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Abstract

Introduction: The aim of this study was to evaluate the rat 
subcutaneous tissue response to implanted polyethylene 
tubes filled with Modified Portland Cement (CPM®) (Egeo 
S.R.L., Buenos Aires, Argentina) compared with Angelus 
MTA® (Angelus, Londrina, Brazil). Methods: These mate-
rials were placed in polyethylene tubes and implanted into 
dorsal connective tissue of Wistar rats for 7, 15, 30, 60, and 
90 days. The specimens were prepared and stained with 
hematoxylin and eosin or Von Kossa or not stained for po-
larized light. Qualitative and quantitative evaluations of the 

reaction were performed. Results: Both materials caused 
moderate reactions at 7 days that decreased with time. An-
gelus MTA® caused mild reactions at 15 days that decreased 
with time. The response was similar to the control on 30, 60 
and 90 days with CPM® and Angelus MTA®. Mineralization 
and birefringent to the polarized light granulations were ob-
served with both materials. Conclusions: It was possible to 
conclude that CPM® and Angelus MTA® were biocompat-
ible in the rat model, and that they stimulated mineralization.
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Introduction
Endodontic repair materials should adhere to tooth 

structure, maintain a sufficient seal, be insoluble in tis-
sue fluids, dimensionally stable, non-resorbable, radi-
opaque, and exhibit biocompatibility if not bioactivity. 
A number of materials have historically been used in 
apical surgeries and perforation but none has been able 
to satisfy the total requirements of an ideal material.1

Mineral trioxide aggregate (MTA) is a biomaterial that 
has been investigated for endodontic applications since 
the early 1990`s and was first described in the dental sci-
entific literature in 1993.2 It received approval for end-
odontic use by the U.S. Food and Drug Administration in 
1998.3 Studies have shown that MTA promotes favorable 
tissue reactions characterized by the absence of severe 
inflammatory responses, the presence of a fibrous cap-
sule, and the induction of mineralized repair tissue.4,5,6 
MTA has been used for both surgical and nonsurgical 
applications, such as root-end filling, perforation repair, 
direct pulp capping, and apexification.4-8 Compared with 
other filling materials, MTA has good sealing ability, su-
perior biocompatibility and antimicrobial activity.9-12

The MTA powder is mixed with sterile water and it 
is recommended that a moist cotton ball be temporarily 
placed in direct contact with the material and left until 
a follow-up appointment. Upon hydration, MTA mate-
rials form a colloidal gel that solidifies to a hard struc-
ture in approximately 3-4 h,1,13,14 with moisture from the 
surrounding tissues supposedly assisting the setting re-
action.5 Hydrated MTA products have an initial pH of 
10.2, which rises to 12.5 three hours after mixing.1,14,15 
The setting process is described as a hydration reaction 
of tricalcium silicate (3CaO.SiO

2
) and dicalcium silicate 

(2CaO.SiO
2
), which is the latter said to be responsible 

for the development of material strength.1,13 Although 
weaker than other materials used for similar purposes, 
MTA compressive strength has been reported to in-
crease in the presence of moisture for up to 21 days.1,14 
In 2001, the company Angelus Soluções Odontológicas 
introduced a MTA developed in Brazil, which is similar 
to the Modified Portland Cement. The powder also 
consists of fine hydrophilic particles that form a col-
loidal gel in presence of moisture, solidifying to form 
a hard sealer in one hour.16,18 The presence of calcium 
carbonate is the most significant difference, which has 
been reported to increase the release of calcium ions, 
but maintaining the sealability, adhesion, flow rate, 

and biocompatibility.19,20 Its package insert states that 
the chemical composition is similar to the MTA, ex-
cept for the addition of calcium carbonate to reduce 
the pH from 12.5 to 10.0 after setting and to restrict 
the surface necrosis in contact with the material.

Although CPM® apparently presents positive char-
acteristics, there is no study evaluating the reaction 
after its implantation. Thus, the aim of this study was 
to evaluate the tissue response of CPM® (Egeo S.R.L., 
Buenos Aires, Argentina), compared to Angelus MTA® 
(Angelus, Londrina, Brazil) in a rat model.

Material and methods
Thirty male 4- to 6-month-old Wistar albino rats, 

weighing 250 to 280 g, were used. The animals were 
housed in temperature-controlled rooms and received 
water and food ad libitum. The care of the animals was 
performed according to the Araçatuba Dental School/
UNESP ethical committee, which approved the project 
before the beginning of the experiments.

Sixty polyethylene tubes (Abbott Lab of Brazil, São 
Paulo, SP, Brazil) with 1.0-mm internal diameter, 1.6-
mm external diameter, and 10.0-mm length were filled 
with the tested materials. The Angelus MTA® and the 
CPM® were prepared according to the manufactur-
er’s recommendations and inserted into the tubes (30 
tubes for each material) with a Lentulo spiral (Maillefer 
Dentsply, Tulsa, USA). Thirty extra polyethylene tubes 
remained empty and were used as control.

The animals received antisepsis with 5% iodine so-
lution and then shaved under xylazine (10 mg/kg) and 
ketamine (25 mg/kg) anesthesia. The shaved backs re-
ceived a 2-cm incision in a head-to-tail orientation with 
a #15 Bard-Parker™ blade (Franklin Lakes, NJ). The 
skin was reflected, creating two pockets in one side of 
the incision, one in the cranial portion and other in the 
caudal portion distant 6 cm from each other, and an-
other pocket in the opposite side of the incision. The 
tubes were implanted into the spaces created with blunt 
dissection, and the skin was closed with 4/0 silk suture. 

After 7, 15, 30, 60, and 90 days from the implanta-
tion time, six animals were killed by overdose of anes-
thetic solution, and the tubes with surrounding tissues 
were removed and fixed in 10% buffered formalin at 
pH 7.0.21,22 The tubes were bisected transversely and 
both halves were cut again longitudinally with the use 
of a sharp blade.  This procedure was done to allow the 
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surfaces to be readily kept in contact with the process-
ing solutions. The specimens were processed for glycol 
methacrylate embedding, serially sectioned into 3-µm 
cuts, and stained with hematoxylin-eosin.23 The 10-µm 
cuts were stained according to the Von Kossa technique 
or remained without staining to be observed under polar-
ized light. The Von Kossa technique was used to observe 
mineralized structures in the tissue, which were dark 
stained. Polarized light technique allows the observation 
of birefringent structures related to calcium carbonate 
crystals generated from the combination of calcium ions 
from the material and carbonic gas from the tissue.24

Reactions in the tissue in contact with the material 
on the opening of the tube were scored according to 
previous studies22,25,26 as: 0= none or few inflammatory 
cells and no reaction; 1= less than 25 cells and mild 
reaction; 2= between 25 and 125 cells and moderate 
reaction; and 3= 125 or more cells and severe reaction. 
Fibrous capsules were considered to be thin when thick-
ness was <150 µm and thick at >150 µm. Necrosis and 
calcification were recorded as present or absent. The 
observer was blinded to treatment allocation. An aver-
age of the number of cells for each group was obtained 
from 10 separate areas. Results were statistically ana-
lyzed by analysis of variance (one-way ANOVA) and 
Kruskal-Wallis tests at 5% of significance.

Results
Angelus MTA®

On the 7th day, a moderate inflammatory cell infil-
tration was present in a fibrous capsule (Fig 1A). The 
intensity of the inflammation was reduced on days 15, 
30, 60, and 90 with a thin fibrous capsule near the tube 
and small number of inflammatory cells (Figs 1B, C and 
D). Granulations birefringent to polarized light and Von 
Kossa positive structures were observed near the tube 
opening (Figs 2A, B, C and D).

CPM
On days 7 and 15, a moderate inflammatory cell infil-

tration consisting of lymphocytes and macrophages was 
present in a fibrous capsule (Fig 1E). The intensity of the 
inflammation and the thickness of the fibrous capsule 
were reduced on day 30, similar to the control group 
(Fig 1F). On days 60 and 90, few chronic inflammatory 
cells were present in a thin fibrous capsule similar to the 
Angelus MTA® and the control group (Figs 1G and H).  

Granulations birefringent to polarized light and Von 
Kossa positive structures were observed in close con-
tact with the CPM® (Figs 2E, F, G and H). It was ob-
served that there was tissue growing into the tubes for 
many of the examined specimens.

Control (empty tubes)
On days 7 and 15, a moderate chronic inflamma-

tory cell infiltration consisting of lymphocytes and mac-
rophages was present in a fibrous capsule (Fig 1I). The 
fibrous capsule surrounding the tube was thin with few 
chronic inflammatory cells present at 30, 60, and 90 days 
(Figs 1J, K and L). The empty tubes were not positive 
to Von Kossa stain, and no birefringent structures were 
observed under the polarized light (Figs 2I, J, K and L).

Comparison among the groups
The data were compared in each period of time and 

are present in Table 1.

Day 7
There was no statistically significant difference among 

the scores of the different groups (median = score 2).

Day 15
There was a statistically difference (p<0.05) between 

inflammatory cell numbers with Angelus MTA® and the 
other groups (p<0.05). The median inflammatory cell 
score for MTA (median score = 1) was lower than the 
other groups (median score = 2) (p <0.05).

Days 30, 60 and 90
There was no statistically significant difference 

(p>0.05) among the scores of the different groups (me-
dian score = 1).

Discussion
The physical properties, sealing ability, biocompatibil-

ity, and clinical performance of MTA materials have been 
reported. MTA materials appear not only to demonstrate 
acceptable biocompatibility behavior but also exhibit 
acceptable in vivo biologic performance when used for 
root-end fillings, perforation repairs, pulp-capping and 
pulpotomy, and apexification treatment.27

The response to empty tubes in this study showed mi-
nor reactions in subcutaneous connective tissues, consis-
tent with results previously reported.22-26,28
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Figure 1. Angelus MTA: A) thick fibrous capsule and moderate inflammatory cell infiltration consisting of lymphocytes and macrophages (7 days, 

hematoxylin and eosin, 10x), and B-D) the fibrous capsule surrounding the tube was thin with few chronic inflammatory cells (30, 60, and 90 days, 

respectively; hematoxylin and eosin, 10x). CPM: E) thick fibrous capsule formation and moderate inflammatory cell infiltration (7 days, hematoxylin and 

eosin, 10x), and F-H) mild chronic inflammatory cell infiltration in a thin fibrous capsule (30, 60, and 90 days, respectively; hematoxylin and eosin, 10x). 

Control: I) moderate chronic inflammatory cell infiltration and thick fibrous capsule formation (7 days, hematoxylin and eosin, 10x), J-L) reduction in 

thickness of fibrous capsule and inflammatory cell near tube infiltration (30, 60, and 90 days, respectively; hematoxylin and eosin, 10x).

An adequate tissue repair was found in the connec-
tive tissue around the tubes containing Ângelus® MTA 
and it showed a mild chronic inflammatory response at 
30 days, characterized by organized connective tissue, 
with presence of some macrophages and inflamma-
tory multinuclear cells, similar to other studies.11,24,25,29 
In all periods of time, Von Kossa areas positive for 
calcium and structures birefringent to polarized light 
were observed for all specimen, which were similar to 
the results previously reported.24 It was possible to ob-
serve at 30 days that Ângelus® MTA also promoted a 
tissue response characterized by a fibrous capsule, a 
mild inflammatory infiltrate, in accordance with other 
studies.24,25 At 60 and 90 days, it was possible to notice 
a decrease of the inflammatory cells number and thick-
ness of fibrous capsule adjacent to the tube opening, 
similar to that described in the literature.24,25

Moreover, the results of the present study taken to-
gether with those previously reported corroborate with 
the promotion of dystrophic calcifications by MTA in 
contact with connective tissues. These calcifications can 
be originated from the calcium oxide present in MTA.24  

Table 1. Percentage of samples in each group classified accord-

ing to the index of inflammation, presence of necrosis and fibrous 

capsule thickness.

MATERIAL/ 
TIME

SCORE
Calcification

0 1  2 3

7 days

MTA 0 0 100 0 100

CPM 0 0 100 0 100

Control 0 0 100 0 0

15 days

MTA 0 100 0 0 100

CPM 0 0 100 0 100

Control 0 0 100 0 0

30 days

MTA 0 100 0 0 100

CPM 0 100 0 0 100

Control 0 100 0 0 0

60 days

MTA 0 100 0 0 100

CPM 0 100 0 0 100

Control 0 100 0 0 0

90 days

MTA 0 100 0 0 100

CPM 0 100 0 0 100

Control 0 100 0 0 0
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Figure 2. Angelus MTA: A and C) presence of dystrophic calcification on the tube opening (30 and 90 days, respectively; Von Kossa, 10x);  

B and D) presence of structures birefringent to polarized light (30 and 90 days, respectively; polarized light, 10x). CPM: E and G) presence of dystrophic 

calcification on the tube opening (30 and 90 days, respectively; Von Kossa, 10x); F and H) presence of structures birefringent to polarized light (30 and 90 days, 

respectively; polarized light, 10x). Control: I and K) absence of dystrophic calcification on the tube opening (30 and 90 days, respectively; Von Kossa, 10x); 

J and L) absence of structures birefringent to polarized light (30 and 90 days, respectively; polarized light, 10x).

This component, when in contact with water can be 
converted into calcium hydroxide and dissociated in 
Ca

2
+ and OH-. The diffusion of hydroxyl ions from the 

root canal raises the pH at the surface of root adjacent to 
the periodontal tissues, thereby possibly interfering with 
osteoclastic activity, and promotes an alkalinization in 
the adjacent tissues favoring the healing process.30 Cal-
cium ions are important due to their participation in the 
activation of calcium-dependant adenosine triphospha-
tase.31 Calcium reacts with carbonic gas to form calcium 
carbonate crystals (birefringent to polarized light), which 
serve as a nucleus for calcification, and favors miner-
alization.31 A rich extra-cellular fibronectin network in 
close contact with these crystals strongly support the 
role of calcite crystals and fibronectin as an initiating 
step in the formation of a hard tissue.31 Calcium is also 
needed for cell migration and differentiation.32

According to the manufacturer, CPM® has similar 
properties compared to MTA and the same clinical in-
dications.2 In this study, the results observed with CPM® 
were similar to the control and MTA groups, showing a 
moderate chronic inflammatory response in the initial 

periods that reduced with time. Positive Von Kossa 
areas and structures birefringent under polarized light 
were also observed showing that this material stimulat-
ed the formation of mineralized tissue in subcutaneous 
tissue of rats similarly to that observed with MTA.24 Al-
though the manufacturer stated that calcium carbonate 
had been added to the material to reduce the pH from 
12.5 to 10.0, it was not observed changes in the biologi-
cal behavior of CPM® when compared to the MTA. 

An interesting fact observed with CPM® was the tis-
sue ingrown into the tube for many of the specimens 
examined, that showed a high solubility of the mate-
rial. A material with high solubility is not suitable for the 
endodontic use since it may not promote an adequate 
sealing, thereby increasing the probability of failure in 
endodontic treatment. Previous results showed poorer 
sealability of CPM® in comparison to Angelus MTA® 
when used as apical plug.16

In conclusion, the tissue reactions observed with 
CPM® were similar to those observed and reported for 
Angelus MTA®. Other studies are necessary to better 
analyze the behavior of this material.
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