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Abstract 

Tooth discolorations are multifactorial dental diseases caused by external and internal 

factors. 

Whitening/bleaching of vital teeth is carried out by different methods, thus the strength 

of the bleaching agent, hydrogen peroxide or carbamide peroxide, may range from 10%-40%. 

The basic reaction of bleaching is the chemical process of oxidation, which leads to penetration 

of oxygen molecules through the enamel and dentin. This reaction also raises the question of 

what happens to the dental pulp as the most important tissue in the teeth. Therefore, we 

performed histological analysis of the pulp, after applying 35% hydrogen peroxide for chemical 

and laser teeth whitening at different time intervals. The changes in the pulp were more 

pronounced with laser bleaching especially within 30 seconds of laser whitening. Among the 

alterations of the pulp tissue, dilatation of blood vessels was observed, as well as disruption in 

the sequence of the odontoblastic layer. 
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Introduction 

The American Dental Association (ADA) divides whitening agents into two large 

groups: whitening agents for vital teeth and whitening agents for non-vital endodontically 

treated teeth. Among these, the tetracycline teeth are the most complex one for whitening. 

Many authors in their studies have indicated the strong relationship between tetracycline and 

calcium in the hydroxy apatite in enamel and dentin. Consequently, great persistence is 

required by both, the patient and the dentist. Penetration of bleaching agents through enamel 

and dentin raises the question of what happens to the pulp tissue.  

Similar type of analysis was also performed by Cintra LTA et al.[1], showing the 

changes in the pulp that had led to hemorrhage. Additionally, Marin PD et al.[2] observed 

hemolysis and hemorrhage in a similar experiences. Costa CA[3] detected an irreversible pulpal 

reaction after performed bleaching. On the contrary, Soares DG et al.[4,] presented a reduced 
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pulp reaction after whitening. Later in 2015, the same author stated that after whitening, 

odontoblasts quickly restore the structure of the pulp. By examinating the pulp cells and the 

action of 37% hydrogen peroxide, Soares DG et al,also showed a reduction of the odontoblasts 

and their differentiation in a period of 7 days after which the pulp returned to normal [5]. 

Contrary to this, Wu TT et al., [6] believe that a reduced concentration of hydrogen peroxide is 

cytotoxic and causes dental pulp cells apoptosis.  

We, therefore, made a histological analysis to accurately see the state of the pulp after 

using a bleaching agent and chemical or laser whitening.  

The aim of the study was to see histological and cellular changes in the dental pulp 

during the chemical and laser bleaching of the tooth. 

 

Material and methods 

All teeth used for this study were extracted for orthodontic reasons, were 

supernumerary teeth, or permanent molars with indication for extraction as well as teeth 

required for extraction for prosthetic reasons.  

Three (3) experimental groups of teeth were analyzed. 

The first group of teeth, without any treatment, was the control group.  

The teeth that were bleached chemically for 15 and 30 minutes, represented the second 

experimental group, while the third group of teeth consisted of teeth treated with bleaching 

agent and laser energy, exposed for a period of time of 15 and 30 seconds. 

As a laser, the Fotona Fidelis 3 laser was used with a strength of 6 Hz and 8W in 

duration of 15 and 30 seconds.  

Each of these teeth, except the control group, were treated with Opalescence Boost 

whitening agent, containing hydrogen peroxyde.  

After the performed bleaching, the teeth were well cleaned and trepanned, preserving 

the coronal pulp in the crown of the tooth and apically, they were cut to the physiological apical 

foramen. 

Histological analyses of possible changes in the pulp tissue were made on formalin 

fixed paraffin embedded tissue (FFPE). 

The samples prepared in this way were placed in buffered 10% formalin, which would 

penetrate inside the pulp and harden (fix) it, so that we could remove the pulp more easily from 

the tooth. Formalin is the most widely used fixative in histological techniques because it has 

such an ability to preserve the shape and structure of the examined material, and at the same 

time ensures its good staining. The pulp had to remain in formalin for up to 72 hours. 

After this, the teeth were well dried and ready for careful removal of the pulp tissue. 

Each specimen was carefully cut so as not to damage the pulp, and using a sharp excavator and 

a plastic instrument the pulp was removed from the tooth (Figure1) and placed back in formalin 

(Figure 2). 

Prior to histological analysis of  the dental pulp samples, was performed application of  

the paraffin technique - molding in paraffin, than cutting the samples with a thickness of 4 um, 

placing the samples on glass slides, deparaffinization and hydration. 

Hematoxylin-eosin and Masson trichrome histological staining methods were used for 

all groups of teeth. 
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Fig. 1. Fixation of the pulp in formalin after chemical and laser bleaching at 15 and 30 min. 

 

 

 
Fig. 2. Specimen with the extracted pulp 

 

 

Results 

Dental pulp - control group 

The results of histological analysis of tooth preparations obtained from the dental pulp 

of the control group are as follows: 

Pulp represented by dense connective tissue was observed in the root canal of the tooth, 

that is, the presence of bundles of parallel laid collagen fibers with a moderate presence of 

cellular elements. Fibroblasts and fibrocytes prevailed the cellular elements. In the central parts 

of the pulp of the root canal, axially placed larger blood vessels were observed. 

The layer of densely laid odontoblasts was visible on the surface of the pulp, while 

immediately below it was the acellular  (Weil ) zone (Figure 3). 
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Fig. 3. Control group: dental pulp and odontoblasts layer, Masson,10 x 40 

 

Dental pulp – chemical teeth bleaching group (for 15 and 30 minutes) 

The morphological characteristics of the structural components of the dental pulp 

obtained after the chemical treatment of the teeth for 15 and 30 minutes were very similar, 

which is why the qualitative histological analysis for these two groups will be presented 

together. 

 Histological analysis of dental pulp in chemically treated teeth showed moderate 

changes in the ratio of representation of collagen fibers and amorphous matter from the 

intercellular matrix in favor of collagen fibers. 

This phenomenon of increased collagen fiber density was observed in both root canal 

pulp and coronary pulp (increased collagen fiber density is commonly associated with 

accelerated tissue aging) (Figure 4 and 5). 

 

 
Fig. 4. Chemical teeth bleaching group: structure of the pulp 

 in the root canal. Increased collagen fiber density, Masson 10 x 20 
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Fig. 5. Chemical teeth bleaching group: structure of the pulp 

 in the coronary part, Hematoxylin-eosin, 10 X 40 

 

The odontoblast layer was almost completely intact as seen in Figure 6. 

The vascularization of the pulp both in the root canal and in the coronary part showed 

no particular changes in relation to the control group, meaning that the representation and 

structure of the blood vessels fully corresponded to the histological findings in the control 

group (figure 7). 

The morphology of the odontoblasts also showed no significant differences compared 

to the odontoblasts in the control group. 

The only difference is that after the chemical treatment of the tooth, small changes were 

observed in terms of the appearance of small defects in the continuity of the odontoblastic layer. 

  

 
Fig. 6. Chemical teeth bleaching group: odontoblasts layer after chemical whitening of the 

tooth for 30 minutes, Masson,10 x 40 
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Fig. 7. Chemical teeth bleaching group: after chemical whitening 

of the tooth for 30 minutes, Masson,10 x 40 

 

Dental pulp – laser teeth whitening  group (in duration of 15 seconds) 

Histological analysis of the structural components of the connective tissue from the 

dental pulp after laser teeth whitening for 15 seconds showed an increase in the density of the 

connective tissue in all parts of the dental pulp. A particular increase in the density of collagen 

fibers was observed in the pulp of the root canal and a markedly increased density of collagen 

fibers in the upper half of the coronary pulp (a phenomenon that was not registered in the pulp 

after chemical teeth whitening). 

The vascular network of the dental pulp showed certain deviations from the 

morphological characteristics of the vascular network of the pulp in the control group. Namely, 

in the pulp of the root canal, dilatation was noticed of the wall of the larger blood vessels 

passing through it axially (Figure 8). Also, stressed capillary network in its peripheral zone 

located under the odontoblastic layer of cells could be noticed (Figure 9). 

    

 
Fig.8. Laser teeth whitening  group: dilated blood vessels after 15 seconds laser whitening 

 in the root canal pulp, Hematoxylin-eosin, 10 X 20 
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Fig. 9. Laser teeth whitening  group: bleeding after 15 seconds of laser whitening.  

Hematoxylin-eosin, 10 X 40 

 

Extravasation of blood elements could be observed in certain zones of the dental pulp. 

This phenomenon (as well as dilated capillary blood vessels) is especially often noticed in the 

superficial layers of the coronary pulp below the layer of odontoblasts. 

The presence of blood cell elements could also be observed between the odontoblasts. 

In certain places, and in the superficial parts of the dental pulp, a break in the continuity of the 

blood vessel wall and the appearance of bleeding could be clearly observed. 

The layer of odontoblasts along the surface did not show marked changes compared to 

that in the control group. The only changes that could be observed were in the odontoblasts 

located above the bleeding zones and consisted of a break in the continuity of the odontoblast 

layer, or appearance of moderate destructive changes in the odontoblasts. 

 

Dental pulp – laser teeth whitening group (in duration of 30 seconds) 

Histological analysis of the structural components of the dental pulp after laser teeth 

whitening for 30 seconds showed pulp tissue changes that were completely identical to the 

morphological changes of the pulp after laser teeth treatment for 15 seconds. Thus, only those 

histological changes that were not observed in the previously analyzed group would be 

mentioned here (Figure 10). 

 
Fig. 10. Laser teeth whitening group: pulp after 30-second laser tooth whitening  

(structure of the pulp in the root canal), Masson,10 x 40 
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Fig. 11. Laser teeth whitening group: separation of odontoblasts after 30-second laser tooth 

whitening. Masson,10 x 40 

 

 

In addition to bleeding in the coronary pulp, after longer laser treatment bleeding in the 

deeper, axial parts of the root pulp was also observed. 

Histological analysis of the odontoblastic layer showed separation of the odontoblasts 

from each other (with the loss of contacts between their lateral surfaces) or their separation 

from the basal surface (the underlying layer of the pulp) (Figure 11). 

 

Discussion 

According to histological analyses performed on extracted non-carious teeth after 

chemical or laser whitening, we can expect onset of pulp tissue changes like hyperemia, 

vasodilatation, changes in the odontoblasts. 

The samples obtained from the control group of extracted healthy teeth clearly whitout 

any bleaching treatment, showed the presence of cellular elements, such as fibroblasts, 

fibrocytes, large blood vessels, as well as odontoblasts. Below them, the Weil's zone was 

clearly visible. 

Compared to this group, the second group of teeth treated chemically for 15 and 30 

minutes showed no difference, except for the density of collagen fibers which was higher in 

both, the coronal and radix part of the pulp. 

The third group treated with bleach and laser for 15 and 30 seconds pointed out a larger 

difference in their pulp structure, mostly in the teeth treated for 30 seconds. We can say that 

the differences consisted in the separation of the odontoblasts and their separation from the 

basal surface, as well as heavy bleeding in the coronal part of the pulp. Dilatation of larger 

blood vessels, extravasation of blood elements and an increase in the density of collagen fibers 

were also observed. 

Histological results similar to ours were also obtained by Soares DG et al. [5],  Hanks 

CT  et al[7], Cohen SC [8], Costa C et al.[9], Baik JW et al.[10], White JM[11], Sulieman M.[12], 

Sulieman M et  al. [13],  Michida CM et al. [14], Nathanson D[15], Fugaro  JO et al.[16], Gerlach 

RW and Zhou X[17], Kwon SR et al.[18], Llena C et al. [19]. 

These numerous studies are in agreement with our results, although some of them 

obtained their first results by examining only one part of the pulp – the root or coronary. They, 

however, arrived to the same results. 

 

Conclusion 

A histological analysis of the pulp tissue obtained from teeth treated with bleaching 

agent and chemical or laser method whitening has shown that changes-alterations including 

hyperemia, vasodilatation as well as partially disturbed odontoblast’s layer were more 
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pronounced when using the bleaching agent and laser than only bleaching agent for chemical 

whitening. 
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