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Засоби ремінералізації не тільки посилюють резистентність емалі, але також можуть закупорювати дентинні кана-
льці, знижуючи чутливість зубів. Стаття містить огляд різних доступних агентів, які використовуються для реміне-
ралізації емалі та лікування гіперчутливості дентину. Традиційні фториди, що використовуються у вигляді розчи-
нів, лаків, піни, гелів, зубних паст, продемонстрували низьку ремінералізуючу і десенситизуючу здатність в порів-
нянні з новими фторумісними продуктами. Глибоке фторування є ефективним методом зменшення гіперчутливості 
дентину з тривалим ефектом, його ремінералізуюча здатність використовується для лікування та профілактики 
початкового карієсу і герметизації фісур. Хоча сполуки фосфату кальцію продемонстрували перевагу перед тра-
диційними фторидами в ремінералізації, їхня десенситизуюча здатність не була підтверджена достатньою кількіс-
тю досліджень. Використання біоактивного скла для ремінералізації та зменшення гіперчутливості дентину є до-
сить перспективним, але щоб довести його ефективність необхідні подальші досліди. «Curodont» і синтетичний 
наногидроксиапатит із біоміметичних систем показали добрі результати, але для доведення їх клінічної ефектив-
ності потрібні додаткові спроби. Немає сумніву, що електрофорез сполук кальцію і фтору залишається найбільш 
ефективним методом ремінералізуючої терапії, який проводиться на стоматологічному прийомі, проте його потен-
ційний ефект у зниженні гіперчутливості зубів повинен бути краще оцінений. Ефективність різних видів лазерів 
окремо або в поєднанні з ремінералізуючим агентом була підтверджена в основному дослідженнями in vitro, отже, 
потрібні клінічні випробування, які доведуть їх переваги. В нещодавних роботах дентинні герметики та десенси-
тайзери, які обтурують дентинні канальці, перевершували традиційні фториди і синтетичні наногидроксиапатити. 
В той же час дані про ефективність сполук фосфату кальцію та глибокого фторування над дентинними гермети-
ками та інгібіторами нервової чутливості є суперечливими і вказують на те, що необхідні додаткові досліди для 
поглиблення наших знань про недостатньо вивчену область зниження чутливості дентину. Незважаючи на нові 
досягнення, ідеального ремінералізуючого засобу не існує. Останні десятиліття стоматологія зробила значні кроки 
на шляху до невловимої мети ремінералізації емалі та десенсибілізації дентину, але необхідні довгострокові кліні-
чні контрольовані дослідження для підтвердження та кількісного визначення цих висновків, а також для визна-
чення додаткових факторів, які можуть потенціювати ці процеси. 
Ключові слова: ремінералізація, гіперчутливість, десенситизація, емаль, дентин. 

Remineralisation agents not only strengthen enamel resistance, but also can occlude dentine tubules, reducing teeth 
sensitivity. This article provides an overview of various available agents used for enamel remineralisation and dentin hy-
persensitivity treatment. Conventional fluorides are used in the form of solutions, varnishes, foam, gels, dentifrices, 
showing low remineralising and desensitising ability as compared to newer fluoride-content products. Deep fluoridation is 
an effective method for reducing dentin hypersensitivity for a long time; its remineralising potential is used for white 
spot lesions treatment, caries prevention, and fissure sealing. Most novel fluoride compounds showed higher remineralis-
ing and desensitising abilities as compared to conventional fluorides. Deep penetration fluoridation is an effective 
method for remineralisation and reducing dentin hypersensitivity in long time. Despite of the fact that calcium phosphate 
systems have demonstrated a benefit over conventional fluorides in remineralisation their desensitising ability was not 
confirmed by various studies. The use of bioactive glass in remineralisation and desensitisation is quite promising, but 
further researches need to be undertaken to prove its efficacy. «Curodont» and synthetic nanohydroxyapatite from 
biomimetic systems showed good results in the above-mentioned treatments, but more researches are required to con-
firm their clinical efficacy. There is no doubt that iontophoresis with calcium and fluoride substances is still the most ef-
fective method in the office remineralisation, however, its potential effect in desensitisation has to be better evaluated. 
Efficacy of different kinds of lasers alone or in combination with a remineralisation agent has been confirmed mostly in 
vitro studies, therefore, there is a lack of clinical trials to prove their benefit. In latter studies, dentin sealants and desen-
sitisers occluded dentin tubules were superior to conventional fluorides and synthetic nanohydroxyapatites. Simultane-
ously, the data about calcium phosphate and deep penetration fluoridation efficacy over such desensitisers as dentin 
sealants and nerve sensitivity inhibitors are controversial and indicate that additional studies are required to deepen our 
knowledge of the insufficiently explored area of reducing dentin hypesensitivity. In spite of the new advances, the ideal 
treatment modality for remineralisation does not exist. Within last decades, dentistry has made significant steps towards 
the elusive goal of enamel remineralisation and dentin desensitisation, but more long-term сlinical controlled studies are 
needed to confirm and quantify these findings, as well as to identify additional factors that can potentiate these proc-
esses. 
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Introduction 
Dental caries is a result of imbalance between remin-

eralisation and demineralisation. Enamel remineralisation 
is described as the process of precipitation of calcium 
and phosphate ions onto the tooth [1]. Fluoride ions are 
also incorporated into fluor-hydroxyapatite, strengthening 
the enamel structure, and assist in the enamel reminer-
alisation with phosphate ions dissolved in saliva [2]. 

Previous reviews have analysed contemporary devel-
opments in the remineralisation agents [3-6]. Reminerali-
sation strategies have focused on creating the remineral-
ising scaffolds within the lesions or adding calcium, 
phosphate, stannous, and arginine to fluoride [5]. Such 
agents can occlude dentine tubules reducing sensitivity 
by preventing a dentinal fluid flow. Iontophoresis and la-
sers potentiate remineralising and desensitising effects of 
fluoride, calcium and phosphate substances [7, 8]. Unfor-
tunately, there are no studies that review the agents used 
for enamel remineralisation and dentin hypersensitivity 
treatment. 

The aim of the research was to review the various 
available agents used for enamel remineralisation and 
dentin hypersensitivity treatment. 

Results and their discussion. 
Fluoride is the most utilized remineralisation agent. In 

2010, fluoride was the most common treatment modality 
and the only treatment for dentin hypersensitivity used 
frequently by more than 50 percent of American dentists 
[9]. The distant salts of fluorine used for interventions are: 
sodium fluoride, sodium monofluorophosphate, stannous 
fluoride, and acidulated phosphate fluoride. 

Conventional fluorides 
Duraphat® 5000ppm toothpaste (Colgate, USA) with 

sodium fluoride was effective in caries prevention [10]. 
Pinto et al. [11] examined the influence of this high fluo-
ride toothpaste and arginine-carbonate toothpaste appli-
cations on dentinal tubules exposure followed by an acid 
challenge. Although no significant differences have been 
shown between toothpastes, they enhanced resistance of 
the dentine surface, preventing dentinal tubules exposure 
after the acid challenge. 

The 8% Arginine-CaCO3 group exhibited statistically 
significant reduction in the dentin hypersensitivity to day 
28 than 1.23% NaF-gel [12]. Arginine is metabolized by 
arginolytic bacteria which produce bases increased the 
pH in the oral biofilm [13]. However, recent review found 
insufficient evidence to support a caries-preventive effect 
for the inclusion of arginine in toothpastes [14]. 

Systematic review of Marinho et al. [15] revealed that 
reduction of DMF index in children with fluoride varnish 
prevention was 43%, dmf – 37%, respectively. Unfortu-
nately, fluoride varnishes and gels showed low desensi-
tising ability as compared to other fluoride-content prod-
ucts [16, 17]. 

Silver diamine fluoride (SDF) - Saforide (Neo, Japan) 
decreased level of hypersensitivity, but it is difficult to 
compare the obtained results with dates of other studies 
[18]. Chu et al. [19] found that annual application of SDF 
was more effective in arresting dentin caries than appli-
cation of fluoride varnish every 3 months. 

Deep-penetration fluoridation 
Deep-penetration fluoridation was invented by A. 

Knappwost, who offered Tiefenfluorid® (Humanchemie, 
Germany), which consists of two solutions. When ap-
plied, the second solution reacts with the first one into the 
enamel pores or the dentinal tubules occluding them by 

the crystals of calcium fluoride or magnesium fluoride. A 
high concentration of fluoride ions provided remineralisa-
tion in the combination to calcium, phosphate, fluoride 
crystals remained into the pores till 2 years [20]. Accord-
ing to Meto et al. [21] 100% of the second degree dentin 
hypersensitivity cases were stabilized and successful 
with Tiefenfluorid® for a long time. Gluftored® (Vladmiva, 
Russia) and Ftorcalcit® (Lotus, Ukraune) have same con-
tent. 

Ivanitskiy [16] claimed that after 1 year positive re-
sults of desensitising were found in all patients who were 
treated with oral administration Сalcium D3 Nycomed 
(Takeda AS, Norway) and topical application Gluftored®, 
whereas Desensyl®-Vladmiva (Russia), which consist of 
hydroxyapatite, strontium and potassium chlorides, re-
duced hypersensitivity in 88,4% patients, fluoride varnish 
Belak®-F (Vladmiva, Russia) – in 68,2%, respectively 
[16]. Yarova et al. [17] used Belagel® Ca/P (Vladmiva, 
Russia) topically for dentin desensitising in the frontal 
teeth and Ftorcalcit® - in the lateral teeth; intensity of den-
tin hypersensitivity decreased from 34,7 to 9,67% at 1 
year after the initial treatment. Also deep fluoridation was 
used for white spot lesions treatment [22], caries preven-
tion [3], and fissure sealing [23]. 

Calcium phosphate systems 
Presently, the need to enhance the remineralising ef-

ficacy of fluoride is largely met by calcium phosphate sys-
tems. Desensitisers included calcium phosphate associ-
ates with water and occlude the dentinal tubules by the 
hydroxyapatite crystals. Amorphous calcium phosphate 
provides a higher degree of this occlusion and facilitates 
deposition of the hydroxyapatite crystalls on enamel [24]. 
The research by Guglu et al. [25] is only one of various 
randomized controlled studies that have demonstrated 
significantly better remineralising effect of CPP-ACP (Ca-
sein Phosphopeptide-Amorphous Calcium Phosphate) 
paste compared to a fluoride-containing varnish. Accord-
ing to Rosaiah and Aruna [26] CPP-ACP was more effec-
tive in reducing dentin hypersensitivity than crystalline 
calcium phosphate at 6 months after the initial treatment. 
Peshevar et al. [27] found no significant statistical differ-
ence in reduced desensitising in the fluoride varnish and 
CPP-ACP paste groups at 2 months after the initial 
treatment. CPP-ACP was significantly better in reducing 
dentin hypersensitivity compared to propolis and sterile 
water at 3 weeks after the initial treatment (P<0.01) [28].  

Remineralisation effect of CPP-ACP had to be im-
proved in CPP-ACFP (with fluoride). However, Llena et 
al. [29] did not find significant differences between CPP-
ACFP, CPP-ACP and the fluoride varnish in 3-months 
study. Furthermore, in 3-months research by Madhavan 
et al. [30] CPP-ACPF was less efficient in comparison to 
fluoride varnish and propolis. Controversial results of 
CPP-ACP and CPP-ACFP in dentin hypersensitivity re-
ducing may be explained by the absence of the standard 
procedure to test desensitisers and the short time of 
studies.  

Freire et al. [31] showed that a 500-ppm low-fluoride 
dentifrice supplemented with sodium trimetaphosphate 
(STMP) was significantly superior to a 1100-ppm fluoride 
dentifrice in lowering the caries increment of children. 
Favretto et al. [32] reported that the addition of STMP to 
fluoride toothpastes produced greater obliteration of the 
dentinal tubules when compared with 1100-ppm fluoride 
dentifrice. In vitro Teethmate® desensitizer (Kuraray Nori-
take Dental, Japan) containing tetra- and dicalcium 
phosphates applied for 3 times consistently reduced den-
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tin permeability by 50% after 24 h, whereas fluoride var-
nish did not achieve such a result [33]. There is a need 
for additional clinical studies to ascertain whether poly-
phosphates can influence remineralisation and desensiti-
sation. 

Bioactive glass 
Calcium sodium phosphosilicate (CSPS) is a bioac-

tive glass material that initially was incorporated in tooth-
pastes for dentin hypersensitivity. Recent meta-analysis 
demonstrated that toothpaste containing 5% CSPS - No-
vaMin® (GSK, Great Britain) was more effective than the 
negative control at relieving dentin sensitivity [34]. There 
are no clinical data from randomised controlled studies to 
prove its remineralising efficacy, however, in vitro No-
vaMin® dentifrice appears to have a greater effect on 
remineralisation of the carious-like lesions when com-
pared to that of the fluoride containing dentifrice in per-
manent teeth [35]. 

Fluoride-containing aluminocalciumsilicate nanoparti-
cle glass dispersed aqueous solution – Nanoseal (NAN, 
Nishin, Japan) is used as a desensitiser. In vitro the tu-
bule occlusion rates of Saforide were significantly lower 
than those of Nanoseal and Teethmate® desensitiser (P< 
0.05) [36].  

Biomimetic systems  
Other promising direction in remineralisation is devel-

opment of biomimetic systems which help to regenerate 
hard dental tissues. The first group of them, which does 
not have commercial products and never has been used 
in vivo, includes Dentine Phosphoprotein-Derived 8DSS 
Peptides, amelogenin peptides, Poly (Amido Amine) 
Dendrimers. These products exhibited a strong tendency 
to self-assemble into the hierarchical enamel crystal 
structures [4]. The second group included P11-4 pep-
tides, electrically accelerated and enhanced remineralisa-
tion, and nanohydroxyapatite which have used in pa-
tients.  

P11-4 peptides are represented by self-assembling 
peptide matrix Curodont Repair® (Curodont, Great Brit-
ain) which was rationally designed to promote formation 
of hydroxyapatite. It has shown promising results as a 
remineralisation agent in the initial caries regression as 
compared to fluoride varnish Duraphat® [37]. Schlee et al. 
[38] showed that desensitiser Curodont D’Senz® gel 
(Curodont, Great Britain), which was applied within the 
first week, as compared to 8% arginine and calcium car-
bonate toothpaste used throughout the whole 90 day 
study, resulted in much higher patient satisfaction in the 
dentin hypersensitivity treatment at day 7 and the higher 
number of pain-free patients at day 7 and day 90. 

Synthetic nanohydroxyapatite is another bioactive 
material, whose nano-sized particles can strongly bind to 
enamel surface and with fragments of plaque and bacte-
ria, acts as a filler to repair small holes and depressions 
of enamel surface [39]. Nanohydroxyapatite gel had a 
significant potential for enamel remineralisation around 
restoration margins [40], but there were no well-designed 
studies that confirm its high efficacy in comparison to 
fluoride toothpastes. Synthetic nanohydroxyapatites were 
effective in the reducing dentin hypersensitivity, but only 
a few researches dealt with this problem [41, 42]. 

Despite the fact that iontophoresis has been widely 
used for enamel remineralisation and dentin hypersensi-
tivity treatment in the former Soviet Union countries for 
50 years, recently this technique has been introduced as 
a novel method of tooth remineralisation - electrically ac-
celerated and enhanced remineralisation (EAER) [8]. A 

lot of studies have confirmed efficacy of iontophoresis 
with calcium gluconate and sodium fluoride in the preven-
tion and the treatment of caries and non-carious lesions 
[43]. In the study by Patil et al. [44] iontophoresis with 
0.33% sodium fluoride gel closed 50% open dentinal tu-
bules. Therefore, more controlled studies with compara-
ble outcomes are still necessary before obtaining a de-
finitive answer to the question may iontophoresis en-
hance treatment outcomes of dentin hypersensitivity 
treatment. 

Lasers 
Laser irradiation could increase efficacy of desensitis-

ing and remineralising agents. Low-energy Er:YAG laser 
irradiation coupled with fluoride treatment may inhibit 
enamel demineralization through the photothermal purifi-
cation of enamel hydroxyapatite, the inhibition of enamel 
diffusion increased fluoride deposition on the enamel sur-
face, and the formation of fluoridated hydroxyapatite [45]. 
Moreover, reducing dentin hypersensitivity could be ex-
plained by coagulation of proteins of the dentin fluid and 
discharging of the internal tubular nerve [46]. 

According to the study by George et al. [47], the diode 
laser was more efficient in the decrease of teeth hyper-
sensitivity to fluoride toothpaste at day 30. Umberto et al. 
[48] demonstrated that the diode laser showed a very 
high capability to improve immediately the dentin hyper-
sensitivity, both alone and better in combination with 
1.25% NaF gel. In vitro study by Ahrari et al. [49] found 
that the application of diode laser through sodium fluoride 
or CPP-ACPF did not produce any additional effects in 
enhancing remineralization of white spot lesions, 
whereas the combined application of diode laser with 
Remin Pro® (Voco, USA), which is a dentifrice with hy-
droxyapatite, fluoride and xylitol, was effective. 

In vitro study of Asl-Aminabali et al. [50] Nd:YAG la-
ser irradiation with CPP-ACP cream significantly in-
creased mineralisation of artificial white spots for 30 
days. In vitro Nd:YAG laser irradiation alone and com-
bined with NovaMin® proved superior to NovaMin® alone 
on the dentinal tubules occlusion [51].  

In vitro studies that support Er:YAG laser superior re-
sistance to demineralisation of dental enamel are contro-
versial [45, 52] and can be explained by the absence of 
standard procedure for evaluation. Yu et al. [53] reported 
significantly reduced dentin hypersensitivity 4 weeks after 
the Er:YAG laser desensitization treatment. Further stud-
ies are required to evaluate the long-term stability of the 
obtained positive results and efficacy of this treatment 
modality. 

Efficacy of desensitisers with remineralising ef-
fect in comparison to other desensitisers 

A lot of researches were dealt with comparison of ef-
ficacy of different desensitisers. To enhance the natural 
repair process by calcium and phosphate from saliva and 
plaque fluid fluoride is included in desensitisers from 
other groups. In research by Tumanova et al. [54], the 
intensity of dentin hypersensitivity at 1 year after the ini-
tial treatment was lower with one-time application of den-
tin sealant Admira® Protect (Voco Gmbh, Germany) in 
comparison to potassium oxalate based desensitiser Su-
per Seal® (Phoenix dental, USA), and 1-month course of 
fluoride varnish Bifluorid 12® (Voco Gmbh, Germany) or 
tooth paste with NovaMin Sensodyne® F. Other sealant 
with fluoride MS Coat F (Sun Medical, Japan) showed 
higher effect than sealant without fluoride MS Coat One 
(Sun Medical, Japan) and same effect with dentifrice 
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Fluor Jelly (6000 ppF) after acid challenge on extracted 
teeth [55].  

Synthetic hydroxyapatites did not show superiority to 
desensitisers occluded dentin tubules. Neo Active Apatite 
powder (Ghimas, Italy) was inferior to desensitiser with 
glutaraldehyde and potassium fluoride Vivasens® (Ivoclar 
Vivadent, Liechtenstein) [41]. Unfortunately, this in vitro 
research did not evaluate resistance of desensitisers to 
the oral environment. Orsini et al. [42] evaluated three 
dentifrices: the arginine-based, the strontium acetate–
based and the containing zinc-carbonate hydroxyapatite 
nanocrystals; no significant differences in reducing hy-
persensitivity were observed in a subset of patients from 
different groups that were followed up to 2 months. 

Mosleh et al. [56] claimed that Curodont D’senz®, 
Propolis extract, and ammonium hexafluorosilicate gel 
demonstrated effectiveness in alleviating the hypersensi-
tivity symptoms, with propolis extract paste being the 
most effective within 1 to 2 weeks and sustained up to 3 
months. 

Acidulated phosphate gel iontophoresis was more ef-
fective in reducing dentin hypersensitivity than Adper® 
Scotchbond® Multi-Purpose Adhesive (3M ESPE, USA) 
at the end of 2 weeks [57]. According to Konekeri et al. 
CPP-ACP [58] was significantly more effective than po-
tassium nitrate (nerve sensitivity inhibitor) in reducing 
cervical dentinal hypersensitivity at 6 weeks’ duration. 
However, Walsh [59] did not find any differences be-
tween these agents at such duration and explained these 
finding by different baseline scores of dentin hypersensi-
tivity.  

In vitro study by Yilmaz et al. [60] evaluated the quan-
titative changes in dentin permeability after desensitiser 
and following post-treatments. Potassium oxalate desen-
sitiser D/Sense® Crystal (Centrix, USA) was superior to 
fluoride varnish Bifluorid 12® against artificial saliva post-
treatment. In this study, authors did not detect a reminer-
alisation effect of the Nupro Sensodyne Prophylaxis 
Paste with Novamin® following artificial saliva post-
treatment for 24 hours. Citric and artificial saliva post-
treatments caused some reducing in the efficacy of all 
studied desensitisers including Gluma® Self Etch bond 
(Kulzer GmbH, Germany) by partly removing the deposits 
formed on/within the tubules and caused a reincrease in 
permeability.  

In the research by Budzinsky et al. [61] Gluma® De-
sensitizer reduced dentin hypersensitivity in almost all 
patients 12 months after the treatment in comparison to 
iontophoresis with 2% sodium fluoride and deep fluorida-
tion. Contrary to the results of this study,  Petrushanko et 
al. [62] claimed that Gluftored® was superior to four 
HEMA-containing desensitisers: Acua PrepTM F (Bisco, 
USA), Gluma® Detensitizer (Kulzer GmbH, Germany), 
Seal and ProtectTM (Dentsply, USA), and Butler protect 
(Butler John O Co), immediately after application; only 
10% patients have dentin hypersensitivity 1 month after 
Gluftored® using. These results may be explained by dif-
ferent baseline scores of dentin hypersensitivity and a 
small number of patients. 

Conclusions 
Most novel fluoride compounds showed higher 

remineralising and desensitising abilities as compared to 
conventional fluorides. Deep penetration fluoridation is an 
effective method for remineralisation and reducing dentin 
hypersensitivity in long time. Despite the fact that calcium 
phosphate systems have demonstrated a benefit over 

conventional fluorides in remineralisation their desensitis-
ing ability was not confirmed by various studies. The use 
of bioactive glass in remineralisation and desensitisation 
is quite promising, but further researches need to be un-
dertaken to prove its efficacy. «Curodont» and synthetic 
nanohydroxyapatite from biomimetic systems showed 
good results in the above-mentioned treatments, but 
more researches are required to confirm their clinical effi-
cacy. There is no doubt that iontophoresis with calcium 
and fluoride substances is still the most effective method 
in the office remineralisation, however, its potential effect 
in desensitisation has to be better evaluated.  

Efficacy of different kinds of lasers alone or in combi-
nation with a remineralisation agent has been confirmed 
mostly in vitro studies, therefore, there is a lack of clinical 
trials to prove their benefit.  

In latter studies dentin sealants and desensitisers oc-
cluded dentin tubules were superior to conventional fluo-
rides and synthetic nanohydroxyapatites. Simultaneously, 
the data about calcium phosphate and deep penetration 
fluoridation efficacy over such desensitisers as dentin 
sealants and nerve sensitivity inhibitors are controversial 
and indicate that additional studies are required to 
deepen our knowledge of the insufficiently explored area 
of reducing dentin hypesensitivity.  

In spite of the new advances, the ideal treatment mo-
dality for remineralisation does not exist. Within last dec-
ades, dentistry has made significant steps towards the 
elusive goal of enamel remineralisation and dentin de-
sensitisation, but more long-term clinical controlled stud-
ies are needed to confirm and quantify these findings, as 
well as to identify additional factors that can potentiate 
these processes. 
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