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An important desirable effect of endodontic therapy is to induce the repair of periradicular tissues and to
stimulate the cementogenesis. Endodontic perforations interfere with these goals, therefore, the discovery
of an ideal material for perforations repair, with high biocompatibility, has become a necessity. The study is
based on the comparative analysis of the biochemical profile of the animals implanted with three materials
used in endodontics, at 7, 30 and 60 days after intervention, for Ca, P and Mg evaluation.
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After sealing the endodontic space, the filling material
comes into direct contact with the periapical connective
tissue. The chemical composition of the material used for
the filling can positively or negatively influence the outcome
of the root canal treatment [1-5]. Therefore, the material
used must be inert, non-irritating and as compatible as
possible with the periradicular tissues [6-9].

Endodontic perforations interfere with these goals due
to the damage caused for the periodontal ligament and for
the whole dental support system, by subsequent bacterial
proliferation [10-16]. The discovery of an ideal material for
perforations repair that meets as many qualities, has
become a challenge that must be based on real research,
Friente]d on motivation and scientifically based arguments

17-21].

The biological compatibility of the root sealant is of key
importance, because in clinical conditions such materials
are placed in contact with vital tissues and tissue response
to these materials can influence the outcome of the
endodontic treatment [22].

In this context, specific stomatognathic system
homeostasis is achieved by the morphological,
biochemichal and functional equilibrium between its
components [23], due to the specific mechanisms of
reaction and adaptation [24, 25].

The specific objectives of this research were to analyze
the biochemical profile of the animals implanted with three
materials used in endodontics, at 7, 30 and 60 days after
intervention, for Ca, P and Mg, reported at surgery, initial
biochemical parameters in all analyzed cases
corresponding to these materials [26-27].

Experimental part

The experimental procedures performed in this study
were performed according to the protocol reviewed and
approved by the Ethical Committee on Animal Research of
the Faculty of Veterinary Medicine “lon lonescu de la Brad”
lasi, in accordance with international principles of

biomedical research on experimental animals and with
the Ministry of Education, Research and Innovation.

The biomaterials used in the study were:

- MTA (Mineral Trioxide Aggregate, Dentsply, Tulsa
Dental), highly effective antibacterial material, alkaline,
consisting of calcium hydroxide - Ca(OH),, bismuth oxide
- Bi,0,, calcium sulfate - CaSO,, tricalcium silicate -
(Ca6)3~SiO , dicalcium silicate - tCaO)2Si02, tricalcium
aluminate 2(CaO) ALO,; '

- Sealapex (Kerr, 3Switzerland) - used to seal the
endodontic space, with the following chemical
composition: barium sulfate - BaSO,, titanium dioxide,
TiO,, zinc oxide- ZnO, calcium hydroxide - Ca(OH),,
butylbenzene - C H ,, sulfonamide - CHN,O,S, zinc
stearate - ZnC sH 084;

- DiaRoot lflo.&ggre ate (Innovative BioCaramix Inc.,
Vancouver, BC, Canada% - material similar in structure to
MTA further comprising ceramic nanoparticles. It has
proven antiseptic proprieties, simultaneously stimulating
the cementogenesis. The chemical composition is as
follows: calcium silicate - CaSiO,, calcium hydroxide -
Ca(OH),, hydroxyapatite -Ca,(OH)(PO,),, tantalum oxide
-Ta,0..

I order to assess the comparative response of living
tissues to these biomaterials, we used 19 rabbits bred
Belgian giant 4 months of age who were implanted into
the subcutaneous connective tissue, close to the bone,
polyethylene tubes of the same diameter and length,
containing biomaterials used. They formed three groups
of 6 rabbits each, to test each biomaterial, a rabbit was
used as a negative control.

Preoperative blood samples were taken, aiming to
assess the dynamic variation of bone formation parameters
for each animal. The values for Ca, P and Mg were
measured and a comparative analysis was done, based
on the biochemical profile of implanted animals at 7, 30
and 60 days after surgery.
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Rabbit Control Implanted material
No. rabbit
Ca P Mg Sealapex MTA BioAggregate
Ca P Mg Ca P Mg Ca P Mg Table 1
7 | P | P S s ar a0 [eas [aes ave [s7i[zer| VALUES OF CaRMg,7DAVSAFTER
3 435 | 519 | 283 | 482 | 567 | 245 | 478 | 583 | 2.78 SURGERY (mg/dL)
4 4.28 532 | 285 | 495 | 563 | 286 | 498 | 532 | 267
5 4.34 517 1290 | 484 | 667 | 255 | 486 | 553 | 274
6 4.20 530 | 287 | 490 | 531 | 242 | 495 | 545 | 269
Rabbit Control Implanted material
No. rabbit
Ca P Mg Sealapex MTA BioAggregate
Ca P Mg Ca P Mg Ca P Mg
1 469 | 535 | 281 | 498 | 554 | 2.90 | 524 | 6.03 | 324 | 543 | 598 | 2.97 Table 2
g 467 565 | 297 | 512 | 612 | 319 | 524 | 6.03 | 2.89 VALUES OF Ca, P, Mg, 30 DAYS AFTER
4.49 567 | 3.01 | 530 | 598 | 329 | 538 | 6.12 | 2.92
4 4.68 561 | 317 | 535 | 619 | 3.08 | 534 | 599 | 2.96 SURGERY (mg/dL)
s 4.78 496 | 297 | 538 | 596 | 3.05 | 496 | 6.07 | 2.75
6 4.56 502 | 312 | 510 | 617 | 315 | 511 | 597 | 2.79
Rabbi Control implanted material
tnr. rabbit
Ca P Mg lap MTA BioAggregate
Ca P | Mg Ca (d Mg Ca P Mg |
1 469 | 535 281 | 472 | 533 | 2.88 478 537 2.90 4.70 | 529 | 2.79
2 420 | 528 | 2.77 4.70 5.29 2.85 472 | 532 | 2.84 Table 3
3 436 | 524 | 275 | 488 | 565 | 250 | 475 | 638 | 2.70 VALUES OF Ca, B Mg, 60 DAYS AFTER
4 431 | 529 | 299 4.92 5.61 2.83 468 | 536 | 2.65 SURGERY (mg/dL)
5 455 | 531 | 2.89 4.83 5.41 2.78 4.71 | 549 | 2.88
8 462 | 533 | 2.87 4.75 5.39 2.68 472 | 837 1 279
Postoperative Ca values
Implanted | Evaluation | Average Average Std dev. | Std er. | Min | Max | Median
material moment Ca -95% | +95%
Sealapex 7 days 44 4.1 46 0.2 0.1 42 (48 4.3 Table 4
Sealapex 30 days 4.7 44 5.0 0.2 0.1 45 |50 4.7
Sealapex 60 days 45 1.0 [80 0.4 0.3 42 (48 |45 STATISTICAL INDICATORS OF Ca IN THE
MTA 7 days 4.8 47 |49 0.1 0.0 47 |50 4.3 STUDY GROUP BASED ON
MTA 30 days 5.3 52 55 0.1 0.0 52 (54 5.
MTA 60 days 4.7 4.2 52 0.1 0.0 47 148 4.7 THE BIOMATERIAL USED AND THE
BioAggregate | 7 days 49 48 |50 |01 0.0 48 |50 |49 TIME OF DETERMINATION
BioAggregate | 30 days 5.3 5.1 54 0.1 0.0 51 |54 5.3
BioAggregate | 60 days 4.7 4.6 4.8 0.0 0.0 47 147 4.7
control 4.7 0.0 47 |47 47
£e
Table 5

TEST FOR Ca COMPARISON ACCORDING TO THE
TIME OF ASSESSMENT AND MATERIAL USED

Ca F (95% interval of confidence) p

ANOVA Test 19.44374 0.000000

Results and disscusions

The analysis shows the following biochemical profile of
implanted animals 7, 30 and 60 days after the operation,
for Ca, P and Mg, based on the starting time of operation
and the biochemical parameters in all the cases analyzed,
corresponding to the three materials (table 1, 2 and 3).

In analyzing the biochemical profile of implanted
animals at intervals set at 7 days, 30 days and 60 days
after surgery, it was found an increase in calcium values
reported within 7 days after operation, values which
gradually increased up to 30 days and reached significantly
higher levels than the control group. After 30 days,
postoperative calcium levels decreased significantly,
reaching values comparable to those of the control group.
The measurement results confirm the effectiveness of
treatment in all the three materials used (fig. 1, table 5).

A detailed analysis of calcium values evolution for each
biomaterial used in this study was made to highlight
changes in the dynamic Ca values, for SEALAPEX (fig. 2,
table 6), for MTA (fig. 3, table 7), for BioAggregate (fig. 4,
table 8). In conclusion, it is noted that all materials used,
after 30 days, decreased significantly, reaching values at
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= 6O days

Seaslscex RITA BicAggregate wntec!

Ihe material used in the endodontic treatment
Fig. 1. Statistical indicators of Ca values depending on
time of assessment and material used

60 days without significant differences from control
specimen (fig. 4, table 8).

The P values show significant differences depending
both on the biomaterial used and on the time of evaluation.
The highest values were recorded for BioAgreggate,
followed in descending order by the P values obtained
when using the MTA, and the lowest values were recorded
for P when Seaplex was used. The same situation was
also found for Ca values.

For MTA and BioAggregate , baseline P values are higher
than the control group and than the group where Sealapex
was used. These values are increasing significantly after
30 days, and then normalize, reaching levels comparable
to those of the control group (fig. 5, table 10).
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Fig. 2. Statistical indicators of Ca values depending on time
of assessment for SEALAPEX
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Fig. 3. Statistical indicators of Ca values depending on time
of assessment for MTA
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Fig. 4. Statistical indicators based on time of assessment for

Table 6
TEST FOR Ca COMPARISON ACCORDING TO THE
TIME OF THE ASSESSMENT, FOR SEALAPEX

Ca - SEALAPEX F (95% interval of confidence) 1]
ANOVA Test 2.790773 0.056299
Table 7

TEST FOR Ca COMPARISON ACCORDING TO THE TIME OF THE
ASSESSMEN, T FOR MTA

Ca - MTA F (95% interval of confidence) p
Testul ANOVA 6.162503 0.001988
2 a
a2
8p3 8
29 /
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Fig. 5. Statistical indicators of P according to
time of the assessment and material used
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Fig. 6. Statistical indicators of P values depending on time
of assessment for SEALAPEX

BioAggregate
Table 8
Ca — BioAggregate F (959% interval of confidence) P TEST FOR Ca COMPARISON ACCORDING TO THE TIME OF
Testul ANOVA 5.537506 0.003537 ASSESSMENT, FOR BIOAGGREGATE
Postoperative P values (table 9)
Implanted  Evaluation Average Average Stddev. Stder. Min Max Median
material moment Ca -95% +95% Table 9
Sealapex 7 days 2.9 2.8 29 0.0 00 28 29 29 STATISTICAL INDICATORS OF P IN THE
Sealapex 30 days R e 2 STUDY GROUP ACCORDING TO THE
Sealapex 60 days 2.8 2.1 3.5 . . . . .
MTA 7 days 26 24 28 02 0.1 24 29 26 BIOMATERIAL USED AND THE TIME OF
MTA 30 days 2.9 2.9 3.0 0.0 00 29 3.0 29 DETERMINATION
MTA 60 days 2.9 2.6 3.2 0.0 0.0 2.9 29 2.9
BioAggregate 7 days 2.7 2.7 2.8 0.1 0.0 2.7 2.8 2.7
BioAggregate 30 days 3.2 3.1 3.3 0.1 0.0 3.1 3.3 3.2
BioAggregate 60 days 2.8 2.5 3.1 0.0 0.0 28 28 2.8
control 2.8 0.0 2.8 2.8 2.8
Table 10
P F (95% interval of confidence) P TEST FOR P VALUES COMPARISON ACCORDING TO THE
Testul ANOVA 25.09959 0.000000 TIME OF EVALUATION AND MATERIAL USED
248 http://www.revmaterialeplastice.ro MATERIALE PLASTICE o 51¢ No.3 & 2014



Table 11
TEST FOR P VALUES COMPARISON

P -SEALAPEX F (95% interval of confidence) p
Testul ANOVA 8.514595 0.000267 DEPENDING ON THE TIME OF , FOR SEALAPEX
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Fig. 7. Statistical indicators of P values depending on the time
of evaluation for MTA Fig. 9. Statistical indicators of Mg values depending on
time of assessment and material used
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Fig.8. Statistical indicators of P values depending on the time Fig.10. Statistical indicators of Mg values depending
of evaluation for BioAggregate on time of assessment for SEALAPEX
— Table 12
P - MI4 F (95% interval of confidence) P TEST FOR P VALUES COMPARISON
Testul ANOVA 5779778 0.002823 DEPENDING ON THE TIME OF ASSESSMENT, FOR MTA
Table 13
P - BioAggregate F (95% interval of confidence) p TEST FOR P VALUES COMPARISON
Testul ANOVA 5.502730 0.003654 DEPENDING ON THE TIME OF ASSESSMENT, FOR BIOAGGREGATE
Postoperative Mg values

Implanted | Evaluation | Average Average Std dev. | Std er. | Min | Max | Median
material moment Ca  |-95% | +95%
Sealapex 7 days 2.9 28 | 29 0.0 00 [28 ] 29 29 Table 14
gealapex (358 gays gg g? gg g: 81 %2 gg gg STATISTICAL INDICATORS OF Mg IN THE
ealapex ays . . . . . . . .
MTA 7 days 26 27 28 02 o1 54 29 26 STUDY GROUP ACCORDING TO THE
MTA 30 days 2.9 29 | 30 0.0 00 |29 30 2.9 BIOMATERIAL USED AND THE TIME OF
MTA 60 days 2.9 2.6 32 0.0 0.0 29 29 29 DETERMINATION
BioAggregate | 7 days 27 2.7 2.8 0.1 0.0 27 2.8 27
BioAggregate | 30 days 3.2 3.1 3.3 0.1 0.0 3.1 3.3 3.2
BioAggregate | 60 days 2.8 2.5 3.1 0.0 0.0 2.8 2.8 2.8
control 2.8 0.0 28 | 28 2.8
Mg F (95% interval of confidence) p Table 15
Testul ANOVA 13.00560 0.000000 TEST FOR Mg VALUES COMPARISON ACCORDING TO THE TIME
OF EVALUATION AND MATERIAL USED
. Table 16
Mg - SEALAPEX F (95% interval of confidentce) p TEST FOR Mg VALUES COMPARISON
Testul ANOVA 4.076594 0.014676 DEPENDING ON THE TIME OF , FOR SEALAPEX
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Fig. 11. Statistical indicators of Mg values depending
on the time of evaluation for MTA
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Fig.12. Statistical indicators of Mg values depending on
the time of evaluation for BioAggregate

— : Table 17
Mg - MTA F (95% interval of confidence) P TEST FOR Mg VALUES COMPARISON
Testul ANOVA 4.698574 0.007939 DEPENDING ON THE TIME OF ASSESSMENT, FOR MTA
- - - Table 18
Mg - BioAggregate F (95% interval of confidence) p TEST FOR Mg VALUES COMPARISON
Testul ANOVA 8.494583 0.000271 DEPENDING ON THE TIME OF ASSESSMENT, FOR
BIOAGGREGATE

Below is a detailed analysis of P values evolution for
each biomaterial used in this study, in order to highlight the
dynamic changes of these values for SEALAPEX (fig. 6,
table 11), for MTA (fig. 7, table 12), for BioAggregate (fig. 8,
table 13).

In conclusion, it is noted that for all materials used, after
30 days, P values decreased significantly, reaching 60 days
without significant differences from the control group (fig.
8, table 13).

The mean values of Mg between the three materials
used are not significantly different (F = 1.995, p = 0.1285,
95% CI), but in dynamics they vary significantly, after 60
days reaching values comparable to the control group (fig.
9, table 15).

Further, a detailed analysis of magnesium levels
evolution for each biomaterial used in this study was made
to highlight the changes in dynamics for SEALAPEX (fig.
10, table 16), for MTA (fig. 11, table 17), for Bio Aggregate
(fig. 12, table 17) ..

Conclusions

After analyzing all these results, we can state that for all
the materials used, after 30 days, the magnesium levels
significantly decreased, reaching 60 days without
significant differences from the control specimen.

A different aspect than the previously analyzed
parameters is the decrease in values of Mg levels after 7
days compared with control specimen, when using MTA
or BioAggregate, whereas at 7 days after SEALAPEX the
values remain approximately equal. The same behaviour
is also found in the case of calcium values after 7 days of
treatment, the comparison being made in this case as
compared with the control group [28-32].

References

1.BELTES, P, KOULAOUZIDOU, E., KOTOULA, V., KORTSARIS, AH.,
Endod. Dent. Traumatol., 5, No.11, 1995,p. 245.

2. BARRETO, H.,FALCAO-FILHO, L., ISSA, J.PM., NASCIMENTO, C.D.O.,
IYOMASA, M., REGALO, S.C.H., SIESSERE, S., Int. J. Morphol, 41, No.
25,2007, p.81.

250

http://www.revmaterialeplastice.ro

3. SILVEIRA, C.M.M., SOUZA PINTO, S.C., DE ARRUDA, R., SANTOS,
FA., PILATTI, G.L., Braz. Dent.J.,1, No. 22, 2011, p.145.

4. CAMILLERI, J., MONTESIN, FE., PAPAIOANNU, S., McDONALD, F,
PITT FORD, TR., Int. Endod. J. , 37, 2004, p. 699.

5. CINTRA, L.T.A., MORAES, 1.G., BERNABE, PFE., GOMES-FILHO,
J.E., BRAMANTE, C.M., GARCIA, R.B., J .Endod., 32, 2006, p. 556.

6. ZMENER, O., GUGLIELMOTTI, M.B., CABRINI, R.L., J. Endod., 14,
1988, p. 229.

7. ECONOMIDES, N., KOTSAKI-KOVATSI, V., POULOPOULOS, A.,
KOLOKURIS, 1., ROZOS, G., SHORE, R., J. Endod., 21, 1995, p. 122.
8. GENCOGLU, N., SENER, G., OMURTAG, G.Z., TOZAN, A., USLU, B,
ARBAK, S., et al., Acta Histochem., 112, 2010, p. 567.

9. CERNAT, R.I, MOCANU, R.D., POPA, E., SANDU, L., OLARIU, R.I,
ARSENE, C., Rev. Chim. (Bucharest), 61, no. 11, 2010, p. 1130.

10. DA SILVA, PT., PAPPEN, F.G., SOUZA, EM.,, DIAS, J.E., BONETTI
FILHO, 1., CARLOS, 1.Z., et al., Braz. Dent. J., 19, 2008, p. 228.

11. SOUSA, C.J.A., MONTES, C.R.M., PASCON, EA., LOYOLA, AM,,
VERSIANI, M.A., J. Endod., 32, 2006, p. 656.

12. LEONARDO, M.R., BARNETT F., DEBELIAN, G.J., LIMA, R.C.P,
SILVA, L.A.B., J. Endod., 33, 2007, p. 1299.

13. FUSS, Z., TROPE, M., Endod. Dent. Traumatol., 21, 1996, p.255.
14. LEMON, R.R,, Dent. Clin. North Am., 36, 1992, p. 439..

15. SILVA, B., LEONARDO, M.R., FACCIOLI, L.H., FIGUEIREDO, F., J.
Endod., 23, 1997, p. 86.

16. KAPLAN, A.E., ORMAECHEA, M.F, PICCA, M., CANZOBRE, M.C,,
UBIOS, AM.,, Int. J. Endod., 36, 2003, p. 527.

17. TORABINEJAD, M., PITT FORD, T.R., Endod. Dent. Traumatol., 12,
1996, p.161.

18. CIOBANU, G., CARJA, G., CIOBANU, O., SANDU, 1., SANDU, A,
Micron, 40, No. 1, 2009, p. 143.

19. OLARIU, R.I,, HUMELNICU, D., SANDU, 1., HUMELNICU, 1., ARSENE,
C., Rev. Chim. (Bucharest), 60, no. 11, 2009, p. 1216.

20. SANDU, L., VASILACHE, V., ALEXIANU, M., CURCA, R.G., Rev. Chim.
(Bucharest), 65, no. 1, 2014, p. 120.

21. TORABINEJAD, M., HIGA, R.K., MCKENDRY, D.J, PITT FORD, TR,
J. Endod., 20,1994,p. 159.

22. KOH, E.T., TORABINEJAD, M., PITT FORD, T.R., TORABINEJAD,
M., J. Endod, 24, 1997, p. 4.

23. CHECHERITA, L., BELDIMAN, M.A., STAMATIN, O., FOIA, L., FORNA,
N.C., Rev. Chim. (Bucharest), 64, no. 8, 2013, p. 864.

24. HANGANU, S.C., ARMENCIA, A.O., MURARIU, AM., GRIGORAS, S.,
HANGANU, L.C., Mat. Plast. , 50, no. 2, 2013, p. 119.

MATERIALE PLASTICE ¢ 51 No.3 ¢ 2014



25. CHECHERITA, L., FORNA, N.C., STAMATIN, O., COBZARU, R,
LEON, M.M., CIOLOCA, D., Rev. Chim.(Bucharest), 64, no. 10, 2013,
p. 1172,

26. da SILVA, PT., PAPPEN, F.G., SOUZA, E.M, DIAS, J.E., BONETTI
FILHO, 1., CARLOS, 1.Z., LEONARDO, R.T.,, Braz. Dent. J., 19, 2008,
p. 228.

27. PETRESCU, H.P, BERCEANU-VADUVA, M., DINU, G., BRATU, D.C,,
BERCEANU-VADUVA, D., Mat. Plast., 50, no. 1, 2013, p. 53 .

28. CHECHERITA, L., FORNA, N.C., MACOVEI SURDU, A., RACOVITA.
S., FILIP F,, CHIRIAC, A., Rev. Chim. (Bucharest), 64, no. 11, 2013,
p. 1312,

MATERIALE PLASTICE ¢ 51 No.3 & 2014

29.MARK, P, STAIGER, A., PIETAK,M., HUADMAI,J., DIAS,G.,
Biomaterials, 27, No., 9, 2006, p. 1728.
30.DIAS,I.,R.,VIEGAS,C.,A.,,.DE AZEVEDO,J.T.,COSTA,E., M.,
LOURENCO,P, RODRIGUES,A., CABRITAA.,S., Lab. Anim., 42, 2008,
p.465.

31. AKESSON, K., KAKONEN, S.M., JOSEFSSON, PO., Journal of Bone
and Mineral Metabolism, 23, 2005, p. 30.

32. AN, Y.H., FRIEDMAN, R.J., Animal models for testing bioabsorbable
materials, in Animal Models in Orthopaedic Research, An,
Y.H. and Friedman, R.J. (Eds.), CRC Press, Boca Raton, FL, 1999,
p. 241

Manuscript received: 8.07.2014

http://www.revmaterialeplastice.ro 251





