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Introduction
The aim of vital pulp therapy is to treat reversible pulpal 
injuries in both permanent and primary teeth maintaining 
pulpal vitality and function. In addition, in primary teeth it 
is important to preserve the tooth until its natural exfoliation 
time, thus preserving arch integrity [1]. Pulpotomy is still the 
most common treatment for carious exposed pulp in symptom 
free primary molars [2]. Formocresol (Fc) has been a popular 
pulpotomy medicament in the primary dentition for the past 70 
years since its introduction by Sweet [3]. It is still considered 
the most universally taught and preferred pulp treatment for 
primary teeth [4-7]. Concerns have been raised over the use 
of Fc in humans mainly as a result of its toxicity and potential 
carcinogenicity [8,9]. Thus, it is no longer used in some 
countries as result of safety concerns [2]. The international 
agency for research on cancer classified formaldehyde as 
carcinogenic for humans in June 2004 leaving the profession 
to look for other alternatives to Fc [10]. On the other hand, 
several studies found no correlation between Fc and human 
carcinogenicity. The human body is physiologically equipped 
to handle Formaldehyde through multiple conversion pathways. 
Milnes [11] in his review aimed to examine more recent 
research about formaldehyde metabolism, pharmacokinetics, 
and carcinogenicity. These results indicated that formaldehyde 
is probably not a potent human carcinogen under low exposure 
conditions. Extrapolation of these research results to pediatric 
dentistry suggests an inconsequential risk associated with 
formaldehyde use in pediatric pulp therapy. Nevertheless, 
several studies have reported that the clinical success of Fc 
Pulpotomy decreases with time, and the histological response 
of the primary pulp is “capricious” ranging from chronic 

inflammation to necrosis [12]. Presently Pulpotec, a filling paste 
which contains polyoxymethylene, iodoform, dexamethasone 
acetate, formaldehyde, phenol, gaiacol and excipient, has been 
introduced to eliminate the risk of root canal infection. It can 
be used for simple, rapid, long term treatment of vital primary 
and permanent molars. The addition of pharmacological 
constituents ensures an aseptic treatment and induces 
cicatrization of the pulp stump at the chamber-canal interface 
whilst maintaining the structure of the underlying pulp. The 
composition of Pulpotec has been improved in a very large 
extent when compared to old Buckley’s formula and its 
formaldehyde content has been dropped by more than 50% in 
order to take into account the result of the toxicological studies 
conducted [13]. The synergetic action of other ingredients in 
the Pulpotec cement like dexamethasone, a potent synthetic 
member of the glucocorticoid class of steroid drugs has an 
anti-inflammatory and immunosuppressant property [14]. 
Phenol has anti-inflammatory, antiviral, antibacterial, and 
anti-carcinogenic properties [15]. Iodoform; a pale yellow, 
crystalline, volatile substance used as a disinfectant makes it 
more patient friendly [16]. As long as very few studies have 
been published on this material, there is lack of evidence to 
conclude if it is an appropriate substitute to Fc for pulpotomy 
in primary teeth. Therefore, the purpose of this study was to 
evaluate the pulpal inflammatory response to Pulpotec versus 
Formocresol on pulpotomized primary teeth in puppies.

Materials and Methods
Sample
The study was conducted on 24 primary molars of three 
Mongrel puppies between the ages of six to ten weeks.
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Materials
• Formocresol: Buckley’s Formula, 19% formaldehyde, 35% 
cresol, 17.5% gylcerine. (Sultan Chemists, NJ, USA).
• Pulpotec: powder (polyoxymethylene, Iodoform, excipient) 
and Liquid (Dexamethasone Acetate, Formaldehyde, Phenol, 
Gaiacol, excipient) (Swiss quality dental product).
• Ketamine hydrochloride(Parke -Davis India).
Methods
Adequate measures were taken to minimize pain or discomfort 
to the experimental puppies. Each dog was anesthetized with 
ketamine hydrochloride, using a dose of 50 mg/kg body 
weight. Injection was done by intramuscular administration. 
The crowns of the canines were cut horizontally at the middle 
third with a fissure bur at low speed. The pulps of the molars 
were exposed through an occlusal preparation made with a 
round bur at low speed. Normal saline was used as both an 
irrigant and coolant during the preparations. The mouth of 
each dog was divided into two halves; the teeth on the left 
half were treated using the Pulpotec while those on the right 
half were treated with the Formocresol [17].
Pulpotomy using Pulpotec: After the coronal pulp was 
removed with a slow speed round bur and a sharp excavator, 
homeostasis was achieved using moist sterile cotton pellets 
for 15-30 sec, the Pulpotec powder and liquid were mixed 
to obtain the required thick, creamy consistency of the paste 
(One scoop of powder; one drop of liquid). The paste was 
inserted into the pulp chamber.
Formocresol pulpotomy (control group): After the coronal 
pulp was removed with a slow-speed round bur and a sharp 
excavator, homeostasis was achieved using moist sterile 
cotton pellets for 15-30 sec, and then a five minute application 
of Buckley’s Formocresol with a moistened cotton pellet was 
done. The cotton pellet was removed of excess Formocresol 
by blotting it in a gauze square prior to placement over the 
pulp stumps. Reinforced zinc oxide eugenol was used to 
restore the teeth.

Postoperatively, the animals of the two groups were kept 
in the animal house, Faculty of Dentistry, Pharaos University. 
They were put on a balanced diet, which consisted of meat, 
milk, and bread with broth until the time of sacrifice. Puppies 
1, 2 and 3 were sacrificed after performing the pulpotomy at 
2, 4 and 6 weeks, respectively.

The portions of the jaws including pulpotomized teeth 
were carefully sectioned, washed in normal saline, and then 
fixed in 10% formalin for about three days. The specimens 
were then decalcified in 8% trichloroacetic acid, which was 
changed daily until complete decalcification took place. 
The specimens were then washed under running water for 
24 hours, dehydrated in ascending grades of ethyl alcohol, 
and embedded in Paraffin blocks. Tissue sections were cut at 
four microns thickness, stained with hematoxylin and eosin 
(H & E) and examined histologically by light microscope 
(Olympus, Japan).

Histological evaluation parameter followed those 
previously published by Sahara et al. [18].

Results
Formocresol group; 2 weeks after pulpotomy
Examination of this group showed moderate increase in the 
inflammatory infiltrate occupying the pulp core, with absence 

of the odontoblastic cell layer, cell free and cell rich zones. 
Areas of hydropic degeneration were also observed. Marked 
increase in the amount of fibrous tissue was noticed. The inner 
dentinal wall revealed resorption denoted by the presence of 
odontoclasts in Howship’s lacunae (Figure 1).
Formocresol group; 4 weeks after pulpotomy
Microscopic examination revealed an increased amount of 
fibrosis and severe inflammation compared to the previous 
group. Congestion of blood vessels was evident in the pulp 
core, accompanied by internal root resorption (Figure 2). 
Areas of complete destruction and absence of pulp tissue 
were also noticed in the pulp core (data not shown). Some 
specimens showed severe internal root resorption, resulting in 
loss of dentinal wall.
Formocresol group; 6 weeks after pulpotomy
Complete resorption of the apical third of the root was revealed 
in this group causing severe inflammatory cell infiltrate to 
extend into the periodontal ligament. Odontoclasts were seen 
bordering the pulp-periodontal ligament interface (Figure 3).
Pulpotec group; 2 weeks after pulpotomy
Examination of this group showed absence of normal pulp 
architecture with complete disorganization of odontoblastic 
layer. Areas of hydropic degeneration and enlarged lymphatic 
vessels were observed in the pulp core (data not shown). 
Increased amount of fibrous tissue as well as mild increase in 

Figure 1: Two weeks after Formocresol pulpotomy: Inner 
dentinal wall resorption, increased fibrous tissue, and moderate 
inflammatory cells infiltration (black arrow). Note odontoclasts in 
Howship’s lacunae (blue arrow) (H&E X400).

 

Figure 2: Four weeks after Formocresol pulpotomy: Areas of 
severe inflammatory cells infiltration, intermingling with increased 
fibrous tissue.  Note the capillary dilatation (blue arrow) and 
internal root resorption (black arrow). (H&E X400).
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inflammatory cellular infiltrate was also noticed in the mid-
portion of the root, becoming more intense at the apical region. 
Some specimens showed formation of calcified masses at the 
apical portion of the root (Figure 4).
Pulpotec group; 4 weeks after pulpotomy
Loss of normal pulp architecture was revealed in this group. 
There was a complete loss of odontoblastic layer, cell-free and 
cell-rich zones. The pulp core became completely occupied 
by moderate inflammatory infiltrate and fibrosis (Figure 5). 
Root resorption was noticed along the inner dentinal wall
Pulpotec group; 6 weeks after pulpotomy
Microscopic examination revealed extensive amount of 
fibrosis occupying the pulp core, multinucleated giant cells 
were identified. Marked dilatation in lymphatic vessels was 
also detected in some specimens. Areas of calcified tissue 
deposition were noticed along the resorbed inner dentinal 
wall (Figure 6).

Discussion
The guidelines of the American Academy of Pediatric Dentistry 

on pulp therapy for primary teeth stated that a pulpotomy is 
a procedure in which the coronal pulp is amputated and the 
remaining radicular tissue is treated with a medicament to 
preserve the pulp health [19]. Due to the superior fixative 
properties of formocresol and its bacteriostatic properties, 
it is still considered the gold standard in primary tooth pulp 
therapy [20]. Recently, the National Institute for Occupational 
Safety and Health in the United States and the Organization 
for Economic Cooperation and Development have stated 
that “formaldehyde is not likely to be a potent carcinogen 
to humans when used under low exposure conditions” [21]. 
Consequently, Pulpotec has been selected for this study as it 
contains formaldehyde at a very low concentration. This was 

Figure 3: Six weeks after Formocresol pulpotomy: Multiple 
odontoclasts bordering the periodontal ligament (arrows), while 
the adjacent pulp tissue reveals severe inflammation and fibrosis. 
(H&E x400).

 

 
Figure 5: Four weeks after pulpotomy with Pulpotec: Complete 
absence of odontoblastic layer, moderate inflammation in pulp 
core. Note internal root resorption of dentin walls (arrow). (H&E. 
X 40).

Figure 4: Two weeks after pulpotomy with Pulpotec: mild 
inflammatory cells infiltrateand marked fibrosis. Note the 
formation of calcified masses at the apical third of the root 
(arrow).  (H&E. X 100).

 
Figure 6: Six weeks after Pulpotec pulpotomy: Deposition of 
calcified masses at certain resorption sites (blue arrow). Note 
the presence of multinucleated giant cell adjacent to the resorbed 
area (black arrow) (H&E X 40).
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an observational study to evaluate the pulpal inflammatory 
response of pulpotec versus Fc on pulpotomized primary 
teeth in puppies.

In this study, application of Fc at pulpotomy sites led 
to pulp inflammation that varied from moderate to severe, 
hydropic degeneration, increased fibrosis, capillary dilatation, 
disruption of odontoblastic layer and internal root resorption. 
These results were also noticed when using the Pulpotec at 
pulpotomy site with the detection of calcified tissues adjacent 
to the sites of resorption.

Increased fibrous tissue occupying the pulp core and 
dilatation of blood vessels were found in Fc group four weeks 
following pulpotomy. This may be due to the irritating effect 
of formaldehyde as it diffused down into the radicular portion 
of the pulp. This is in accordance with Sant’Anna et al. 
[22] who mentioned that Fc promoted coagulation necrosis, 
inflammatory process with mononuclear cells and dilatation 
of the vessels. Increased inflammatory response was detected 
especially in the mid and apical portion of the root. Indeed 
the presence of oedematous zones denoting hydropic 
degeneration occurred as a result of severe inflammation. 
These findings are comparable to those obtained by El- 
Meligy et al. [17] and Yorgancilar et al. [23] who stated 
that application of Fc resulted in infiltration of lympho-
mononuclear cells within connective tissues, thus it can 
modulate immune and inflammatory responses in dental pulp. 
Complete loss of normal arrangement of the pulp zones and 
disruption of odontoblastic layer was detected along most of 
the root length. Similar results were reported by Srinivasan 
and Javanthi [24] who mentioned that in Fc pulpotomized 
teeth, the odontoblastic layer was not intact throughout the 
dentin-pulp complex. This could be linked to the cytotoxicity 
and mutagenicity of formaldehyde as stated by Lewis [25].
Concerning Pulpotec, Areas of hydropic degeneration, 
disruption of odontoblastic layer and loss of pulp architecture 
in addition.

n of mild to moderate inflammation were observed in 
the second and fourth weeks following pulpotomy. This 
is in accordance with Khattab et al. [26] who mentioned 
that pulpotomy using Pulpotec resulted in destruction of 
odontoblastic cell layer, chronic inflammatory infiltrate and 
pulp necrosis. This also goes in line with Kakarla et al. [27] 

who found diffuse chronic inflammatory cells after 1 week 
interval and obliteration of odontoblastic layer along dentinal 
surface.

Internal root resorption has been observed in Fc group two 
and four weeks after pulpotomy. This resorption appeared 
in an extensive form in the six weeks group resulting in 
pulp-periodontal ligament continuity in some specimens. 
These changes could be linked to chronic inflammation 
caused by bacterial invasion followed by application of 
Fc. Similarly, Toomarian et al. [28] stated that increased 
number of odontoclasts, sites of internal resorption, and 
other criteria observed with Formocresol group support the 
idea that Formocresol is a stimulating material with poor 
biocompatibility features. Furthermore, Maria et al. [29] 
mentioned that both bacterial infection and the contributing 
irritating effect of formaldehyde lead to death of odontoblasts 
and subsequent internal resorption. On the other hand, the 
internal root resorption was detected four and six weeks 
after application of Pulpotec. This may be attributed to pulp 
inflammation which can initiate internal inflammatory root 
resorption, as stated by Haapasalo and Endal [30]. Also, some 
specimens of the Pulpotec group revealed the deposition 
of calcified masses within the pulp two weeks following 
pulpotomy. This is considered as degenerative changes 
affecting inflamed pulp. Six weeks following the application 
of Pulpotec, deposition of a layer of calcified tissue over 
the site of inner root resorption was observed. This may be 
due to the activity of odontoblast-like cells arising from the 
undifferentiated mesenchymal cells of the pulp, depositing 
dentin-like material. 

From the present study, we can conclude that there was 
no noticeable difference between the degenerative effects of 
both materials on the pulp tissue. At the same time, with the 
administration of Pulpotec, there was a deposition of calcified 
material on the site of internal root resorption, 6 weeks after 
pulpotomy. This could be considered as an initiation of a pulp 
healing process. The long term effect of Pulpotec on pulp 
healing process should be investigated. 
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