
 

Abstract—The aim of the present study was to test the 
hypothesis that the fracture strength of calcium hydroxide and 
mineral trioxide aggregate (MTA) filled immature teeth 
decrease over time.   

  Immature mandibular incisors from sheep were extracted 
and the pulps were extirpated using an apical approach with a 
barbed broach, and the teeth were divided into three 
experimental groups.  Group 1: Untreated teeth.  Group 2: The 
root canal was filled with calcium hydroxide paste (Ultradent®- 
UltraCal™ XS™).  Group 3: The root canal was filled with 
ProRoot® MTA system (Dentsply, USA).  All specimens were 
kept in saline with 1% antibiotics at 4 °C for certain periods of 
time: two weeks, two months and one year.  All teeth were 
tested for fracture strength in an Instron testing machine at the 
indicated observation periods. The results were subjected to 
statistical analysis by a one-way analysis of variance and with 
the t-test at a 5% level of significance.  One tooth from each 
group was selected randomly for the histological study.   

  The mean fracture strengths decreased over time for all the 
three groups. The fracture strengths were not found 
significantly different from the untreated, calcium hydroxide-
treated or MTA-treated teeth at two-week or two-month 
(p>0.05).  However, the results for MTA-treated teeth were 
significantly higher than the other two groups at one year 
(p=0.0137).   

   The teeth with root treatment with MTA showed the 
highest fracture resistance at one year (p<0.05), since only 
MTA induced the expression of TIMP-2 in the dentin matrix 
and possibly prevents rapid destruction of collagen. 

I. INTRODUCTION

NE of the challenges in dentistry is the treatment of 
immature, pulpless, permanent teeth.. The introduction 

of apexification by the use of calcium hydroxide Ca(OH)2

was pioneered by Heithersay [1] and Frank [2].  This 
treatment gave adequate apical healing due to its 
antibacterial capability caused by a high pH and the ability 
to induce remineralization in periapical tissues [3]-[4]. 
However, it was reported that the fracture strength of 
calcium hydroxide-filled immature teeth decreased over time 
because of a change in the organic matrix of dentin [5].  

Mineral trioxide aggregate (MTA), a new material 
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currently being used in pulp therapy [6], is made primarily 
of fine hydrophilic particles of tricalcium aluminate, 
tricalcium silicate, silicate oxide, and tricalcium oxide [6]-
[8]. The initial pH of MTA when hydrated is 10.2 and the set 
pH is 12.5, which is comparable to that of calcium 
hydroxide.  The material has been shown to have excellent 
biocompatibility [6], [9], antimicrobial properties [8], low 
cytotoxicity [7], [10], and low microleakage [11].  However, 
recent study also indicated that root dentin was weakened 
after exposure to calcium hydroxide and MTA in five weeks 
[12].     

The mechanical properties of dentin are fundamentally 
determined by dentin matrix, which is mostly composed of 
collagen Type I [13]-[14]. There is limited information in 
the dental literature concerning the long term effect of either 
calcium hydroxide or MTA as root end-filling materials on 
the fracture strength of immature teeth. This study evaluated 
the effect of two materials mentioned above on the fracture 
strength of root dentin after apexification treatment for 
different length of time. Our hypothesis that the fracture 
strength of calcium hydroxide and mineral trioxide 
aggregate-filled immature teeth decrease over time was 
tested.  

II. MATERIALS AND METHODS

This study employed 48 mandibular incisors extracted 
from young slaughtered sheep, approximately 9 months of 
age.  Care was taken not to damage the teeth during 
extraction, and they were stored in 1% Chloramin-T until 
use.  The teeth were cut approximately 3 mm from the apex 
in order to create access to the filling materials.  The pulps 
were extirpated using an apical approach with a barbed 
broach, and the teeth were divided into three experimental 
groups. 

 Group 1.  Untreated teeth. 
 Group 2. The root canal was filled with calcium 

hydroxide paste (Ultradent®- UltraCal™ XS™) using a 
syringe and a Capillary™ tip 

 Group 3. The root canal was filled with ProRoot® 
MTA system (Dentsply, USA) using a plugger and further 
compacted by vertical compacters of various sizes to the 
apex. All specimens were radiographed from lateral and 
facial views of the teeth before and after the root treatment 
(Figs. 1-2). 
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Fig. 1. Lateral and facial views of the mandibular incisors (a) 
before and (b) after root filling with Mineral trioxide aggregate 
(MTA). 

      

      
Fig. 2. Lateral and facial views of the mandibular incisors (a) 
before and (b) after root filling with calcium hydroxide. 

All teeth were kept in saline with 1% antibiotics at 4 °C 
for certain periods of time: two weeks, two months and one 
year [15].  The saline was exchanged once a month.   

One tooth from each group was selected randomly for 
histological study, and the rest of the samples were 
embedded in a block of orthodontic resin (Dentsply, USA), 
23 mm × 20 mm × 15 mm, in such a way that the long axis 
of the tooth was aligned with the central axis of the resin 
block, and the incisal edge of the tooth was positioned 4 mm 
away from the surface of the resin.  The resin was left one 
hour for complete setting.  The specimens were mounted in 
an Instron universal testing machine (Instron, model 1125, 
Canton, Massachusetts).  A spade was placed on the facial 
surface of the specimen parallel with the incisal edge and 
close to the block of the resin, 3 mm from the incisal edge.  
A force was applied with the spade at a speed of 1 mm/min 
until fracture. Surfaces were further studied under a light 
microscope  with their images digitally captured. Finally, the 
fracture strength (force/area) was calculated in MPa.  

The results were subjected to statistical analysis by a one-
way analysis of variance and with the t-test at a 5% level of 
significance. 

III. RESULTS

Table 1 and Figures 3 and 4 summarize the results of the 
fracture strength testing.  The mean fracture strengths 
decreased over time for all three groups (Figure 3).  
Although the untreated teeth showed the highest value 
(45 MPa) at two-weeks, the fracture strengths decreased 
(25 MPa) significantly after two months (p=0.0003); on the 
other hand, the teeth treated with calcium hydroxide or 
MTA, decreased, but not significantly over time (p>0.05, 
Figure 3).   

For the MTA treated teeth, the fracture strengths were not 
found significantly different from the untreated or calcium 
hydroxide-treated teeth at two-weeks or two-months 
(p>0.05).  However, the results were significantly higher 
than the other two groups at one year (p=0.0137, Figure 4). 
An unexpected finding revealed that fracture resistance of 
MTA treated teeth was increased from 29 MPa to 35 MPa 
(20%) between two months and one year.  

The histological analysis showed presence of tissue 
inhibitor metalloproteinase (TIMP)) only in the teeth treated 
with MTA. 

(a) 

(b) 

(a) 

(b) 
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TABLE  I.
MEAN FRACTURE STRENGTH OVER TIME OF IMMATURE TEETH 

WITH ROOT CANAL UNTREATED, OR AFTER THERAPY 
WITH EITHER CALCIUM HYDROXIDE OR MTA 

Grouped by Time 
Mean Fracture 
Strength  (Mpa) Two-

week 
Two-

month 
One-
year 

None 45.00 a 27.00 b 25.00 e 

Calcium 
hydroxid
e

36.00 a,c 33.00 b,c 27.00 c 

G
ro

up
ed

 b
y 

M
at

er
ia

ls
 

MTA 37.00 a,d  29.00 b,d 35.00 d 

Groups identified by different letters are significantly different 
(p<0.05).Groups with the same letters are not significantly 
different (p>0.05). 
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Fig. 3. Mean fracture strength of immature teeth with root canal 
untreated, or after therapy with either calcium hydroxide or MTA: 
Mean fracture strengths vs. materials for root treatment.   
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Fig.4. Mean fracture strength of immature teeth with root canal 
untreated, or after therapy with either calcium hydroxide or MTA: 
Mean fracture strengths vs. time. 

IV. DISCUSSION

The mechanical properties of dentin are fundamentally 
determined by dentin matrix, which is largely Type I 
collagen [13], [14]. The present study showed that the 
fracture strengths with roots filled with calcium hydroxide 
decreased, but not significantly over time (p=0.185, 
Figure 3).  The strength measured was 36 MPa at two-
weeks, then decreased by approximately 8.3% at two-
months, and further by approximately 26% at one year.  

Our finding that calcium hydroxide had a negative effect 
on the strength of the dentin is in agreement with [16], [12]. 

On the other hand, for the MTA treated teeth, the fracture 
strengths dropped to 35 MPa from 37 MPa, a decrease of 
only 5.4% after one year.  The value was significantly higher 
than the calcium hydroxide treated and untreated groups 
(p=0.0137, Figure 4).  MTA is a new material currently 
being used in pulp therapy [6].  Previous studies have 
revealed that it has actually induced cementogenesis [17], 
and bone deposition with minimal or absent inflammatory 
response [18]. Recent studies also show that MTA 
stimulated the release of production of interleukin and 
cytokines [19]-[21], which could induce TIMP expression 
and suppress degeneration of collagen [22].  Since the MTA 
treated teeth was the only group that exhibited the 
expression of TIMP-2 among the three groups, using MTA 
as a root filling material might prevent the teeth from 
becoming brittle over time. We are in the process of 
obtaining more histological results which would shed some 
light for clinic practitioners in this area. 

In this study, the highest fracture strength (45 MPa) was 
obtained with untreated teeth at two-weeks; however, the 
fracture strengths decreased significantly (p=0.0003) after 
two months and one year and dropped 44%.  

V. CONCLUSION

The present study appears to support the hypothesis that 
the fracture strength of calcium hydroxide and mineral 
trioxide aggregate-filled immature teeth decreased over time.  
However, the teeth with root treatment with MTA showed 
the highest fracture resistance at one year (p<0.05). 

The new finding of this study is that MTA treated teeth 
after initial decrease, reverse the process and fracture 
resistance increases between 2 months and one year. It can 
be explain by the fact that MTA induces the expression of 
TIMPA-2 in dentin matrix and suppresses degeneration of 
collagen.  

REFERENCES

[1] G. S. Heithersay. “Calcium hydroxide in the treatment of pulpless 
teeth with associated pathology,” J Br Endod Soc, vol. 8, pp. 74-93, 
1975. 

[2] A.L. Frank.” Therapy for the divergent pulpless tooth by continued 
apical formation.,” J Am Dent Assoc, vol. 72, pp. 87-93, 1966.  

[3] D. R. Morse, J. O’Larnic , C. Yesilsoy .” Apexification: review of the 
literature,” Quintessence Int, vol. 21, pp 589-598, 1990. 

[4] E. C. Sheehy , G. J. Roberts. “Use of calcium hydroxide for apical 
barrier formation and healing in non-vital immature permanent teeth: 
a review,” Br Dent J, vol.183, pp. 241-246, 1997. 

     2 week          2 month         1 year 

     none          Ca(OH)2        MTA 

2096



[5] J.O. Andreasen, B. Farik, E. C. Munksgaard. “Long-term calcium 
hydroxide as a root canal dressing may increase risk of root fracture,” 
Dent Traumatol, vol.18, pp. 134-137, 2002. 

[6] R. Schwarz, M. Mauger, D. Clement and W. Walker. “Mineral 
trioxide aggregate: a new material for endodontics,” JADA, vol. 130, 
pp. 967-975 1999. 

[7] M. Torabinejad, N. Chivian. “Clinical applications of mineral trioxide 
aggregate.” J Endodon,  vol. 25 (3), pp. 197-205, 1999. 

[8] M. Torabinejad, C. Hong, T. Pitt  Ford and J. Kettering. “Cyto-
toxicity of four root-end filling materials”. J Endodon, vol. 21, pp.  
489-492, 1995. 

[9] P. J. Mitchell, T. Pitt Ford, M. Torabinejad, and F. McDonald.  
“Osteoblast biocompatibility of mineral trioxide aggregate.” 
Biomaterials vol. 20 (2),  pp. 167-173, 1999. 

[10] R. M.Osorio, A.Hefti, F. J.Vertucci, A. L.Shawley. “Cytotoxicity of 
endodontic materials.” J Endodon, vol. 24 (2),  pp. 91-96, 1998. 

[11] T. Pitt Ford, M. Torabinejad, H.Abedi and S. Kariyawasam.. “Using 
mineral trioxide aggregate as a pulp-capping material.” JADA, vol. 
127,  pp. 1491-1494, 1996. 

[12] J. D.White, W. R. Lacefield, L. S. Chavers and P. D. Eleazer. “ The 
effect of three commonly used endodontic materials on the strength 
and hardness of root dentin.” J Endodon vol. 28 (12), pp. 828-830, 
2002. 

[13] J. P.Gage. “Electrophoretic characterization of peptides from normal 
mature human dentin.” Arch Oral Biol, vol. 29,  pp. 575-80, 1984. 

[14] P. L. Lukinmaa, J. Waltimo. “Immunohistochemical localization of 
type I, V, and VI collagen in human permanent teeth and periodontal 
ligament.” J Dent Res, vol. 71, pp. 391-397, 1992. 

[15] J.O. Andreasen. “Effect of extra-alveolar period and storage media 
upon periodontal and pulpal healing after replantation of mature 
permanent incisors in monkeys.” Int J Oral Surg, vol. 10, pp. 43-53, 
1981. 

[16] D. Grigoratos, J. Knowles, Y-L. Ng. and K. Gulabivala. “Effect of 
exposing dentine to sodium hypochlorite and calcium hydroxide on its 
flexural strength and elastic modulus.” Int Endod J, vol. 34, pp. 113-
119, 2001. 

[17] T. Pitt Ford, M. Torabinejad, D.J. McKendry, C.U. Hong and  S. P. 
Kariyawasam. “Use of mineral trioxide aggregate for repair of furcal 
perforations.” Oral Surg Oral Med Oral Pathol, vol. 7, pp. 756-762, 
1995. 

[18] M. Torabinejad, T. Pitt Ford, D. J. McKendry, H. Abedi, D. Miller 
and S. Kariyawasam. “Histologic assessment of mineral trioxide 
aggregate as a root-end filling in monkeys”, J Endodon, vol. 23, pp. 
225-229, 1997. 

[19] M. Torabinejad, T. Watson, T. Pitt Ford. “The sealing ability of a 
mineral trioxide aggregate as a root-end filling material.” J Endodon
vol.19, pp. 591-595, 1993. 

[20] E. T. Koh, T. Pitt Ford, M. Torabinejad and F. McDonald. “Mineral 
trioxide aggregate stimulates cytokine production in human 
osteoblasts.” J Bone Min Res, vol. 10S,  pp. S406, 1995. 

[21] E. T. Koh, F. McDonald, T. Pitt Ford and M. Torabinejad. “Cellular 
response to mineral trioxide aggregate.” J Endodon, vol. 24, pp. 543-
547, 1998. 

[22] H. Ihn, K. Yamane, Y. Asano, M. Kubo and K. Tamaki. “IL-4 up-
regulates the expression of tissue inhibitor of metalloproteinase-2 in 
dermal fibroblasts via the p38 mitogen-activation protein kinase-
dependent pathway.” Journal of Immunology, vol..168, pp. 1895-
1902, 2002. 

2097


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


