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Comparing the reinforcing effects of a resin modifi ed glassionomer cement, 
Flowable compomer, and Flowable composite in the restoration of calcium 
hydroxide-treated immature roots in vitro
PRATHIBHA RANI S

Abstract

One hundred and sixty human permanent central incisors were enlarged to a 120 fi le size after crown removal procedure to 
simulate immature teeth. The root canals were fi lled with calcium hydroxide and stored for 15 days (phase I), 30 days (phase 
II), 90 days (phase III), and 180 days (Phase IV). At the end of these selected time periods, calcium hydroxide was cleaned off 
the root canals of forty teeth that were randomly selected and obturated with gutta-percha points in the apical 2 mm of the root 
canals with a sealer. The specimens were further equally divided into four groups. Unrestored Group I served as control and 
the root canals of teeth in the other three group specimens were reinforced with resin modifi ed glassionomer cement (RMGIC) 
(Group II), Flowable Compomer (Group III), and Flowable Composite (Group IV), respectively, using a translucent curing post. 
All specimens were subjected to compressive force using an Instron Testing machine, until fracture occurred. All the materials 
evaluated substantially reinforced the root specimens compared to the control. At the end of 180 days, Flowable composites 
showed maximum reinforcement compared to the other groups; however, no signifi cant differences were found between the 
reinforcement capabilities of Flowable Compomer and RMGIC.
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Introduction

Dental trauma is the most frequent cause of pulp necrosis 
in immature anterior permanent teeth. Deep proximal 
fractures, especially if left untreated, can jeopardize vitality 
of the tooth.[1] Endodontic treatment of non-vital immature 
permanent teeth is often complicated. The walls of the root 
canals are frequently divergent, and the apices immature, 
making debridement and obturation difficult. Calcium 
hydroxide is the material most commonly used for induction 
of the apical barrier formation in non-vital teeth.[2-4] The long 
term usage of calcium hydroxide could alter the collagen 
matrix of dentin due to its high alkalinity.[5-9] This would leave 
the dentin structure with reduced organic support, which 
may adversely influence the mechanical properties of dentin 

(i.e., flexural strength), thus making teeth more susceptible 
to fracture from secondary injuries.[8-10] The newer adhesive 
materials can significantly increase the resistance to fracture 
of these weakened roots to the levels of intact teeth.[10-20] 
This study compares the reinforcing effects of resin modified 
glassionomer cement (RMGIC), Flowable compomer, and 
Flowable composite on the root canal walls of simulated 
immature central incisor teeth treated with calcium hydroxide 
for varying periods of time.

Materials and Methods

Human permanent maxillary central incisor teeth extracted 
due to periodontal disease without signs of caries, 
obvious defects, or attrition[21] were selected and stored 
in distilled water until further use. The mesiodistal (MD) 
and buccolingual (BL) diameters of the specimens were 
determined at the crown limit of the root using a caliper. The 
mean values obtained were 6.02 mm for MD and 6.64mm for 
BL dimensions. Samples presenting a difference of 20% from 
the mean were discarded,[14] leaving a total of 160 central 
incisor teeth. The crowns of these specimens were removed 
to obtain a standard root length of 13 mm [Figure  2]. Root 
canals were enlarged to a 120 file size at a working length of 
12 mm. Copious irrigation with sterile saline was completed 
between file systems. The canals were then dried with paper 
points.[22]

A thick mixture of pure calcium hydroxide powder mixed 
with distilled water was condensed into the root canals 
using plastic amalgam condenser and pluggers till the 

Access this article online
Quick Response Code:

Website:
www.contempclindent.org

DOI:  
10.4103/0976-237X.79298



Contemporary Clinical Dentistry | Jan-Mar 2011 | Vol 2| Issue 1 22

Rani: Reinforcement of immature roots

coronal limit of the root,[23] and then the canals were sealed 
with restorative glassionomer cement (GIC) at the coronal 
end. The apical ends of the specimen were sealed with 
intermediate restorative material (IRM). These specimens 
were thermo cycled using a regime of 250 cycles from 6°C 
to 60°C with a dwell time of 30 seconds and stored in a 
humidator at 37°C.

Phase I
Forty specimens were randomly selected from the lot at the 
end of 15 days and calcium hydroxide was cleaned off the root 
canals of the specimens using gentle instrumentation and 
saline irrigation,[23] and these root specimens were obturated 
with gutta percha using lateral condensation technique with 
a ZOE sealer[15] and stored in a humidator at 37°C until further 
use. At the end of 7 days, gutta-percha was removed using a 
No.6 Peeso Reamer creating 10 mm of post space, leaving 2 
mm of apical gutta-percha fill.

Further grouping of the specimen was done as follows:
• Group I-10: non-reinforced root specimens served as 

control.
• Group II-10: root specimens reinforced with RMGIC 

[Figure 1]. The root canals of the specimens were gently 
dried using an absorbent point and treated with the 
primer provided by the manufacturer for 30 seconds, 
air dried for 15 seconds, and light cured for 20 seconds. 
Vitremer™ (3M) powder and Vitremer liquid was 
dispensed according to the manufacturer’s instructions 
and mixed on a paper pad for 45 seconds. The material 

was back loaded into delivery tip and the restorative was 
syringed into the root canal. 

• Group III- 10: root specimens reinforced with Flowable 
Compomer (Prima Flow®) Preparation of Group III 
specimens

• The root canals of the specimens were gently dried using 
an absorbent point and treated with the Contax primer 
and bond according to manufacturer’s instructions and 
light cured for 20 seconds. The canals were filled with 
Flowable Compomer (Prima Flow®) [Figure 1], which 
was applied directly from syringe in layers of maximum 
2 mm. 

• Group IV-10: root specimens reinforced with Flowable 
composite (Filtek™ Z350) [Figure 2]. The 10 root 
specimens were etched with 37% phosphoric acid (Scotch 
BondTM multipurpose) for 15–20 seconds, rinsed with 
sterile water for 20 seconds, and then blot dried. Two 
coats of AdperTM Single bond 2 (3M) bonding agent was 
applied, gently air dried, and light cured for 20 seconds. 
The specimens were then filled with Flowable Composite 
(Filtek flow™Z350 (3M) directly from the syringes.

To cure the restorative materials, a transilluminating post 
(Luminex) was used making sure it reaches the cervical limit 
of the apical filling [Figure 3]. After placing the post inside the 
canal and removing the excess, the material was light cured 
according to the manufacturer’s instructions. The post was 
then withdrawn. The root specimens were then re-subjected 
to thermo cycling regime for 250 cycles at 6°C–60°C, with a 
dwell time of 30 seconds. 

Table 1: Intercomparison of failure load between various reinforcing materials at Phase I
Group Failure load (Kgf) Difference between groups  

Mean Standard deviation Groups compared Mean difference P value*
I Control 23.03  ± 7.52 I - II 22.05 < .01 S

IV>III>II>I

   I - III 25.7 < .01 S
   I - IV 29.62 < .01 S
II RMGIC 45.08  ± 14.17 II - III 3.65 > 0.5 NS
   II - IV 7.57 > 0.5 NS
III Compomer 48.73 ±13 III - IV 3.92 > 0.5 NS
IV Composite 52.65  ±18.2     
One way ANOVA, F = 9.29, P < .01,S, Newman - Keul's Rage Test, Min Sign. Range: = 16.60 (P < .05), 20.7 (P < .01) 

Table 2: Intercomparison of failure load between various reinforcing materials at Phase II 
Group Failure load (Kgf) Difference between groups  

Mean Standard deviation Groups compared Mean difference P value*
I Control 22.71  ± 8.2 I - II 17.44 < .05 S

IV>III>II>I

   I - III 22.54 <.01 S
   I - IV 26.22 <.01 S
II RMGIC 40.15 ± 11.4 II - III 5.1 > 0.05 NS
   II - IV 8.78 > 0.05 NS
III Compomer 45.25 ± 17.3 III - IV 3.68 > 0.05 NS
IV Composite 48.93 ± 12   
One way ANOVA, Newman - Keul's Range Test, Minimum Signifi cant difference  = 15.30, P < 0.05, Minimum Signifi cant difference  = 19.0, P < 0.01
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Sample preparation
The roots were embedded in color-coded acrylic blocks 
using a flat ended rod held vertically by a Ney surveyor 
to position the roots during mounting so that they were 
parallel to the acrylic base with an exposure of 4 mm of 
the cervical portion of root above the acrylic. The acrylic 
was contained in a ¾ inch diameter PVC pipe 2 cm in 
length to standardize the size of the base. A stainless steel 
cone measuring 1.5 cm at the base and 3 cm in length[14] 
was placed against the canal so that it was in line with the 
acrylic block.

Resistance to testing
Each specimen was tested for its failure using Hounsfield 
Universal testing machine with a cross head speed of 1 
mm/min [Figures 4-5]. The values obtained were recorded, 
tabulated, and subjected to stastical analysis. The same 
procedure was repeated at the end of 1 month (Phase II), 3 
months (Phase III), and 6 months (Phase IV), on the remaining 
prepared specimens and the results tabulated. The recorded 
values were statistically analyzed using ANOVA and Newman-
Keul’s Studentized range test.

Results

The results show that there were no significant differences 
in the reinforcement provided by the Group I, Group II, 
Group III, and Group IV specimens at phase II and III when 
compared to phase I [Tables 1-3]. However, at phase IV, 

specimens of Group I, Group II, and Group III showed 
statistically significant differences when compared to phase 
I and Group IV, but did not show statistical significant 
difference from phase I [Figure 6 and Table 4].

When intergroup comparisons in the mean failure load values 
between various groups at four different phases were made, 
the experimental groups had significant differences when 
compared to control group at each phase. 

Among the experimental groups, Flowable Composite group 
had a statistically significant difference when compared 
to RMGIC and Flowable Compomer groups. No statistical 
differences were found between the Flowable Compomer 
and RMGIC.

Discussion

In this study, experimental models that simulate immature 
teeth with total crown loss after apexification were used. 
Permanent maxillary central incisors were chosen because 
these teeth are most commonly affected by dental impact 
injuries.[14] They were selected according to their MD and 
BL dimensions in order to reduce variables related to the 
different anatomical structures. In order to create a wide root 
canal with thin dentinal walls, the root canals were enlarged 
till 120 file size, 1 mm short of their apex.

In this study, it was decided to evaluate the failure load of 

Table 3: Intercomparison of Failure load between various reinforcing material at Phase - III
Group Failure load (Kgf) Difference between groups  

Mean Standard deviation Groups compared Mean difference P value*
I Control 19.61 '+7.6 I-II 18.55 <.05 S

IV>III>II>I

   I-III 23.24 <.01 S
   I-IV 23.52 <.01 S
II RMGIC 38.16  '+11.9 II-III 4.69 >.05 NS
   II-IV 4.97 >.05 NS
III Compomer 42.85  '+16 III-IV 0.28 >.05 NS
IV Composite 43.13  '+14.1     
One way ANOVA F = 7.57, Newman - Keul's Range Test, MSR = 15.4, P < 0.05, 19.20, P < 0.01

Table 4: Inter-comparison of failure load between various reinforcing materials at Phase - IV
Group Failure load (Kgf) Difference between groups  

Mean Standard deviation Groups compared Mean difference P value*
I Control 14.61 + 7 I-II 16.12 <.01 S IV>III>II>I
   I-III 16.75 <.01 S
   I-IV 25.62 <.01 S
II RMGIC 30.73  '+ 7.5 II-III 0.63 > 0.05  NS

II-IV 9.5 < 0.05 S
III Compomer 31.36  '+ 6.1 III-IV 8.87 < 0.05 S
IV Composite 40.23  '+ 8.3     
One way ANOVA F = 21.7, Newman - Keul's Range Test, MSR = 8.7 P <.05, 10.9 P < .01
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Figure 3: Process of reinforcement and light curing through 
the post

Figure 5: Fractured specimen

Figure 2: Sectioning of tooth at the cervical level

Figure 4: Testing of specimen for failure load

Figure 6: Load failures of various materials at determined 
time intervals

Figure 1: Restorative materials; A - RMGIC, B - Flowable 
compomer-Flowable composite

the root specimens at the end of 15, 30, 90, and 180 days. 
The rationale behind this choice of carefully spaced periods 
was done keeping in mind the number of days of calcium 
hydroxide therapy when used as an interappointment 

intracanal medicament, as a remedy for weeping canals and 
as an agent for apexification.[4,24]

A review by Goodacre and Spolnik recommended post length 
equal to ¾ of root canal length, if possible or at least equal to 
the length of the crown and 8 mm was the minimum length 
required for a post.[25] In our study, a post length of 10 mm 
was left behind for reinforcement of the canals.
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The inherent problem with the light cured dentin bonded 
composites is the inability of the light to penetrate to a depth 
greater than 5 mm or 6 mm. Since it has been impossible 
so far to transmit light down the length of the canal, this 
often presented a problem in the intraradicular space. The 
introduction of a light transmitting post enables the clinician 
to complete polymerization of a light-cured or dual-cured 
Composite resin along the length and circumference of a 
prepared post channel.[26] Thus, a Luminex light transmitting 
post was used to cure the materials.

The testing force was directed along the long axis of the 
specimens, resulting in primarily a splitting stress applied 
above the cervical limit of the root. Although previous 
studies[10,11] applied the load 45°–130° to the long axis of the 
tooth, we decided to use a wedge effect on the root because 
of the absence of the crown and also since this is also the 
force the post induces once installed.[14]

A consistent finding in our study was that all the experimental 
groups at the end of each phase, significantly reinforced the 
calcium hydroxide-treated simulated immature incisor teeth 
compared to the control group. This finding confirmed the 
results of previous studies by Ketabzadeh N, Dalton C and 
Trope M,[5] Goldberg F, Kaplan A. Roitman M, Manfre S, Picca 
M,[14] and Pene JR, Nicholls JI and Harrington GW[20] who 
showed that restorative materials which bond chemically 
or micromechanically to teeth increased the resistance to 
fracture of roots with canals having increased diameters such 
as immature teeth.

In a study conducted by Andreason JO, Farik B, Munksgaard 
EC, they found that in teeth treated with calcium hydroxide 
for a period of one year, fracture resistance reduced by 
45%–50%.[8] In our study, the failure load of the control 
group was significantly reduced by almost 40% at the end 
of 6 months when compared to the control specimens 
at 15 days. This shows that the long term therapies like 
apexification, which involved exposure of teeth to calcium 
hydroxide for time periods of six months or even greater 
resulted in significant weakening of the remaining tooth 
structure.

At the end of 180 days, it was evident that the reinforcement 
provided by Flowable Composites was significantly greater 
than those provided by the Flowable Compomers and 
RMGIC.

The results of our study were comparable to the results of 
Meyer JN, Cattni-Lorente MA and Dupuis V,[27] and that of I H 
El, kalla F and Garcia-Godoy,[28] who evaluated the mechanical 
properties of RMGIC, Compomer, and Composite and 
concluded that among the evaluated materials, the weakest 
was RMGIC followed by Compomer with the strongest being 
Composite.

The Flowable Composite group at the end of 180 days 
showed no significant reduction in the reinforcement values 
compared to that at the end of 15 days indicating that they 
were more effective in reinforcing the root specimens, despite 
the drastic drop in the failure load of control specimens at 
the end of 6 months. Previous studies[18,29] have postulated 
that one of the apparent short comings of composites 
used for reinforcement of root canals is the propogation of 
microcracks resulting from inherent porosities and flexure in 
the material, leading to subsequent failure of the restoration. 
The use of a Flowable Composite probably abridged and 
overcame the above problem.

This study was an unpretentious attempt to evaluate the 
time bound effects of exposing simulated immature root 
specimens to calcium hydroxide for varying periods of time 
and evaluating the reinforcing capabilities of three commonly 
used adhesive restorative materials. Since the benefits of 
calcium hydroxide in dentistry are well documented, this 
material will continue to receive the patronage of dental 
practitioners for a variety of applications despite its inherent 
shortcomings. Our study has described a restorative method 
to strengthen internally, immature traumatized incisors using 
Luminex post system. Hence, it would be prudent that the 
practitioners use Flowable composites in conjunction with a 
light transmitting post when reinforcing calcium hydroxide-
treated immature teeth.

Conclusions

• All the materials evaluated substantially increased 
resistance of the root specimens to fracture when 
compared with the non-reinforced specimens.

• Flowable composites provided maximum reinforcement 
effect at the end of 180 days, followed by Flowable 
Compomer, and RMGIC, which exhibited reduced 
reinforcement effects.

• Within the limitations of this study and among the 
materials tested, Flowable Composites were found to 
be the best reinforcing material to strengthen the roots 
of teeth with weakened dentinal walls.
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