubricating qualities. After instrumentation, the root
canal should be washed with a chelator, such as EDTA, to partially rupture
the biofilm matrix and remove accumulated hard tissue debris and inorga-
nic components of the smear layer.

It is not appropriate to think of this phase as the last rinse, though. In
order to operate on the remaining biofilm and further penetrate the dentinal
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tubules that have been liberated from the smear layer, NaOCI needs to be
reintroduced into the root canal system. The use of CHX or any other irri-
gant in place of NaOCl for the final rinse is not supported by the available
data. HEDP is a mild chelator combination that, when paired with NaOCl,
can further simplify this irrigation protocol.

CONCLUSION

Root canal shape and the total elimination of bacteria and their by-
products from root canals are challenging due to the intricate architecture
of teeth and root canals. Moreover, antimicrobial irrigation solutions and
drugs are less efficient against all microorganisms prevalent in endodontic
infections due to the complicated chemical environment of the root canal
[72].

No one irrigant possesses all the necessary qualities of an irrigation
solution, even if sodium hypochlorite is the most significant irrigation so-
lution[73]. In order to achieve optimal root canal sterilization and disinfec-
tion, it is recommended to combine several irrigation solutions.

Future multidisciplinary research integrating concepts from funda-
mental sciences like fluid dynamics, microbiology, and chemistry could
eventually result in more potent antimicrobials and improved cleaning of
the intricate root canal system’s difficult-to-reach regions.
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An essential component influencing the extended period achievment
of an endodontic treatment is that the root canal system is completely ob-
turated after biomechanical preparation to be able to avoid oral pathogens
from re-colonizing the root and periapical tissues and causing infection
(Guimaraes vd., 2014). To date, there is little prof to back up the superio-
rity of one method of obturation over another based on outcome evaluation
studies. According to research conducted in Toronto, warm vertical com-
paction might be preferable to lateral compaction (Chevigny vd., 2008).
Nevertheless, there is no definitive evidence.

Many obturation techniques have been created for root canal treat-
ment and each technique has its own advantages and disadvantages. When
we need to choose between many techniques with the aim of clinical suc-
cess, the most practical and operator-friendly technique that can achieve a
predictable result should be preferred, according to the anatomy of the root
canal and the degree of difficulty of the case.

1. Cold Obturation Methods

1.1. Single Cone Technique

With the widespread utilize of rotary nickel titanium files in shaping
root canals, angled guttapercha cones compatible with the increasing taper
and diameter of the rotary file used in the canal have been introduced to
the market (Chandler vd., 2005). In the single cone technique, a single
gutta-percha cone that is exactly compatible with the taper angle of the
last file used in the root canal is placed in the canal at the working length
with a suitable sealer and the filling process is performed by removing the
coronal excess with the help of a heated instrument (Kaplan vd., 2019).
According to the manufacturer’s claim, this technique provides a higher
gutta-percha volume in the canal and a 3-dimensional obturation in a shor-
ter time (Schifer vd., 2012). The single cone technique does not require
the addition of an auxiliary cone or the application of lateral condensation
along with the main cone (Pereira vd., 2012). In cases where the conden-
sation process is not applied and there are possible anatomical variations
in the root canal (oval-shaped canals, internal resorption, etc.), these areas
will be filled with a higher volume of paste, making this technique less
effective in sealing the root canal (Pereira, 2012). Since the intensify in the
content of sealer in the root canal, the shrinkage of the sealer as it hardens,
its dissolution with tissue fluids, or possible cavities that may occur in
the sealer, compromise the root canal treatment’s long-term effectiveness
(Monticelli vd., 2007).
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1.2. Cold Lateral Condensation Method

One of the most popular endodontic techniques is the cold lateral com-
paction method using gutta-percha (Cailleteau & Mullaney, 1997). After
the biomechanical root canal preparation is completed, a standard master
cone compatible with the diameter of the final file used in the canal is
placed in the canal with the addition of root canal sealer. If the selected
master cone is compatible with the apical ending, there should be a sense
of compression or —tug-backl resistance when withdrawn. After the main
cone is placed in the canal, it is compressed laterally within the canal with
the help of a spreader and auxiliary cones are added to the created spaces.
The auxiliary cone addition is continued till the spreader does not advance
more than 2-3 mm in the root canal. Finally, to complete the filling process,
excess gutta-percha accumulated in the coronal is removed with the help of
a heated tool or gutta-cutters (Zmener & Banages, 1999).

It is a successful technique that is frequently preferred because it is
simple and easy to apply, does not require special and expensive instru-
ments, and is low cost (Frantzeska vd., 2017). The controllability of the
apical fit reduces the danger of apical extrusion of the root canal filling
material compared to other techniques (Alagam, 2012). However, the ca-
pacity for homogeneously obturate the cleaned and shaped root canal spa-
ce to give it its original form is questionable (Lopez & Estrada, 2018). Its
use in filling root canals with anatomical irregularities such as excessive
curvature, amorphous shape or internal resorption poses a problem in ter-
ms of creating a hermetic obturation (Alagam, 2012) . In addition, the risk
of creating a void between gutta-percha cones and root canal walls and the
resulting increase in the breadth of the sealer used, and the bias of vertical
root fracture due to excessive pressure applied with the spreader during
condensation can be listed among the disadvantages (Piskin et al., 2008).

1.3. Guttaflow

Gutta flow contains gutta-percha powders and is in injectable form
with a fluid consistency. It is known as the cold fluid gutta-percha tech-
nique. It is biocompatible. It adapts to canal irregularities, the setting time
changes with sodium hypochlorite. It shows 2% expansion in the root ca-
nal (Punia et al, 2011). However, the sealing was found to be lower than
many sealers. (Elayouti et al 2005).
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2. Warm Obturation Techniques

2.1. Warm Vertical Condensation Technique (Schilder teknigi)

The warm vertical condensation method was developed by Schilder
in 1967 as a technique that can fill the root canal homogeneously in 3-D,
with maximum gutta-percha and minimum root canal sealer, and is dense,
dimensionally stable (Schilder, 1967). Briefly, the technique is based on
the principle of applying vertical pressure to the heated gutta-percha, thus
allowing the mellowed gutta-percha to fill the total lumen and irregulari-
ties of the canal (Tomson et al., 2014).

After the root canal sealer is placed in the canal, a non-standard mas-
ter cone compatible with the apical tug-back that resists displacement is
placed into the canal 0.5-2 mm shorter than the working length, and the
coronal part of the gutta-percha is removed with a heated instrument. The
heated gutta-percha is compressed apically with a plugger until the apical
part is obturated. To obturate the coronal canal space, small 3-4 mm gut-
ta-percha pieces are placed into the canal and heat is applied. Then, the gut-
ta-percha pieces softened by heat are compressed vertically with the help
of a plugger or spreader compatible with the canal and the obturation is
completed (Tomson et al, 2014). The Touch ‘n Heat unit (CourtesySybro-
nEndo, Orange, CA) and System B (Kerr Dental, SybronEndo, Orange,
CA) are superior temperature control options when compared to using a
flame-heated instrument to apply heat (Tomson et al, 2014). The flame got
hot emitter has no temperature control and the Touch ‘n Heat checks only
deliver heat to the tip and do not provide feedback from the tip as per cli-
nical conditions. Because System B is equipped with an inbuilt computer,
it is able to monitor tip temperature and respond to feedback according to
clinical conditions, ensuring the tip remains at the set temperature (Tomson
etal, 2014).

Warm gutta-percha obturation techniques offer adequate filling of la-
teral canals and intracanal irregularities in the anatomic root canal comp-
lex. (Keles, 2014 ; Suguro, 2018). In a study based on this information,
it was stated that the quantity of lateral canals obturated with hot vertical
condensation techniques was about twice that obtained with the lateral
condensation technique (Brothman, 1981). Suguro, 2018

The drawbacks of the technique can be enumerated in the following
order; the force applied with the plugger used to compress the heated gut-
ta-percha vertically may create a risk of vertical root fracture, and the use
of rigid pluggers in inclined root canal systems is quite difficult because
they can not penetrate deep enough to provide ideal obturation. To achieve
this, the canals need to be widened further, which leads to thinning of the
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root canal walls and thus waning the root and making it susceptible to root
fractures (Blum et al., 1997). Compared to lateral condensation, length
control is poorer, thus increasing the potential for extrusion of gutta-percha
and root canal sealer into periradicular tissues (Kytridou et al., 1999). The-
se days, it is acknowledged that the temperature created on the root surface
should be kept around 10 °C to avoid bone damage. Dentin provides a
comparatively favorable seal, but the possibility of a temperature increase
on the external root surfaces resulting in an there have been reports of al-
veolar bone response following the application of certain popular heat-as-
sisted obturation procedures (Cen et al., 2018).

2.2. Warm Lateral Condensation Technique

The warm lateral condensation technique was developed by combi-
ning the dimensional control of cold lateral condensation with the irregu-
larity filling properties provided by warm guttapercha techniques. Endotec
II, EndoTwin, Thermopact devices have been developed for this process
and System B can also be used (Clinton et al, 2001). Dr. Harvard Martin
developed the

—Endotect 11l device, which is a battery-operated, temperature-cont-
rolled spreader/plugger used to provide lateral and vertical condensation
(Jain et al., 2016). The researchers investigated that warm lateral con-
densation with Endotec II enhanced the gutta percha’s mass weight by
14.63% in comparison to traditional cold lateral condensation (Liewehr et
al., 1993). It is also reported that Endotectll is compatible with all curved
canal preparation methods and offers a three-dimensional filling with its
calibrated temperature, reduces the potential for cracks and fractures by
producing less stress during lateral compaction (Martin et al., 1990), and
the use of the device has no harmful effect on the integrity of periodontal
tissues (Castelli, 1991) .

The —EndoTwinn (EndoTwinn B.V., Amsterdam, The Netherlands)l
device, which was developed with the idea of using heat and vibration
together, is also used with the warm lateral condensation technique (Paga-
vino et al., 2006). EndoTwinn has the ability to vibrate as well as heat, and
thus it is possible to obtain a more homogeneous filling in the canal defects
by increasing the flow of thermoplasticized gutta-percha and reducing the
number and size of voids (Kulild et al., 2007). The vibration frequency of
EndoTwinn is lower than the ultrasonic frequency and is around 100 Hz
(Kaplan et al., 2019). Another device introduced in 2007 as a variation
of the EndoTwinn is the —Downpakl, a cordless and multipurpose endo-
dontic heating and trembling spreader. It is currently used under the name
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—Rootbuddyl. It is applicable to both lateral and vertical condensation
(Berman ve Hargreaves, 2021).

2.3. Thermohydraulic Compaction (Thc)

The root canal filling technique developed by Dr. Buchanan, using
System B, Obtura II and Dovgan heat source, was modified and the hyd-
rostatic pressure created during the down packing process was increased.
It is claimed that by increasing the thermal hydraulic pressure in this te-
chnique, the lateral canal can be obturated more successfully (Nahmias et
al., 2001).

3. Termomechanic Compaction

3.1. McSpadden Technique

Mcspadden introduces the McspaddenCompactor, which is similar to
the Hedstrom file but has reverse flutes (Leonardo et al., 2004). When the
micromotor is activated, the instrument creates friction, softens the gut-
ta-percha and advances it apically. Similar rotary compactors have been
developed in terms of design. The device is made of nickel titanium to
increase flexibility (Berman ve Hargreaves, 2021). Advantages include
simplicity of the technique, effectiveness and duration of obturating root
canal irregularities (EM, 1989). Disadvantages include possible material
spillage, tool breakage, the formation of grooves in the canal wall, the in-
capasity of method to be used in curved canals and potential overheating
(EM, 1990).

3.2. MicroSeal technique

It is a technique applied by using the Microflow main cone, which
has the feature of flowing under pressure, the Microflow cartridge, which
becomes fluid with 15 seconds of heating in the heater device, and the Mic-
rosealcondenser operating at 5000-7000 rpm. After the main cone compa-
tible with the final apical diameter is placed in the canal with a sealer, a
space is created next to the main cone with the canal probe and a microseal
condenser covered with gutta-percha is placed in this space and operated.
The aim is for the microflow main cone to combine with the microflow
gutta-percha on the condenser and obturate the abnormalities in the root
canal (Malagnino et al 2011).
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3.3. Quickfill

In the Quickfill system, a titanium thermocompactor is used as a
transporter for the placement of alpha phase gutta-percha core material
into the root canal (Estrada & Lopez, 2018). The carrier thermocompactor
is fitted to a low-speed head operated at 3000-6000 rpm, and when ope-
rated in the canal, the heat produced by the contact softens the gutta-per-
cha. Therefore, no additional heating procedure is required. The carrier is
placed into the root canal with a clockwise rotation and some pressure,
while it is slowly taken out of the root canal with a counter clockwise ro-
tation (Kaplan vd., 2019). The system is not recommended for use in root
canals with a high inclination angle (Alagam, 2012). A study conducted
by Gengoglu in 2003 found that Thermafil, QuickFill and SoftCore were
superior to Microseal, System B and lateral condensation techniques regar-
ding gutta-percha/seal ratio.(Gencoglu, 2003).

4. Solid-Core Techniques

4.1. Thermafil, Profile GT, GT Series X and ProTaper Universal

Guttacore and Thermafill (DentsplySirona Dental Specialties) were
presented as guttapercha root canal filling materials having a strong core.
Originally produced with a metal core and a gutta-percha coating, the car-
rier is heated by fire. Core material in the center has become popular beca-
use it facilitates the placement of gutta-percha in the root canal (Zogheib
et al., 2013). The ease of placement in the canal and the flexible structure
of gutta-percha constitute its advantages. The disadvantages are that the
metal core makes post placement difficult and retreatment procedures are
challenging. Furthermore, gutta-percha frequently remodev from the car-
rier during root canal filling and remained as a carrier obturator material
in the apical part of the canal (Berman ve Hargreaves, 2021). Studies have
reported that carrier systems leave minimal voids in the root canal obtura-
tion (Zogheib et al., 2013). Studies evaluating healing rates have reported
no difference between guttapercha lateral compaction and carrier systems
(Hale et al, 2012).

It is reported that Thermafil core carrier supports the root dentin more
and contributes to the resistance to fracture of the root compared to cold
lateral condensation, single cone technique and continuous heat obturation
technique (Ersoy & Evcil, 2015). Since it is heat treated before being pla-
ced in the canal, it takes advantage of thermoplasticized gutta-percha and
provides a homogeneous filling, but the filling quality decreases in case of
intracanal irregularities such as internal resorption (Elenjikal et al, 2019).
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Accordings to the reports that the amount of gutta-percha on the carrier
may be insufficient to fill the resorption cavity (Gencoglu vd., 2008).

Two innovations made to the carrier systems are the creation of an
alpha phase gutta percha coated plastic core and a temperature-controlled
heating oven. The obturators are made to fit nickel titanium rotary files
of different angles, ISO standard file sizes, and nickel titanium rotary files
from the Profile GT and GT series X (DentsplySirona). Dimension chop-
pers are available that passively match the working length to assist in sele-
cting the appropriate carrier (Berman ve Hargreaves, 2021).

The carrier is put inside the ovento heat up. Once the suitable
temperature is reached, the clinician has nearly 10 seconds to remove the
carrier and place it in the root canal system. The carrier should not be ro-
tated or twisted during this process. Studies have shown that the speed of
placement affects the root canal obturation (Levitan et al, 2003). Fast pla-
cement increases the quality of the canal filling (Levitan et al., 2003). After
this procedure, vertical compaction of coronal gutta-percha can be perfor-
med. Gutta percha can be added, heated to soften it and then compressed
if needed. The ability of gutta percha to spread into lateral and accessory
canals is a benefit of this method (Wolcott et al, 1997). In this case, the
material being carried beyond the anatomical apex creates a disadvantage
(Nino-Barrera et al., 2018).

Most recently generation core carrier, GuttaCore, interconnected gut-
ta-percha is used as the carrier. An in vitro investigation compared the ne-
eded the moment to remove GuttaCore, Thermafil Plus and thermoplastic
gutta percha from a comparatively curved root canal system using Pro Ta-
per retreatment files and stated that GuttaCore was removed considerably
faster than the other two techniques (Beasley et al, 2013). The healing rates
of nonsurgical root canal treatment with the carrier root canal filling tech-
nique are similar to those reported for other root canal filling techniques
(Pirani et al, 2018).

4.2. SuccesskFil

Successfill (Coltene, Whaledent, Cuyahoga Falls) is a carrier system
related to Ultra 3D.

This technique’s gutta percha is kept in a syringe. Titanium or radio-
paque plastic carriers are placed in the syringe to the working length. After
the gutta-percha stored in the syringe is softened in small ovens modified
for the placement of the syringe, the carrier is placed in the syringe in a
way that it will be the measured canal length and is covered with gutta-per-
cha. Depending on the canal morphology, gutta percha can be condensed
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around the carrier using different pluggers. Then, the carrier is cut with a
bur above the canal entrance (Berman ve Hargreaves, 2021).

4.3. Simplifill

Core carriers are manufactured to be compatible with the Lightspeed
rotary file system. The carrier has an apical plug coated with gutta-percha
or resilon at the apical 5 mm. After the carrier is slowly inserted into the
canal at the working length, the handle is rapidly rotated counterclockwise
at least four full turns so that the apical plug remains in place while the
carrier is removed from the canal. Next, gutta-percha can be used to fill
the coronal section of the canal by either lateral compaction or a warm
thermoplastic approach. This cross-sectional technique is effective and the
potential for leakage is comparable to other widely used methods (Santos
et al., 1999). Since the core carrier material is not left in the root canal, the
problems that other carrier-based techniques create when retreatment app-
lication and post space creation are not encountered (Kaplan et al, 2019).

5. Thermoplastic Injection Techniques

One of the techniques recommended for filling the root canal after the
chemomechanical preparation is to heat and soften the gutta-percha and
then place it in the root canal with pressure using specially developed devi-
ces. Current devices developed for this technique are: Obtura III, Calamus,
Elements, HotShot and Ultrafil 3D. Among them, Ultrafil 3D system uses
low temperature gutta-percha heated to 90 o C, while the others use high
temperature gutta-percha heated to 160 < C (Soo et al., 2015).

Enhanced ability of injectable thermoplasticized gutta percha to fill
internal resorption gaps and other imperfection in canals like lateral canals,
and C-shaped canals has been reported (Soo et al., 2015). When applying
the technique, it is recommended to place a master cone in the apical part
to prevent the possibility of overflow filling due to lack of apical control,
especially in teeth with wide apexes (Olson et al., 1989).

5.1. Obtura III

The Obtura III system (ObturaSpartan, Fenton, MO) comprises of a
hand gun and a control unit, which has a chamber that allows the gutta-per-
cha pellets placed inside to be heated to a minimum of 160 C thanks to the
heating apparatus around it. The system includes silver syringes in sizes
20, 23, and 25 G for placing thermoplasticized gutta-percha into the canal.
The temperature of gutta percha and viscosity can be changed by the user
using the control unit (Bradshaw et al., 1989).
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To avoid apical extrusion in the technique, the diameter of the apical
constriction should be prepared as tiny as feasible. It should be applied
with gutta-percha paste while filling the canal (Bradshaw et al, 1989). To
avoid filling the apex with paste accumulation only, the paste should be
applied to the canal walls (Alagam, 2012). Gutta-percha is preheated and
thermoplasticized in the Obtura gun and passively injected into the canal
after the silver syringe is placed 3-5 mm from the apical end. As the canal
fills, the syringe is withdrawn from the canal and pluggers can then be used
to compress the gutta-percha. This compression process should continue
until the gutta-percha has cooled and solidified. It has been reported that
Obtura adapts well to the root canal and that it will not cause harm to the
periodontal ligament, as the temperature increases on the root surface are
below the crucial point (Tanilshii et al., 2003).

5.2. Ultrafill 3D

Ultrafill 3D, used for low-temperature thermoplastic injection tech-
nique, is a device that supports three different types of disposable gut-
ta-percha cannulas with needles that can be prebeveled based on the root
canal shape. It has a transferable heating unit, adjustable regardless of hu-
midity or temperature (Lokhande et al., 2019). Gutta-percha cannulas used
in the system; —Regular Setl has low viscosity and hardens in 30 minu-
tes, —Firm Setl also has low viscosity, the difference is that 4 minutes is
enough for it to harden. —Endosetl has a high viscosity. Its setting time is
2 minutes. To avoid cavity formation during root canal filling, heated gut-
ta-percha should be injected without applying excessive pressure and the
syringe should be allowed to move away from the canal as it fills (Kaplan
et al., 2019). A different preparation technique was developed to prevent
apical extrusion. In this technique, the canal is enlarged to 3 sizes larger
than a file that provides a tight fit at the working length and the canal is
enlarged slightly further to allow a 22-gauge needle to be inserted up to 6
mm into the working length. After the canals were filled, the apical extru-
sion status was examined radiographically and the method was found to be
successful (George et al, 1987).

5.3. Calamus

Calamus is an obturation system that combines the —Calamusflowl
and —Calamuspackl devices, which allow the simultaneous use of —in-
jectablel and —pumpablel gutta-percha filling material (Ruddle, 2010).
The —Calamuspackl handpiece, with a suitably sized electric heating plu-
gger, is used to soften the gutta-percha by heat, remove excess from the
canal, and condense it when filling the apical part of the canal. The electric
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heating pluggers come in 3 sizes and are selected based on the curvature,
taper and apical dimension of the finished root canal preparation.

The Calamuspack handpiece can also be used to perform a diagnostic
—hot testl on the heatsensitive pulp tissue (Gupta et al., 2015). The —Ca-
lamusFlowl handpiece, with a one-piece guttapercha cartridge and a com-
patible cannula, is used to inject warm gutta-percha during the obturation
phase of the coronal and middle thirds. The cartridges come in gauge sizes
of 20 and 23 and are intended for single use only. There is also a bending
tool available to pre-bend the cannula in curved root canals (Gupta et al.,
2015). The temperature at which thermoplasticized gutta-percha is extru-
ded from the needle tip varies between 38°C and 44-C. Depending on the
viscosity of the gutta-percha, it continues to flow for 45-60 s (Jain, 2016).

5.4. HotShot

HotShot, one of the devices used for thermoplastic injection technique,
allows the guttapercha to be heated to 150-230 °C. The device looks like
a composite gun, is cordless and lightweight. It is appropriate for use with
gutta-percha or resilon. The needles used for the injection of heated filling
material are available in sizes 20, 23 and 25. Similar to other thermoplastic
injection devices, it has been suggested for use in filling anatomical irregu-
larities such as internal resorption (Shenoi et al, 2014).

5.5. Elements

The device, which combines the downpack and backfill units and is
designed wirelessly, provides freedom of movement during treatment. The
temperature value, which can be adjusted between 100 and 400 °C, allows
the most suitable temperature for the filling material used to be set in a
short time such as 0.5 seconds. The 360° activation ring on the downpack
device, the prebeveled needle tips and the extrusion effect of the backfill
device ensure that gutta-percha is placed in the root canal efficiently, easily
and precisely, without leaving any gaps (Bey et al., 2015).

Gutta-percha cartridges are single-use, eliminating the risk of cross-in-
fection. Both handpieces in the unit have a silicone boot that acts as an
insulator to prevent heat transfer and protects the clinician’s hands during
treatment. The needle tips that deliver the thermoplastic gutta-percha to the
canal are 20-, 23- and 25-gauge and are pre-beveled. The activation ring
on the downpack handpiece gives off heat when pressed, and thanks to its
timeout feature, if it is not activated within 4 seconds, it is deactivated,
preventing excessive heat from being transmitted to the tissues (Bey et al.,
2015).
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It has been reported that a homogeneous filling can be achieved with
minimal void formation and provides advantages in intricate canal morp-
hologies such as C-shaped root canals. (Eren et al 2017; Gok et al2017).

6. Future Technology and Nanodiamond Content Gutta-percha

Clinical trials on gutta-percha containing nanodiamonds are progres-
sing promisingly and no adverse effects have been reported ( Lee, et al.
2017). These studies may form the basis for ongoing clinical research on
nanodiamond biomaterials and endodontic applications (Berman ve Harg-
reaves, 2021). Particles smaller than nanometers are employed in several
branches of medicine. Among the many applications of nanoparticles in
biomedicine are drug administration, protein transport, and imaging. Addi-
tionally, surgical instruments like implants and graft materials can benefit
from the use of nanoparticles to enhance their mechanical characteristics
and bioactivity (Najeeb vd., 2016).

NDs have a variety of uses in medicine. Additionally, they can be uti-
lized as nanofillers to enhance the mechanical characteristics of composite
polymers. Recently in dental components include the integration of na-
noscale particles and surface modifications to enhance the mechanical and
biological attributes of dental implants, guiding restorative materials, and
resources for tissue regeneration (Passeri et al, 2015). Nanoscale fillers
like silica and alumina to enhance technical and visual attributes, as well
as bioceramics and bioglass materials like hydroxyapatite (HA) and fluo-
rohydroxyapatite (FHA) for implant alteration and directed tissue repair,
are a few instances of nanoscale particles used in dentistry. Antibacterial
NDs reinforced gutta-percha has been considered as a potential endodontic
substance (Lee et al, 2015).

A restorative material is inserted into the root canal to seal (or fill) it
after it has been cleaned and shaped. Traditionally, rubber-based gutta-per-
cha has been used as the endodontic material of selection because of its
ease of removal and radiopacity. Nevertheless, in most situations, standard
endodontic materials are unable to thoroughly disinfect the canal due to
their poor mechanical qualities and leaking, and infection may persist des-
pite the obstruction (Lee et al, 2015).

In a study, Lee et al. successfully combined amoxicillin (NDamoxi-
cillin)-linked NDs with GP and found that the composite ND GP incre-
ased yield strength, tensile strength, and Young’s modulus in addition to
exhibiting enhanced bactericidal properties against Streptococci through
sustained medication release (Fouad & Torabinejad, 2008). This study
could be the first of many that could lead to the growth of endodontic mate-
rials that carry regenerative growth factors to provide root and pulpodentin
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regeneration as well as the delivery of antibiotics to the canal. Although
these NDs have not yet been observed in vitro, human dental pulp cells
cultivated on oxygenated NDs exhibited improved growth and distinction
additionally to the creation of mineralized tooth tissue, suggesting the pos-
sibilities of NDs to regenerate teeth. (Duailibi et al., 2013).

In the light of this information, the ensuing findings can be reached; It
is known that the root canal obturation makes a significant contribution to
the success of endodontic treatment.

There is not much data to back one up filling method in preferance to
another. Every technique offers benefits and drawbacks. Doctrine should
not guide decision-making; rather, the clinical scenario should. Thus, ha-
ving a thorough understanding of the available possibilities aids the doctor
in selecting the best method for the tooth being treated.
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GENERAL INFORMATION

The objective of endodontic treatment is to eliminate all essential and
nonvital tissues that are home to microorganisms in the root canal to able
to rid the system of bacteria and their byproducts, which are the cause of
infection (Dornelles-Morgental et al., 2011).

The two most crucial phases of a successful root canal therapy are
chemical irrigation and mechanical preparation. The best method for clea-
ning parts of the root canal walls that are inaccessible by mechanical pre-
paration is to irrigate the system (Haapasalo et al., 2010).

Despite the use of rotary systems for root canal shaping, most of the
shaping is concentrated in the center of the canal, but it is not possible
to access and effectively clean areas such as the lateral canal and isthmus
(Mohammadi et al., 2021; Onay EO et al., 2013). Since these areas are
suitable locations for debris, microorganisms and their by-products and do
not allow adequate adaptation of canal filling materials, they may cause
recurrent periapical infections. Therefore, irrigation has a significant part
in the cleaning of root canals in addition to root canal shaping (Basrani et
al., 2003; Meltem Kiigiik et al., 2016; Vineet et al., 2014).

Various irrigation solutions are used for irrigtion in root canals. Many
irrigation solutions such as NaOCL, EDTA, CHX, HEBP, REDTA, Rc-Prep,
Citricacid, Tannicacid, Qmix, MTAD, Irritrol are currently used.

IRRIGATION ACTIVATION METHODS
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MANUAL ACTIVATION TECHNIQUES

Conventional Needle Irrigation

In this method, irrigation solutions are applied by moving up and
down the root canals with needles or cannulas of various diameters. Some
of the needle tips dispense the solution from their distal stops, while others
dispense through side cavities with closed tips (ProRince, Max-I-Probe),
which are designed to reduce the possibility of apical extrusion of irriga-
tion solutions and increase hydrodynamic activation (Hauser et al., 2007).
The free movement of the needle during irrigation without getting stuck in
the canal is important in terms of allowing the irrigation to back out and
displacing more debris in the coronal direction, as well as preventing the
undesirable effects that may occur when the irrigation solution extruse into
the periapical tissues (Van Der Sluis et al., 2006).

As aresult, there is a limited depth of penetration fort he irrigation flu-
id and dentinal tubule disinfection (Langeland et al., 1985). It was propo-
sed that the effectiveness of syringe irrigation can be increased by utilizing
a smaller diameter needle tip, bringing the needle tip closer to the apex, and
increasing the volume of irrigation fluid (Sedgley et al., 2004). The like-
lihood of the irrigation fluid extruding into the apical tissues is increased
by the needle tip’s close contact to the apical tissues. Continuous hand
movements and slow release of the solution minimize NaOCI accidents
(Ram, 1977).

Plastic propylene tips (Irriflex, 30G-27 mm), (Trunatomy, 30G-28
mm) were produced because of the difficulties encountered in sending me-
tal irrigation tips to the apical region. Due to their flexible structure, they
can deliver irrigation solution to the apical region without getting stuck in
the root canal walls (Gao et al., 2009).

Brushes

Brush-covered needles are instruments for pulp debris removal and
irrigation activation in endodontics. Endobrush (C & S Microinstruments
Limited, Markham, Ontario, Canada) with spiral- shaped brushes made of
nylon bristles between twisted wires and NaviTip FX (UltradentProduct-
sInc, South Jordan, UT) brushes with a 30 gauge irrigation needle covered
with a brush have been developed for use in endodontic practice (Onay EO
etal., 2013; Pesse et al., 2005a). A study found that the coronal part of root
canal walls irrigated, instrumented, and treated with NaviTip FX (Ultra-
dentProductsinc, South Jordan, UT) were cleaner than those treated with
brushless syringes, but no statistically significant difference was detected
in the middle and apical parts (Zmener et al., 2009).
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In the another study by Keir et al., the Endobrush was used for 1 min at
the end of the instrumentation with a 2-3 mm push-pull motion combined
with a 90-degree rotation for the study length. The study showed that root
canal cleaning with Endobrush was superior to that without Endobrush
(Keir et al., 1990). In addition, the Endobrush may not reach the entire
working length due to its thickness, which may result in debris being pus-
hed into the apical area after brushing (Al- Hadlaq et al., 2006).

Manual Dynamic Activation (MDA)

The irrigation solutions need to enter direct contact with the canal
walls in order for root canal therapy to work. Nevertheless, due to the “va-
por-lock effect,” which is an air bubble that forms in the apical area, irri-
gation solution storage is typically challenging (Pesse et al., 2005b). It is a
method in which the solution is advanced to the apical region by moving
the gutta percha, which is selected as the master cone in the expanded
teeth, 2-3 mm back and forth in the working size of the canal (Canavar T
et al., 2020). The reciprocating movement of the gutta percha compatible
with the root canal 90 times in 30 seconds creates variable pressure areas
within the canal and brings the irrigation agent into contact with more sur-
faces (Canavar T et al., 2020).

ACTIVATION TECHNIQUES WITH THE DEVICES

Brushes Used with Rotary System

One of the first rotary brushes produced was the Microbrush. It con-
sists of two parts, a handle and a brush. During canal cleaning and shaping,
the microbrush rotates at 300 rpm, causing debris to move in the coronal
direction and is carried out of the root canal (Gu et al., 2009). Another en-
dodontic rotary brush is the Canal Brush (ColteneWhaledent, Langenau,
Germany). This highly flexible microbrush is manually rotated and is made
entirely of polypropylene. However, it performs better when paired with
an inverted angle rotary instrument running at 600 rpm (Gu et al., 2009).

Continuous Irrigation During Rotary System Instrumentation
Quantec-E

The irrigation system (SybronEndo, Orange, USA) includes self hyd-
ration unit connected to the Quantec-E Endo. During rotational system
instrumentation, the system’s two solution tanks, a pump tip, and tubes
assure comtinual irrigation (Walters et al., 2002). Syringe irrigation and the
Quantec-E system were compared in the Setlock et al. study, and the results
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showed that there was a difference in the coronal part of the root in terms of
debris and smear layer removal as well as cleaning of the canal walls, but no
difference in the middle and apical parts of the roots (Setlock et al., 2003).

Self Adjusting File (SAF)

It is a system consisting of a single file that can shape the root canals
and perform three- dimensional the root canals’ shape and cleansing. SAF
(Re-Dent-Nova, Ra’anna, Israel) is the single file without a solid metal
core, eliminating the risk of instrument breakage during shaping (Cakici et
al., 2019). The SAF is a hollow shaping file with a lace-like weave of Ni-
Ti alloy on the outside. The lace-shaped wire is coated with 120 um thick
nickel titanium (Cakici et al., 2019).

SAF is 1.5 or 2 mm in diameter. It includes a file (CourtesyReDent-No-
va, Raanana, Israel), a head (Kavo, BiberachRiss, Germany) and a unique
irrigation apparatus (VATEA, ReDent, Raanana, Israel) (Meltem Kiigiik
et al., 2016). While all irrigation activation systems are based on increa-
sing the flow movement of the solution and inducing acoustic flow, SAF
mechanically cleans the dentin surface (Metzger, 2014). There is a panel
on the device that allows the flow rate to be controlled. The flow rate can
vary between 1-10 mL per minute. It is recommended to be used for 4- 5
minutes in each root canal. Since SAF is a file system made of Ni-Ti with
a reticulated structure, it has been shown that this file Works by expanding
on long oval root canal walls and successfully cleans both round and oval
canal systems (Peters et al., 2001).

In a micro-computed tomography (MCT) study, a conventional rotary
file system and SAF were used to shape the mesiobuccal canals of maxil-
lary molars and it was found that the SAF system was superior than other
rotary system (El Ashiry & Farsi, 2018). The SAF system’s antibacterial
efficacy was shown to be more effective than traditional needle irrigation in
a microbiologic research (De-Deus et al., 2011).

Irrigation with Alternating Pressure

It is an irrigation method supported by negative and positive pressure
method. The devices work by creating sequential regular pressure (Onay
EO etal., 2013).

EndoSafeSystem

The Endo Safe system (VPro; Vista Dental, Racine, WL, USA) uses
the unit’s suction cup through a special connection in addition to the con-
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ventional needle. Since it allows more irrigation solution to enter the ca-
nal than conventional irrigation, it is theoretically expected to clean more
(Desai & Himel, 2009). Sarno et al., however, reported that when it came
to cleaning the apical portion of the root on molar teeth, they could not
find a statistically significant difference between the EndoSafe system and
traditional needle irrigation (Sarno et al., 2012).

RinsEndo

RinsEndo (Diirr Dental GmbH &Co KG, Bietigheim-Bissingen, Ger-
many) is an automatic- dynamic irrigation activation device that works by
using the positive pressure generated by the unit (Onay EO et al., 2013).
The unit consists of an attached head, injector or and cannula. In this tech-
nology, 65 microliters of solution is drawn from the injector connected to the
system at a vibration frequency of 1.6 Hz and communicated to the canal
through the probe (Onay EO et al., 2013). In these condephase, it draws
the irrigation solution back from the root canal with the effect of vacuum.
The biggest disadvantage of the device is the risk of apical extrusion the
solutions from the apical foramen because it works with positive pressure
(Onay EO et al., 2013). In their study, Desai and Himel found that Rin-
sEndo extruded more solution from the apical foramen than EndoVac and
Endoactivator systems (Desai & Himel, 2009).

Toljan et al. examined the effects of RinsEndo and passive ultrasonic
irrigation (PUI) on E. Faecalis biofilm (Toljan et al., 2016). As a result of
the study, RinsEndo was found to be significantly more effective than PUI
on E. Faecalis biofilm in groups in which irrigation solution volume was
kept constant (Toljan et al., 2016). Vivan et al., however, found no statis-
tically significant difference in debris removal between the RinsEndo met-
hod and traditional needle irrigation (Vivan et al., 2010).

EndoVac

Negative pressure is used in the EndoVac irrigation activation system
(Discus Dental, Culver City, CA) (Gu et al., 2009). The aspirator of the
dental unit provides the negative pressure. It is a system consisting of a
micro probe, macro probe and a master delivery tip. During irrigation, the
micro cannula is placed in the apical third of the canal, while the macro
cannula is placed in the coronal part of the roots (Gu et al., 2009). In this
way, the irrigation solution given to the entrance cavity is directed to wards
the apical with a negative pressure and is absorbed by the microcannula
from the apical side and removed from the root canal system (Dunavant et
al., 2006). The macro cannula is responsible for removing larger debris in
the coronal region (Gu et al., 2009). The biggest advantage of the system
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is that it can perform an effective canal cleaning up to the working length
by preventing extrusion of the solution into the periapical tissues. In a study
in which different irrigation activation techniques were used, Yilmaz et al.
reported that EndoVac and RinsEndo groups were not more effective than
other groups in smear layer removal (Yilmaz et al., 2017). However, Thu-
laseedharan et al. reported that EndoVac system was more effective than
conventional needle irrigation and PUI in the removal of E. Faecalis from
root canals (Thulaseedharan et al., 2020).

Sonic Devices

Sonic systems work with vibrations in the horizontal direction without
rotational movement at a frequency of 2-3 kHz. Sonic irrigation differs
from ultrasonic irrigation in terms of creating a smaller shear force and
working with a lower frequency (1-6 kHz) (Ahmad et al., 1987).

EndoActivator

It is a sonic irrigation system with a battery-powered portable hand
held unit with three different speed settings (Toljan et al., 2016). The ma-
nufacturer states that the frequencies as 33 Hz, 100 Hz and 167 Hz. The
system has three different types of disposable polymer tips of different sizes
and colors (yellow 15\.02, red 25\.04, blue 35\.04) (Toljan et al., 2016).
Since the tips are flat, they do not cut dentin (Toljan et al., 2016). The En-
doActivator (DentsplyTulsa Dental Specialties, Tulsa, USA) system has
been reported to remove the biofilm layer in the inclined root canal of mo-
lars, remove debris in the lateral canals and remove the smear layer (Caron,
2007). When the polymer tip is activated, a debris cluster can be observed
in the liquid-filled pulp chamber.

The combination of the vibration of the tip and the short vertical up-
and-down movement synergistically creates a strong hydrodynamic moti-
on. In general, 10000 cycles per minute is the cycle at which cleaning is
optimized and removal of biofilm and smear layer is effectively achieved
(Tomson & Simon, 2016). According to Karade et al., EndoActivator out-
performed traditional syringe irrigation in removing the smear layer (Ka-
rade et al., 2018). De Gregorio et al. reported that there was no statistically
significant difference between the EndoActivator system and PUI in terms
of efficiency in terms of reaching the irrigation solution to the lateral canals
2-4.5 mm behind the apical part when EDTA was used (de Gregorio et al.,
2009).

However, Merino et al., found that when it came to the irrigation so-
lution getting to the apical portion of curved and irregularly shaped root
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canals, ultrasonic irrigation worked better than the Endoactivator method
(Merino et al., 2013).

Vibringe

The Vibringe irrigation system (Vibringe B.V, Amsterdam, TheNet-
herlands) is made out of a disposable 10 ml nylon syringe that can hold a
battery-operated piston and pumb ring. The device has an irrigation needle
attached that is the proper size for root canal preparation (Urban et al.,
2017). When the irrigation solution is manually introduced into the root
canal system, the vibration of the irrigation needle starts simultaneously.
According to the manufacturer’s data, the frequency of agitation is repor-
ted as 150 Hz (Urban et al., 2017).

Studies show that both Vibringe and Endo Activator systems work
better than conventional syringe irrigation in terms of debris removal effect
(Urban et al., 2017). Rodig et al. reported that the Vibringe system clea-
ned the apical parts better than syringe irrigation, but ultrasonic irrigation
provided more effective cleaning of the entire root canal thanVibringe and
syringe irrigation (Rodig et al., 2010).

SonicAir MM 1500

The SonicAir MM 1500 (Micro Mega, Prodonta, Geneva, Switzer-
land) works with a stainless steel RispiSonic file with a barbed appearance
in the frequency range 1500-3000 Hz. The file is designed to both abrade
dentin and activate irrigation (Meltem Kiiciik et al., 2016).

EDDY

A gadget called EDDY; (VDW, Munich, Germany) uses a frequen-
cy of 6000 Hz to operate non- cutting polymer tip (Donnermeyer et al.,
2019). In 2017, Urban et al. looked at how well various irrigation activati-
on techniques removed dirt and smear layers. According to the one study,
Eddy producedoutcomes that were comparable to PUI (Urban et al., 2017).
Conde et al. compared the effectiveness of PUI and sonic systems in the
removal of organic tissues. As a result of the study, they reported that irri-
gation activation systems were effective in organic tissue removal, but the
system did not significantly differ from one another (Conde et al., 2017).
When Salas et al. examined the efficiency of several activation techniques
for CHX penetration into dentin tubules, they discovered that EDDY out-
performed traditional needle irrigation, but they suggested that it was
not as effective as PUI (Salas et al., 2021).
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Yusufoglu et al. compared the amount of apical debris extrusion in
curved root canals using different activation techniques. As a result of the
study, the Eddy group had the highest debris extrusion (Ince Yusufoglu et
al., 2020). Although PUI provided reduced debris extrusion, no significant
difference was seen between PUI, PIPS and MI methods (Merino et al.,
2013). Giindogar et al. investigated the effect of conventional irrigation, En-
doActivator, Eddy and PUI on postoperative pain. At the end of 24 hours,
the highest pain was found in conventional syringe irrigation, while the
lowest pain was found in the Eddy group (Giindogar et al., 2021).

Ultrasonics

Ultrasonic energy generates a greater frequency at a smaller amplitude
than sonic energy. The ultrasonic frequency of 25-30 kHz, which is above
the range of human hearing, is what causes the tips to oscillate (above
20 kHz) (Walmsley & Williams, 1989). The ultrasonic tip placed in the
canal exhibits activity with horizontal oscillation by creating “node” and
“anti-node” zones along the length of the tip (Van Der Sluis et al., 2007).
Node represents the minimum displacement or minimum oscillation re-
gion, while antinode represents the maximum displacement or maximum
oscillation region. In the literature, two varieties of ultrasonic irrigation
have been described (Van Der Sluis et al., 2007).

Passive Ultrasonic Activation (PUI)

It is a passive method that only activates irrigation after root canal
expansion and does not remove material from the root canal walls (Van
Der Sluis et al., 2007). In the passive ultrasonic irrigation method, acoustic
energy is transmitted into the root canal by means of an instrumentor a thin
wire. Ultrasonic energy creates acoustic waves and cavitations in the irri-
gation solution and increases the contact of the irrigation solution with are-
as and surfaces not touched by root canal instruments (Van Der Sluis et al.,
2007). When Donner-meyer et al. used several ways to take out calcium
hydroxide from artifical root canals, they discovered that PUI was statisti-
cally substantially more effective than both XP Endofinisher and standard
needle irrigation (Donnermeyer et al., 2019).

XP-EndoFinisher File

Recently, the XP EndoFinisher (XPF;FKG Dentaire SA, La Chaux-
de-Fonds, Switzerland) was presented as an adjuvant method to enhan-
ce irrigation efficacy in endodontics. An ISO 25/.00 instrument, the XPF



46 * Biisra Nur ERGUL, Beyza TURAN SAGLAM, Selen INCE YUSUFOGLU

is made with NiTi MaxWire (Martensite-AusteniteElectropolish- FleX,
FKG) a uniqe alloy (Bao et al., 2017).

When the file is cooled, it is flat in the M (martensite) phase; when in
contact with body temperature, it turns to the A (austenite) phase, while its
length decreases from 10 mm to 6 mm apically, and its diameter increases
from 1 mm to 1.5 mm and takes the shape of a spoon (Bao et al., 2017).

It is advised to employ irrigation solutions at 800 rpm following the
preparation of root canals larger than size 25 (Bao et al., 2017). According
to a study, XP-EndoFinisher outperformed PUI and conventional needle
irrigation in removing the biofilm layer from the apical region of the root
canal (Bao et al., 2017).

Auxiliary Applications for Root Canal Disinfection
LaserActivationTechniques

Many lasers (wavelengthsfrom 532 nm to 10600 nm) used experimen-
tally or clinically in dentistry have bactericidal properties due to their ther-
mal effects that cause changes in bacterial cell structure (Beer et al., 2012;
Schoop et al., 2006).

Water molecules expand and contract due to the laser’s heat effect,
creating secondary cavitation in the intracanal fluid (Akyiiz Ekim & Erde-
mir, 2015).

It was discovered that the Er:YAG laser wavelength worked best for
creating cavitation bubbles and faciliating fluid circulation in small lateral
canals (Weller et al., 1980).

PIPS (PhotonInducedPhotoacousticStreaming)

PIPS is an irrigation system that uses an Er: YAG laser to activate irri-
gation solutions in an indirect manner, eliminating direct contact and heat.
(Peters et al., 2011).The PIPS tip is a tapered fiber tip stripped 3 mm from
the distal end with a polyamide sheath (Peters et al., 2011). The mechanism
of action is to create a powerful photo acoustic pulse wave that flows three-
dimensionally through the root canal system with irrigation solutions. The
pulp chamber is filled with fluid, and the laser pulses are sent into it using
the fiber tip. The fluids take up the Er:YAG light wave. Upon instantaneous
local heating of the liquid to boilling point, a vapor buble forms at the fiber
optic tip. The vapor bubble first expands, reaches its maximum volume
and then collapses. The collapse initiates the growth of a secondary bubble.
The fluid is pumped out of the canals and moved three dimensions through
the root canal system by this photoacoustic activtion of solutions (Peters
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et al., 2011). Unlike other conventional laser applications, the conical PIPS
tip just needs to be inserted into the pulp chamber—not the canal system
itself (Peters et al., 2011). This technique utilize slow energy levels of 20-50
microjoules (mJ) at a frequency of 10-15 Hz at 0.6 W energy with pulses of
only 50 micro seconds duration (Peters et al., 2011). In order to efficiently
reach the isthmuses, lateral canals, and apical third of the canal with irriga-
tion solutions during treatment, this lessens the need to employ larger hand
files and/or rotary devices to produce larger canal shapes. The penetration
of various root canal sealers into dentinal tubules following varying irriga-
tion activation procedures was examined by Akeay et al. They discovered
that the bioceramic-based root canal sealer penetrated deeper into dentinal
tubules following the application of PIPS and PUI (Akcay et al., 2016).

PIPS took out more bacteria from the root canal system than traditio-
nal needle irrigation, according to Mandras et al., although the difference
was not statistically significant (Mandras et al., 2020). When Arslan et al.
examined the efficacy of PIPS, EndoActivator, and traditional needle ir-
rigation in eliminating double and triple antibiotic paste, they discovered
that the PIPS group outperformed the other groups statistically substanti-
ally (Arslan et al., 2014).

SWEEPS
(ShockWaveEnhancedEmissionPhotoacousticStreaming)

Whereas PIPS mode employs the emission of a single pulse of energy,
SWEEPS is predicated on the delivery of shorter double pulses (25us ultra
short pulse) (Angerame et al., 2022). The instantaneous expansion of these
cond bubble created by these cond laser pulse causes additional pressure
on the first bubble, resulting in a violent burst as the shock waves are ab-
sorbed even in very narrow channels. At the same energy, the longer pulse
duration is inferior to the maximum emitted power of each SWEEPS pulse
is doubled by the more powerful bubble burst (Angerame et al., 2022).

During laser-activated irrigation, shock waves absorbed from these
cond bursting cavitation bubbles are shaped along the entire root canal.
Secondary cavitation bubbles generate shear stres and vortex flow in the
root canals, removing debris, smear layer and biofilm from the root canal
surface and from undetected and unshaped areas such as isthmuses, lateral
canals (Jordana et al., 2022).

SWEEPS tips (400 p) are available with straight, conical or circular
terminations. This system uses a double pulse (pulses of 25 us duration),
0.6 W of power, using an energy level of 20 mJ at a frequency of 15 Hz.
SWEEPS tips with wider (600 p) and rounded terminations are preferred
when the apical width is large SWEEPS has shown superior root canal clea-
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ning following endodontic retreatment compared to PUI (Angerame et al.,
2022).

GENTLEWAVE SYSTEM

In 2016, the Gentlewave (GW) (Sonendo, Laguna Hills, CA, USA)
system was launched in the US (Mohammadi et al., 2017). It generates
broad-spectrum sound waves and initiates multisonic sound waves, aiming
to clean the root canal (Mohammadi et al., 2017).

The console and handpiece make up the system. The central unit con-
tains three separate washing solution reservoirs, a waste bin, a degassing
system and a pressure generator (Mohammadi et al., 2017). Following a
final irrigation with 3% NaOC]l and 8% EDTA, the root canals are washed
with distilled water as part of the scheduled flushing regimen (Mohammadi
etal., 2017). A wide range of sound waves are produced in the degassed so-
lution inside the canal by the potent hydrodynamic cavitation cloud when
the handpiece tip is held 1 mm above the base of the pulp chamber during
the treatment (Mohammadi et al., 2017). With the least amount of inst-
rumentation, the Gentle WaveSystem (Sonendo, Inc., Laguna Hills, CA,
USA) was created to clean molar root canals. At no time during the process
does the tip of the hand piece penetrate the canal. This system provides a
spray distribution of irrigation solution at approximately 45 mL perminute
at approximately 40 °C. The handpiece of the system provides irrigation
flow to the root canal system while at the same time discharging excess flu-
id (Mohammadi et al., 2017). According to Haapasalo et al., the GW sys-
tem dissolved tissue eight times faster than traditional irrigation and eight
times faster than ultrasonic devices (Haapasalo et al., 2014). Wright et al.
investigated the effectiveness of GW, EndoVac and CNI with a side-vented
needle in root canal retreatment. The study found that although EndoVac
group eliminated less gutta percha than GW and traditional irrigation, this
difference was not statistically important (Erratum et al 2019). According
to Chan et al., GW irrigation was very successful in clearing away debris
that had collected in the mandibular molars’ mesial root isthmuses (Chan
et al., 2019). GW irrigation was superior to conventional irrigation, but
statistically similar to continuous ultrasonic irrigation (Chan et al., 2019).
Debris tereduction rates were found to be 96.4% and 97.9% for canals and
isthmuses in GW irrigation, respectively, while 91.2% and 93.5% reduc-
tion was observed for continuous ultrasonic irrigation (Chan et al., 2019).
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1.)THE NEED FOR ENDODONTIC TREATMENT IN
IMMATURE PERMANENT TEETH

Pulp necrosis may develop in immature permanent teeth with open
apices due to dental anomalies such as caries, trauma, dens evaginatus, and
dens invaginatus (Dahl and Pallesen, 2003). Various factors such as the ex-
tent of damage, the type of fracture if present, whether the tooth is necrotic,
the presence of infection, the condition of surrounding periodontal tissues,
the presence of periapical lesions, the stage of development the tooth is
in, vitality, and the patient’s age and health are determining factors in the
treatment options for the tooth (Frank and Alfred, 1966).

Following the evaluation of the pulp, a decision must be made betwe-
en apexogenesis, apexification, the apical plug method and RET (regenera-
tive endodontic treatment). These treatments are important as they ensure
the continued development of the root canal, reduce the risk of future root
fractures, and contribute to the crown/root ratio of the treated tooth (Flana-
gan and Andrew, 2014).

1.1.)Apexification

Apexification is an alternative root canal treatment procedure based
on creating an artificial or natural apical barrier by closing the apex with
a mineralized plug to prevent apical leakage in necrotic immature teeth
(Ford, 1996). The traditional apexification method (also known as the
Frank method) involves the use of Ca(OH)., which promotes the completi-
on of root development and apical closure, allowing permanent root canal
treatment to follow (Abbott and Paul, 1998; Jeeruphan et al., 2012; Thiter
and Marechaux, 1988). There are several disadvantages to Ca(OH): apexi-
fication. These include the long time required for the completion of the
entire treatment, multiple sessions that inevitably incur clinical costs for
patients, and the increased risk of tooth fracture when Ca(OH): is used as
a long-term root canal dressing (Cvek and Miomir, 1992). These disadvan-
tages have led to the use of mineral trioxide aggregate (MTA) to achieve
apical sealing without the need for calcific barrier formation.

1.2.)Apical Plug Method

MTA apexification, a clinical technique aimed at creating an apical
barrier in a single visit, has been introduced to overcome the disadvantages
of calcium hydroxide apexification (Cvek and Miomir, 1992; Frank and
Alfred, 1966). Although apexification treatments with calcium hydroxide
and MTA have similar clinical and radiographic success rates and apical
barrier formation rates, MTA is associated with a significantly shorter time
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for apical barrier formation. This has made a difference in the overall suc-
cess rate, considering the many failures encountered with calcium hyd-
roxide (Lin et al., 2016). Additionally, MTA has been reported to form
an apical hard tissue barrier and lamina dura more quickly than calcium
hydroxide in radiographs (Lin et al., 2016). Other studies comparing MTA
with calcium hydroxide have shown that it also reduces the likelihood of
long-term tooth fractures (Bonte et al., 2015; Torabinejad et al., 2018).

1.3.)Regenerative Endodontic Treatment (RET)

Regenerative endodontics is defined as “biologically based procedu-
res designed to replace damaged tooth structures, including dentin and root
structures as well as cells of the pulp-dentin complex.” Based on this defi-
nition, RET aims to repair the damaged pulp-dentin complex in immature
permanent teeth with necrotic pulp due to infection, trauma, or other cau-
ses (Murray et al., 2007).

The RET protocol recommended by AAE;

In the first visit, local anesthesia is applied, the tooth is isolated with
a rubber dam, and the endodontic access cavity is opened. The root canal
system is then irrigated with minimal or no instrumentation using irrigation
solutions (20 ml of 1.5% sodium hypochlorite per canal, followed by 20 ml
of sterile saline per canal). Afterward, the root canals are dried, and medi-
caments (such as antibiotic pastes or calcium hydroxide) are applied. Due
to the discoloration caused by minocycline in the triple antibiotic paste, a
double antibiotic paste may also be preferred as a root canal disinfectant.

In the second visit, if signs of inflammation persist, medicament is
reapplied to the root canal. Once inflammation is under control, anesthesia
with 3% mepivacaine without vasoconstrictor is administered, and isola-
tion with a rubber dam is maintained. For irrigation, 20 ml of 17% ethy-
lenediaminetetraacetic acid (EDTA) is applied, followed by drying of the
canal. Pre-bent sterile K-type files are then rotated 2 mm beyond the apex
to induce bleeding into the canal. The blood should reach the cementoena-
mel junction. Bleeding in the coronal third of the root is then halted, and
the area is covered with MTA (or alternatively Biodentine). The MTA is
covered with a base material, and the treatment is completed with the res-
toration of the crown (Barao Var et al., 2016).

1.3.1.)Advantages of Regenerative Endodontic Treatment (RET)

RET is a relatively simple treatment method to apply in a clinical set-
ting. It is a cost-effective biotechnological treatment protocol using routine
hand tools and medicaments (Murray et al., 2007). The greatest advantage
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of RET is that it promotes root development and hard tissue accumulation
by effectively thickening the dentin walls. Depending on the stage of root
development, the risk of cervical root fractures after treatment decreases
by 28% to 77% (Poly A et al., 2019; Shokouhinejad et al., 2019). This tre-
atment generally does not involve complications such as rejection by the
immune system or the transfer of external pathogens (Parolia et al., 2010).

In recent years, many studies have reported that RET can lead to the
formation of new roots even in immature permanent teeth with periapical
abscesses and periradicular bone resorption. Root formation has also been
observed in teeth with lesions and sinus tracts caused by pulp necrosis (Pet-
rino et al., 2010; Wang et al., 2010). According to the American Associa-
tion of Endodontists (AAE) and the European Society of Endodontology
(ESE), the RET protocol generally requires at least two visits (AAE, 2016;
ESE, 2016). In most published case reports and series of RET in necrotic
pulped immature teeth, calcium hydroxide or triple antibiotic paste has
been used as an intracanal medicament over multiple visits (Diogenes et
al., 2013). However, some RET case reports have shown successful outco-
mes even with a single-visit treatment without any intracanal medicament
(Chaniotis, 2016; McCabe, 2015; Shin et al., 2009; Topcuoglu, 2016).

1.3.2.)Disadvantages of Regenerative Endodontic Treatment

Along with its advantages, RET has some disadvantages, including
the potential for resistant bacterial strains to develop and the possibility of
allergic reactions (Thibodeau et al., 2007). The patient’s existing systemic
disease or immunological problems can reduce the chances of treatment
success. One of the most significant disadvantages is the inability to fully
determine the density and composition of the cells within the blood clot,
which serves as a scaffold during treatment (Thibodeau et al., 2007). It is
also uncertain whether root canal obliteration or apical periodontitis will
develop in the long term after treatment (Banchs and Trope, 2004).

2.)DISCOLORATION OF TEETH

One of the key goals of modern aesthetic dentistry is to maintain the
natural color of teeth while meeting the patient’s aesthetic expectations
(Pizzamiglio, 1991). Therefore, any conditions that compromise the na-
tural color of the teeth after treatment are considered a sign of aesthetic
failure.

Light with wavelengths between 400-700 nm can be perceived by the
human eye. The concept of color arises when light reaches and is interp-
reted by the retina (Chu et al., 2004; Dogan and Yiiztgiillii, 2011). The
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natural color of teeth is white, which is the result of a blend of various
wavelengths of light. Each person’s natural tooth color is unique and inf-
luenced by several factors (Dayan et al., 1983). One such factor is aging,
where the enamel layer thins, causing more of the underlying dentin to
reflect through, making the tooth appear more yellow (Dayan et al., 1983;
Gurel, 2004). While this is a natural process, other non-natural causes of
tooth discoloration can develop, negatively impacting the aesthetic appea-
rance of a patient’s smile (Joiner and Andrew, 2004).

Tooth discoloration varies based on etiology, appearance, location, se-
verity, and affinity to tooth structure (Dahl and Pallesen, 2003). It can be
classified as intrinsic, extrinsic, or a combination of both, depending on its
origin and cause (Hattab et al., 1999).

2.1.)Intrinsic Discoloration

Intrinsic discoloration occurs due to changes in the structural com-
position or thickness of the tooth’s hard tissues (both enamel and dentin).
This means that chromogenic material becomes incorporated into the toot-
h’s hard tissue. Such discoloration may occur due to developmental issues
like fluorosis or tetracycline staining during tooth development (pre-erup-
tion), or it can occur post-eruption due to pulp necrosis. These discolorati-
ons can also be localized to one or a few teeth due to trauma, inadequate or
incorrect endodontic treatment, or restorations (such as amalgam) (Alaz-
mah, 2021).

2.2.)Extrinsic Discoloration

Extrinsic discoloration occurs on the outer surface of the tooth or wit-
hin the pellicle layer that forms over the tooth. In milk teeth and immature
permanent teeth, poor oral hygiene, the use of iron supplements, and the
presence of chromogenic bacteria are common causes of extrinsic staining
(Watts and Addy, 2001; Saba et al., 2006).

3.)TOOTH DISCOLORATION FOLLOWING ENDODONTIC
TREATMENT

Discolorations occurring after endodontic treatment can be attributed
to excessive bleeding during the removal of the pulp or the presence of
residual pulp tissue. Endodontic medicaments containing barium, iodine,
or silver, as well as gutta-percha and root canal sealers, can also cause dis-
coloration in teeth (Bizhang et al., 2003).
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Discoloration resulting from the use of endodontic medicaments or
root canal sealers can appear orange-red, dark red, gray, or black. Several
laboratory studies have shown that zinc oxide eugenol and epoxy resin-ba-
sed root canal sealers can cause moderate to severe color changes (Bizhang
et al., 2003; Ioannidis et al., 2013).

Just as discolorations can develop due to the materials used in endo-
dontic treatments, discolorations can also occur due to the materials used
in regenerative endodontic treatment (RET). It is known that minocycline,
found in the triple antibiotic paste used for disinfection during RET, leads
to discoloration of the teeth. Calcium hydroxide, used as an intracanal me-
dicament in RET, can also cause discoloration (Kahler et al., 2016). MTA,
frequently used in RET due to its biocompatibility, can also lead to disco-
loration in teeth and adjacent soft tissues (Belobrov et al., 2011). Discolo-
ration has been observed in both gray and white formulations. Felman and
Parashos reported that the presence of bleeding in the environment along
with MTA would increase discoloration, although the mechanism behind
this effect is still not fully understood (Felman et al., 2013). Additionally,
the presence of heavy metal ions and bismuth oxide, a radiopaque com-
ponent of MTA, is also thought to contribute to color changes (Belobrov
et al., 2011). Similarly, discoloration has been observed in 60% of cases
treated with MTA for pulpotomy (Naik and Hegde, 2005).

4,)DISCOLORATIONS ASSOCIATED WITH MATERIALS
USED IN REGENERATIVE ENDODONTIC TREATMENT
(RET)

Comprehensive studies in the literature have indicated that materials
used in RET have the potential to cause visible tooth discolorations that
can significantly and negatively affect the quality of life in children. Pa-
tients, especially those with anterior teeth, desire both successful treatment
and aesthetic results; therefore, materials and procedures with the lowest
possible discoloration potential should be carefully selected (Kahler and
Rossi-Fedele, 2016).

When evaluating discoloration resulting from RET, the primary mate-
rials that come to mind include the solutions used, intracanal medicaments,
coronal barrier materials, and bleeding that serves as a scaffold within the
canal.

Considering the effect of materials used in root canal treatment on dis-
coloration, the solutions that are particularly noteworthy include sodium
hypochlorite, which is used only in the initial stage due to its toxic effects
on stem cells and is generally thought not to cause discoloration. However,
some studies have shown that it can lead to a deterioration of dentin color.
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This color change is thought to result from contact with erythrocytes and
crystallization within the root dentin (Gutiérrez et al., 1968).

The most recent guidelines suggested by the American Association
of Endodontists (AAE) indicate that calcium hydroxide, triple antibiotic
paste (TAP), and double antibiotic paste (DAP) can all be used for root
canal disinfection (Akbulut et al., 2017). In a position statement published
in 2016 by the European Society of Endodontology (ESE) regarding RET,
it was emphasized that there is no strong evidence supporting the use of
antibiotics during regenerative treatments; instead, calcium hydroxide was
recommended (Galler, 2016).

In a study on the discoloration caused by different endodontic materi-
als, it was determined that the triple antibiotic paste caused the most severe
discoloration, attributed to minocycline contained in the paste (Kim et al.,
2010; Nosrat et al., 2013). The discoloration resulting from the applicati-
on of minocycline-containing antibiotic combinations is generally severe.
Some studies suggest that using calcium hydroxide as an intracanal me-
dicament can completely prevent this discoloration (Cehreli et al., 2011;
Nagata et al., 2014). However, there are also studies reporting that disco-
loration occurred after RET using calcium hydroxide (Iwaya et al., 2001).

A detailed examination of the literature shows that while many stu-
dies indicate that minocycline in triple antibiotic paste causes discoloration
(Akcay et al., 2013; Almeida et al., 2020), there are also studies conc-
luding that the triple antibiotic paste itself causes discoloration (Santos
et al., 2017). In a study by Kucukekenci and colleagues investigating the
effects of modified triple antibiotic pastes, it was found that antibiotic pas-
tes containing amoxicillin, cefaclor, and doxycycline caused discoloration
without significant differences between them, while the group containing
minocycline showed greater discoloration in line with other studies (Kucu-
kekenci et al., 2019). Another study by Kohli and colleagues found greater
discoloration in groups treated with white MTA and triple antibiotic paste
containing minocycline (Kohli et al., 2015).

It is known that MTA, which is biocompatible and used as a coronal
barrier material in RET, can also lead to discoloration in teeth (Belobrov
et al., 2011). MTA is a mixture of tricalcium silicate, dicalcium silicate,
tricalcium aluminate, tetracalcium aluminoferrite, and bismuth oxide (Ca-
milleri, 2015; Sarkar et al., 2005). This mixture provides high biocom-
patibility and low cytotoxicity (Torabinejad et al., 1994; Torabinejad and
Parirokh, 2010). Despite its beneficial properties, one of the significant
disadvantages of MTA, when used as a coronal barrier, is the color change
of crowns in anterior teeth (Felman and Parashos, 2013; Jang et al., 2013;
Kang, 2015; Karabucak et al., 2005; Marciano et al., 2014). This issue le-
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ads to patient dissatisfaction rates ranging from 31.6% to 57% (Arman et
al., 2015). A recent study by Mishra and colleagues found that discolorati-
on was observed in all groups, including gray and white MTA, Biodentine,
and white MTA developed to reduce the discoloration effect of gray MTA;
the least discoloration was seen in the Biodentine group, while the greatest
was in the gray MTA group (Mishra et al., 2024).

In another study investigating the effect of ultrasonic activation on dis-
coloration, MTA Angelus, MTA Repair HP, and Biodentine were used as
coronal barrier materials. Discoloration was observed only in MTA groups
that were not activated ultrasonically (Aguiar et al., 2019).

In other studies, researchers examined groups containing medica-
ments, coronal materials, and blood together, finding that groups using
triple antibiotic paste containing blood and minocycline had more discolo-
ration (Dettwiler et al., 2016; Felman and Parashos, 2013; Lenherr et al.,
2012).

In a study conducted by Palma and colleagues on acrylic teeth, MTA
and Biodentine were selected as coronal barrier materials, and the teeth
were divided into two subgroups based on whether saline or blood was
used. Six months after the color measurements, the MTA/saline group ca-
used more color change than the Biodentine/saline group, while the MTA/
blood group led to more discoloration than the Biodentine/blood group
(Palma et al., 2019).

In another study using MTA Flow, UltraCal XS, and BioC Temp, it
was found that all materials showed more discoloration than expected; the
Bio-C Temp barrier material caused less or similar discoloration compared
to MTA Flow and UltraCal XS (Oliveira et al., 2020).

Shokouhinejad and colleagues conducted many studies on the effect of
materials used in RET on discoloration. In a study using saline and blood,
it was concluded that the most discoloration occurred when Ortho MTA
was used with blood (Shokouhinejad et al., 2015). In studies comparing
PRF and blood, it was found that the group using blood showed more dis-
coloration after one month (Shokouhinejad et al., 2019). In a study where
OrthoMTA, RetroMTA, and TotalFill-BC-RRM were used as barrier ma-
terials, blood, PRF, and PBS were used as scaffolds. The groups that used
blood showed more discoloration than those that used PRF and PBS, while
OrthoMTA groups exhibited more discoloration compared to RetroMTA
and TotalFill groups (Shokouhinejad et al., 2023).

In innovative studies where various methods have been attempted to
prevent discoloration, Shokouhinejad and colleagues used different coro-
nal materials and covered the cavity with a dentin bonding agent in one
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group, while the other group did not; they found that the covered walls
showed less discoloration (Shokouhinegjad et al., 2018).

In another study using Biodentine, OrthoMTA, and MTA Repair HP
as barrier materials, blood and platelet-rich fibrin (PRF) were used as scaf-
folds, and the group using PRF and MTA Repair HP exhibited the least
discoloration (Fagogeni et al., 2022).

In another study comparing scaffolds, both blood and PRF were used,
with the blood groups showing more discoloration than the PRF groups
(Altun and Turkyilmaz, 2024). In a study measuring color change over
one year using Biodentine, MTA Angelus, BioAggregate, and only blood,
the most discoloration was observed in the group using only blood, fol-
lowed by BioAggregate, MTA Angelus, and finally Biodentine (Yoldas et
al., 2016).

A detailed review of the literature indicates that while various factors
can cause tooth discoloration, the primary reasons for discoloration associ-
ated with RET include the minocycline found in the triple antibiotic paste
used for canal disinfection, interactions of irrigation solutions with dentin
and each other, the use of MTA as an intracanal barrier, and the formation
of clots within the canal.

5.)STRATEGIES FOR MANAGING DISCOLORATION
RELATED TO REGENERATIVE ENDODONTIC
TREATMENT

Full ceramic crown restorations are one of the frequently preferred tre-
atment options for congenital or acquired tooth discolorations (Korkmaz,
2014; Rosenstiel et al., 2022). Laminate veneers are also considered as a
treatment option for discolorations affecting one or more teeth that may be
classified as severe. These restorations can be prepared directly or indire-
ctly using porcelain or composite materials (Heymann and Ritter, 2018;
Hobo and Iwata, 1985; Peumans et al., 2000). Tooth whitening treatment,
which is a more conservative approach compared to laminate veneers and
crown restorations, is another commonly used treatment option for disco-
lored immature permanent teeth (Nowak et al., 2018; Plotino et al., 2008).

6.) BLEACHING DISCOLORED TEETH AFTER
REGENERATIVE ENDODONTIC TREATMENT

Some studies report that discoloration occurs in teeth after RET (Kah-
ler and Rossi-Fedele, 2016; Petrino et al., 2009). To minimize the risk of
color change in crowns, the American Association of Endodontists recom-
mends that when TAP is used during RET, the pulp chamber should be
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covered with a bonding agent, and the blood clot formed during treatment
should be sealed with MTA or alternative bioceramics or other calcium
silicate-based materials (American Association of Endodontists, 2016).

Treatment options used to reduce or eliminate tooth discoloration af-
ter RET include masking discoloration using composite resin or internal
whitening to reduce color changes (D’Mello and Moloney, 2017). Simple,
applicable, and minimally invasive procedures should be considered as tre-
atment options. The ideal option would be tooth whitening. However, the
2012 Cosmetic Products Safety Amendment Regulation permits the use of
0.1-6% hydrogen peroxide and other compounds or mixtures that release
hydrogen peroxide only “for the purpose of treating or preventing a disea-
se” in patients under 18 years old (Greenwall-Cohen et al., 2018).

In whitening methods aimed at eliminating or reducing discoloration,
products generally containing hydrogen peroxide and its derivatives are
used (Goldstein and Garber, 1995). Historically, different materials have
been used depending on the type and severity of discoloration in teeth.
These include primarily hydrogen peroxide, carbamide peroxide, sodium
perborate, and non-peroxide-containing substances (Linda, 2001).

Various studies have been conducted to determine the treatment of dis-
colored teeth based on the types of materials used in RET. In studies using
sodium perborate with heat application, a greater degree of discoloration
was observed (Kirchhoff et al., 2015; Kiigiikekenci et al., 2018).

In research conducted by Kirchhoff and colleagues regarding the whi-
tening of discolored teeth after RET, the teeth were divided into two groups
based on whether they had open or closed apices, and both groups received
triple antibiotic paste (TAP), which was left on the teeth for three weeks.
Measurements taken after three weeks of TAP on the teeth were designated
as T1; measurements after the removal of TAP using NaOCI were desig-
nated as T2; and measurements after the application of sodium perborate
paste were designated as T3, T4, and T5 for the Ist, 2nd, and 3rd weeks,
respectively. A visible discoloration was observed at T1, while the color
became lighter over time as the duration of sodium perborate application
increased (T3 < T4 <T5) (Kirchhoff et al., 2015).

Another study conducted by Iriboz and colleagues included 80 ante-
rior teeth. They divided the teeth into two groups using minocycline paste
and triple antibiotic paste. Sodium perborate was applied to the teeth, and
the amount of discoloration was measured weekly during the four weeks
the pastes were left in the canal. The whitening agent was activated using
heat and ultrasonic waves at two different frequencies (30-60 Hz). Color
changes in the teeth were measured between the 3rd and 7th days. Signi-
ficant discoloration was detected in both groups after the application of
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the pastes; however, no significant difference was found among the colors
detected before whitening. During the whitening phase, although the group
using minocycline paste showed more color change on the 3rd and 7th
days, no significant color change was observed at the final measurement
stage. When comparing the whitening techniques used, no significant dif-
ferences were found between the techniques at the end of the study (Iriboz
et al., 2017).

Kucukekenci and colleagues defined their study groups as containing
minocycline-based TAP, DAP, amoxicillin-based TAP, cefaclor-based TAP,
doxycycline-based TAP, and a control group. They then randomly divided
the teeth that were discolored due to the use of antibiotic pastes into two
subgroups: one group received internal whitening using only H-O-, while
the other group received H20- along with NdYAG laser treatment. The
measurements showed discoloration in all groups except for the DAP and
control groups. The minocycline-based TAP group exhibited significantly
more discoloration than the other groups. The results of the whitening in-
dicated that the thermocatalytic method provided greater whitening com-
pared to the walking bleaching technique. However, no group returned to
its original color after whitening (Kucukekenci et al., 2019).

In another study assessing the effect of MTA removal on discoloration,
OrthoMTA was chosen as the coronal barrier material. In one group, part
of the OrthoMTA was removed and covered with glass ionomer cement,
while the OrthoMTA in the other group was left as initially placed. In this
study, where carbamide peroxide was used as a whitening agent, no signifi-
cant difference was found between the two groups after whitening. Howe-
ver, the group where OrthoMTA was covered with glass ionomer cement
required fewer whitening sessions, and the average AE value in this group
was found to be lower (Khedmat et al., 2021).

7.)CONCLUSION

In regenerative endodontic treatment, a current method applied due to
the devitalization of immature permanent teeth caused by trauma and other
reasons, discoloration occurs in teeth based on the materials used. Comp-
rehensive research on the subject has concluded that the use of minocycli-
ne-containing triple antibiotic paste, the interaction of irrigation solutions
used during treatment with each other and dentin, the use of MTA as a
coronal barrier, and the clot formation providing the scaffold contribute to
more discoloration than the other materials used.
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1.) Development of Radiotherapy

Physics played a crucial role in the early development of radiation
therapy as an anticancer treatment; the goal of the treatment was to incre-
ase the amount and quality of radiation that could be delivered to a tumor.
Early work in experimental radiation oncology progressed from the use of
massive single doses to the use of small doses of radiation to kill tumor
cells and protect standart tissues (Grubbé, 1933).

Wilhelm Conrad Rontgen made the discovery of X-rays in Germany
in 1895, while Henry Becquerel, a French physicist, found natural radi-
oactivity a few months later while researching uranium salts. These two
significant occasions helped to usher in a new chapter in scientific history.
Clinical radiation therapy was created sixty days following the discovery
of X-rays. In January 1896, Emil Grubbé used X-rays to treat advanced
ulcerated breast cancer in Chicago. Over the course of the following cen-
tury, advancements in radiation physics, chemistry, and biology influenced
clinical methods for creating anticancer therapies that are more precise,
efficient, and safe (Grubbé¢, 1933).

In 1898, Pierre and Marie Curie discovered the radioactive substances
polonium and radium. This discovery was presented at the Paris Academy
of Sciences on January 26, 1898. Freund (1903) and Kienbock (1900) from
Austria, Despeignes (1896), Danlos and Bloch (1901) from France, Al-
bers-Schonberg and Strebul (1903) from Germany are among the impor-
tant names of radiotherapy. The first brachytherapy trials started with radi-
um, and examination of the records of that period leads us to names such as
Walsh from England (1897), Albers-Schonberg from Germany (1903) and
Belot from France (1904). In 1899, Stenbeck in Stockholm treated a fema-
le patient with basal cell carcinoma of the nose with X-rays (Uzel, 1999).

One of the most popular cancer treatment options is radiation the-
rapy. In the treatment of hematologic malignancies and solid tumors, it is
frequently chosen. Although it is primarily used to treat malignant tumors,
benign disorders are also routinely treated with it. It frequently works in
tandem with chemotherapy and surgery (Zeman et al., 2020).

Over the past 25 years, there have been significant advancements in
the use of radiation therapy to treat certain tumor types, frequently coin-
ciding with developments in medical or surgical oncology as well as im-
proved diagnostic methods. The extensive adoption of breast-conserving
surgery starting in the late 1970s is among the best examples. In the 1960s
and 1970s, the first reports of retrospective examinations of breast-conser-
ving therapies with megavolt radiation techniques appeared (Russell and
Bartelink, 1999).
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1.1.) Ionizing Radiation

Ionizing radiation is a term used for radiation that causes an electron
to be detached from an atom or molecule, resulting in ionization (Ozalpan,
2001). Ionizing radiation occurs in two different ways:

a) Electromagnetic radiation

Electromagnetic radiation, which includes gamma and X-rays, does
not directly harm living things chemically or biologically. On the other
hand, when they travel through a certain environment, they are absorbed
and release their energy in the form of rapidly moving electrons via proces-
ses like photoelectricity and compton.

b) Particle radiation

This form of radiation using electrons, protons, alpha particles, neut-
rons and high-energy heavy ions is generally used for experimental studies
(Kumar et al., 2023; Moss and Cox, 1994).

1.2.) Mechanisms of Radiation-Induced Cell Death

The most important effect of radiotherapy on cells is through deoxyri-
bonucleic acid (DNA). In addition, some protein and lipid-based enzymes
that have critical functions in the cell membrane are also severely affected
by irradiation (Kumar et al., 2023). lonizing radiation causes damage to
cell DNA in two different ways, direct or indirect. In direct DNA damage,
the energy of photons absorbed by the tissue directly ionizes the chemical
bonds between the bases that make up the DNA and this leads to DNA bre-
aks. In indirect DNA damage, ionizing radiation causes ionization of water
molecules in the cell and the hydroxyl radicals (OH-) produced because
of ionization cause DNA breaks. Some of these DNA breaks are sublethal
breaks that cannot cause death. Normal cells are better able to mend sub-
lethal fractures than are cancerous cells. Sublethal breaches lead malignant
cells to die since the majority of malignant cells lack this capacity to repair
damage (Moss and Cox, 1994).

1.3.) Clinical Use of Radiotherapy

Radiation therapy is used in two different ways: palliative or curative.
Palliative care involves a shorter life expectancy for the patient and the
short-term administration of high doses of radiation therapy to lessen the
discomfort brought on by cancer-related symptoms. A patient receiving cu-
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rative treatment might expect to live longer and suffer some adverse effects
(Ballas and Shah, 2011).

A interdisciplinary field that exists at the intersection of several discip-
lines, including physics, chemistry, biology, and medicine, is radiation on-
cology. The biological properties of the tumor and normal tissues, the kind
of radiation, the dose schedule, the delivery method, and other intricate
considerations all affect the clinical result. High-energy photons (6-25MV)
are utilized in most clinical radiotherapy treatments for cancer. These pho-
tons shield the skin from radiation exposure and store energy deep within
tissue. The radiation dose is administered in daily fractions of 1.8-2 Gray
(Gy) for 6-8 weeks as a curative treatment (Delaney et al., 2005).

1.3.1.) Combined Treatment Methods

a) Preoperative radiation therapy:

It is a treatment method to eradicate microscopic or subclinical disease
outside the surgical resection margin. It reduces tumor cell implantation
by decreasing the number of viable cells in the operation area. The biggest
disadvantage of this treatment is that it adversely affects the healing of
normal tissues (Ballas and Shah, 2011).

b) Postoperative radiation therapy:

It aims to eliminate residual tumor at the surgical site by disrupting
subclinical foci of tumor cells after surgery. The disadvantage is that its
application requires the completion of surgical wound healing, during whi-
ch radiation therapy is delayed (Ballas and Shah, 2011).

¢) Radiotherapy and chemotherapy:

When the two treatment methods are used in combination, their effects
on tumors or normal tissues are greater than when used alone (Ballas and
Shah, 2011).

d) Integrated multi-modality cancer management:

It involves combining two or more therapy methods in order to incre-
ase patient survival and enhance tumor control. For example, large tumors
or metastatic lymph nodes are treated with surgery or radiotherapy; re-
gional microdissemination is treated with radiotherapy; and disseminated
subclinical disease is treated with chemotherapy (Ballas and Shah, 2011).
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1.3.2.) Application Techniques of Radiotherapy

a) External treatment (external beam fractionated radiation thera-
Py): The most clinically recommended course of action is this one. Beams
are applied externally to the tumor tissue. Intensity modulated radiation
therapy (IMRT) or 3D conformal radiotherapy are the methods used to-
day. Radiation therapy is planned so that the highest radiation dose reaches
the tumorous tissues and the lowest amount reaches the healthy tissues
(Zeman et al., 2020).

b) Brachytherapy: Refers to treatment administered over a short dis-
tance. The source of radioactivity is positioned either inside the tumor or
extremely near to it. It is applied as a superficial mold, interstitially, intra-
cavitary or intraluminal (Bourland, 2012).

¢) Stereotactic radiosurgery: A special form of external radiotherapy.
In this method, multiple beams of radiation from different angles are dire-
cted at a pre-marked target volume. High doses are achieved in the overlap
region of the beams. A rapid dose drop occurs in normal tissues outside the
target volume. It provides significant advantages over other radiotherapy
techniques in dose distribution, especially in target volumes smaller than
4 cm. On the other hand, conformality decreases as tumor size increases
(Yazici et al., 2011).

d) Intraoperative radiotherapy: 1t is the providing the tumor with
high radiation in a single dose to ensure local control during the surgical
procedure (Zeman et al., 2020).

2.) Radiotherapy in Head and Neck Cancers

Malignancies of the head and neck include of the lips, oral cavity,
oropharynx, hypopharynx, tonsils, salivary glands, nasopharynx, nose, pa-
ranasal sinuses and middle ear (Kamangar et al., 2006). It is squamous cell
carcinoma that is the most prevalent form of cancer (Cohen et al., 2018).
With 890,000 new cases and 450,000 deaths from head and neck cancer
in 2018, it was ranked as the seventh most prevalent cancer type globally
(Bray et al., 2018). The Turkish Statistical Institute’s 2016 statistics on
cancer indicates that among the 10 most prevalent cancer forms in all age
categories in our nation, laryngeal cancer, one of the head and neck can-
cers, ranks ninth in men (T.C. Ministry of Health, 2016).

Demographic, behavioral and environmental factors are connected to
the risk of cancer of the head and neck. Major risk factors incorporate
usage of tobacco products, alcohol, viral infections [Epstein Barr virus
(EBV), human papillomavirus (HPV), hepatitis C virus (HCV)], immuno-
deficiency, occupational exposure (perchloroethylene, asbestos, pesticides,
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polycyclic aromatic hydrocarbons, plastic and rubber products, ethanol,
formaldehyde, cement, etc.), radiation, oral health, nutritional style, old
age and genetics, radiation, oral health, diet, aging and genetics (Rettig
and D’Souza, 2015). In the management of malignancies of the head and
neck, radiotherapy is an important therapy method that is frequently either
by itself or in conjunction with chemotherapy and surgery (Citlak and Ka-
pucu, 2017).

The critical crucial structures in this area make it technically very
challenging to perform radiation treatment for head and neck cancers. Sec-
ondary consequences of this treatment are the destruction of teeth, leading
to loss of oral function. This severely reduces quality of life (Lieshout and
Bots, 2014). After surgery, a total dose of 55-60 Gy is administered to the
salivary glands in cases of head and neck cancer, with daily 2 Gy fractions
applied at a depth of 5 cm to ensure little residual illness. 45-50 Gy of radi-
ation is administered as preoperative radiotherapy to the neck and hypop-
harynx. In postoperative radiotherapy, reciprocal lateral areas extending
from the primary tumor to the skull base are exposed to radiation. The dose
used for postoperative radiotherapy is 70-75 Gy. In the larynx region, a to-
tal dose between 55-66 Gy is generally recommended for T1 tumors (lim-
ited tumor), while doses between 60-70 Gy are considered adequate for T2
tumors (tumors that have spread to the adjacent area) (Engin and Erisen,
2003; Gemici et al., 2004). In tumors of the tonsillar fossa and faucial arch
T1 (tumors under two centimeters in size) and T2 (tumors measuring two
to four centimeters), external radiotherapy alone with 60-75 Gy provides
effective tumor control (Stimson et al., 1997). The commonly used daily
dose is conventional fractionation characterized by radiotherapy 5 days a
week with 1.8-2 Gy per day (Engin and Erisen, 2003; Gemici et al., 2004;
Uzal, 1995).

2.1.) Complications in Head and Neck Cancers Following
Radiotherapy

The most typical systemic complications of radiotherapy are fatigue,
skin changes, dry mouth, mucositis, taste varies, pain in the mouth/throat,
dysphagia (difficulty swallowing), odynophagia (painful swallowing), an-
orexia, nausea, vomiting and emotional changes (anxiety, depression, fear,
stress, loneliness, loss of control) (Ertem et al., 2009).

When patients with head and neck cancer receive radiation, mucositis,
decreased taste, salivation, erythema or desquamation of the skin may oc-
cur in the early period, while complications such as atrophy, telangiectasia,
ulceration, fibrosis, trismus, edema and necrosis of the mucous membranes
and skin may appear in the late period. Patients undergoing cancer treat-
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ment may develop temporomandibular dysfunction, which manifests as
myofascial pain, headache, jaw joint pain or ear pain. It does not seem to
be a consequence of cancer treatment in general but is more likely to oc-
cur with parafunctional habits (teeth clenching and grinding) connected to
psychological stress and sleep dysfunction (Dreizen et al., 1977; Hancock
and Epstein, 2003; Scully et al., 2004).

According to a study by Akkas et al., 82% of patients with grade 1-2
mucositis, 90% of patients with radiotherapy-induced dry mouth, and 95%
of patients who lost weight experienced these side effects (Akkas et al.,
2013). Haefner et al. conducted a retrospective research on 238 patients
who had radiation therapy. The study found that during the acute pha-
se, dermatitis developed in 69 individuals and dysphagia in 131 patients
(Haefner et al., 2015). According to a study by Karthikeyan et al. including
121 cancer patients undergoing treatment, 45% of patients receiving radia-
tion showed signs of extreme weariness (Karthikeyan et al., 2012).

2.2.) Effects of Radiotherapy on the Oral Tissues

Oral complications related to cancer treatments may develop acutely
during or immediately after treatment; sometimes cancer treatment may
cause oral problems that last for years. According to the “National Cancer
Institute Common Toxicity Criteria (NCI-CTC)”, side effects that develop
within 90 days from the start of radiotherapy are defined as acute, while
those that develop after 90 days are defined as late side effects. Within the
first three years after a head or neck cancer diagnosis, the majority of late
side effects arise (Cox et al., 1995; Trotti, 2000).

There are numerous negative effects on oral tissues and oral function
resulting from the harmful qualities of such irradiation in the head and
neck region. These include infection, hyposalivation, malnutrition, muco-
sitis, mucosal pain and taste disturbance, burning mouth syndrome, fibro-
sis, trismus, temporomandibular disorders, osteoradionecrosis. Most of the
consequences such as taste loss, sore or tender soft tissues, jawbone osteo-
radionecrosis, fungal infections, mucositis are temporary (Anneroth, 1985;
Jham and Freire, 2006; Lieshout and Bots, 2014). Other consequences,
such as jaw muscles that have atrophy, trismus, alterations in the proteins
and microbiota of bacteria, have a more permanent character (Jham and
Freire, 2006; Kielbassa et al., 2006).

Infections may develop during or immediately after radiotherapy. The
most common oral infection is candidiasis (Vissink et al., 2003). The most
common viral infection is herpes simplex virus infection (Belfield and
Dwyer, 2004). Parotid and submandibular salivary glands are affected by
radiotherapy. A reduction in salivary production (hyposalivation) and qua-
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lity is typically observed as a result of this stimulation (Dirix et al., 2008;
Jham and Freire, 2006; Kielbassa et al., 2006). The clinically frequently
observed side effect of these changes in the structure of saliva is the rapid
deterioration of dental hard tissues (enamel and dentin) (Anneroth, 1985;
Jham & Freire, 2006; Kielbassa et al., 2006; Lieshout & Bots, 2014). Pa-
tients undergoing radiation therapy will have poor oral function for the
remainder of their lives as a result, which will significantly lower their
quality of life (Dirix et al., 2008).

Patients receiving radiation therapy to the area of the head and neck
may also experience dry mouth if their salivary glands are exposed to sig-
nificant radiation doses (Likhterov et al., 2018). Dry mouth may last for
several months or years or may be permanent for the patient, based on the
salivary glands’ volume exposed to radiationthe overall radiation exposu-
re, and the patient’s characteristics (Kuhnt et al., 2005). Furthermore to
decreased salivary flow, an increase in salivary viscosity, sodium, chlorine,
calcium, magnesium and protein concentrations, but a decrease in pH, bi-
carbonate concentration and IgA content have been reported (Franzén et
al., 1992).

The dietary health of patients receiving radiation therapy to the
head and neck region is another aspect that is overlooked or undervalued
(Kufeldt et al., 2018). One of the most frequent side effects of radiation
therapy to the head and neck region is dysphagia, which is brought on by
ailments like the inability to move food from the mouth into the stomach
mechanically, a decrease in muscle strength, or a disruption in the coor-
dination of the muscles that control swallowing (Kraaijenga et al., 2015).
Etiologic factors of radiotherapy-induced dysphagia include neurotoxicity
affecting taste buds, dry mouth, infection, and psychological conditioning
(Lietal., 2019).

One of the most frequent side effects of chemotherapy and radiation
treatment is mucositis. It is a significant adverse effect of cancer therapy
and is characterized by ulceration and inflammation of the oral mucosa.
It can also lead to potentially fatal infections. Mucositis, which usually
develops in the anterior oral cavity (buccal mucosa, lips and the posterior
part of the tongue), is likened to cancer cells by cytotoxic agents due to
the rapid division of oral mucosal epithelial cells and is therefore damaged
(Rosenthal and Trotti, 2009).

Oral mucositis appears as erythema of the oral mucosa in a patient
undergoing a standard 6-7 week radiation treatment in the first two to three
weeks of treatment. As the radiation exposure rises, ulceration and pseudo-
membranes develop (Sonis et al., 1998). In patients with mucositis, com-
plications such as pain requiring the use of strong analgesics, chewing and
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swallowing difficulties, malnutrition, dehydration, anorexia and cachexia
are observed; hospitalization periods are prolonged due to infection. Ac-
cordingly, the mortality rate increases. Patients may encounter difficulties
receiving and finishing treatment regimens as a result of all these issues,
particularly if they have an infection (Rosenthal and Trotti, 2009).

Trotti et al. conducted a systematic literature review of 33 studies to
assess the incidence and outcomes of oral mucositis in patients receiving
radiation therapy for head and neck cancer. Of these studies, 10% reported
that the most distressing symptom of oral mucositis was mouth pain (Trotti
et al., 2003). Additionally, according to this review, 12% of the studies re-
ported that oral mucositis caused difficulty swallowing, 3% that it caused
dehydration, 3% that it caused pain from which opioid-derived analgesics
were used, 30% that oral mucositis caused weight loss, and 63% that oral
mucositis caused skipping or dose reduction (Trotti et al., 2003).

During active cancer therapy, neurosensory disturbances, mucosal
pain that affects diet and quality of life, and taste disturbances are fre-
quent chronic complaints among survivors of cancer (Ganzer et al., 2015).
Mucosal discomfort can be linked to dry mouth and possibly subsequent
infection. It can also be linked to ulceration, inflammation, mucosal atro-
phy, or mucosal neuropathy. Radiation-induced neuropathies may result in
oxidative stress, inflammation, neurotoxicity, and ischemia (Mukhopad-
hyay et al., 2023). Neuropathic symptoms might appear at any time during
cancer therapy, or they can appear later. Mucosal discomfort is frequently
observed during a patient’s one-year follow-up and might last long after
clinical mucositis has recovered (Epstein et al., 1999).

Secondary “burning mouth syndrome” is the term used to describe
persistent or recurring burning mouth brought on by radiation and made
worse by xerostomia (Mcmillan R et al., 2017). Burning or scorching sen-
sations on the tongue, lips, gums, palate, throat, or entire mouth are among
the symptoms of burning mouth syndrome. Other symptoms include dry
mouth, increased thirst, and taste changes (such as metallic or bitter) (Mc-
millan R et al., 2017).

Mouth pain may be constant or progressively worsen over the course
of the day. Years or months may pass throughout it. The symptoms may
abruptly go away or infrequently get milder. Consuming food or beverages
could offer momentary comfort. In addition to making it difficult to eat and
sleep, the discomfort can cause anxiety and sadness. It can be beneficial to
abstain from smoke, fizzy drinks, spicy and acidic foods, and high levels
of stress (Mcmillan R et al., 2017).

Treatment of burning mouth syndrome is symptomatic and includes:
(Mcmillan R et al., 2017)
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L certain mouthwashes for teeth or lidocaine
II. alternatives for saliva

II.  capsaicin

IV.  clonazepam or klonopin

V. antidepressants

VI. analgesic drugs

VIL. low-level laser therapy

VIII. cognitive behavioral treatment.

One of the latter adverse effects of radiation therapy for head and neck
cancer is post-irradiation fibrosis, which can affect several structures in
the areas that were exposed to radiation (Sroussi et al., 2017). Damage to
the arteries, nerves, and muscles in the neck region can result from radia-
tion exposure. Lymphedema can also result from injury to the lymphatics
that remove fluid from the head and neck. Treatment-related fibrosis of the
pharyngeal constrictor muscles and tongue muscles can impair swallowing
and tongue function. Trismus may result from masticatory muscle fibrosis,
primarily in the lateral pterygoids (Sroussi et al., 2017).

Complications from late radiotherapy side effects can include trismus,
temporomandibular problems, and fibrosis that impairs lip and tongue fun-
ction. Radiation therapy to the temporomandibular joint region and the
masticatory muscles (masseter, temporalis, medial and lateral pterygoids)
results in inflammatory alterations in the muscles that may eventually in-
duce fibrosis (Sroussi et al., 2017).

Difficulties with eating, swallowing, speaking, maintaining basic oral
hygiene, wearing dentures, and giving dental care can all be brought on by
trismus. According to earlier research, the incidence of radiation-induced
trismus in patients with head and neck cancer ranges greatly, from 5% to
45% (Bensadoun et al., 2010).

One new side effect of radiation therapy for head and neck tumors is
jaw osteoradionecrosis (de Souza Tolentino et al., 2019). The quick and
irreversible death of radioactively irradiated bone is known as osteoradio-
necrosis (Hancock and Epstein, 2003). It is not a real osteomyelitis; rather,
it is the result of inadequate wound healing brought on by radiation ther-
apy’s diminished vascularization (Rubenstein et al., 2004). Although the
majority of occurrences happen a few years after radiation, osteonecrosis
can develop at any point following radiation (Hancock and Epstein, 2003).
One of the most dangerous side effects of head and neck radiation therapy
is osteoradionecrosis, which is said to occur on its own in one-third of
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cases. It is also seen after periodontal and apical diseases, prosthetic appli-
cations, surgical procedures, and tooth extraction. At a rate of 2-18%, it has
been seen to happen most frequently following tooth extractions carried
out following radiation therapy. (Nabil and Samman, 2011). It has been
reported that tooth extractions performed immediately before and after ra-
diotherapy are the most common initiating factor causing osteoradione-
crosis (Marx and Johnson, 1987). The risk of osteoradionecrosis is twice
as high in patients with teeth compared to those without teeth. In addition,
the dose, dose rate and application area of radiotherapy also determine the
risk of osteonecrosis development (Hancock and Epstein, 2003). Clinical
manifestations include discomfort, face fistula, exposing skeletal necro-
sis, suppuration, and pathological fractures (Hancock and Epstein, 2003;
Mossman et al., 1982). Histopathological features include early hyper-
emia, endarteritis and thrombosis, followed by cell loss, hypovascularity,
increasing quantity of bone marrow and fibrosis (Panayiotou et al., 1995).

It is important to remove infected teeth and eliminate infections before
treatment. Extraction should be completed three weeks before radiothera-
py to prevent necrosis. Systemic antibiotic application has no therapeutic
effect since there is bone necrosis. Antibiotics are used only to prevent sec-
ondary infections or to treat the infection if it exists (Nabil and Samman,
2011). In most cases, healing occurs within six months with conservative
treatment (debridement, antibiotics and saline irrigation). In severe cases
that progress despite these treatments, resective surgeries are preferred and
can be supported with hyperbaric oxygen treatments (Hancock and Ep-
stein, 2003).

Odontogenesis and similar dental anomalies may occur after radio-
therapy. Microdonia, or unusually little teeth, short or blunted roots, small
crowns, malocclusion, insufficient calcification, taurodontism, early apical
closure, and delayed or stopped tooth development are among the prob-
lems that have been reported. When radiation is exposed to odontogenesis
during the pre-formation and differentiation phases, the most severe abnor-
malities are observed (Otmani, 2007).

3.) Radiation Therapy’s Impact on Dental Tissues

Dental problems are more common in patients receiving radiation
therapy for head and neck malignancies than in other patients. Teeth ex-
posed to radiation exhibit hypovascularity, which results in a reduction
in pulpal circulation (Springer et al., 2005). It is believed that radiation
therapy directly damages the enamel-dentin junction (Groétz et al., 1998).
A notable reduction in enamel’s microhardness was noted in case reports
with radiation exposure of 20 Gray (Lu et al., 2019). A notable decline in
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the microhardness, elasticity modulus, mineral and crystallinity of enamel
close to the enamel-dentin junction junction was observed after radiother-
apy (Lu et al., 2019). Similar effects to those of enamel were seen in the
decrease in dentin’s microhardness at a dose of 20 Gy, and this impact
persisted up to 70 Gy. According to a study by Miguel et al., all radiation
doses have an impact on the dentin’s and enamel’s mineral and organic
structures, causing their microhardness to drop. This could hasten the de-
velopment of caries processes (Munoz et al., 2020).

3.1.) Radiation Therapy’s Impact on Dental Hard Tissues

Radiation therapy alters dental hard tissues in a substantial way and
makes teeth more vulnerable to demineralization (Gupta et al., 2015).
Within the first three months following radiation therapy to the head and
neck region, the first indications of dental hard tissue degradation are seen
(Lieshout and Bots, 2014). After radiotherapy, large porous areas in the
enamel, loss of surface enamel, crater formation as a result of exposure of
subsurface enamel and exposure of the underlying dentin are frequently
observed. This leads to atypical caries formation, is mostly painless and
rapid (Kielbassa et al., 2006; Walker et al., 2011). On occasion, the dentin
or enamel may appear to be discolored a shade of brown. The cervical
and incisal margins are also where this discolouration is primarily found
(Vissink et al., 2003).

Knychalska et al. examined teeth extracted 6 to 8 months following
therapeutic irradiation and found symptoms of significant demineralizati-
on, particularly in the structure of the dentin. However, signs of reminer-
alization were also seen in the damaged tissue (Knychalska-Karwan et al.,
1988). Shortly after irradiation, substantial damage to the enamel’s pris-
matic structure was seen in another investigation by Grotz et al. (Lieshout
and Bots, 2014).

Compared to non-irradiated enamel, the demineralization in irradiated
enamel displayed a distinct pattern (Jansma et al., 1993). Significant micro-
morphological differences were observed in the demineralization behavior
of irradiated enamel (Lieshout and Bots, 2014). It was found that irradiated
enamel had greater susceptibility to acid assaults than intact enamel, that
its biomechanical characteristics were more significantly impacted, and
that dentin’s biomechanical characteristics were more significantly dimin-
ished (Grotz et al., 1998; Kielbassa et al., 1997).

These findings are contradicted by research on human and bovine
teeth conducted in vitro and in situ by Joyston-Bechal and colleagues.
They discovered that neither irradiated nor unirradiated enamel was more
prone to demineralization (Joyston-Bechal, 1985; Kielbassa et al., 2006;
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Lieshout and Bots, 2014). The same amount of mineral loss and lesion
depth were seen (Kielbassa et al., 2006). However, the enamel-dentin junc-
tion in irradiated teeth was found to be as scattered, damaged and unstable
as the sharply contoured enamel-dentin junction in healthy teeth (Pioch et
al., 1992). Dentin’s internal stability and the anchoring between it and ena-
mel are both decreased by the radiation-damaged or destroyed biological
matrix (Pioch et al., 1992).

Radiation therapy frequently has a negative impact on dentin. In their
in vitro investigations on the impact of radiation therapy on the dentin of
cows, Kielbassa et al. noted a marked reduction in microhardness between
dentin that had received radiation and dentin that had not (Kielbassa et al.,
2006). Whereas odontoblast activity extends into the enamel in unirradia-
ted teeth, it ceases in advance of the enamel-dentin junction in irradiated
teeth (Lieshout and Bots, 2014). Extracted third molars were exposed to
radiation up to 31.5 Gy in an in vitro investigation by Springer et al., and
no appreciable collagen degradation was seen (Springer et al., 2005). All
of the tooth’s hard structures, including the dentin, enamel-dentin junction,
and tooth enamel, exhibit changes. Numerous investigations have demon-
strated that these alterations and damages cause these structures’ mechan-
ical characteristics to change (Kielbassa et al., 2006; Soares et al., 2010).

Researchers Franzel and colleagues found that after 0.5 Gy of high-en-
ergy X-rays used to treat malignancies, there was a substantial deteriora-
tion in the mechanical characteristics of dentin and enamel. On the other
hand, these enamel characteristics are totally eliminated when therapeutic
irradiation starts at a daily dose of 2 Gy (Franzel and Gerlach, 2009).

Walker et al.’s study on the fragility of teeth after radiotherapy showed
moderate/severe damage after irradiation in fifty-one percent of teeth.
As the irradiation levels increased, a notable rise in damage was seen.
Dose-related damage in dental tissues can be classified into 3 stages: 0-30
Gy causes negligible dental damage, Between 30 and 60 Gy, the tooth-dose
damage connection doubles or triples, and greater than 60 Gy increases
this relationship ten-fold (Walker et al., 2011).

Because saliva includes antibacterial, remineralizing, pH-regulating,
and teeth-cleaning properties, it plays a significant role in maintaining the
structure of teeth (Dowd, 1999). After radiation therapy, hyposalivation is
the primary cause of increased dental caries risk in patients (Escoda-Fran-
coli et al., 2011).

A study by Kielbassa et al. found that saliva pH dropped from 7.0 to
5.0 following radiation therapy, and that this condition exacerbated teeth
demineralization tendency. An increase in acidogenic and cariogenic mic-
robes (Streptococcus mutans, Lactobacillus, and Candida species) is seen
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in the flora as a result of this alteration in the oral environment. The change
in oral flora, the decrease in saliva flow, and the change in saliva composi-
tion (buffering capacity, pH, immunoproteins) occur within 3 months from
the beginning of radiotherapy, and these changes create a substantial risk
of caries and periodontal infections (Gupta et al., 2015).

When the demineralization-remineralization state is out of balance,
minerals are lost, damaging the organic phase of the tooth structure and
leading to cavitation, which is the production of caries in teeth. Caries that
are left untreated advance quickly and may need more extensive care. For
this reason, it’s critical to identify and stop mineral loss early. It has been
discovered that approximately 25% of radiation therapy patients had caries
(Michelet, 2012). A parotid-protective application is anticipated to lower
the rate of caries because research has demonstrated that the risk of caries
in cancer survivors is correlated with the radiation dosage administered to
the parotid glands (Hey et al., 2013). Although there is little information
on how radiation affects the submandibular gland, it is believed that these
glands’ activity is crucial for preserving oral health (Lin et al., 2003).

3.2.) Effect of Radiotherapy on Pulp Tissue

The literature on the effects of radiation on dental pulp is not in agre-
ement. Research has indicated that head and neck radiation can stimulate
changes in the nervous system and blood vessels in the pulp of the tooth,
which can result in pulp necrosis (Weissheimer et al., 2022). At a moderate
level of evidence, head and neck radiation generates significant alterati-
ons in pulpal response, according to a meta-analysis research assessing
the effects of the treatment on pulpal tissues linked with head and neck
cancer. Some have stated that because of these inconsistent responses, it is
impossible to reliably evaluate the pulpal status of individuals who have
had radiation therapy (Weissheimer et al., 2022).

In groups receiving 12 and 18 Gy doses of radiation, head and neck
irradiation did not significantly affect inflammation, necrosis, or hyaliniza-
tion, according to a study by Madani et al. on mice (Madani et al., 2017).
There was an acute significant increase in gingival blood flow immedia-
tely following radiotherapy, followed by a tendency to return to baseline
levels over a prolonged period of time (more than six months), according
to another study comparing pulp and gingival blood flow in patients recei-
ving different doses of head and neck radiation immediately after the start
of radiotherapy and six months after its completion. High radiation doses
(over 50 Gy) had a distinct effect on dental pulp blood flow than did lower
radiation doses (below 50 Gy) (Antic et al., 2022). According to a different
study examining the direct effects of radiation on the extracellular matrix,
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innervation, and microvascularization of the dental pulp in individuals tre-
ated with head and neck radiation, radiation did not significantly alter the
morphology of these formations (Faria et al., 2014).

Pulse oximetry was used to assess the pulp’s vitality in patients with
oropharyngeal cancer who received radiation therapy before, during, and
six months after the treatment. The results showed that while pulpal oxy-
genation level (SpO,) decreased from the start of the treatment to its conc-
lusion (between 60 and 70 Gy), it significantly increased after six months.
The significance of waiting six months to a year to assess the pulp’s vita-
lity was underlined (Daveshwar et al., 2021). Another study that assessed
pulpal sensitivity in patients undergoing head and neck radiation found
that patients’ sensitivity rose following a 30- to 35-Gy dose (Garg et al.,
2015). SpO, levels in the pulp were found to be within normal ranges after
4-6 years after radiotherapy, according to a study that assessed the long-
term effects of ionizing radiation on pulpal vitality. The authors argued
that short-term changes in pulpal microcirculation brought on by radiation
might be temporary and that radiation would not have a long-term effect on
pulpal vitality. (Kataoka et al., 2016).

In a different study, the impact of head and neck radiation on the
immunoexpression of type I collagen, bone morphogenetic protein 4
(BMP4), and bone sialoprotein (BSP) was assessed. Additionally, the
study examined whether these changes could facilitate the development
and advancement of radiation caries by altering the micromorphology of
the dentin-pulp complex. In order to study micromorphology and patterns,
demineralized carious tooth sections from head and neck cancer patients (a
group of irradiated teeth and a control group of non-irradiated teeth) were
examined using traditional optical microscopy and immunohistochemistry.
There was no discernible variation in pulp micromorphology across the
groups that may be directly related to radiation. Furthermore, there was
no difference in the immunohistochemical staining and immunolocaliza-
tion patterns of type I collagen, BSP, or BMP4 between the irradiated and
control samples. This study challenged the concept that head and neck ra-
diotherapy directly destroys the tooth structure by modifying the organic
components and microstructure of the pulp, ultimately leading to radiation
caries (Fonséca et al., 2022).

As a result of examining many studies, it has been concluded that alt-
hough radiotherapy affects pulpal blood flow to some extent in the first 6
months, it does not create a significant difference afterwards, the short-term
changes are temporary and it is necessary to wait longer than 6 months to
examine pulpal blood flow and pulpal vitality. It has also been thought that
radiotherapy affects the pulp differently depending on the dose.
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3.3.) Effect of Radiotherapy on Periodontal Tissues

The widespread and chronic microbial/inflammatory illness known
as periodontitis is characterized by the destruction of tissues that support
teeth, such as the alveolar bone that acts as support for the tooth. Pain,
infection of the jaw bones around the roots, and tooth loss are all possible
outcomes of periodontitis. Osteoradionecrosis in patients with head and
neck cancer may be brought on by periodontitis (Saund et al., 2010).

For many reasons, patients undergoing radiation treatment for head
and neck malignancies are more susceptible to periodontal disease than the
general population. The primary risk factors for periodontitis are hyposali-
vation and the loss of saliva’s preventive properties. Furthermore, radiation
therapy to the head and neck region modifies the flora linked to periodontal
disease and alters the oral microbiome (Khaw et al., 2014).

Khaw et al. reported rapid loss of teeth and supporting tissue. Gingi-
val recession and a marked loss of periodontal attachment were observed
in patients compared between pre- and post-radiation. Radiotherapy has a
dose-dependent effect on periodontal health; as the cumulative dosage inc-
reases after the treatment begins, periodontal health deteriorates. Patients
with cancer should receive comprehensive information regarding perio-
dontal health because it is linked to an increased risk of osteoradionecrosis
and oral mucositis, even in the absence of tooth loss (Khaw et al., 2014).

Radiation therapy is likely to make periodontitis worse because it is
a prevalent condition in adults and usually existed prior to the treatment.
Furthermore, osteoradionecrosis following tooth extraction may be a con-
sequence of increasing periodontitis, necessitating further dental extracti-
ons. It should be remembered that early cancerous tumors might resemble
periodontitis, and therefore seeing an oral health specialist can help with
the accurate diagnosis (Saund et al., 2010). According to current guideli-
nes, patients should see a dentist before, during, and after cancer treatment
who is knowledgeable about the intended treatment for the disease as well
as any oral health issues (Hong CHL et al., 2010).

Adult tooth loss is mostly caused by periodontal disease, and teeth
with severe periodontitis—especially those in the area that will receive
high-dose radiation—may need to be extracted before radiation treatment.
Prior to radiation therapy, teeth with lost periodontal attachment and those
that will probably need surgery in the future within the scheduled high-do-
se irradiation fraction should be extracted. In order to reduce the likelihood
of increasing periodontitis that requires tooth extraction and the potential
consequences of osteoradionecrosis, a lifetime commitment to preventati-
ve oral health management is necessary (Hong CHL et al., 2010).
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4.) Dental Treatment Planning for Radiotherapy Patients

4.1.) Making Plans for Patients Getting Head and Neck
Radiation

Management of oral disease before and during radiation therapy provi-
des various complications for the dentist. Numerous oral side effects of ra-
diation therapy could necessitate changing the dental care plan. Cancers of
the salivary glands, lymphomas, and squamous cell carcinoma are among
the head and neck diseases that are commonly treated with radiation treat-
ment (Brennan et al., 2008). Cancers of the salivary glands, lymphomas,
and squamous cell carcinoma are among the head and neck diseases that
are commonly treated with radiation treatment (Brennan et al., 2008).

Radiation therapy frequently causes mucosal injury or mucositis; the-
refore, filing down teeth or restorations with sharp edges may lessen the
risk of mucosal trauma, the degree of mucositis, and the pain and discom-
fort that go along with it (Laine et al., 1992). Radiation therapy to the head
and neck may raise the incidence of dental cavities and, over time, decrea-
se bone mending capacity. In order to avoid future tooth extractions, which
are a major risk factor for post-radiation osteonecrosis, rational restorative
dentistry and periodontal therapies, the eradication of dental illness, and
the extraction of teeth with doubtful prognosis are all crucial preventive
measures. Additionally, fluoride therapy helps reduce radiation-induced
caries (Olver et al., 1996 ; Woo et al., 2006).

A number of ideas serve as a guide for treatment planning. These inc-
lude the risk of bleeding or infection after dental treatments, the risk of os-
teonecrosis, and the risk of infection during neutropenia. Asking yourself:
“If I do not treat this tooth/condition, what is the likelihood of infection
developing when the patient has no white cells?” is a crucial question to
ask when preparing a chemotherapy treatment. The question for patients
who are ready to start IV bisphosphonate therapy or radiation therapy is:
How likely is it that this tooth will need to be pulled in the next few years?
An crucial question to ask before doing the surgery is: Is this patient at
danger for infection or bleeding after the procedure? (Raber-Durlacher et
al., 2002). To allow for the shortest possible healing time, it is generally
recommended that all decayed teeth be replaced, scaling and prophylaxis
done, and extractions done as soon as feasible (Raber-Durlacher et al.,
2002). Before receiving cancer therapy, a thorough debridement of plaque
and calculus may lower the incidence of oral mucositis and gingivitis (Bo-
rowski et al., 1994When radiation therapy is planned for patients with head
and neck cancer, worries about compromised healing should also be taken
into account (Vissink et al., 2003). Radiation lowers bone remodeling ac-
tivity by causing gradual fibrosis and a decrease in cell count (Vissink
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et al., 2003). Infection and poor recovery can result from invasive dental
operations (Pernot et al., 1997). After extractions, patients should aim to
recover for three weeks before beginning radiation therapy (Starcke and
Shannon, 1977).

Treatment planning should take the patient’s cancer stage and progno-
sis into account. The dental treatment strategy for a patient with a progno-
sis of less than six months or for a patient with palliative cancer treatment
may comprise dental prophylaxis, uncomplicated restorative dentistry, and
extraction of symptomatic teeth with active infection (Epstein et al., 1995).

4.2.) Making Plans for Patients Receiving Head and Neck
Radiation Therapy

The dentist’s approach to patients who have undergone radiotherapy
is to keep complications under control, treat complications that occur, and
maintain a healthy condition (Dechaphunkul et al., 2013). Individuals who
have had radiation therapy suffer from a severe loss of oral function (such
as difficulty chewing food and phonetic abnormalities), which has a detri-
mental effect on their quality of life (Schweyen et al., 2017). After radio-
therapy, there is a decrease in the amount of saliva and an increase in the
viscosity of saliva. This negatively affects the patient’s oral hygiene. In
such cases where oral hygiene decreases, artificial saliva preparations can
be used. At the same time, topical fluoride gel application is recommended
for these patients to prevent the formation of dental caries. It is recommen-
ded that teeth not be extracted for at least six months after radiotherapy.
Dental complaints that occur during this period are resolved with conser-
vative treatments. However, if conservative treatments are unsuccessful
and the tooth must be extracted; the extraction should be done carefully
without damaging the tissues too much and the suture should be placed
to cover the alveolar crest. Antibiotics should be given prophylactically
before and after the surgical procedure (Engelmeier and King, 1983). If the
patient is to receive prosthetic treatment, it is beneficial to wait at least six
months. In patients who have extractions immediately before or immedia-
tely after radiotherapy, it is recommended to wait one year before starting
the prosthesis (Beumer et al., 1996). For orthodontic treatment, this wai-
ting period is two years (Schubert et al., 1998). Studies have revealed that
hard and soft tissue atrophy is likely to be noticed after head and neck radi-
otherapy and that implants may be required. Following radiation therapy,
it is advised to wait at least six months, ideally a year, before undergoing
implant surgery (Visch et al., 1994).
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5.) Effect of Radiotherapy on Dental Treatment

When prosthetic, orthodontic, restorative and endodontic treatments
were applied to patients who received radiotherapy, differences were ob-
served in the teeth compared to normal teeth.

5.1.) Effect of Radiotherapy on Restorative Treatment

Teeth restored prior to exposure to gamma radiation performed better
in the Gupta et al. trial, which examined the impact of radiotherapy and
radiation protection on the efficacy of the self-etch adhesive approach. It
has been observed that radiation protection with 0.5 mm lead increases the
effectiveness of the self-etch adhesive system irrespective of the radiation
exposure stage (Gupta et al., 2022). The radiotherapy protocol had no in-
fluence on the marginal adaptation of the universal adhesive in the cervical
regions, according to a study by Oglake et al. that looked at the impact
of radiation on the marginal adaptation of class II direct resin composite
restorations. Compared to etch and rinse application, self-etch adhesive
resulted in noticeably more adhesive flaws at the dentin edge when radia-
tion was administered (Oglakei et al., 2022). In their work, Catelan et al.
examined the impact of radiation therapy on the radiopacity and flexural
strength of composite resin. G1- no irradiation, G2- 30 Gy, G3- 40 Gy, G4-
50 Gy and GS- 60 were formed in 5 groups. The radiopacity values of G1,
G3, G5, G4, and G2 were the greatest. G1 has the lowest flexural strength
rating, followed by G2, G5, G3, and G4, with no discernible difference
between the values. The radiopacity and flexural strength of resin-based
composites were unaffected by the widely used radiation treatment dosage
(Catelan et al., 2008).

The mechanical behavior of composite resins and adhesive systems
was not affected when radiation was applied after the bonding process, but
it caused a decrease in the bond strength of adhesive systems when radia-
tion was applied right before the bonding process, according to a study by
Troconis et al. that looked at the impact of head and neck radiation on these
materials (Madrid et al., 2017). The impact of head and neck radiation on
the durability of dental adhesive restorations was the subject of a meta-a-
nalysis by Palmier et al., and the results showed that composite resins fared
better at two years than both glass ionomer and glass ionomer cements.
Glass ionomer cements had a greater failure rate than resin-modified glass
ionomer cements, according to the meta-analysis. Comparing composite
resins to glass ionomer and glass ionomer cements modified by resin, the
former showed a higher failure risk (Palmier et al., 2022).

Gamma radiation treatment was found to considerably diminish the
fracture resistance of healthy teeth in the Soares et al. investigation on the
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influence of restorative material and gamma irradiation on the biomechani-
cal behavior of root canal filled premolar teethlt was discovered that teeth
treated with amalgam had greater stress than teeth restored with composite
resin. It was discovered that the stress values of teeth filled with composite
resin were comparable to those of healthy teeth. While increasing the load
in the incisal region, gamma irradiation dramatically decreased the fracture
resistance. For the restoration of teeth that had undergone endodontic tre-
atment, composite resin outperformed amalgam in terms of biomechanical
behavior, regardless of irradiation (Soares et al., 2011).

5.2.) Effect of Radiotherapy on Prosthetic Treatment

Radiotherapy can alter the elastic strength and crystal content of ma-
terials based on zirconia, according to a study by Abdullah A. Alshamrani
et al. that looked into how ionizing radiation affected the mechanical cha-
racteristics and translucency of monolithic zirconia. This phenomenon was
more pronounced in low-translucency zirconia (Alshamrani and De Souza,
2020). It was discovered that, regardless of the application method, a radi-
ation dose of 70 Gy impaired the bonding of acrylic resin teeth to acrylic
denture bases in the study by Neto et al. on the effect of irradiation on that
process (de Moraes et al., 2020).

5.3.) Effect of Radiotherapy on Orthodontic Treatment

The shear strength of ceramic brackets was examined in an in vitro
study by Neto et al. to investigate the effects of ionizing radiation and
various composites. The groups exposed to radiation showed lower shear
strength values than the non-exposed groups, but there was no discernible
difference between them. It was determined that, independent of the adhe-
sive compound utilized, ionizing radiation adversely damaged the adhe-
rence of ceramic brackets (Neto et al., 2022). The physical and adhesive
characteristics of tooth enamel following radiotherapy application and the
bonding of metal and ceramic brackets were investigated by Santin et al.
They discovered that the radiation-exposed enamel portions were weaker
than the unirradiated samples. The groups and subgroups that underwent
ceramic bracket bonding and radiation exposure were determined to have
the lowest strength values. In samples exposed to radiation, a greater rate
of bonding failure between the bracket and the composite resin was noted
(Santin., 2015).
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5.4.) Effect of Radiotherapy on Endodontically Treated Teeth

5.4.1.) Effect of Radiotherapy on Bond Strength in
Endodontically Treated Teeth

Yaduka et al. conducted a study whereby two distinct root canal se-
alers, AH Plus-epoxy resin and BioRoot RCS-bioceramic, were utilized.
The study assessed the impact of radiation therapy on the dislocation re-
sistance applied to dentin and the sealer-dentin interface. When compared
to non-irradiated teeth, the AH Plus group’s irradiated teeth showed no-
ticeably reduced bond strength. In comparison to the AH Plus group, the
BioRoot RCS group demonstrated a higher bond strength value following
irradiation and did not exhibit a statistically significant drop in bond stren-
gth (Yaduka et al., 2021).

The teeth were divided into 5 groups for a different study by Cancelier
et al. that looked at the effect of radiation treatment duration on the binding
strength between resin cement and dentin. These groups are as follows:
Group 1: a control group that did not get radiation treatment, Group 2:
radiation received and then root canal treatment, Group 3: irradiated, then
root canal preparation and calcium hydroxide placement Group 4: irra-
diated, then root canal treatment, Group 5: tooth was irradiated and then
glass fiber post was applied. The fourth and fifth groups were found to
have significantly lower values in the middle third of the obtained values.
Radiotherapy had a deleterious effect on the resin cement’s adherence to
intraradicular dentin in these groups. The group with the best performance
was the third one. It was found that the binding between the resin cement
and dentin was impacted by the timing of the radiation treatment (Cance-
lier et al., 2023).

Significantly decreased bond strength values were found after irradi-
ation compared to non-irradiated teeth in the study by Yamin et al. on the
endurance of bond strength of resin-based root canal sealers to root den-
tin following radiation therapy. When compared to the immediate values
for irradiated and non-irradiated teeth, the examination conducted after six
months showed lower bond strength values. Irradiated dentin developed
cohesive problems, and SEM examination revealed fractures, microcracks,
and a decrease in collagen fibers in the dentin of the exposed root (Yamin
etal., 2018).

According to Lopez et al.’s study, the bond strength between irradia-
ted and non-irradiated teeth was considerably lower for carbodiimide and
chlorhexidine resin-based root canal sealers on the bond strength to root
dentin following radiation therapy. The groups who received physiologi-
cal serum and chlorhexidine had irradiation teeth with considerably lower
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bond strength values. Furthermore, after ten months, it was shown that
these groups’ relationship strengths had drastically decreased (Lopes et al.,
2020). In teeth exposed to radiation for therapeutic purposes, Martins et
al.’s investigation of the impact of epoxy resin or an MTA-containing se-
aler on the binding strength to root dentin revealed noticeably lower bond
strength values in samples filled with MTA Fillapex following irradiation
compared to AH Plus. Regardless of the sealer used, radiation has been
shown to reduce the bond strength of the sealer to intraradicular dentin
and increase the number of gaps that occur at the sealer-dentin interface
(Martins et al., 2016).

The impact of radiation on the push-out bond strength of various se-
alers (Endosequence, MetaSEAL Soft, and Tublseal) to root dentin was
assessed in the study carried out by Fouda et al.. Compared to the non-irra-
diated groups, the irradiated groups showed lower binding strength values.
Regardless of radiation exposure and section, the groups filled with Gut-
ta-percha/Tubliseal had the lowest values when comparing sealer. It was
discovered that coronal parts had higher bond strength values than mid and
apical regions in every group. The root canal dentin binding strength of the
sealant was adversely affected by radiotherapy. Compared to MetaSEAL
Soft and Tubliseal sealers, Endosequence BC sealer demonstrated a stron-
ger adhesion to radicular dentin (Fouda et al., 2020).

The goal of the Khangwal et al. investigation was to assess how radi-
ation affected the sealer’s push-out binding strength to the dentin interface
as well as how little the Adseal, MTA Fillapex, and EndoSequence BC
sealers adapted to the radioactive dentin. After radiotherapy, bond strength
was much lower than in teeth that had not been exposed to radiation. The
Adseal root canal sealer exhibited the strongest bond. Dentin adhered to
root canal filling material after exposure to radiation, weakening the con-
nection (Khangwal et al., 2022).

Biodentine and mineral trioxide aggregate (MTA) to radicular dentin
were shown to have a poorer push-out bond strength to irradiated teeth
than to non-irradiated teeth in a study by Khullar et al. that looked at the
impact of radiotherapy on these properties. Samples containing non-irra-
diated Biodentine exhibited the strongest push-out bond strength (Khullar
et al., 2023).

5.4.2.) Effect of Radiotherapy on Apical and Coronal Leakage in
Endodontically Treated Teeth

There was a modest increase in apical leakage following radiotherapy,
but no discernible increase was noted in the study by Bodrumlu et al. that
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examined the impact of radiation on the apical sealing of resin-based root
canal sealers (Bodrumlu et al., 2009).

Another study by Bodrumlu et al. examined how radiation affected the
coronal sealing abilities of two distinct root canal filling materials. While
radiation had no effect on either group’s ability to seal, it did cause a slight
increase in Resilon/Epiphany SE’s coronal leakage values (Bodrumlu and
Bodrumlu, 2018).

5.4.3.) Effect of Radiotherapy on Apical Periodontitis in
Endodontically Treated Teeth

According to Jham et al.’s study, before receiving cancer treatment,
people with head and neck cancer typically have severe dental/periodon-
tital illness, poor oral cleanliness, and poor dental care. It is therefore un-
likely to infer that the direct effects of radiation on the tooth-bearing areas
(independent of the ultimate radiation dosage administered to each tooth)
may produce apical periodontitis when assessing patients who did not un-
dergo dental care prior to radiation. This is supported by the fact that the
study in question found that teeth with apical periodontitis had a conside-
rably greater caries rate (Jham et al., 2008).

Radiation dose was found to be significantly higher in teeth with api-
cal periodontitis in the Hommez et al. study on the effect of radiation dose
on the prevalence of apical periodontitis. Additionally, radiation dose was
found to be the only explanatory variable in the presence of apical perio-
dontitis. According to this study, there was a larger chance of developing
jaw bone inflammation as a result of bacterial root canal infection in areas
with high radiation exposure. This is because radiation therapy altered the
bones (Hommez et al., 2012).

However, the same investigators did not discover a higher incidence
of apical periodontitis in individuals undergoing head and neck radiation
in a prior investigation. Therefore, it was believed that these interpretations
would support the notion that teeth are immediately destroyed by radiati-
on, which might mislead general practitioners to eventually refrain from
treating patients following radiation therapy. Finally, it should not be assu-
med that radiation therapy directly affected teeth and the jawbone because
apical periodontitis is a very common oral finding in the community both
before and after head and neck radiation (Hommez et al., 2012).
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5.4.4.) Effect of Radiotherapy on Fracture Strength of
Endodontically Treated Teeth

It has been asserted that the application and duration of radiotherapy
affect the fracture strength of teeth receiving root canal treatments and
lowers fracture strength values. Tiirker et al. looked into the impact of
radiation application time on fracture strength in teeth filled with biodentin
or gutta percha/root canal sealer. For six weeks, the teeth in the trial rece-
ived 60 Gy and 2 Gy dosages every day, five days a week. There were 72
teeth in all, 24 of which were used as the control group. The 48 teeth that
were left were split into 4 groups, 2 of which had radiotherapy before to
root canal therapy and the other 2 groups had radiotherapy following root
canal therapy.

The teeth that underwent radiotherapy after receiving a biodentin root
canal filling had the lowest fracture strength values, whereas the group that
did not receive radiotherapy had the highest values. It was discovered that
the amount of radiation applied to teeth filled with gutta percha and root
canal sealant was negligible. When biodentin was used for filling, it was
discovered that the radiation dosage was substantial. When compared to
teeth filled with gutta-percha and root canal sealer, either before or after
radiotherapy, the fracture strength value of teeth treated with radiotherapy
following biodentin filling was shown to be considerably lower (Aktemur
Tiirker et al., 2021).

Radiation therapy was found to dramatically lower the fracture stren-
gth of healthy teeth in the Soares et al. study, which looked at the impact
of gamma irradiation and restorative material on the biomechanical beha-
vior of root canal-treated premolar teeth (Soares et al., 2011). The impact
of therapeutic radiation doses on the fracture strength of teeth filled with
gutta-percha and two sealers after root canal therapy was examined in the
study by Omaia et al.. Following irradiation, all groups showed a signifi-
cant drop in fracture strength; the CeraSeal root canal sealer showed the
least decrease in fracture strength. CeraSeal outperformed Adseal in the
fracture strength values of the tooth following irradiation (Omaia et al.,
2024). It is possible to argue that the material used in root canal fillings
affects the teeth’s ability to withstand fracture for the reasons mentioned
above.

5.4.5.) Effect of Radiotherapy on Biomechanical Behavior of
Endodontically Treated Teeth

According to a study by Novais et al., radiation therapy negatively af-
fects the microhardness of dentin in both humans and cattle, and this effect
gets worse after endodontic treatments. The mechanical characteristics of
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irradiation dentin are adversely affected by endodontic treatment as well;
restorative methods should take this effect into consideration (Novais et
al., 2016).

The study by Pauletto et al. examined how radiation and a taper of root
canal preparation affected the mesial roots of mandibular molars’ biomec-
hanical behavior. Fatigue strength reduced as the taper of the preparation
increased. The biomechanical performance was considerably affected by
radiotherapy. When exposed to radiation and when the preparation’s taper
grew, the biomechanical behavior of the mandibular molars’ mesial roots
dramatically reduced (Pauletto et al., 2024).
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Introduction

The rapid advancements in technology have facilitated significant
progress in the field of dentistry, leading to the development of numerous
new technologies and instruments that have made endodontic procedures
more accessible. These innovations have allowed practitioners to perform
procedures more easily that were previously considered difficult or could
only be undertaken by individuals with specific skills. The aim of succes-
sful endodontic treatment is the complete mechanical and chemical clean-
sing of the entire root canal system, followed by filling it with a compatible
filling material (Vertucci, 1984). In this process, establishing an ideal ac-
cess angle emerges as one of the most crucial steps for a successful endo-
dontic procedure. However, the failure to detect all canals within the root
canal system and to treat them appropriately is one of the primary reasons
leading to treatment failure and the persistence of disease (Weine, 1969;
Sjogren, 1990; Wolcott, 2002; Dugas, 2003).

In recent years, particularly the introduction of magnification and il-
lumination tools in the field of endodontics has provided significant ad-
vantages. The widespread use of these devices has enabled practitioners to
obtain more detailed and precise views, making it possible to visualize and
examine even the most apical parts of the root canal system. Additionally,
the use of microscopic surgical instruments has introduced technical inno-
vations in root canal preparation processes and has enhanced the quality of
clinical applications (Uzun et al., 2012; Sengezer et al., 2017).

Among the magnification devices commonly used in endodontics are
loupes, surgical microscopes (Rubinstein, 1999; Castellucci, 2003), and
more recently, endoscopes (Von Arx, 2002; Bahcall, 2003). Working with
such devices has become a widely accepted practice in both conventio-
nal and surgical endodontics. It is stated that magnification and illumi-
nation devices increase accuracy in endodontic procedures and enhance
diagnostic capacity by providing better visualization of the treatment area.
For instance, these devices facilitate the detection and treatment of isth-
muses, accessory canals, or root micro-cracks (Rampado, 2004; Von Arx,
2005). Additionally, the use of loupes and microscopes improves clinici-
an ergonomics, contributing to the prevention of repetitive stress injuries
associated with poor posture (Behle, 2001; Perrin, 2002). These technical
advantages offered by magnification devices can also provide benefits for
patients, such as higher treatment success rates, shorter treatment times,
and lower overall costs.
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Magnification in Endodontics

The use of magnification devices in dentistry is becoming increasing-
ly widespread with the aim of enhancing treatment quality. Particularly in
the field of endodontics, the application of microscopic surgical principles
has accelerated efforts to develop new techniques in root canal therapy and
to improve the visualization of the surgical field. It is recommended that
well-focused illumination and magnification devices become standard in
endodontic treatments (Kim, 2004; Cohen, 2006). Numerous studies in the
literature have reported that magnification devices offer clinicians various
technical advantages and enable the detection of microscopic anatomical
structures invisible to the naked eye. This suggests that the quality of tre-
atment can be significantly improved (Gorduysus, 2001; Baldassari-Cruz,
2002; Schwartze, 2002). These devices have the potential to enhance cli-
nical outcomes by allowing for more precise and detailed management of
the root canal system.

Various studies have reported that the technical advantages provided
by magnification devices allow clinicians to identify microscopic struc-
tures that cannot be detected with the naked eye, which can significantly
improve treatment quality (Slaton, 2003; Zaugg, 2004). Clinical outcomes
may not always be directly affected by the type of magnification device
used; however, the technical advantages offered by these devices can pro-
vide significant benefits in specific clinical situations, increasing confiden-
ce in patient care. Additionally, magnification devices facilitate the detecti-
on of prominent anatomical structures such as dentin cracks or isthmuses,
thereby improving the treatment process.

Optical Systems: Galilean and Prismatic

Two main optical systems used in operating microscopes and lou-
pes are the prismatic systems and the Galilean systems. Galilean systems
are the most commonly used. However, because this system is limited by
spherical aberrations, the magnification capacity generally remains at le-
vels of x3.5 or lower. As the magnification rate increases, distortions in
image quality occur. Additionally, one of the disadvantages of Galilean
lens systems is that they create a light ring effect around the visual field,
which can be distracting. Nevertheless, Galilean systems are preferred due
to their lightweight nature and cost-effectiveness (James et al., 2010).

On the other hand, prismatic systems offer the highest optical quality.
In prismatic loupes, light is directed through a series of internal reflections
via prisms, providing better magnification quality. They also offer a wider
field of view and greater depth of field. The disadvantages of this system
are that it is heavier, has a longer lens structure, and is more expensive.
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Prismatic loupes can be used at different magnification levels and offer
superior optical performance (James et al., 2010).

Both types of lenses can be mounted onto eyeglass frames or integ-
rated into eyeglass lenses. Adjustable loupes mounted on the frame allow
the clinician to adjust the viewing angle and interpupillary distance and
are less expensive. However, disadvantages of this design include being
heavier and providing a narrower field of view. Loupes fixed onto eyeglass
lenses are adjusted and fixed according to the operator’s working distance
and interpupillary distance. Such loupes offer a wider field of view. Alt-
hough they are lighter, they are more expensive and generally cannot be
removed during treatment to glance around or converse with the patient.
Additionally, small adjustment errors can lead to eye fatigue during pro-
longed use (more than 30 minutes) (Carr et al., 2002).

Galilean and prismatic systems are also employed in operating mic-
roscopes. Both systems provide good magnification while offering a large
depth of field and a focal length ranging between 30—45 cm. This reduces
eye, head, and neck fatigue and allows for customization according to per-
sonal working distance and interpupillary distance. However, a disadvan-
tage of loupes is that the maximum practical magnification is generally
limited to only x4.5. While models offering higher magnification are avai-
lable, they are typically heavy and bulky, with narrow fields of view. Some
manufacturers have achieved magnification levels ranging from x2.5 to
x6 using computer-assisted technologies. However, such loupes require
a restricted physical posture, which can lead to head, neck, and back pain
during prolonged use (Castellucci et al., 2003).

Operating microscopes, on the other hand, feature adjustable magni-
fication levels controlled by manual or motorized foot pedals. Clinicians
should perform most procedures at low or medium magnification levels
and use maximum magnification only during inspection phases of the pro-
cedure, because as magnification increases, the depth and width of the ope-
rative field decrease.

INlumination in Endodontics

During root canal treatment, clinicians encounter inadequate illumi-
nation not only due to the low light levels within the oral cavity but also
within the pulp chamber and root canals. This situation necessitates the use
of powerful light sources added to dental units. Light intensity is determi-
ned by the inverse square law; that is, when the distance between the light
source and the object is doubled, the amount of light reaching the object
decreases by a factor of four. Within the mouth, especially when working
in root canals, the required light is often insufficient due to the distance
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from the light source. Additionally, as the amount of light reaching the
object increases, the eye’s ability to discern finer details—its resolution—
also improves.

In cases where illumination is inadequate, lamps mounted on loupes
can be utilized. These lamps operate using fiber optic cables or LED light
sources and allow the light to be directed in tandem with the clinician’s
head movements. Devices that use fiber optic cables produce minimal
heat; however, the proximity of the cable connection to the clinician can
restrict freedom of movement. LED light sources, on the other hand, may
offer greater freedom of movement. Headlamps can provide light levels
up to four times that of traditional dental lights. Moreover, an additional
advantage of these lamps is that the light is directed in the same direction
as the clinician’s head movements (Carr et al., 2002).

Operating microscopes, which are among the most effective devices
for illumination, provide strong lighting down to the deepest parts of the
root canal. The use of light intensities up to 30,000 lux in the operative
field is considered safe, as it reduces glare effects (James et al., 2010).
However, much brighter LED lights are also available; these lights may
cause increased glare by reflecting off tooth surfaces and may not be safe
for prolonged use (Shanelec et al., 1992). Halogen or xenon light sources
used in microscopes can be equipped with various filters to enhance visual
comfort during procedures. Filters can be employed to prevent blood ref-
lection (green filter) or to prevent the premature polymerization of resin
materials (yellow-orange filter).

Recommendations for the Use of Magnification and Illumination

1. To enhance precision and detailed visualization in endodon-
tic procedures, the use of magnification devices (loupes or
operating microscopes) should be encouraged. Considering
the advantages of Galilean and prismatic systems, devices
should be selected that align with the clinician’s working sty-
le and needs. Prismatic systems, which offer higher magnifi-
cation and a wider field of view, may be particularly prefer-
red for clearer visualization of the complex anatomy of the
root canal system.

2. During endodontic procedures, especially to illuminate deep
root canals, operating microscopes providing coaxial illumi-
nation should be utilized. These devices deliver direct light
without any angle or shadow, allowing for clear visualization
of the treatment area and enabling more precise interventi-
ons.
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3. Attention should be paid to the ergonomic posture of the
clinician when using magnification devices. Properly adjus-
ted loupes or microscopes can reduce head, neck, and back
fatigue, thereby preventing long-term occupational injuries.
Additionally, to prevent eye strain, it is important to ensure
that the devices are correctly calibrated and that the interpu-
pillary distance is properly set.
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1.) Development of Radiotherapy

Physics played a crucial role in the early development of radiation
therapy as an anticancer treatment; the goal of the treatment was to incre-
ase the amount and quality of radiation that could be delivered to a tumor.
Early work in experimental radiation oncology progressed from the use of
massive single doses to the use of small doses of radiation to kill tumor
cells and protect standart tissues (Grubbé, 1933).

Wilhelm Conrad Rontgen made the discovery of X-rays in Germany
in 1895, while Henry Becquerel, a French physicist, found natural radi-
oactivity a few months later while researching uranium salts. These two
significant occasions helped to usher in a new chapter in scientific history.
Clinical radiation therapy was created sixty days following the discovery
of X-rays. In January 1896, Emil Grubbé used X-rays to treat advanced
ulcerated breast cancer in Chicago. Over the course of the following cen-
tury, advancements in radiation physics, chemistry, and biology influenced
clinical methods for creating anticancer therapies that are more precise,
efficient, and safe (Grubbé¢, 1933).

In 1898, Pierre and Marie Curie discovered the radioactive substances
polonium and radium. This discovery was presented at the Paris Acade-
my of Sciences on January 26, 1898. Freund (1903) and Kienbock (1900)
from Austria, Despeignes (1896), Danlos and Bloch (1901) from France,
Albers-Schonberg and Strebul (1903) from Germany are among the im-
portant names of radiotherapy. The first brachytherapy trials started with
radium, and examination of the records of that period leads us to names
such as Walsh from England (1897), Albers-Schonberg from Germany
(1903) and Belot from France (1904). In 1899, Stenbeck in Stockholm
treated a female patient with basal cell carcinoma of the nose with X-rays
(Uzel, 1999).

One of the most popular cancer treatment options is radiation the-
rapy. In the treatment of hematologic malignancies and solid tumors, it is
frequently chosen. Although it is primarily used to treat malignant tumors,
benign disorders are also routinely treated with it. It frequently works in
tandem with chemotherapy and surgery (Zeman et al., 2020).

Over the past 25 years, there have been significant advancements in
the use of radiation therapy to treat certain tumor types, frequently coin-
ciding with developments in medical or surgical oncology as well as im-
proved diagnostic methods. The extensive adoption of breast-conserving
surgery starting in the late 1970s is among the best examples. In the 1960s
and 1970s, the first reports of retrospective examinations of breast-conser-
ving therapies with megavolt radiation techniques appeared (Russell and
Bartelink, 1999).
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1.1.) Ionizing Radiation

Ionizing radiation is a term used for radiation that causes an electron
to be detached from an atom or molecule, resulting in ionization (Ozalpan,
2001). Ionizing radiation occurs in two different ways:

a) Electromagnetic radiation

Electromagnetic radiation, which includes gamma and X-rays, does
not directly harm living things chemically or biologically. On the other
hand, when they travel through a certain environment, they are absorbed
and release their energy in the form of rapidly moving electrons via proces-
ses like photoelectricity and compton.

b) Particle radiation

This form of radiation using electrons, protons, alpha particles, neut-
rons and high-energy heavy ions is generally used for experimental studies
(Kumar et al., 2023; Moss and Cox, 1994).

1.2.) Mechanisms of Radiation-Induced Cell Death

The most important effect of radiotherapy on cells is through deoxyri-
bonucleic acid (DNA). In addition, some protein and lipid-based enzymes
that have critical functions in the cell membrane are also severely affected
by irradiation (Kumar et al., 2023). lonizing radiation causes damage to
cell DNA in two different ways, direct or indirect. In direct DNA damage,
the energy of photons absorbed by the tissue directly ionizes the chemical
bonds between the bases that make up the DNA and this leads to DNA bre-
aks. In indirect DNA damage, ionizing radiation causes ionization of water
molecules in the cell and the hydroxyl radicals (OH-) produced because
of ionization cause DNA breaks. Some of these DNA breaks are sublethal
breaks that cannot cause death. Normal cells are better able to mend sub-
lethal fractures than are cancerous cells. Sublethal breaches lead malignant
cells to die since the majority of malignant cells lack this capacity to repair
damage (Moss and Cox, 1994).

1.3.) Clinical Use of Radiotherapy

Radiation therapy is used in two different ways: palliative or curative.
Palliative care involves a shorter life expectancy for the patient and the
short-term administration of high doses of radiation therapy to lessen the
discomfort brought on by cancer-related symptoms. A patient receiving cu-
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rative treatment might expect to live longer and suffer some adverse effects
(Ballas and Shah, 2011).

A interdisciplinary field that exists at the intersection of several discip-
lines, including physics, chemistry, biology, and medicine, is radiation on-
cology. The biological properties of the tumor and normal tissues, the kind
of radiation, the dose schedule, the delivery method, and other intricate
considerations all affect the clinical result. High-energy photons (6-25MV)
are utilized in most clinical radiotherapy treatments for cancer. These pho-
tons shield the skin from radiation exposure and store energy deep within
tissue. The radiation dose is administered in daily fractions of 1.8-2 Gray
(Gy) for 6-8 weeks as a curative treatment (Delaney et al., 2005).

1.3.1.) Combined Treatment Methods

a) Preoperative radiation therapy:

It is a treatment method to eradicate microscopic or subclinical disease
outside the surgical resection margin. It reduces tumor cell implantation
by decreasing the number of viable cells in the operation area. The biggest
disadvantage of this treatment is that it adversely affects the healing of
normal tissues (Ballas and Shah, 2011).

b) Postoperative radiation therapy:

It aims to eliminate residual tumor at the surgical site by disrupting
subclinical foci of tumor cells after surgery. The disadvantage is that its
application requires the completion of surgical wound healing, during whi-
ch radiation therapy is delayed (Ballas and Shah, 2011).

¢) Radiotherapy and chemotherapy:

When the two treatment methods are used in combination, their effects
on tumors or normal tissues are greater than when used alone (Ballas and
Shah, 2011).

d) Integrated multi-modality cancer management:

It involves combining two or more therapy methods in order to incre-
ase patient survival and enhance tumor control. For example, large tumors
or metastatic lymph nodes are treated with surgery or radiotherapy; re-
gional microdissemination is treated with radiotherapy; and disseminated
subclinical disease is treated with chemotherapy (Ballas and Shah, 2011).
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1.3.2.) Application Techniques of Radiotherapy

a) External treatment (external beam fractionated radiation thera-
Py): The most clinically recommended course of action is this one. Beams
are applied externally to the tumor tissue. Intensity modulated radiation
therapy (IMRT) or 3D conformal radiotherapy are the methods used to-
day. Radiation therapy is planned so that the highest radiation dose reaches
the tumorous tissues and the lowest amount reaches the healthy tissues
(Zeman et al., 2020).

b) Brachytherapy: Refers to treatment administered over a short dis-
tance. The source of radioactivity is positioned either inside the tumor or
extremely near to it. It is applied as a superficial mold, interstitially, intra-
cavitary or intraluminal (Bourland, 2012).

¢) Stereotactic radiosurgery: A special form of external radiotherapy.
In this method, multiple beams of radiation from different angles are dire-
cted at a pre-marked target volume. High doses are achieved in the overlap
region of the beams. A rapid dose drop occurs in normal tissues outside the
target volume. It provides significant advantages over other radiotherapy
techniques in dose distribution, especially in target volumes smaller than
4 cm. On the other hand, conformality decreases as tumor size increases
(Yazici et al., 2011).

d) Intraoperative radiotherapy: 1t is the providing the tumor with
high radiation in a single dose to ensure local control during the surgical
procedure (Zeman et al., 2020).

2.) Radiotherapy in Head and Neck Cancers

Malignancies of the head and neck include of the lips, oral cavity,
oropharynx, hypopharynx, tonsils, salivary glands, nasopharynx, nose, pa-
ranasal sinuses and middle ear (Kamangar et al., 2006). It is squamous cell
carcinoma that is the most prevalent form of cancer (Cohen et al., 2018).
With 890,000 new cases and 450,000 deaths from head and neck cancer
in 2018, it was ranked as the seventh most prevalent cancer type globally
(Bray et al., 2018). The Turkish Statistical Institute’s 2016 statistics on
cancer indicates that among the 10 most prevalent cancer forms in all age
categories in our nation, laryngeal cancer, one of the head and neck can-
cers, ranks ninth in men (T.C. Ministry of Health, 2016).

Demographic, behavioral and environmental factors are connected to
the risk of cancer of the head and neck. Major risk factors incorporate
usage of tobacco products, alcohol, viral infections [Epstein Barr virus
(EBV), human papillomavirus (HPV), hepatitis C virus (HCV)], immuno-
deficiency, occupational exposure (perchloroethylene, asbestos, pesticides,
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polycyclic aromatic hydrocarbons, plastic and rubber products, ethanol,
formaldehyde, cement, etc.), radiation, oral health, nutritional style, old
age and genetics, radiation, oral health, diet, aging and genetics (Rettig
and D’Souza, 2015). In the management of malignancies of the head and
neck, radiotherapy is an important therapy method that is frequently either
by itself or in conjunction with chemotherapy and surgery (Citlak and Ka-
pucu, 2017).

The critical crucial structures in this area make it technically very
challenging to perform radiation treatment for head and neck cancers. Sec-
ondary consequences of this treatment are the destruction of teeth, leading
to loss of oral function. This severely reduces quality of life (Lieshout and
Bots, 2014). After surgery, a total dose of 55-60 Gy is administered to the
salivary glands in cases of head and neck cancer, with daily 2 Gy fractions
applied at a depth of 5 cm to ensure little residual illness. 45-50 Gy of radi-
ation is administered as preoperative radiotherapy to the neck and hypop-
harynx. In postoperative radiotherapy, reciprocal lateral areas extending
from the primary tumor to the skull base are exposed to radiation. The dose
used for postoperative radiotherapy is 70-75 Gy. In the larynx region, a to-
tal dose between 55-66 Gy is generally recommended for T1 tumors (lim-
ited tumor), while doses between 60-70 Gy are considered adequate for T2
tumors (tumors that have spread to the adjacent area) (Engin and Erisen,
2003; Gemici et al., 2004). In tumors of the tonsillar fossa and faucial arch
T1 (tumors under two centimeters in size) and T2 (tumors measuring two
to four centimeters), external radiotherapy alone with 60-75 Gy provides
effective tumor control (Stimson et al., 1997). The commonly used daily
dose is conventional fractionation characterized by radiotherapy 5 days a
week with 1.8-2 Gy per day (Engin and Erisen, 2003; Gemici et al., 2004;
Uzal, 1995).

2.1.) Complications in Head and Neck Cancers Following
Radiotherapy

The most typical systemic complications of radiotherapy are fatigue,
skin changes, dry mouth, mucositis, taste varies, pain in the mouth/thro-
at, dysphagia (difficulty swallowing), odynophagia (painful swallowing),
anorexia, nausea, vomiting and emotional changes (anxiety, depression,
fear, stress, loneliness, loss of control) (Ertem et al., 2009).

When patients with head and neck cancer receive radiation, mucositis,
decreased taste, salivation, erythema or desquamation of the skin may oc-
cur in the early period, while complications such as atrophy, telangiectasia,
ulceration, fibrosis, trismus, edema and necrosis of the mucous membranes
and skin may appear in the late period. Patients undergoing cancer treat-
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ment may develop temporomandibular dysfunction, which manifests as
myofascial pain, headache, jaw joint pain or ear pain. It does not seem to
be a consequence of cancer treatment in general but is more likely to oc-
cur with parafunctional habits (teeth clenching and grinding) connected to
psychological stress and sleep dysfunction (Dreizen et al., 1977; Hancock
and Epstein, 2003; Scully et al., 2004).

According to a study by Akkas et al., 82% of patients with grade 1-2
mucositis, 90% of patients with radiotherapy-induced dry mouth, and 95%
of patients who lost weight experienced these side effects (Akkas et al.,
2013). Haefner et al. conducted a retrospective research on 238 patients
who had radiation therapy. The study found that during the acute pha-
se, dermatitis developed in 69 individuals and dysphagia in 131 patients
(Haefner et al., 2015). According to a study by Karthikeyan et al. including
121 cancer patients undergoing treatment, 45% of patients receiving radia-
tion showed signs of extreme weariness (Karthikeyan et al., 2012).

2.2.) Effects of Radiotherapy on the Oral Tissues

Oral complications related to cancer treatments may develop acutely
during or immediately after treatment; sometimes cancer treatment may
cause oral problems that last for years. According to the “National Cancer
Institute Common Toxicity Criteria (NCI-CTC)”, side effects that develop
within 90 days from the start of radiotherapy are defined as acute, while
those that develop after 90 days are defined as late side effects. Within the
first three years after a head or neck cancer diagnosis, the majority of late
side effects arise (Cox et al., 1995; Trotti, 2000).

There are numerous negative effects on oral tissues and oral function
resulting from the harmful qualities of such irradiation in the head and
neck region. These include infection, hyposalivation, malnutrition, muco-
sitis, mucosal pain and taste disturbance, burning mouth syndrome, fibro-
sis, trismus, temporomandibular disorders, osteoradionecrosis. Most of the
consequences such as taste loss, sore or tender soft tissues, jawbone osteo-
radionecrosis, fungal infections, mucositis are temporary (Anneroth, 1985;
Jham and Freire, 2006; Lieshout and Bots, 2014). Other consequences,
such as jaw muscles that have atrophy, trismus, alterations in the proteins
and microbiota of bacteria, have a more permanent character (Jham and
Freire, 2006; Kielbassa et al., 2006).

Infections may develop during or immediately after radiotherapy. The
most common oral infection is candidiasis (Vissink et al., 2003). The most
common viral infection is herpes simplex virus infection (Belfield and
Dwyer, 2004). Parotid and submandibular salivary glands are affected by
radiotherapy. A reduction in salivary production (hyposalivation) and qua-



132 * Ozgiin GULDEREN, Sebnem DURUKAN, Esma SARICAM

lity is typically observed as a result of this stimulation (Dirix et al., 2008;
Jham and Freire, 2006; Kielbassa et al., 2006). The clinically frequently
observed side effect of these changes in the structure of saliva is the rapid
deterioration of dental hard tissues (enamel and dentin) (Anneroth, 1985;
Jham & Freire, 2006; Kielbassa et al., 2006; Lieshout & Bots, 2014). Pa-
tients undergoing radiation therapy will have poor oral function for the
remainder of their lives as a result, which will significantly lower their
quality of life (Dirix et al., 2008).

Patients receiving radiation therapy to the area of the head and neck
may also experience dry mouth if their salivary glands are exposed to sig-
nificant radiation doses (Likhterov et al., 2018). Dry mouth may last for
several months or years or may be permanent for the patient, based on the
salivary glands’ volume exposed to radiationthe overall radiation exposu-
re, and the patient’s characteristics (Kuhnt et al., 2005). Furthermore to
decreased salivary flow, an increase in salivary viscosity, sodium, chlorine,
calcium, magnesium and protein concentrations, but a decrease in pH, bi-
carbonate concentration and IgA content have been reported (Franzén et
al., 1992).

The dietary health of patients receiving radiation therapy to the head
and neck region is another aspect that is overlooked or undervalued (Ku-
feldt et al., 2018). One of the most frequent side effects of radiation therapy
to the head and neck region is dysphagia, which is brought on by ailments
like the inability to move food from the mouth into the stomach mecha-
nically, a decrease in muscle strength, or a disruption in the coordination
of the muscles that control swallowing (Kraaijenga et al., 2015). Etiologic
factors of radiotherapy-induced dysphagia include neurotoxicity affecting
taste buds, dry mouth, infection, and psychological conditioning (Li et al.,
2019).

One of the most frequent side effects of chemotherapy and radiation
treatment is mucositis. It is a significant adverse effect of cancer therapy
and is characterized by ulceration and inflammation of the oral mucosa.
It can also lead to potentially fatal infections. Mucositis, which usually
develops in the anterior oral cavity (buccal mucosa, lips and the posterior
part of the tongue), is likened to cancer cells by cytotoxic agents due to
the rapid division of oral mucosal epithelial cells and is therefore damaged
(Rosenthal and Trotti, 2009).

Oral mucositis appears as erythema of the oral mucosa in a patient
undergoing a standard 6-7 week radiation treatment in the first two to three
weeks of treatment. As the radiation exposure rises, ulceration and pseudo-
membranes develop (Sonis et al., 1998). In patients with mucositis, com-
plications such as pain requiring the use of strong analgesics, chewing and
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swallowing difficulties, malnutrition, dehydration, anorexia and cachexia
are observed; hospitalization periods are prolonged due to infection. Ac-
cordingly, the mortality rate increases. Patients may encounter difficulties
receiving and finishing treatment regimens as a result of all these issues,
particularly if they have an infection (Rosenthal and Trotti, 2009).

Trotti et al. conducted a systematic literature review of 33 studies to
assess the incidence and outcomes of oral mucositis in patients receiving
radiation therapy for head and neck cancer. Of these studies, 10% reported
that the most distressing symptom of oral mucositis was mouth pain (Trotti
et al., 2003). Additionally, according to this review, 12% of the studies re-
ported that oral mucositis caused difficulty swallowing, 3% that it caused
dehydration, 3% that it caused pain from which opioid-derived analgesics
were used, 30% that oral mucositis caused weight loss, and 63% that oral
mucositis caused skipping or dose reduction (Trotti et al., 2003).

During active cancer therapy, neurosensory disturbances, mucosal
pain that affects diet and quality of life, and taste disturbances are fre-
quent chronic complaints among survivors of cancer (Ganzer et al., 2015).
Mucosal discomfort can be linked to dry mouth and possibly subsequent
infection. It can also be linked to ulceration, inflammation, mucosal atro-
phy, or mucosal neuropathy. Radiation-induced neuropathies may result in
oxidative stress, inflammation, neurotoxicity, and ischemia (Mukhopad-
hyay et al., 2023). Neuropathic symptoms might appear at any time during
cancer therapy, or they can appear later. Mucosal discomfort is frequently
observed during a patient’s one-year follow-up and might last long after
clinical mucositis has recovered (Epstein et al., 1999).

Secondary “burning mouth syndrome” is the term used to describe
persistent or recurring burning mouth brought on by radiation and made
worse by xerostomia (Mcmillan R et al., 2017). Burning or scorching sen-
sations on the tongue, lips, gums, palate, throat, or entire mouth are among
the symptoms of burning mouth syndrome. Other symptoms include dry
mouth, increased thirst, and taste changes (such as metallic or bitter) (Mc-
millan R et al., 2017).

Mouth pain may be constant or progressively worsen over the course
of the day. Years or months may pass throughout it. The symptoms may
abruptly go away or infrequently get milder. Consuming food or beverages
could offer momentary comfort. In addition to making it difficult to eat and
sleep, the discomfort can cause anxiety and sadness. It can be beneficial to
abstain from smoke, fizzy drinks, spicy and acidic foods, and high levels
of stress (Mcmillan R et al., 2017).

Treatment of burning mouth syndrome is symptomatic and includes:
(Mcmillan R et al., 2017)
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L certain mouthwashes for teeth or lidocaine
II. alternatives for saliva

II.  capsaicin

IV.  clonazepam or klonopin

V. antidepressants

VI. analgesic drugs

VIL. low-level laser therapy

VIII. cognitive behavioral treatment.

One of the latter adverse effects of radiation therapy for head and neck
cancer is post-irradiation fibrosis, which can affect several structures in
the areas that were exposed to radiation (Sroussi et al., 2017). Damage to
the arteries, nerves, and muscles in the neck region can result from radia-
tion exposure. Lymphedema can also result from injury to the lymphatics
that remove fluid from the head and neck. Treatment-related fibrosis of the
pharyngeal constrictor muscles and tongue muscles can impair swallowing
and tongue function. Trismus may result from masticatory muscle fibrosis,
primarily in the lateral pterygoids (Sroussi et al., 2017).

Complications from late radiotherapy side effects can include trismus,
temporomandibular problems, and fibrosis that impairs lip and tongue
function. Radiation therapy to the temporomandibular joint region and the
masticatory muscles (masseter, temporalis, medial and lateral pterygoids)
results in inflammatory alterations in the muscles that may eventually in-
duce fibrosis (Sroussi et al., 2017).

Difficulties with eating, swallowing, speaking, maintaining basic oral
hygiene, wearing dentures, and giving dental care can all be brought on by
trismus. According to earlier research, the incidence of radiation-induced
trismus in patients with head and neck cancer ranges greatly, from 5% to
45% (Bensadoun et al., 2010).

One new side effect of radiation therapy for head and neck tumors is
jaw osteoradionecrosis (de Souza Tolentino et al., 2019). The quick and
irreversible death of radioactively irradiated bone is known as osteoradio-
necrosis (Hancock and Epstein, 2003). It is not a real osteomyelitis; rather,
it is the result of inadequate wound healing brought on by radiation ther-
apy’s diminished vascularization (Rubenstein et al., 2004). Although the
majority of occurrences happen a few years after radiation, osteonecrosis
can develop at any point following radiation (Hancock and Epstein, 2003).
One of the most dangerous side effects of head and neck radiation therapy
is osteoradionecrosis, which is said to occur on its own in one-third of
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cases. It is also seen after periodontal and apical diseases, prosthetic appli-
cations, surgical procedures, and tooth extraction. At a rate of 2-18%, it has
been seen to happen most frequently following tooth extractions carried
out following radiation therapy. (Nabil and Samman, 2011). It has been
reported that tooth extractions performed immediately before and after ra-
diotherapy are the most common initiating factor causing osteoradione-
crosis (Marx and Johnson, 1987). The risk of osteoradionecrosis is twice
as high in patients with teeth compared to those without teeth. In addition,
the dose, dose rate and application area of radiotherapy also determine the
risk of osteonecrosis development (Hancock and Epstein, 2003). Clinical
manifestations include discomfort, face fistula, exposing skeletal necro-
sis, suppuration, and pathological fractures (Hancock and Epstein, 2003;
Mossman et al., 1982). Histopathological features include early hyper-
emia, endarteritis and thrombosis, followed by cell loss, hypovascularity,
increasing quantity of bone marrow and fibrosis (Panayiotou et al., 1995).

It is important to remove infected teeth and eliminate infections before
treatment. Extraction should be completed three weeks before radiothera-
py to prevent necrosis. Systemic antibiotic application has no therapeutic
effect since there is bone necrosis. Antibiotics are used only to prevent sec-
ondary infections or to treat the infection if it exists (Nabil and Samman,
2011). In most cases, healing occurs within six months with conservative
treatment (debridement, antibiotics and saline irrigation). In severe cases
that progress despite these treatments, resective surgeries are preferred and
can be supported with hyperbaric oxygen treatments (Hancock and Ep-
stein, 2003).

Odontogenesis and similar dental anomalies may occur after radio-
therapy. Microdonia, or unusually little teeth, short or blunted roots, small
crowns, malocclusion, insufficient calcification, taurodontism, early apical
closure, and delayed or stopped tooth development are among the prob-
lems that have been reported. When radiation is exposed to odontogenesis
during the pre-formation and differentiation phases, the most severe abnor-
malities are observed (Otmani, 2007).

3.) Radiation Therapy’s Impact on Dental Tissues

Dental problems are more common in patients receiving radiation
therapy for head and neck malignancies than in other patients. Teeth ex-
posed to radiation exhibit hypovascularity, which results in a reduction
in pulpal circulation (Springer et al., 2005). It is believed that radiation
therapy directly damages the enamel-dentin junction (Groétz et al., 1998).
A notable reduction in enamel’s microhardness was noted in case reports
with radiation exposure of 20 Gray (Lu et al., 2019). A notable decline in
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the microhardness, elasticity modulus, mineral and crystallinity of enamel
close to the enamel-dentin junction junction was observed after radiother-
apy (Lu et al., 2019). Similar effects to those of enamel were seen in the
decrease in dentin’s microhardness at a dose of 20 Gy, and this impact
persisted up to 70 Gy. According to a study by Miguel et al., all radiation
doses have an impact on the dentin’s and enamel’s mineral and organic
structures, causing their microhardness to drop. This could hasten the de-
velopment of caries processes (Munoz et al., 2020).

3.1.) Radiation Therapy’s Impact on Dental Hard Tissues

Radiation therapy alters dental hard tissues in a substantial way and
makes teeth more vulnerable to demineralization (Gupta et al., 2015).
Within the first three months following radiation therapy to the head and
neck region, the first indications of dental hard tissue degradation are seen
(Lieshout and Bots, 2014). After radiotherapy, large porous areas in the
enamel, loss of surface enamel, crater formation as a result of exposure of
subsurface enamel and exposure of the underlying dentin are frequently
observed. This leads to atypical caries formation, is mostly painless and
rapid (Kielbassa et al., 2006; Walker et al., 2011). On occasion, the dentin
or enamel may appear to be discolored a shade of brown. The cervical and
incisal margins are also where this discolouration is primarily found (Vis-
sink et al., 2003).

Knychalska et al. examined teeth extracted 6 to 8 months following
therapeutic irradiation and found symptoms of significant demineralizati-
on, particularly in the structure of the dentin. However, signs of reminer-
alization were also seen in the damaged tissue (Knychalska-Karwan et al.,
1988). Shortly after irradiation, substantial damage to the enamel’s pris-
matic structure was seen in another investigation by Grotz et al. (Lieshout
and Bots, 2014).

Compared to non-irradiated enamel, the demineralization in irradiated
enamel displayed a distinct pattern (Jansma et al., 1993). Significant micro-
morphological differences were observed in the demineralization behavior
of irradiated enamel (Lieshout and Bots, 2014). It was found that irradiated
enamel had greater susceptibility to acid assaults than intact enamel, that
its biomechanical characteristics were more significantly impacted, and
that dentin’s biomechanical characteristics were more significantly dimin-
ished (Grotz et al., 1998; Kielbassa et al., 1997).

These findings are contradicted by research on human and bovine
teeth conducted in vitro and in situ by Joyston-Bechal and colleagues.
They discovered that neither irradiated nor unirradiated enamel was more
prone to demineralization (Joyston-Bechal, 1985; Kielbassa et al., 2006;
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Lieshout and Bots, 2014). The same amount of mineral loss and lesion
depth were seen (Kielbassa et al., 2006). However, the enamel-dentin junc-
tion in irradiated teeth was found to be as scattered, damaged and unstable
as the sharply contoured enamel-dentin junction in healthy teeth (Pioch et
al., 1992). Dentin’s internal stability and the anchoring between it and ena-
mel are both decreased by the radiation-damaged or destroyed biological
matrix (Pioch et al., 1992).

Radiation therapy frequently has a negative impact on dentin. In their
in vitro investigations on the impact of radiation therapy on the dentin of
cows, Kielbassa et al. noted a marked reduction in microhardness between
dentin that had received radiation and dentin that had not (Kielbassa et al.,
2006). Whereas odontoblast activity extends into the enamel in unirradia-
ted teeth, it ceases in advance of the enamel-dentin junction in irradiated
teeth (Lieshout and Bots, 2014). Extracted third molars were exposed to
radiation up to 31.5 Gy in an in vitro investigation by Springer et al., and
no appreciable collagen degradation was seen (Springer et al., 2005). All
of the tooth’s hard structures, including the dentin, enamel-dentin junction,
and tooth enamel, exhibit changes. Numerous investigations have demon-
strated that these alterations and damages cause these structures’ mechan-
ical characteristics to change (Kielbassa et al., 2006; Soares et al., 2010).

Researchers Franzel and colleagues found that after 0.5 Gy of high-en-
ergy X-rays used to treat malignancies, there was a substantial deteriora-
tion in the mechanical characteristics of dentin and enamel. On the other
hand, these enamel characteristics are totally eliminated when therapeutic
irradiation starts at a daily dose of 2 Gy (Franzel and Gerlach, 2009).

Walker et al.’s study on the fragility of teeth after radiotherapy showed
moderate/severe damage after irradiation in fifty-one percent of teeth.
As the irradiation levels increased, a notable rise in damage was seen.
Dose-related damage in dental tissues can be classified into 3 stages: 0-30
Gy causes negligible dental damage, Between 30 and 60 Gy, the tooth-dose
damage connection doubles or triples, and greater than 60 Gy increases
this relationship ten-fold (Walker et al., 2011).

Because saliva includes antibacterial, remineralizing, pH-regulating,
and teeth-cleaning properties, it plays a significant role in maintaining the
structure of teeth (Dowd, 1999). After radiation therapy, hyposalivation is
the primary cause of increased dental caries risk in patients (Escoda-Fran-
coli et al., 2011).

A study by Kielbassa et al. found that saliva pH dropped from 7.0 to
5.0 following radiation therapy, and that this condition exacerbated teeth
demineralization tendency. An increase in acidogenic and cariogenic mic-
robes (Streptococcus mutans, Lactobacillus, and Candida species) is seen
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in the flora as a result of this alteration in the oral environment. The change
in oral flora, the decrease in saliva flow, and the change in saliva composi-
tion (buffering capacity, pH, immunoproteins) occur within 3 months from
the beginning of radiotherapy, and these changes create a substantial risk
of caries and periodontal infections (Gupta et al., 2015).

When the demineralization-remineralization state is out of balance,
minerals are lost, damaging the organic phase of the tooth structure and
leading to cavitation, which is the production of caries in teeth. Caries that
are left untreated advance quickly and may need more extensive care. For
this reason, it’s critical to identify and stop mineral loss early. It has been
discovered that approximately 25% of radiation therapy patients had caries
(Michelet, 2012). A parotid-protective application is anticipated to lower
the rate of caries because research has demonstrated that the risk of caries
in cancer survivors is correlated with the radiation dosage administered to
the parotid glands (Hey et al., 2013). Although there is little information
on how radiation affects the submandibular gland, it is believed that these
glands’ activity is crucial for preserving oral health (Lin et al., 2003).

3.2.) Effect of Radiotherapy on Pulp Tissue

The literature on the effects of radiation on dental pulp is not in agre-
ement. Research has indicated that head and neck radiation can stimulate
changes in the nervous system and blood vessels in the pulp of the tooth,
which can result in pulp necrosis (Weissheimer et al., 2022). At a moderate
level of evidence, head and neck radiation generates significant alterati-
ons in pulpal response, according to a meta-analysis research assessing
the effects of the treatment on pulpal tissues linked with head and neck
cancer. Some have stated that because of these inconsistent responses, it is
impossible to reliably evaluate the pulpal status of individuals who have
had radiation therapy (Weissheimer et al., 2022).

In groups receiving 12 and 18 Gy doses of radiation, head and neck
irradiation did not significantly affect inflammation, necrosis, or hyaliniza-
tion, according to a study by Madani et al. on mice (Madani et al., 2017).
There was an acute significant increase in gingival blood flow immedia-
tely following radiotherapy, followed by a tendency to return to baseline
levels over a prolonged period of time (more than six months), according
to another study comparing pulp and gingival blood flow in patients recei-
ving different doses of head and neck radiation immediately after the start
of radiotherapy and six months after its completion. High radiation doses
(over 50 Gy) had a distinct effect on dental pulp blood flow than did lower
radiation doses (below 50 Gy) (Antic et al., 2022). According to a different
study examining the direct effects of radiation on the extracellular matrix,
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innervation, and microvascularization of the dental pulp in individuals tre-
ated with head and neck radiation, radiation did not significantly alter the
morphology of these formations (Faria et al., 2014).

Pulse oximetry was used to assess the pulp’s vitality in patients with
oropharyngeal cancer who received radiation therapy before, during, and
six months after the treatment. The results showed that while pulpal oxy-
genation level (SpO,) decreased from the start of the treatment to its conc-
lusion (between 60 and 70 Gy), it significantly increased after six months.
The significance of waiting six months to a year to assess the pulp’s vita-
lity was underlined (Daveshwar et al., 2021). Another study that assessed
pulpal sensitivity in patients undergoing head and neck radiation found
that patients’ sensitivity rose following a 30- to 35-Gy dose (Garg et al.,
2015). SpO, levels in the pulp were found to be within normal ranges after
4-6 years after radiotherapy, according to a study that assessed the long-
term effects of ionizing radiation on pulpal vitality. The authors argued
that short-term changes in pulpal microcirculation brought on by radiation
might be temporary and that radiation would not have a long-term effect on
pulpal vitality. (Kataoka et al., 2016).

In a different study, the impact of head and neck radiation on the
immunoexpression of type I collagen, bone morphogenetic protein 4
(BMP4), and bone sialoprotein (BSP) was assessed. Additionally, the
study examined whether these changes could facilitate the development
and advancement of radiation caries by altering the micromorphology of
the dentin-pulp complex. In order to study micromorphology and patterns,
demineralized carious tooth sections from head and neck cancer patients (a
group of irradiated teeth and a control group of non-irradiated teeth) were
examined using traditional optical microscopy and immunohistochemistry.
There was no discernible variation in pulp micromorphology across the
groups that may be directly related to radiation. Furthermore, there was
no difference in the immunohistochemical staining and immunolocaliza-
tion patterns of type I collagen, BSP, or BMP4 between the irradiated and
control samples. This study challenged the concept that head and neck ra-
diotherapy directly destroys the tooth structure by modifying the organic
components and microstructure of the pulp, ultimately leading to radiation
caries (Fonséca et al., 2022).

As a result of examining many studies, it has been concluded that alt-
hough radiotherapy affects pulpal blood flow to some extent in the first 6
months, it does not create a significant difference afterwards, the short-term
changes are temporary and it is necessary to wait longer than 6 months to
examine pulpal blood flow and pulpal vitality. It has also been thought that
radiotherapy affects the pulp differently depending on the dose.
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3.3.) Effect of Radiotherapy on Periodontal Tissues

The widespread and chronic microbial/inflammatory illness known
as periodontitis is characterized by the destruction of tissues that support
teeth, such as the alveolar bone that acts as support for the tooth. Pain,
infection of the jaw bones around the roots, and tooth loss are all possible
outcomes of periodontitis. Osteoradionecrosis in patients with head and
neck cancer may be brought on by periodontitis (Saund et al., 2010).

For many reasons, patients undergoing radiation treatment for head
and neck malignancies are more susceptible to periodontal disease than the
general population. The primary risk factors for periodontitis are hyposali-
vation and the loss of saliva’s preventive properties. Furthermore, radiation
therapy to the head and neck region modifies the flora linked to periodontal
disease and alters the oral microbiome (Khaw et al., 2014).

Khaw et al. reported rapid loss of teeth and supporting tissue. Gingi-
val recession and a marked loss of periodontal attachment were observed
in patients compared between pre- and post-radiation. Radiotherapy has a
dose-dependent effect on periodontal health; as the cumulative dosage inc-
reases after the treatment begins, periodontal health deteriorates. Patients
with cancer should receive comprehensive information regarding perio-
dontal health because it is linked to an increased risk of osteoradionecrosis
and oral mucositis, even in the absence of tooth loss (Khaw et al., 2014).

Radiation therapy is likely to make periodontitis worse because it is
a prevalent condition in adults and usually existed prior to the treatment.
Furthermore, osteoradionecrosis following tooth extraction may be a con-
sequence of increasing periodontitis, necessitating further dental extracti-
ons. It should be remembered that early cancerous tumors might resemble
periodontitis, and therefore seeing an oral health specialist can help with
the accurate diagnosis (Saund et al., 2010). According to current guideli-
nes, patients should see a dentist before, during, and after cancer treatment
who is knowledgeable about the intended treatment for the disease as well
as any oral health issues (Hong CHL et al., 2010).

Adult tooth loss is mostly caused by periodontal disease, and teeth
with severe periodontitis—especially those in the area that will receive
high-dose radiation—may need to be extracted before radiation treatment.
Prior to radiation therapy, teeth with lost periodontal attachment and those
that will probably need surgery in the future within the scheduled high-do-
se irradiation fraction should be extracted. In order to reduce the likelihood
of increasing periodontitis that requires tooth extraction and the potential
consequences of osteoradionecrosis, a lifetime commitment to preventati-
ve oral health management is necessary (Hong CHL et al., 2010).
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4.) Dental Treatment Planning for Radiotherapy Patients

4.1.) Making Plans for Patients Getting Head and Neck
Radiation

Management of oral disease before and during radiation therapy pro-
vides various complications for the dentist. Numerous oral side effects of
radiation therapy could necessitate changing the dental care plan. Can-
cers of the salivary glands, lymphomas, and squamous cell carcinoma are
among the head and neck diseases that are commonly treated with radiati-
on treatment (Brennan et al., 2008).

Radiation therapy frequently causes mucosal injury or mucositis; the-
refore, filing down teeth or restorations with sharp edges may lessen the
risk of mucosal trauma, the degree of mucositis, and the pain and discom-
fort that go along with it (Laine et al., 1992). Radiation therapy to the head
and neck may raise the incidence of dental cavities and, over time, decrea-
se bone mending capacity. In order to avoid future tooth extractions, which
are a major risk factor for post-radiation osteonecrosis, rational restorative
dentistry and periodontal therapies, the eradication of dental illness, and
the extraction of teeth with doubtful prognosis are all crucial preventive
measures. Additionally, fluoride therapy helps reduce radiation-induced
caries (Olver et al., 1996 ; Woo et al., 2006).

A number of ideas serve as a guide for treatment planning. These inc-
lude the risk of bleeding or infection after dental treatments, the risk of os-
teonecrosis, and the risk of infection during neutropenia. Asking yourself:
“If I do not treat this tooth/condition, what is the likelihood of infection
developing when the patient has no white cells?” is a crucial question to
ask when preparing a chemotherapy treatment. The question for patients
who are ready to start IV bisphosphonate therapy or radiation therapy is:
How likely is it that this tooth will need to be pulled in the next few years?
An crucial question to ask before doing the surgery is: Is this patient at
danger for infection or bleeding after the procedure? (Raber-Durlacher et
al., 2002). To allow for the shortest possible healing time, it is generally
recommended that all decayed teeth be replaced, scaling and prophylaxis
done, and extractions done as soon as feasible (Raber-Durlacher et al.,
2002). Before receiving cancer therapy, a thorough debridement of plaque
and calculus may lower the incidence of oral mucositis and gingivitis (Bo-
rowski et al., 1994When radiation therapy is planned for patients with head
and neck cancer, worries about compromised healing should also be taken
into account (Vissink et al., 2003). Radiation lowers bone remodeling ac-
tivity by causing gradual fibrosis and a decrease in cell count (Vissink
et al., 2003). Infection and poor recovery can result from invasive dental
operations (Pernot et al., 1997). After extractions, patients should aim to
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recover for three weeks before beginning radiation therapy (Starcke and
Shannon, 1977).

Treatment planning should take the patient’s cancer stage and progno-
sis into account. The dental treatment strategy for a patient with a progno-
sis of less than six months or for a patient with palliative cancer treatment
may comprise dental prophylaxis, uncomplicated restorative dentistry, and
extraction of symptomatic teeth with active infection (Epstein et al., 1995).

4.2.) Making Plans for Patients Receiving Head and Neck
Radiation Therapy

The dentist’s approach to patients who have undergone radiotherapy
is to keep complications under control, treat complications that occur, and
maintain a healthy condition (Dechaphunkul et al., 2013). Individuals who
have had radiation therapy suffer from a severe loss of oral function (such
as difficulty chewing food and phonetic abnormalities), which has a detri-
mental effect on their quality of life (Schweyen et al., 2017). After radio-
therapy, there is a decrease in the amount of saliva and an increase in the
viscosity of saliva. This negatively affects the patient’s oral hygiene. In
such cases where oral hygiene decreases, artificial saliva preparations can
be used. At the same time, topical fluoride gel application is recommended
for these patients to prevent the formation of dental caries. It is recommen-
ded that teeth not be extracted for at least six months after radiotherapy.
Dental complaints that occur during this period are resolved with conser-
vative treatments. However, if conservative treatments are unsuccessful
and the tooth must be extracted; the extraction should be done carefully
without damaging the tissues too much and the suture should be placed
to cover the alveolar crest. Antibiotics should be given prophylactically
before and after the surgical procedure (Engelmeier and King, 1983). If the
patient is to receive prosthetic treatment, it is beneficial to wait at least six
months. In patients who have extractions immediately before or immedia-
tely after radiotherapy, it is recommended to wait one year before starting
the prosthesis (Beumer et al., 1996). For orthodontic treatment, this wai-
ting period is two years (Schubert et al., 1998). Studies have revealed that
hard and soft tissue atrophy is likely to be noticed after head and neck radi-
otherapy and that implants may be required. Following radiation therapy,
it is advised to wait at least six months, ideally a year, before undergoing
implant surgery (Visch et al., 1994).
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5.) Effect of Radiotherapy on Dental Treatment

When prosthetic, orthodontic, restorative and endodontic treatments
were applied to patients who received radiotherapy, differences were ob-
served in the teeth compared to normal teeth.

5.1.) Effect of Radiotherapy on Restorative Treatment

Teeth restored prior to exposure to gamma radiation performed better
in the Gupta et al. trial, which examined the impact of radiotherapy and
radiation protection on the efficacy of the self-etch adhesive approach. It
has been observed that radiation protection with 0.5 mm lead increases the
effectiveness of the self-etch adhesive system irrespective of the radiation
exposure stage (Gupta et al., 2022). The radiotherapy protocol had no in-
fluence on the marginal adaptation of the universal adhesive in the cervical
regions, according to a study by Oglake et al. that looked at the impact
of radiation on the marginal adaptation of class II direct resin composite
restorations. Compared to etch and rinse application, self-etch adhesive
resulted in noticeably more adhesive flaws at the dentin edge when radia-
tion was administered (Oglakei et al., 2022). In their work, Catelan et al.
examined the impact of radiation therapy on the radiopacity and flexural
strength of composite resin. G1- no irradiation, G2- 30 Gy, G3- 40 Gy, G4-
50 Gy and GS- 60 were formed in 5 groups. The radiopacity values of G1,
G3, G5, G4, and G2 were the greatest. G1 has the lowest flexural strength
rating, followed by G2, G5, G3, and G4, with no discernible difference
between the values. The radiopacity and flexural strength of resin-based
composites were unaffected by the widely used radiation treatment dosage
(Catelan et al., 2008).

The mechanical behavior of composite resins and adhesive systems
was not affected when radiation was applied after the bonding process, but
it caused a decrease in the bond strength of adhesive systems when radia-
tion was applied right before the bonding process, according to a study by
Troconis et al. that looked at the impact of head and neck radiation on these
materials (Madrid et al., 2017). The impact of head and neck radiation on
the durability of dental adhesive restorations was the subject of a meta-a-
nalysis by Palmier et al., and the results showed that composite resins fared
better at two years than both glass ionomer and glass ionomer cements.
Glass ionomer cements had a greater failure rate than resin-modified glass
ionomer cements, according to the meta-analysis. Comparing composite
resins to glass ionomer and glass ionomer cements modified by resin, the
former showed a higher failure risk (Palmier et al., 2022).

Gamma radiation treatment was found to considerably diminish the
fracture resistance of healthy teeth in the Soares et al. investigation on the
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influence of restorative material and gamma irradiation on the biomechani-
cal behavior of root canal filled premolar teethlt was discovered that teeth
treated with amalgam had greater stress than teeth restored with composite
resin. It was discovered that the stress values of teeth filled with composite
resin were comparable to those of healthy teeth. While increasing the load
in the incisal region, gamma irradiation dramatically decreased the fracture
resistance. For the restoration of teeth that had undergone endodontic tre-
atment, composite resin outperformed amalgam in terms of biomechanical
behavior, regardless of irradiation (Soares et al., 2011).

5.2.) Effect of Radiotherapy on Prosthetic Treatment

Radiotherapy can alter the elastic strength and crystal content of ma-
terials based on zirconia, according to a study by Abdullah A. Alshamrani
et al. that looked into how ionizing radiation affected the mechanical cha-
racteristics and translucency of monolithic zirconia. This phenomenon was
more pronounced in low-translucency zirconia (Alshamrani and De Souza,
2020). It was discovered that, regardless of the application method, a radi-
ation dose of 70 Gy impaired the bonding of acrylic resin teeth to acrylic
denture bases in the study by Neto et al. on the effect of irradiation on that
process (de Moraes et al., 2020).

5.3.) Effect of Radiotherapy on Orthodontic Treatment

The shear strength of ceramic brackets was examined in an in vitro
study by Neto et al. to investigate the effects of ionizing radiation and
various composites. The groups exposed to radiation showed lower shear
strength values than the non-exposed groups, but there was no discernible
difference between them. It was determined that, independent of the adhe-
sive compound utilized, ionizing radiation adversely damaged the adhe-
rence of ceramic brackets (Neto et al., 2022). The physical and adhesive
characteristics of tooth enamel following radiotherapy application and the
bonding of metal and ceramic brackets were investigated by Santin et al.
They discovered that the radiation-exposed enamel portions were weaker
than the unirradiated samples. The groups and subgroups that underwent
ceramic bracket bonding and radiation exposure were determined to have
the lowest strength values. In samples exposed to radiation, a greater rate
of bonding failure between the bracket and the composite resin was noted
(Santin., 2015).
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5.4.) Effect of Radiotherapy on Endodontically Treated Teeth

5.4.1.) Effect of Radiotherapy on Bond Strength in
Endodontically Treated Teeth

Yaduka et al. conducted a study whereby two distinct root canal se-
alers, AH Plus-epoxy resin and BioRoot RCS-bioceramic, were utilized.
The study assessed the impact of radiation therapy on the dislocation re-
sistance applied to dentin and the sealer-dentin interface. When compared
to non-irradiated teeth, the AH Plus group’s irradiated teeth showed no-
ticeably reduced bond strength. In comparison to the AH Plus group, the
BioRoot RCS group demonstrated a higher bond strength value following
irradiation and did not exhibit a statistically significant drop in bond stren-
gth (Yaduka et al., 2021).

The teeth were divided into 5 groups for a different study by Cancelier
et al. that looked at the effect of radiation treatment duration on the binding
strength between resin cement and dentin. These groups are as follows:
Group 1: a control group that did not get radiation treatment, Group 2:
radiation received and then root canal treatment, Group 3: irradiated, then
root canal preparation and calcium hydroxide placement Group 4: irra-
diated, then root canal treatment, Group 5: tooth was irradiated and then
glass fiber post was applied. The fourth and fifth groups were found to
have significantly lower values in the middle third of the obtained values.
Radiotherapy had a deleterious effect on the resin cement’s adherence to
intraradicular dentin in these groups. The group with the best performance
was the third one. It was found that the binding between the resin cement
and dentin was impacted by the timing of the radiation treatment (Cance-
lier et al., 2023).

Significantly decreased bond strength values were found after irradi-
ation compared to non-irradiated teeth in the study by Yamin et al. on the
endurance of bond strength of resin-based root canal sealers to root den-
tin following radiation therapy. When compared to the immediate values
for irradiated and non-irradiated teeth, the examination conducted after six
months showed lower bond strength values. Irradiated dentin developed
cohesive problems, and SEM examination revealed fractures, microcracks,
and a decrease in collagen fibers in the dentin of the exposed root (Yamin
etal., 2018).

According to Lopez et al.’s study, the bond strength between irradia-
ted and non-irradiated teeth was considerably lower for carbodiimide and
chlorhexidine resin-based root canal sealers on the bond strength to root
dentin following radiation therapy. The groups who received physiologi-
cal serum and chlorhexidine had irradiation teeth with considerably lower
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bond strength values. Furthermore, after ten months, it was shown that
these groups’ relationship strengths had drastically decreased (Lopes et al.,
2020). In teeth exposed to radiation for therapeutic purposes, Martins et
al.’s investigation of the impact of epoxy resin or an MTA-containing se-
aler on the binding strength to root dentin revealed noticeably lower bond
strength values in samples filled with MTA Fillapex following irradiation
compared to AH Plus. Regardless of the sealer used, radiation has been
shown to reduce the bond strength of the sealer to intraradicular dentin
and increase the number of gaps that occur at the sealer-dentin interface
(Martins et al., 2016).

The impact of radiation on the push-out bond strength of various se-
alers (Endosequence, MetaSEAL Soft, and Tublseal) to root dentin was
assessed in the study carried out by Fouda et al.. Compared to the non-irra-
diated groups, the irradiated groups showed lower binding strength values.
Regardless of radiation exposure and section, the groups filled with Gut-
ta-percha/Tubliseal had the lowest values when comparing sealer. It was
discovered that coronal parts had higher bond strength values than mid and
apical regions in every group. The root canal dentin binding strength of the
sealant was adversely affected by radiotherapy. Compared to MetaSEAL
Soft and Tubliseal sealers, Endosequence BC sealer demonstrated a stron-
ger adhesion to radicular dentin (Fouda et al., 2020).

The goal of the Khangwal et al. investigation was to assess how radi-
ation affected the sealer’s push-out binding strength to the dentin interface
as well as how little the Adseal, MTA Fillapex, and EndoSequence BC
sealers adapted to the radioactive dentin. After radiotherapy, bond strength
was much lower than in teeth that had not been exposed to radiation. The
Adseal root canal sealer exhibited the strongest bond. Dentin adhered to
root canal filling material after exposure to radiation, weakening the con-
nection (Khangwal et al., 2022).

Biodentine and mineral trioxide aggregate (MTA) to radicular dentin
were shown to have a poorer push-out bond strength to irradiated teeth
than to non-irradiated teeth in a study by Khullar et al. that looked at the
impact of radiotherapy on these properties. Samples containing non-irra-
diated Biodentine exhibited the strongest push-out bond strength (Khullar
et al., 2023).

5.4.2.) Effect of Radiotherapy on Apical and Coronal Leakage in
Endodontically Treated Teeth

There was a modest increase in apical leakage following radiotherapy,
but no discernible increase was noted in the study by Bodrumlu et al. that
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examined the impact of radiation on the apical sealing of resin-based root
canal sealers (Bodrumlu et al., 2009).

Another study by Bodrumlu et al. examined how radiation affected the
coronal sealing abilities of two distinct root canal filling materials. While
radiation had no effect on either group’s ability to seal, it did cause a slight
increase in Resilon/Epiphany SE’s coronal leakage values (Bodrumlu and
Bodrumlu, 2018).

5.4.3.) Effect of Radiotherapy on Apical Periodontitis in
Endodontically Treated Teeth

According to Jham et al.’s study, before receiving cancer treatment,
people with head and neck cancer typically have severe dental/periodon-
tital illness, poor oral cleanliness, and poor dental care. It is therefore un-
likely to infer that the direct effects of radiation on the tooth-bearing areas
(independent of the ultimate radiation dosage administered to each tooth)
may produce apical periodontitis when assessing patients who did not un-
dergo dental care prior to radiation. This is supported by the fact that the
study in question found that teeth with apical periodontitis had a conside-
rably greater caries rate (Jham et al., 2008).

Radiation dose was found to be significantly higher in teeth with api-
cal periodontitis in the Hommez et al. study on the effect of radiation dose
on the prevalence of apical periodontitis. Additionally, radiation dose was
found to be the only explanatory variable in the presence of apical perio-
dontitis. According to this study, there was a larger chance of developing
jaw bone inflammation as a result of bacterial root canal infection in areas
with high radiation exposure. This is because radiation therapy altered the
bones (Hommez et al., 2012).

However, the same investigators did not discover a higher incidence
of apical periodontitis in individuals undergoing head and neck radiation
in a prior investigation. Therefore, it was believed that these interpretations
would support the notion that teeth are immediately destroyed by radiati-
on, which might mislead general practitioners to eventually refrain from
treating patients following radiation therapy. Finally, it should not be assu-
med that radiation therapy directly affected teeth and the jawbone because
apical periodontitis is a very common oral finding in the community both
before and after head and neck radiation (Hommez et al., 2012).
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5.4.4.) Effect of Radiotherapy on Fracture Strength of
Endodontically Treated Teeth

It has been asserted that the application and duration of radiotherapy
affect the fracture strength of teeth receiving root canal treatments and
lowers fracture strength values. Tiirker et al. looked into the impact of
radiation application time on fracture strength in teeth filled with biodentin
or gutta percha/root canal sealer. For six weeks, the teeth in the trial rece-
ived 60 Gy and 2 Gy dosages every day, five days a week. There were 72
teeth in all, 24 of which were used as the control group. The 48 teeth that
were left were split into 4 groups, 2 of which had radiotherapy before to
root canal therapy and the other 2 groups had radiotherapy following root
canal therapy.

The teeth that underwent radiotherapy after receiving a biodentin root
canal filling had the lowest fracture strength values, whereas the group that
did not receive radiotherapy had the highest values. It was discovered that
the amount of radiation applied to teeth filled with gutta percha and root
canal sealant was negligible. When biodentin was used for filling, it was
discovered that the radiation dosage was substantial. When compared to
teeth filled with gutta-percha and root canal sealer, either before or after
radiotherapy, the fracture strength value of teeth treated with radiotherapy
following biodentin filling was shown to be considerably lower (Aktemur
Tiirker et al., 2021).

Radiation therapy was found to dramatically lower the fracture stren-
gth of healthy teeth in the Soares et al. study, which looked at the impact
of gamma irradiation and restorative material on the biomechanical beha-
vior of root canal-treated premolar teeth (Soares et al., 2011). The impact
of therapeutic radiation doses on the fracture strength of teeth filled with
gutta-percha and two sealers after root canal therapy was examined in the
study by Omaia et al.. Following irradiation, all groups showed a signifi-
cant drop in fracture strength; the CeraSeal root canal sealer showed the
least decrease in fracture strength. CeraSeal outperformed Adseal in the
fracture strength values of the tooth following irradiation (Omaia et al.,
2024). It is possible to argue that the material used in root canal fillings
affects the teeth’s ability to withstand fracture for the reasons mentioned
above.

5.4.5.) Effect of Radiotherapy on Biomechanical Behavior of
Endodontically Treated Teeth

According to a study by Novais et al., radiation therapy negatively af-
fects the microhardness of dentin in both humans and cattle, and this effect
gets worse after endodontic treatments. The mechanical characteristics of
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irradiation dentin are adversely affected by endodontic treatment as well;
restorative methods should take this effect into consideration (Novais et
al., 2016).

The study by Pauletto et al. examined how radiation and a taper of root
canal preparation affected the mesial roots of mandibular molars’ biomec-
hanical behavior. Fatigue strength reduced as the taper of the preparation
increased. The biomechanical performance was considerably affected by
radiotherapy. When exposed to radiation and when the preparation’s taper
grew, the biomechanical behavior of the mandibular molars’ mesial roots
dramatically reduced (Pauletto et al., 2024).
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