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trans-palatal arch, band, and loop space maintainers are used for 
maintaining space.4 For the fabrication of these space maintainers, 
banding is required over the crown or tooth surfaces. However, 
there exist certain clinical situations wherein primary second molar 
have been endodontically treated which restored with full coronal 

In t r o d u c t i o n
Primary teeth are the valuable assets of a child. In children, primary 
teeth play a vital role in mastication, phonetics, esthetics, and act as 
a space maintainer for permanent teeth. A healthy primary dentition 
preserves space for permanent teeth and maintains arch integrity. 
Diverse dietary patterns make children more susceptible to dental 
caries and results in extensive crown restorations and, at times, 
premature loss of primary teeth.1 The premature loss of primary 
teeth results in various discrepancies like unpleasant esthetics 
crowding of teeth, spacing of teeth bodily movement, alteration in 
the rhythm of permanent tooth eruption, difficulty in masticatory 
and phonetic function, midline discrepancies, deviated occlusion, 
arch length-tooth material discrepancies, impaction of permanent 
teeth, and disturbance in the occlusion of permanent dentition.2

The best, natural, and conservative way to avoid these problems 
is to preserve the primary teeth in the arch till their normal time 
of exfoliation is attained.3 Justifiably, it is rightly quoted that 
primary teeth serve as the best space maintainers for permanent 
dentition. However, if premature extraction or loss of a tooth is 
unavoidable the safest option to maintain arch space is by placing 
a space maintainer, either a fixed or a removable one. Fixed space 
maintainers are usually indicated to maintain the space created by 
unilateral/bilateral premature loss of primary teeth in either of the 
arches. Various appliances such as lingual arch, nance palatal arch, 
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Ab s t r ac t
Aim and background: Primary teeth are the valuable assets of a child. Apart from the obvious function of delivering esthetics, their most 
important function is space maintenance for the succeeding permanent teeth. At times, due to unavoidable pathological conditions, there is 
premature loss of primary teeth. Space maintainers can either be banded to the enamel surfaces of healthy adjacent teeth or to the surfaces 
of full coronal restorations, the most common ones being stainless steel crowns (SSCs) and zirconia crowns (ZCs). Due to esthetic demands, 
ZCs have started replacing SSCs and therefore, there needs to be data on the banding of space maintainers on ZCs and the bond strengths 
obtained on cementations. Thus, the present study planned to evaluate and compare the bond strengths obtained by the banding of stainless 
steel bands (SSBs) over SSCs and ZCs using type I glass ionomer cement (GIC) and self-adhesive resins.
Materials and methods: Sixty primary right mandibular molars were divided into four groups, group I, with cementation of SSB on SSC with 
type I GIC; group II, with cementation of SSB on SSC with self-adhesive resin cement; group III, with cementation of SSB on ZC with type I GIC; 
and group IV, with cementation of SSB on ZC with self-adhesive resin cement.
Results: The mean bond strength value of GIC as luting cements in group I is 1.13 ± 0.075 MPa. The mean bond strength value of self-adhesive 
resin as luting cements in group II is 1.70 ± 0.104 MPa. The mean bond strength value of GIC as luting cements in group III is 1.38 ± 0.100 MPa. 
The mean bond strength value of self-adhesive resin as luting cements in group IV is 2.06 ± 0.119 MPa.
Conclusion: The bond strength of self-adhesive resin was higher when SSB was cemented over SSC when compared with the bond strength 
of GIC when SSB was cemented over ZC.
Keywords: Bond strength, Glass ionomer cements, Self-adhesive resin cement, Stainless steel crown, Zirconia crown.
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The same procedure was performed for all the SSB in each 
group.

Cementation of Stainless Steel Band over Stainless 
Steel Crown and Zirconia Crown
Thereafter, the cement was mixed according to the manufacturer’s 
instructions. It was loaded on the inner surface of SSB and the band 
was seated over the crown with hand pressure using an SSB pusher. 
The excess cement was removed from the occlusal and cervical 
margins of bands and from the surface of the crown with a dry 
cotton roll. Self-adhesive cement was light-cured for 20 seconds 
by using a light-curing unit (LED-D Woodpecker Curing Light). 
The cement was allowed to set. Thereafter, all reference models 
were stored in a constant temperature water bath at 37.0°C for 
24 hours (Fig. 1).

Laboratory Procedure to Determine the Bond 
Strength of Different Luting Cements
To determine the force required to de-bond SSB from SSC and 
ZC, Universal Testing Machine6 (sunshine industrial 50 Kn) (Fig. 2) 
was used which runs at a crosshead speed of 1 mm/minute. 
The reference model was placed in the lower jaw whereas the 
J-shaped hook was attached to the upper jaw of the machine. 
This hook was then anchored to the U-shaped wire which 
was soldered to the SSB as stated earlier. The machine works 
based on the pull-out test in which the SSB is pulled out in 
the occlusal direction. The applied force should start from 
zero and gradually increased. The loading is continued until 
the cemented prefabricated SSB shows the first dislodgement 
toward the occlusal direction from SSC and ZC (Fig. 3 and 4). The 
machine is stopped by manual pressing of the button after the 
prefabricated SSB shows the first dislodgement and the readings 
are then recorded. The same procedure was performed for all 
the reference models in each group. The de-bonding force was 
recorded in Newton (N).

Measuring bond strength of luting material in Mega Pascal MPa
 Ma
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restoration and primary first molar was lost prematurely which pose 
a challenge to the pediatric dentist.

When there is premature loss of the adjacent tooth, banding 
can be done on this stainless steel crown (SSC) so that it can be 
used as an abutment for maintaining space. The literature review 
documented the bond strength between stainless steel bands 
(SSBs) and SSCs. Bawazir et  al.5 compared the bond strengths 
between molar bands and SSCs wherein glass ionomer cement 
(GIC), resin-modified glass ionomer cements (RMGICs), and 
polycarboxylate cements (PXCs) were used as luting cement. 
Simultaneously, they also assessed the effect of sandblasting on 
the inner aspect of the molar bands on the mean bond strengths 
value and found that PXC showed the highest bond strength while 
RMGICs showed the lowest. Sandblasting the inner surface of bands 
enhanced the bond strength of different cements.5

With growing general awareness, many parents and 
even children as young as 3 years are becoming conscious of 
their appearance. Parents and patients prefer tooth-colored 
restoration. Especially, in the last decade, tooth-colored 
restoration like zirconia crowns (ZCs) received tremendous 
popularity due to its superior property over the SSCs. Increasing 
demand for esthetic restorations has resulted in increased use 
of all-ceramic restorations, such as zirconium.6 In such cases 
where endodontically treated teeth are restored with ZCs 
and an adjacent tooth is prematurely lost, planning of a space 
maintainer is a dilemma for a pediatric dentist.

Appropriate luting cement is required for the SSBs cementation 
to adhere to the tooth or crown surface with sufficient bonding 
strength. Various luting materials are available in the market for 
cementations of SSBs, but literature has a lack of evidence regarding 
bond strength between ZCs and SSBs using different luting 
cements. So, the present study was planned to evaluate the bond 
strength between SSBs and ZCs using different luting cements.

Mat e r ia  l s a n d Me t h o d s
The estimated sample size was 60 reference models which were 
divided into 4 groups of 15 each group. In which group I and group 
II cementation of prefabricated SSB over SSCs with type I GIC and 
self-adhesive resin cement, respectively. In which group III and 
group IV cementation of prefabricated SSB over ZCs with type 
I GIC and self-adhesive resin cement, respectively. The sample size 
was determined by a power analysis based on mean and standard 
deviation values derived from a study conducted by Bawazir 
et al.5 by using Epi info online software.

We have included the mandibular right primary molars (85) of 
SSCs size 3 (3M™ ESPE™ Dental Products, USA) and ZCs size-4n (Kids- 
e-Crown, India). Similarly, prefabricated SSBs were selected and 
clinically adapted for best fit to the SSCs and ZCs. Manufacturer’s 
details of all materials are mentioned in Table 1.

Fabrication of Reference Model
All ivory teeth were mounted on a self-cured acrylic resin (DPI-RR) 
block. Crown preparation was done on the embedded ivory tooth 
as per the standard guidelines of SSC and ZC preparation.

Stainless steel crown and ZC were cemented on the prepared 
ivory tooth using type I GIC and self-adhesive resin cement, 
respectively. Prefabricated SSBs were selected and clinically 
adapted for best fit to all crowns. Inverted “U” shaped 19-gauge 
stainless steel orthodontic wire was soldered to the midbuccal and 
midlingual portions of the SSB.

Table 1:  Materials used in this study

Materials Manufacturing company

30 stainless steel 
band (Size-30+)
30 stainless steel 
band (Size-32)
Type I glass  
ionomer cement
Self-adhesive resin 
cement

30 stainless steel 
crowns
30 zirconia crowns

(Kids-Bands, Thickness-0.04 inch, and 
Width-0.150 inch)
(Kids-Bands, Thickness-0.04 inch, and 
Width-0.150 inch)
GC FUJI Type I, GC CORPORATION 76–1 HASU-
UNUMA–CHO, ITABASHI–KU, TOKYO, JAPAN
MEDICEPT UK LTD, 2nd Floor Hygeia House 
66 College Road, Harrow, Middlesex, HA1 1BE, 
United Kingdom
3M™ ESPE™ Dental Products,  
USA 
Kids–e–Crown, Office Building Number 
B1–27A, Vivek Apartment Santacruz West 
Mumbai– 400,054, Maharashtra, India
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Results of the study were tabulated and evaluated using a 
one-way ANOVA test and a post hoc test for intergroup comparison. 
For all the statistical tests, p < 0.05 was considered to be statistically 
significant.

* = Statistically significant difference (p < 0.05).
** = Statistically highly significant difference (p < 0.01).
# = Non-significant difference (p > 0.05)

Statistical Analysis
All the data obtained were compiled on an MS Office Excel Sheet 
(v 2019, Microsoft Redmond Campus, Redmond, Washington, 
United States). Data were subjected to statistical analysis using the 
Statistical Package for Social Sciences (SPSS v 26.0, IBM). Parametric 
tests have been used for comparisons. Intergroup comparison 
( > 2 groups) was done using one-way ANOVA followed by pair-wise 
comparison using post hoc test.

Fig. 2:  Universal testing machine Fig. 3:  Stainless steel band cemented over zirconia crown and mounted 
over universal testing machine

Figs 1A to D:  Reference model stored in a constant temperature water bath at 37°C for 24 hours
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Re s u lts
The present study was carried out to compare the bond strength 
of different luting cements used for cementation of SSB over the 
SSCs and ZCs.

The mean bond strength value of GIC as luting cements in group 
I is 1.13 ± 0.075 MPa. The mean bond strength value of self-adhesive 
resin as luting cements in group II is 1.70 ± 0.104 MPa. The mean 
bond strength value of GIC as luting cements in group III is 1.38 ± 
0.100 MPa. The mean bond strength value of self-adhesive resin as 
luting cements in group IV is 2.06 ± 0.119 MPa.

The bond strength value was highest in group IV followed 
by group II, III, and I. One-way ANOVA test was applied for the 
comparison of the mean of each group and the difference was 
highly significant (p value < 0.000) (Table 2, and Fig. 5).

Di s c u s s i o n
Apart from the obvious function of delivering esthetics, primary 
teeth have been credited with vital and distinct other roles, the 
most important one being that of space maintenance for the 
succeeding permanent teeth. However, at times, due to unavoidable 
pathological conditions like dental caries, cracked tooth syndrome, 
or periodontal diseases, there is premature loss of primary teeth 
or they are extracted before their physiological age of exfoliation. 
The space left behind them, which should ideally be utilized by the 
succeeding permanent teeth, gets compromised by the shifting 
and drifting of the remaining teeth in the oral cavity. Thus, the 
concept of space maintainers becomes a crucial part of the practice 
of pediatric dentistry.

Space maintainers are indicated in clinical scenarios where 
there is premature loss of primary first molar. In situations like these, 
banding is done over the adjacent tooth to fabricate the space 
maintainer. However, there are instances wherein the adjacent 
tooth is already restored with SSC. In such conditions, banding 
of SSB over SSCs is advocated. The type of luting cement used for 
cementation of the SSB over the SSCs plays a crucial role in achieving 
optimum clinical results. Various luting cements have been used 
for the cementation of SSB over SSCs like GICs, self-adhesive resins, 
RMGICs, ZPC, PXCs, and resins.7

In the present study, we compared the bond strength of type 
I GIC and self-adhesive resin cement used for cementation of SSBs 

Fig. 4:  Stainless steel band cemented over stainless steel crown and 
mounted over universal testing machine
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Due to recent advancements in the field of ZCs and the short 
span of their implication in pediatric dentistry, substantial data on 
the banding of SSBs to ZCs are not available.

To the best of our knowledge, there are no studies reported 
in the literature that compare the bond strengths of SSBs when 
banded on SSCs and ZCs using GIC and self-adhesive resin cement. 
Only one study reported by Park et al.16 compared the bonding 
strengths on both these types of crowns, however, they used 
compomer and resin cements as luting cements. And they also 
found that the bond strength was maximum when resin cement 
was used on ZCs. Furthermore, they too found that bond strength 
was better when bands were looted on ZCs when compared with 
when luted on SSCs, irrespective of the luting cement used.

The limitations of our study included a matter of concern that 
we encountered during the conduction of our study, which was, 
that of the 15 samples of ZCs being banded with self-adhesive resin 
cement, 3 ZCs got dislodged from the teeth during band removal. 
This might be due to the excessive bond strength achieved between 
the SSBs and the ZCs due to the self-adhesive resin luting cements. 
Although we replaced the ZCs on the teeth to continue our study, 
we could not establish a justifiable answer to the occurrence. Also, 
such an occurrence has not been mentioned in any other relevant 
study. Thus, this occurrence must be considered and studied with 
a larger sample size in future studies. Furthermore, we suggest 
similar studies to be conducted in in vivo settings to consider the 
effects of saliva, gingival crevicular fluid, and masticatory forces on 
the bond strengths of SSBs on SSCs and ZCs.

Thus, through our study, we definitely give a better hope for 
the pediatricians and the parents of the patients who are concerned 
about the esthetics and therefore want to opt for ZCs and still get 
space maintainers designed for further esthetically improved results 
during the phase of permanent dentition. We suggest the use of 
self-adhesive resin cements for the banding of SSBs on ZCs, and 
encourage the use of ZCs and stainless-steel space maintainers, 
simultaneously, for the most effective esthetic results in a child.

Co n c lu s i o n
In the present study, it was found that the best bond strength was 
acquired with self-adhesive resin cements on ZCs, followed by the 
same cement on SSCs and then the GICs on ZCs and SSCs. That 
means, the self-adhesive resin cements exhibited better bond 
strengths than GIC, irrespective of the material of the crown on 
which the SSBs were banded.

It was evident in our study that the strengths rendered by 
the self-adhesive resins were higher when compared with similar 
groups employing the use of GICs, thus proving the superiority of 
self-adhesive resins as cementing agents over GIC.
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