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Objectives: This study aimed to evaluate the pulpal effects of 35% hydrogen peroxide (H₂O₂) used in-office to 
bleach teeth with dental fluorosis, both in vivo and in vitro.  
Materials and Methods: In vivo, histological and clinical effects were assessed. Ten fluorosed teeth were used 
for histopathological comparison of two bleaching agents. Additionally, 96 fluorosed maxillary anterior teeth 
(Thylstrup–Fejerskov Index [TFI] 3–7) from 17 patients (ages 18–38) were evaluated for bleaching effectiveness 
and side effects including hypersensitivity, vitality loss, and radiographic changes. In vitro, 90 extracted fluorosed 
teeth were analyzed for H₂O₂ penetration. Data were analyzed using Kruskal-Wallis, ANOVA, and repeated 
measures ANOVA.  
Results: Findings showed no irreversible pulpal damage or periradicular abnormalities. Maximum penetration 
was 16.2 mM for Whiteness HP Maxx and 18.3 mM for Opalescence Xtra. Penetration correlated with fluorosis 
severity but remained below levels affecting pulpal enzymes.  
Conclusions: Both bleaching agents were effective and safe for treating mild to severe fluorosis without affecting 
pulp or periodontium. 
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Amaç: Bu çalışmanın amacı, dental florozisli dişlerin ofis tipi beyazlatmada kullanılan %35 hidrojen peroksitin 
pulpa üzerindeki etkilerini hem in vivo hem de in vitro koşullarda değerlendirmektir. 
Gereç ve Yöntemler: İn vivo olarak histolojik ve klinik etkiler incelenmiştir. İki farklı beyazlatma ajanının 
histopatolojik karşılaştırması için 10 florozisli diş kullanılmıştır. Ayrıca 17 hastadan (18–38 yaş) elde edilen 96 
florozisli üst çene anterior dişi (Thylstrup–Fejerskov Index [TFI]  3–7), beyazlatma etkinliği ve hipersensitivite, 
vitalite kaybı ve radyografik değişiklikler gibi yan etkiler açısından değerlendirilmiştir. İn vitro olarak ise, 90 adet 
çekilmiş florozisli dişte hidrojen peroksit penetrasyonu analiz edilmiştir. Veriler Kruskal-Wallis, ANOVA ve 
tekrarlayan ölçümler ANOVA testleri ile değerlendirilmiştir. 
Bulgular: Bulgular, geri dönüşsüz pulpal hasar veya periradiküler anormallik olmadığını göstermiştir. Maksimum 
hidrojen peroksit penetrasyonu Whiteness HP Maxx için 16,2 mM, Opalescence Xtra için 18,3 mM olarak 
bulunmuştur. Penetrasyon florozis şiddeti ile korele olmakla birlikte, pulpal enzimleri etkileyebilecek düzeylerin 
altında kalmıştır. 
Sonuçlar: Her iki beyazlatma ajanı da hafif ve şiddetli florozis vakalarının tedavisinde etkili ve güvenli bulunmuş 
olup, pulpa veya periodontal dokular üzerinde olumsuz etki göstermemiştir. 
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Introduction 

Tooth color is influenced by a combination of intrinsic 
pigmentation and the presence or deposition of extrinsic 
stains on the tooth surface.1 Intrinsic tooth stains, such as 
dental fluorosis, are the most common and prominent 
symptoms in the early stage of chronic fluorosis, which 
results from excessive fluoride exposure during tooth 
development and leads to enamel with reduced 
mineralization and increased porosity.2 The clinical 
presentation of dental fluorosis varies in severity from 
slight white opacities to dark brown discolorations, 

significantly influencing patients’ esthetic appearance and 
self-confidence.3 

Vital tooth bleaching is a noninvasive and conservative 
treatment commonly used in dental practice to achieve a 
good smile in terms of shade.4 H2O2 is widely used in 
different concentrations as a bleaching agent for vital 
bleaching. This process relies on the diffusion of H₂O₂-
derived free radicals through the enamel and into the 
dentin layer,5,6 breaking the dentin’s chromogenic 
molecules down into smaller structures.7,8 Although H2O2 
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is a widely used agent for tooth bleaching, it has been 
reported that due to its low molecular weight, it 
penetrates the tooth structure, reaches the pulp chamber 
and causes pulpal reactions.9,10  This is reflected in minor 
histological changes,11,12 including pulp degeneration at 
some sites.6 However, high concentrations of H2O2 can 
cause oxidative stress to pulp13,14 and pulp 
inflammation13,15 which leads to the most frequently 
observed bleaching-related side effect, tooth 
sensitivity16,17 varies from mild18 to severe.19 It is suggested 
that the cytotoxic effects of the bleaching agents on the 
pupal tissues are close to the cytotoxic effects of the pure 
H2O2 dose.15 

Understanding the pulpal penetration of H₂O₂, and the 
histological response and sensitivity of fluorosed teeth to 
in-office bleaching, is important for evaluating the 
biological safety of bleaching procedures. Therefore, this 
study aims to quantitatively assess H₂O₂ penetration, 
post-bleaching sensitivity, and pulpal changes in fluorosed 
teeth treated with two different bleaching materials. The 
null hypothesis was that there would be no difference 
between the two bleaching agents in terms of H₂O₂ 
penetration, post-bleaching sensitivity, or pulpal 
response. 

Material and Methods 

Histological Evaluation 
The study was conducted on five patients aged 12–18 

years who presented to the Süleyman Demirel University 
clinics. The objectives, potential benefits, and possible 
risks of the procedure were explained to all participants, 
and informed consent was obtained. Ten first premolars 
(eight test and two control) with fluorosis (TFI 3–7) 
scheduled for orthodontic extraction were included. The 
sample size for the histological component was 
determined based on the exploratory and pilot nature of 
this part of the study. The primary aim was to observe 
whether different bleaching durations produced 
qualitatively distinct pulpal responses in fluorosed teeth. 
Because the objective was to identify the presence or 
absence of characteristic histopathological alterations 
rather than to perform statistical comparisons, one 
representative sample per bleaching duration was 
considered adequate for an initial methodological 
assessment. This approach will be helpful in identifying 
morphological trends and informing the planning of 
larger-scale studies. 

Symmetrical first premolars were treated with one of 
the two bleaching agents (Whiteness HP Maxx, FGM, 
Joinville, Brazil; Opalescence Xtra, Ultradent Products, 
South Jordan, USA). All bleaching procedures were 
performed by the same experienced operator to ensure 
consistency. The bleaching agents were applied according 
to the manufacturers’ instructions regarding 
concentration and handling. Treatment durations of 5, 10, 
20, and 30 minutes were selected based on previous in 
vitro and clinical studies evaluating pulpal effects of H₂O₂, 
and to investigate the effect of different exposure times 
on pulpal response. During application, the gel was 

applied uniformly to the buccal surface of each premolar 
using a microbrush and kept in place for the assigned 
duration; excess gel was gently removed after each time 
interval. No treatment was applied to the contralateral 
premolars of the control patient. 

Following extraction, the teeth were fixed in 10% 
formalin, decalcified in 10% formic acid for approximately 
2–4 weeks, embedded, sectioned at 5 µm, and stained 
with hematoxylin–eosin. Light microscopic examination 
(×40, ×100, ×200) was performed, and histopathological 
changes were evaluated by an experienced oral 
pathologist. 

Histological Evaluation: The study conducted on 5 
patients with age range 12-18 years referred to the 
hospitals of Süleyman Demirel University. The study's 
objective as well as possible benefits and side effects were 
explained to each participant. Ten first premolars (8 test 
and 2 control) with fluorosis (TFI:3-7) teeth scheduled for 
orthodontic extraction of five patients with patient 
consent was included. The sample size for the histological 
component was determined based on the exploratory and 
pilot nature of this part of the study. The primary aim was 
to observe whether different bleaching durations 
produced qualitatively distinct pulpal responses in 
fluorosed teeth. Because the objective was to identify the 
presence or absence of characteristic histopathological 
alterations rather than to perform statistical comparisons, 
one representative sample per bleaching duration was 
considered adequate for an initial methodological 
assessment. This approach will be helpful in identifying 
morphological trends and informing the planning of 
larger-scale studies.  

Symmetrical first premolars were treated with one of 
two bleaching agents (Whiteness HP Maxx, FGM, Joinville, 
Brazil; Opalescence Xtra, Ultradent Products, South 
Jordan, USA), and all procedures were performed by the 
same experienced operator to ensure consistency. The 
agents were applied according to the manufacturers’ 
recommendations regarding concentration and handling, 
and uniformly placed on the buccal surface using a 
microbrush. To investigate whether shorter exposure 
times elicit different pulpal responses compared with 
standard protocols, treatment durations of 5, 10, 20, and 
30 minutes were selected based on previous in vitro and 
clinical studies evaluating the pulpal effects of H₂O₂, 
although existing in-office bleaching studies generally 
apply H₂O₂ for 24–45 minutes per session and no 
published work has systematically assessed pulpal 
response at such short incremental intervals. After each 
assigned duration, excess gel was gently removed, and no 
treatment was applied to the contralateral premolars of 
the control patient. 

Following the extraction, fixed teeth (using %10 
formalin solution) got tissue processing after 
decalsification with %10 formic acid nearly 2-4 weeks 
long. All extractions were performed by the same 
experienced surgeon under local anaesthesia using 
Citanest® (Dentsply, USA) to ensure procedural 
standardization. The teeth were sectioned at a thickness 



Kısacık et al. / Cumhuriyet Dental Journal, 29(2): 270-279, 2026 

272 

of 5µm and stained with hemotoxylin-eosin. Light 
microscopic examination was performed under X40, X100, 

X200 magnifications and histopathological changes were 
evaluated by an oral pathologist. 

Laboratory Evaluation: 100 fluorosed teeth (30 
maxillary central, 30 maxillary lateral, 20 maxillary canine 
and 20 one rooted premolar) with 3-7 scores according to 
TFI.20 (Table 1) were collected from 18-45 years old 
patients in SDÜ Oral and Maxillofacial Surgery clinic. 
Ninety teeth were included the study. Two groups with 45 
teeth were divided into three subgroups according to TFI 
(n=15). The groups were categorized as mild (TFI 3–4), 
moderate (TFI 5), and severe (TFI 6–7) fluorosis. Teeth 
with TFI 1–2 were not included because bleaching is 
generally unnecessary at these stages, whereas teeth with 
TFI 8–9 were excluded due to the extensive enamel loss 
typically observed at these severity levels. For these 
reasons, the final subgrouping (mild, moderate, and 
severe) was established by the authors to ensure clinical 
relevance and methodological consistency. Teeth in each 
sub-group were treated with one of the two different 
agents like histological evaluation (Whiteness HP Maxx, 
FGM, Joinville, Brasil; Opalescence Xtra, Ultrdent 
Products, South Jordan, USA) containing %35 H₂O₂ in 
three different periods (5, 10, 30 minute). After the tooth 
roots were removed from the area 2-3 mm close to the 
cemento-enamel junction, the pulp tissue was removed, 

and the pulp chamber was prepared from the apical. 
Phosphate Buffered Saline (PBS) was placed into the pulp 
chamber to absorb and stabilize the H₂O₂ that might 
penetrate and solution in the pulp chamber was 
transferred into a transparent rectangular cuvette 
suitable for spectrophotometric analysis.  

A calibration curve was prepared for the quantitative 
determination of H₂O₂ that could potentially penetrate 
the pulp chamber. The method was based on the reaction 
in which H₂O₂, in the presence of potassium iodide, 
ammonium molybdate, and starch, forms a colored 
compound. 

To construct the calibration curve, a stock H₂O₂ 
solution was diluted with phosphate-buffered saline (PBS) 
to obtain a concentration series ranging from 0.5 to 5 µg. 
The standards were mixed with hydrochloric acid (HCl), 
potassium iodide (KI), ammonium molybdate, and starch, 
vortexed, and their absorbance was measured at 570 nm 
using a UV spectrophotometer (UV-1800, Shimadzu Corp., 
Kyoto, Japan). The calibration curve is shown in Figure 1. 
Absorbance values were then plotted against 
concentration to generate the calibration curve.

 

 

Figure 1. Calibration curve for the quantitative determination of hydrogen peroxide (H₂O₂). Standard H₂O₂ solutions 
(0.5–5 µg) were prepared by serial dilution in phosphate-buffered saline (PBS) and reacted with hydrochloric acid 

(HCl), potassium iodide (KI), ammonium molybdate, and starch to develop a colored complex. Absorbance was 
measured at 570 nm using a UV–Vis spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). The calibration curve 

was constructed by plotting absorbance values against H₂O₂ concentration. 
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For the experimental samples, PBS collected from the 
pulp chamber was treated with the same reagents and 
processed following the calibration protocol. After 
measuring the absorbance at 570 nm, the amount of 
penetrated H₂O₂ was determined using the calibration 
curve. Obtained data were analyzed by Repeated 
Measurement Analysis of Variance. 

Clinical Evaluation: Ninety-eight moderate to severe 
forms of fluorosed teeth of 17 patients from the 
inhabitants of Isparta, which is known as a high-fluoride 
area in Turkiye. Similar to those in histological and 
laboratory stages, two bleaching agents were used. 
Patients’ right incisors were bleached using Whiteness HP 
Maxx and left incisors were bleached using Opalescence 
Xtra. The bleaching agents were applied the teeth for 5X2 
total 10 minutes and activated by halogen light (XL 3000, 
3M Dental Products, Saint Paul, MN, USA).  Patients were 
informed about to avoid asidic and colorful foods and 
drinks, and smoking cigarette for 48 hours. It was 
recommended to take painkillers in cases where 
sensitivity could not be tolerated. Appointments were 
designed with one-week intervals until the desired 
whiteness was achieved. The hypersensitivity levels after 
appopintments were assessed by Visual Anolog Scale 
(VAS), which consisted of a 10-cm line ranging from 0 (‘no 
sensitivity’) to 10 (‘the worst imaginable sensitivity’). 
Participants were asked to mark the point that best 

reflected their perceived sensitivity, and this value was 
recorded as the VAS score. Tooth vitality was evaluated by 
a vitalometer (Digitest Parkell, USA) at the begging of the 
treatment and one week after the last session. The test 
was performed by the same experienced clinician (the first 
author). Before each measurement, the tooth surface was 
isolated and dried, and a small amount of conducting 
medium was applied to the probe tip. The probe was 
placed on the middle third of the buccal surface, and the 
stimulus was gradually increased until the patient 
reported a sensation. Only the presence or absence of a 
response was recorded, as the purpose of the test was 
solely to confirm pulp vitality rather than to analyze 
numerical device values. Statistical analyses were 
performed using the Statistical Package for the Social 
Sciences (SPSS), Version 10.0 (SPSS Inc., Chicago, IL, USA). 
Normality was assessed using the Shapiro–Wilk test. VAS 
hypersensitivity scores, which were non-normally 
distributed, were compared using the Kruskal–Wallis test 
with Bonferroni-adjusted pairwise comparisons. One-way 
ANOVA with Tukey’s HSD post-hoc test was used to 
compare H₂O₂ penetration values between bleaching 
agents and fluorosis subgroups when normality and 
homogeneity assumptions were met. Repeated-measures 
ANOVA was conducted to evaluate changes in H₂O₂ 
penetration across bleaching durations (5, 10, and 30 
minutes). Statistical significance was set at p < 0.05. 

 
Table 1. Summary of Thylstrup–Fejerskov Index (TFI) Scores 

TFI Score Tooth  Surfaces  

0 Enamel remains normally translucent even after long air-drying. 
1 Fine white lines appear along the perikymata. 
2 More distinct opacity lines follow perikymata; some lines may merge. 
3 Cloudy, irregular opacities; perikymata may appear more visible. 
4 Surface shows diffuse chalky opacity; worn areas less affected. 
5 Strong opacity with small enamel pits (<2 mm). 
6 Pits arranged in horizontal bands (<2 mm vertically). 
7 Irregular enamel loss involving <1/3 of the surface. 
8 Enamel loss affecting ≥1/3 of the surface. 
9 Most enamel is lost; surface anatomy altered; cervical band may remain. 

 
Results 

In histological part of the study a normal appearance 
is observed in control teeth but mild edema in the pulp 
connective tissue and odontoblastic layer and congestion 
in the vessels (hyperemia) were also noted. (Figure 2) 

5 minutes samples: Odontoblasts and connective 
tissue appeared healthy, but mild intercellular edema and 
hyperemia were present in Whiteness HP Maxx sample. 
Some cell increase in the cell-rich layer, mild edema and 
hyperemia in capillaries were observed in Opalescence 
Xtra sample (Figure 3a and Figure 3b) 

10 minutes samples: The odontoblast layer was 
flattened and seemed to lean directly against the dentin 
wall. Severe edema and vascular congestion were 
observed in the entire pulp tissue in Whiteness HP Maxx 
sample. There was significant edema in the pulp 
connective tissue and odontoblastic layer. It was observed 
that odontoblasts took a syncytial appearance due to 

edema and the cell-poor layer disappeared. There was a 
slight increase in cell number, mesenchymal density and 
intercellular degeneration in the cell rich area. Congestion 
and stasis were observed in the vessels in Opalescence 
Xtra sample (Figure 4a and Figure 4b). 

20 minutes samples: Mild edema was observed in the 
pulp connective tissue and odontoblastic layer. It was 
observed that the cell-poor layer disappeared and there 
was some cellular crowding in the cell-rich layer. There 
was significant congestion in the vessels in Whiteness HP 
Maxx sample. Odontoblasts were in normal alignment and 
healthy appearance. It was possible to make a clear 
distinction between the poor and the rich from the cell. 
Small blood vessels traced in Opalescence Xtra sample 
(Figure 5a and Figure 5b). 

30 minutes samples: Pulp connective tissue and 
odontoblastic layer were highly edematous. The 
odontoblastic layer was compressed and appeared to lie 
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directly on the dentinal wall. There was congestion in the 
veins in Whiteness HP Maxx sample. Odontoblastic layer 
displayed a healthy appearance, it was observed that 
odontoblasts approached the tubule openings in an area 
close to the pulp horn and mesenchymal cells were 
concentrated in a narrow area just below them. There was 
generally mild edema in the pulp, and congestion and 
stasis in the capillaries in Opalescence Xtra sample (Figure 
6a and Figure 6b).  

Different levels of H2O2 penetretion were detected in 
laboratory evaluations. Distributions of H2O2 penetration 
amounts according to TFI degrees and two different 
bleaching agents for three different aplication times were 
summarised at table 2. The penetration amount was 
possitively correlated with application time and/or 
increased TFI degree (p < 0.05) whereas the type of 
bleaching agent was not (p > 0.05).  

The collected solution was transferred into a 
transparent rectangular cuvette suitable for 
spectrophotometric analysis. Measurements were 
performed using a UV–Vis spectrophotometer at 570 nm 
(UV-1800, Shimadzu Corp., Kyoto, Japan). 

96 teeth (32 teeth for every group and 16 teeth for 
every subgroup) with varying degrees of fluorosis were 
bleached at average 8 sessions (8.18 sessions for 
Whiteness HP Maxx group and 8.08 sessions for 
oppalescence Xtra group).  Six patients had severe (VAS7-
9), two moderate (VAS 4-6), three mild (VAS 1-3) and six 
no (VAS 0) interappointment hypersensitivity. Four out of 
17 patients (23.5%) reported nosensitivity, 13 patients 
(76.5%) reported sensitivity that did not reflect on the 
next day, with scores ranging from mild to severe. Only 5 
(38.5%) of the patients who reported sensitivity needed 
painkillers. It has been noted that the sensitivity started at 
the earliest in the 1st session and at the latest in the 10th 
session and continued for periods ranging from 1.5 to 7.8 
hours. The duration of postoperative sensitivity was 
determined based on patient self-reports. Patients were 
instructed to record how long the sensitivity persisted 
after each bleaching session, and the sensitivity duration 
was calculated using the information they provided at the 
subsequent appointment. No loss of vitality was observed 
in any of the teeth in the study. 

 

 

Figure 2. Histological appearance of control group teeth. Normal pulp morphology was observed, while mild edema 
in the pulp connective tissue and odontoblastic layer, as well as vascular congestion (hyperemia), were noted. 

 

   

Figure 3. Histological findings after 5 min exposure. (a) Whiteness HP Maxx group showing generally healthy 
odontoblasts and connective tissue, with mild intercellular edema and hyperemia. (b) Opalescence Xtra group 

showing mild increase in cell-rich layer cellularity, mild edema, and capillary hyperemia. 
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Figure 4. Histological findings after 10 min exposure. (a) Whiteness HP Maxx group showing flattened odontoblastic 
layer, severe edema, and marked vascular congestion throughout the pulp tissue. (b) Opalescence Xtra group 

showing increased mesenchymal density, intercellular degeneration, and vascular congestion/stasis, with partial 
loss of the cell-poor zone. 

 

    

Figure 5. Histological findings after 20 min exposure. (a) Whiteness HP Maxx group showing mild edema in pulp 
connective tissue and odontoblastic layer, disappearance of the cell-poor zone, and marked vascular congestion. (b) 

Opalescence Xtra group showing relatively preserved odontoblastic alignment, distinguishable pulp zones, and 
visible small blood vessels. 

    

Figure 6. Histological findings after 30 min exposure. (a) Whiteness HP Maxx group showing severe edema of pulp 
connective tissue and odontoblastic layer, compression of the odontoblastic layer, and venous congestion. (b) 

Opalescence Xtra group showing mild pulp edema, capillary congestion and stasis, with odontoblasts maintaining a 
relatively normal appearance near the pulp horn region. 
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Table 2. Distribution of in vitro penetration amount of H₂O₂ applied at different times according to TFI degrees and two 
different bleaching agents. (Wh: Whiteness HP Maxx, Op: Opalescence Xtra) 

Application time (minute) TFI degree Bleaching agent Penetration  amount (µg) SD 

5 

Mild 
(TFI 3-4) 

Wh 1.04 1.02 

Op 1.32 0.96 

Moderate 
(TFI 5) 

Wh 2.98 1.47 

Op 3.04 1.56 

Severe 
(TFI 6-7) 

Wh 3.11 1.47 

Op 3.59 1.55 

10 

Mild 
(TFI 3-4) 

Wh 2.53 2.02 

Op 3.24 1.65 

moderate 
(TFI 5) 

Wh 4.96 2.25 

Op 6.13 3.51 

Severe 
(TFI 6-7) 

Wh 5.13 1.96 

Op 6.74 2.01 

30 
 

Mild 
(TFI 3-4) 

Wh 6.98 3.22 

Op 6.38 2.82 

moderate 
(TFI 5) 

Wh 8.76 3,07 

Op 1 1.42 3.37 

Severe 
(TFI 6-7) 

Wh 9.96 3.18 

Op 1 1.78 3.37 

Discussion 

This study evaluated the in vitro and in vivo effects of two 
different bleaching agents in three different experimental 
settings.  

Evaluation of Histological Findings 
Histological studies on pulp examined parameters such 

as cell migration to dentinal tubules, presence of 
inflammatory cells, number of odontoblasts, displacement of 
nucleus towards tubules, capillary congestion and hyperemia 
in order to evaluate pulpal damage.5,21,22 Retraction of 
odontoblast nucleus into dentinal tubules was associated 
with increased intrapulpal pressure.5,14,23 It has been 
suggested that the increase in intrapulpal pressure may be 
due to inflammation or extraction.13,14  Also, vasodilation and 
congestion may occur due to anaesthesia or extraction 
trauma.24,25 According to previous studies, pulpal changes 
associated with bleaching procedures generally appear to be 
reversible and tend to return to normal within 30–60 days14; 
however, long-term pulp recovery was not directly evaluated 
in the present study. In the preliminary study, in which we 
examined the effects of H2O2 on the pulp histologically, non-
irreversible changes were observed in the experimental 
teeth that were applied bleaching agent for 5, 10, 20 30 
minutes. Findings such as edema, odontoblasts approaching 
the tubule openings, increase in mesenchymal cells under 
the odontoblasts, hyperemia and the disappearance of the 
cell-poor layer were observed.  These findings may reflect 
mild pulp irritation, increased intrapulpal pressure, or 
artifacts from extraction and tissue processing, rather than 
irreversible damage.5,24-27 The disappearance of the 
separation of cell-poor and rich areas is due to cell migration 
caused by a mild reaction in the pulp.5,26 The fact that no 
irreversible damage was detected, and no inflammation was 
observed in any of the experimental teeth to which two 
different agents were applied shows that bleaching agents 
and the method are reliable and do not threaten the vitality 
of the pulp.26 The obtained findings are supported by other 

studies27 that histologically evaluated the effects of H₂O₂ on 
the pulp and are compatible with our clinical and labratory 
findings. 

Evaluation of Laboratory Findings 
In the in vitro phase of our study, H2O2 penetration was 

evaluated in extracted teeth with similar fluorosis degrees 
with agents and methods used in histological and clinical 
evaluation. In the preliminary study, the method developed 
by Mottala et al. was tested on more than 200 samples 
however, reproducible and exact results could not be 
obtained.28 

The fact that the calibration graph required to convert 
the absorbance value of the H2O2 penetrating the pulp into 
microgram equivalent in the spectrophotometer could not 
be obtained. The fact that the results are constantly 
changing depending on time and that the details of this 
method were not described in previous studies made it 
difficult to use this method and led us to search for a new 
method. 

The method which is based on the reaction of H2O2  in 
the presence of ammonium molybdate, starch iodide and 
which is used in the diagnosis of dermatological diseases 
such as chronic granulomatosis (inability to generate H2O2), 
myeloperoxidase deficiency (eosinophil peroxidase 
deficiency) and Celiac Higashi Syndrome (myeloperoxidase 
deficiency) The spectrophotometric method based on the 
reaction of H₂O₂ with ammonium molybdate, starch‑iodide, 
and HCl remains a simple, reliable, and widely applicable 
approach for quantifying H₂O₂ in biochemical assays. This 
method has been successfully applied for assessing catalase 
activity and other H₂O₂‑dependent enzymatic reactions in 
laboratory settings.29 and that has not been used in dental 
researches was adapted to our study. It is preffered due to 
the method is sensitive, fast, inexpensive, reproducible and 
easy-to-apply for determining the H₂O₂ concentration. 
During the removal of the relevant solution from the teeth, 
previous penetration studies were taken as a guide.10,30 The 
fact that this method has not been used in dental studies 
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before, causes limitations in comparison. Previous studies 
have shown that varying amounts of H2O2 penetrate to the 
pulp chamber after bleaching treatments.10,30 In in vitro 
studies, penetration amounts increased acording the 
application time increase.10,30 It has been reported that 
factors such as positive pulpal pressure, osmotic pressure 
of the gel, heat application and concentration of the gel are 
effective in the penetration of bleaching agents into the 
pulp chamber.10,13,30,31  In a study, it was found that the 
difference in penetration of bleaching agents with the same 
concentration was due to other components (eg: carbopol) 
rather than the amount of H2O2 in the gel.30 The results 
obtained showed that there was an increase in the amount 
of penetration as the time increased, but this was not 
related to the type of the agent. Penetration increases with 
increasing the fluorosis degree suggest that there is a 
relationship with enamel losses and the exposed dentin 
surface. Similarly, Hanks et al. (1993) suggested in their 
study that the amount of penetration was directly 
proportional to the exposed dentin surface and inversely 
proportional to the dentin thickness31 It has been suggested 
that pulpal circulation and positive pulpal pressure in vital 
teeth will create defense and the penetration values 
obtained in the laboratory environment cannot be valid in 
clinical conditions.9,10,13,21,31,32Within the limitation of this 
study, penetration values were significantly lower than the 
value  (1470 rnM)  to inhibit pulpal enzymes. Thus, it can be 
concluded that the used agents were safe to treat the 
fluorosed teeth with short term office bleaching. 

Evaluation of Clinical Findings 
While providing aesthetics in fluorosed teeth, it is 

necessary to use the least damaging treatment method. 
Threshold (neutral) pH value in enamel is 5.533 so 
Opalescence Xtra has acidic PH and Whiteness HP Maxx 
has basic PH. The agents used were similar to each other 
in terms of content and concentration, but different in 
preparation and pH. In this study, the effect of different 
pH values on the results could not be proven. In this study, 
it was aimed to reach the color taken from the healthy 
area of the patients fluorosed teeth, and the treatment 
was terminated in cases where the bleaching did not go 
further. In the light of these criteria, it was determined 
that the difference between the two agents at the same 
concentration was not significant, and it was an expected 
result that the number of sessions increased significantly 
as the degree of fluorosis increased.  

Although more sensitivity was reported in patients in 
the severe fluorosis group, no statistically significant 
relationship was found between the degree of fluorosis 
and sensitivity. Some studies have reported that 
sensitivity usually starts after the second session and does 
not exceed5,14,23 hours.34 It is thought that the sensitivity 
may be related to the dehydration of the enamel or to the 
amount of H2O2 penetrating the pulp.35 There are opinions 
that activation with light may also cause sensitivity by 
increasing the intrapulpal temperature.19 The view that 
high-concentration bleaching agents cause more and 
frequent sensitization has been disproved by studies.36 

Previous studies have examined the starting time and 

duration of sensitivity related to  home bleaching methods 
and have reported 11-93% of sensivity. They reported that 
the first sensitivity started at an average of 4.8 ± 4.1 days 
after the treatment and ended in 1-4 days.37,38 

It has been suggested that the sensitivity during 
bleaching treatments is not related to the open root or 
dentin surface, but the main reason is the H2O2 molecules 
penetrating the pulp, causing pulpal inflammation, 
affecting the sensory nerves and causing pain.38 As similar 
in our study the high sensitivity in the severe fluorosis 
group with enamel loss may be related to pulpal 
penetration. Studies evaluating tooth vitality during and 
after bleaching treatments have reported no difference in 
vitality values. 11,12 In our study, a significant difference in 
Electric Pulp Test (EPT) values in the severe fluorosis group 
was noted. The fact that the low pH agent group 
responded earlier to the electric pulp test suggests that 
this agent can reach the pulp more easily. Some studies 
have suggested that the experimental tooth may show a 
higher or lower vitality value than the opposing or 
contralateral tooth, which is the control tooth, and that it 
is difficult to obtain reproducible results in long-term 
studies of the same patient and suggested that vitality 
tests and histological findings do not support each 
other.39,40 Also ETB is a subjective method and factors such 
as abscess, degeneration, trauma, resorption, restoration 
and the pain threshold of the person can affecting the 
response. For this reason, it is recommended to use the 
electric pulp test only to determine whether the pulp is 
vital or not, and to use this method together with other 
diagnostic methods such as patient history, radiography 
and clinical examination in order to avoid any confusion in 
the diagnosis.40 The fact that different values are obtained 
during the treatment in the same tooth of the person may 
be due to the fact that personal pain perception and 
emotional state are effective factors for a subjective 
evaluation method such as electric pulp test. The variation 
of vitality values measured in control teeth over time, 
although no bleaching process was performed, supports 
our opinions. In the light of this, it is very difficult to 
interpret the pulp health with the graphics we obtained in 
the experimental teeth. Considering that the use of "laser 
doppler flowmetry", which measures blood flow velocity, 
will give healthier results, further studies can be planned.  

The fact that the histopathological findings showed 
that the used agents did not cause irreversible effects on 
the human pulp. Labratory findings demonstrated that 
peroxide penetration was associated with the level of 
fluorosis; however, it did not reach concentrations 
capable of inhibiting pulpal enzymes Clinically, 
radiographic examinations revealed a healthy pulpal and 
periapical appearance, similar to the baseline findings, 
and no loss of vitality was observed. Taken together, these 
results suggest that teeth with dental fluorosis ranging 
from mild to severe enamel loss can be successfully 
bleached using these two bleaching materials without 
harmful effects on the pulp or periodontium. 
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