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ABSTRACT 

 

INTRODUCTION: 
 

 

Stainless steel crowns were the successful full coronal restorations in 

managing the severely destructed teeth which were unable to fulfill the 

demand of esthetics. Advancements in material science lead to the 

development of preformed pediatric zirconia crowns for restoring primary 

molars. Durability of these materials depends on their morphological and 

mechanical features. 

 

AIM AND OBJECTIVE: 
 

 

To evaluate and compare the compressive strength, microleakage and 

amount of primary tooth reduction required for posterior zirconia crowns with 

that of stainless steel crowns. 

 

MATERIALS AND METHODS: 
 

 

Sixty extracted primary molar teeth (30 teeth in each group) without 

restoration and developmental defects, and with root structure more than 1/3rd 

– were collected and restored with stainless steel crowns (30) & zirconia 

crowns (30). 15 teeth with crowns in each group were tested for micro leakage 

with dye penetration method and compressive strength using Instron universal 

testing machine (3382) and amount of tooth reduction required for crown 

placement for 15 samples were calculated by subtracting post-weight from the 

pre-weight using digital weighing balance. 



 

 

RESULTS: 
 

 

The results showed that stainless steel crowns exhibited significantly 

higher compressive strength (783.94 + 24.16) N than the zirconia crowns 

(545.68 + 27.42) N (p= 0.001). Minimal microleakage values was observed in 

both the groups with no statistically significant difference (p= 0.130). Zirconia 

crowns required greater amount of tooth reduction (0.260 + 0.055) gms than 

the stainless steel crowns (0.136 + 0.050) gms which was highly significant 

(p= 0.001). 

 

CONCLUSION: 

 

Both zirconia and stainless steel crowns were good options for full 

coronal restorations. Stainless steel crowns are better option in terms of 

compressive strength, when the esthetics is of prime concern, zirconia crowns 

are good alternative. 

 

KEY WORDS: Extracted primary molar teeth, Zirconia, Stainless steel 

crowns.
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INTRODUCTION 

Dental decay particularly early childhood caries and severe- early 

childhood caries are the most common cause for partial or complete loss of 

coronal tooth structure in primary teeth. Several options are available for 

providing full coverage restorations for the primary dentition with each having 

its own advantages and disadvantages.
1
 

 Commonly used full coverage restoration for the primary dentition 

include composites, stainless steel crowns and its modifications polycarbonate 

crowns and strip crowns.
2,3

 

Stainless steel crowns are prefabricated crown forms that have been 

used to restore primary and permanent teeth cemented with a biocompatible 

luting agent. They are extremely durable, inexpensive, subject to minimal 

technique sensitivity offer the advantage of full coverage but with metallic 

colour resulting in poor esthetic appearance.
1
 

 To overcome this drawback open face stainless steel crowns and 

preveneered stainless steel crowns were developed. They show excellent 

esthetic appearance and longevity, but the procedure is time consuming, 

requires additional preparation and the use of multiple materials. They are 

bulkier and have limited ability to crimp or manipulate and sometimes show 

failure at the interface. 
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Other choices of preformed full coverage crown for primary anterior 

teeth were polycarbonate crowns. They are brittle and do not resist strong 

abrasive forces, exhibiting frequent fracture and dislodgement.
2
 

  The most popular type of preformed esthetic crowns for primary 

anterior teeth was the composite resin strip crowns because of their superior 

esthetics. They are more flexible and easy to repair but they are most 

technique sensitive.
3
 

A recent addition to the spectrum of choice for preformed primary 

teeth is PedoJacket crowns
4
 and New Millennium crowns. The PedoJacket 

are similar to celluloid crowns with only the “jacket” made of tooth colored 

copolyster material which is filled with resin material and left on the tooth 

after polymerisation instead of being removed as the celluloid crown form. 

These crowns are available as single shade which makes it difficult to match 

with adjacent natural teeth. The Millennium crowns
5
 are similar in form to 

the PedoJacket and strip crowns except that it is made of laboratory-enhanced 

composite resin material. These crown forms are very brittle, however can 

crack or fracture if forced down onto a preparation that has not been 

adequately reduced. 

 The search for alternate crown options in which durability, ease of 

placement and esthetics resulted in the development of “ZIRCONIA 

CROWNS”1
. 
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Zirconia crowns are new alternative to preveneered stainless steel 

crowns for primary teeth with improved esthetics due to the lack of a metallic 

base. However, zirconia crowns have some disadvantages like being visibly 

thicker than stainless steel crowns, difficult to modify and require excessive 

amount of tooth preparation which may result in pulp exposure. Like all 

ceramic, these crowns are incapable of withstanding flexure and may fracture 

on forceful seating and cementation. Requires replacement, in case of fracture 

or chipping of the crown.
6
 

Multiple companies have introduced prefabricated primary molar 

crowns made from zirconia. Some of the commercially available pediatric 

zirconia crowns are EZ Pedo crowns, NuSmile Zirconia crowns, Cheng 

Crowns, Kinder Krowns.
1
 

The materials and technical variations in each crown systems can result 

in difference in the strength and marginal fit which ultimately influences the 

outcome of the final restorations. Increase in marginal gap results in an 

increase in cement dissolution, thus increasing the potential for microleakage 

which ultimately leads to secondary caries and also have impact on gingival 

health and crown retention. The success of ceramic crowns depends on the 

satisfaction of the clinical requirement. Keeping the above facts in mind, the 

present in vitro study was done to evaluate the compressive strength, 

microleakage, amount of tooth reduction using zirconia crowns and compare it 

with that of stainless steel crowns. 
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AIMS AND OBJECTIVES 

 

1. Evaluation of amount of tooth reduction, compressive strength, 

microleakage of zirconia crown restorations placed on primary molar 

teeth. 

2. Evaluation of amount of tooth reduction, compressive strength, and 

microleakage of stainless steel crown restorations placed on primary 

molar teeth. 

3. Comparison of compressive strength, micro leakage and amount of 

tooth reduction required for zirconia crowns versus stainless steel 

crowns. 
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REVIEW OF LITERATURE 

              Stewart, Luke et al (1974)
2 

in his paper discussed about the 

technique for the use of polycarbonate crowns in the restoration of deciduous 

anterior teeth. The author described modification of the conventional stainless 

steel crown technique that achieves some compromise. These modified 

techniques, for the most part, involve the placement of a resin or composite 

filling material in a labial fenestration of the stainless steel crown. These 

techniques are time-consuming, and, although they do provide a distinct 

improvement in the appearance of the conventional stainless steel crown, they 

do not provide the best possible results. The author concluded that the 

successful placement of the polycarbonate crown on an anterior tooth depends 

on the proper selection of patients and careful attention to a preparation so that 

it will provide adequate retention. 

                Braun, Hnat et al (1996)
7 

studied the relationship of maximum bite 

force to growth and development. Bilateral bite force was measured in a 

sample of 457 subjects (231 males and 226 females) ages between 6 to 20 yrs. 

Each subject was instructed to bite as hard as possible on a calibrated bite 

force transducer three times in succession, resulting 2 to 5 seconds between 

each bite. The largest value was selected as the maximum bite force. The 

mean maximum bite force was found to increase from 78 Newtons at 6 to 8 

years to 176 Newtons at 18 to 20 years. The results showed that correlation of 

maximum bite force to gender is not evident upto age 18. They concluded that 
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the maximum bite force increases throughout growth and development 

without gender specificity. During the post  pubertal period, maximum bite 

force increases at a greater rate in males than in females and thus becomes 

gender related. 

              Scherrer, de Rijik et al (1996)
8
conducted an in vitro study to 

measure the fracture resistance of intact extracted molars and three types of 

all-ceramic crowns: feldspathic porcelain, glass - ceramic and glass- infiltrated 

alumina. A total of 90 maxillary third molars of similar size were collected. 

Forty of the teeth were prepared to receive a complete crown restoration. The 

crown preparation included a rounded shoulder 1mm wide and a mean 

convergence angle of 6 degrees. Three different ceramic materials were 

evaluated for the crown restorations. On the remaining 50 extracted teeth an 

occlusal configuration similar to that developed for the ceramic crowns was 

created by minimal reshaping of the cusps. The Weibull distribution was used 

for data analysis and it showed no significant differences were observed 

between the ceramic materials. The study revealed that intact extracted teeth 

were stronger than all the ceramic restorations, and of all the ceramic 

restorations, the glass- infiltrated alumina crowns exhibited the highest 

fracture resistance. 

Kupietzky (2002)
3
 in his article discussed about the clinical tips for 

placing bonded resin strip crowns on primary incisors. The author suggested 

that ideal oral hygiene prior to commencement of treatment is advantageous. 
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Preparation of the strip crown may be accomplished prior to the treatment 

visit. The crown is pierced with a sharp explorer at the mesial or distal incisal 

angle to create a core vent for the escape of any air bubbles entrapped in the 

crown. Caries removal was carried out by a stainless steel, round, medium-to-

large-sized bur should be used in a low- speed hand piece, following initial 

high-speed tooth reduction. Following the application of a resin-modified glass 

ionomer liner/base for dentin protection, all crowns should be fitted and 

placed. He suggested to fill and cure each crown individually with unfilled 

crown forms in place on their respective teeth to ensure proper spacing 

between restoration. Instead of using a rotary instrument to remove the crown 

form a sharp, hand-held instrument such as a cleoid/discoid carver is 

recommended to peel off the strip crown shell. The author suggested that 

placement of the highly technique-sensitive strip crown can be successfully 

achieved with the right planning and execution. 

Waggoner, W. F (2002)
5
 in his review article discussed about variety 

of esthetic materials available for restoring primary incisors. Intracoronal 

restorations of primary teeth may utilize resin composites, glass ionomer 

cements, resin-modified ionomers, or polyacid-modified resins. Each has 

distinct advantages and disadvantages and the clinical conditions of placement 

may be a strong determining factor as to which material is utilized. Full 

coronal restoration of primary incisors may be indicated for a number of 

reasons. Crowns available for restoration of primary incisors include those that 
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are directly bonded onto the tooth, which generally are a resin material, and 

those crowns that are luted onto the tooth and are some type of stainless steel 

crown. The author concluded that operator preferences, esthetic demands by 

parents, the child’s behavior, and moisture and hemorrhage control are all 

variables which affect the decision and ultimate outcome of whatever 

restorative treatment is chosen. 

           Webber, McDonald et al (2003)
9 

conducted a study to assess the 

fracture resistance of Procera All Ceram crowns with varying thickness of 

veneer porcelain. Sixty brass dies were fabricated with a 0.6 mm thick core: 

Procera crowns with either a 0.4 mm or 0.9 mm thick venner of all ceram 

(Groups 1 and 2 respectively) and In-ceram crowns with a 0.9 mm thick 

veneer of Vitadur alpha porcelain (Group 3). Each group consisted of 20 

crowns. In- ceram crowns were used as the control group. All crowns were 

measured at 4 axial and 1 occlusal random locations before autoglazing. They 

were air braded and adhesively bonded onto the appropriate brass die using 

Clearfil Newbond bonding agent, Clearfil porcelain bond activator and 

Panavia 21 TC dental adhesive as the luting agent. After storage in distilled 

water at 37°C for 24 hours, the specimens were placed in a compressive test 

rig within an Instron universal testing machine and loaded in the center of the 

occlusal surface with a 4-mm diameter stainless steel ball. An axial preload of 

20 N was applied before compressive testing at a crosshead speed of 0.1 

mm/minute until fracture occurred. The results revealed no significant 



Review of Literature 

 

 

 

9 

 

difference in the load at fracture between the 3 groups (P=0.3). The mean load 

at fracture for Group 1 was 2197.6N; Group 2, 2401.4N; and Group 3, 2581.0 

N. They concluded that the axial thickness of veneer porcelain did not have a 

significant effect on the compressive load at fracture of Procera AllCeram 

crowns. 

Potiket, Chiche et al (2004)
10 

evaluated and compared fracture 

resistance of crowns made of 3 different types of 2 all-ceramic crown 

systems—0.4-mm and 0.6-mm aluminum oxide coping crowns and zirconia 

ceramic coping crowns—and metal-ceramic crowns. Forty intact, non carious 

human maxillary central incisors were divided into 4 groups. Group MCC 

(control), metal-ceramic crown; Group AC4, crown with0.4-mm aluminum 

oxide coping; Group AC6, crown with 0.6-mm aluminum oxide coping; and 

Group ZC6, crown with 0.6-mm zirconia ceramic coping. Teeth were prepared 

for complete-coverage all-ceramic crowns so that a final dimension of                        

5.5 + 0.5 mm was achieved incisocervically, mesiodistally, and faciolingually.               

A 1.0-mm deep shoulder finish line was used with a rounded internal line 

angle. All restorations were treated with bonding agent (Clear fil SE Bond) 

and luted with phosphate-monomer–modified adhesive cement (Panavia 21). 

Fracture strength was tested with a universal testing machine at a cross head 

speed of 2 mm per minute with an angle of 30 degrees to the long axis of the 

tooth after restorations were stored in 100% relative humidity of a normal 

saline solution for 7 days. The mode of fracture was examined visually.               
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The results revealed the means of fracture strength were: Group MCC, 405 

+130 N; Group AC4, 447 + 123 N; GroupAC6, 476 + 174 N; and Group ZC6, 

381 + 166 N. There was no significant difference between groups (P=0.501) 

The author concluded that there was no significant difference in the fracture 

strength of the teeth restored with all-ceramic crowns with 0.4- and 0.6-mm 

aluminum oxide copings, 0.6 mm zirconia ceramic copings, and metal ceramic 

crowns cemented with glass-ionomer (Aqua Meron) and resin-modified glass-

ionomer  luting cement (Vitremer). 

Yilmaz, Dalmis et al (2004)
11

 conducted a study to compare the 

tensile strength and microleakage of stainless steel crowns cemented with 

different luting agents/adhesive cements on primary molars. Sixty- three 

extracted primary first molars were used and tooth preparations were done. 

Crowns were altered by creating a hole through the central fossa and 1- inch 

nail was inserted through it  for additional gripping by the test machine and 

then cemented using glass ionomer cement (Aqua Meron), resin modified 

cement (Rely X luting) and resin cements (Panavia F). Samples were 

randomly divided into two groups of 30 samples each were used to evaluate 

tensile strength and microleakage. The remaining three samples were used for 

evaluation under SEM. The results revealed significant difference among the 

groups for both tensile strength and microleakage tests (P>0.05). They 

concluded that the resin cement improved the crown retention and had lower 
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microleakage than RMGIC but not significantly lower than GIC. The higher 

retentive force of the crown possessed the lower possibility of microleakage. 

Yilmaz, Simsek et al (2006)
12

 evaluated in vitro and in vivo conditions 

of Stainless steel crowns cemented with glass-ionomer (Aqua Meron) and 

resin-modified glass-ionomer luting cement (Vitremer). In the in vitro part of 

the study, retentive properties of SSCs cemented using Aqua Meron and 

Vitremer on extracted primary first molars were tested. In addition, two 

specimens of each group were used to evaluate the tooth hard tissue- cement, 

within the cement itself, cement – SSC, and tooth hard tissue- cement- SSC 

under scanning electron microscope (SEM). In the in vivo part of the study, 

152 SSCs were placed on the first or second primary molars of 86 children, 

and cemented using either Aqua Meron or Vitremer. The crowns were 

examined for retention. The results revealed that there was no significant 

difference between the mean retentive force of Aqua Meron and Vitremer 

(P>0.05). SSCs cemented with Aqua Meron and Vitremer had an average life 

span of 26.44 and 24.07 months respectively. The author concluded that, even 

though the difference was not statistically significant (P>0.05), SSCs 

cemented with Vitremer had higher success rate than SSCs cemented with 

Aqua Meron.
 

Gaviao, Raymundo et al (2007)
13

 conducted a study to evaluate the 

relationship between masticatory performance and maximum bite force in the 

primary dentition. 15 children of both genders, aged 3 to 5.5 years, with good 
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systemic and oral health, presence of all primary teeth without large caries, no 

structural anomalies, without severe malocclusion, and no history of 

orthodontic treatment. They chewed one standardized silicone tablet for 20 

strokes and the median areas of the chewed particles were measured by an 

optical digital system. Enhanced performance was measured by a decrease in 

the chewed particle areas and an increase in the amount of chewed particles. 

The bite force was determined using a transmitter pressurized tube connected 

to an analog/digital electronic circuit. Weight, height and body mass index 

(kg/m2) were determined. The results revealed that there was no correlation 

between bite force and particle area and amount (p > 0.05), neither were the 

body variables correlated with the masticatory variables (p > 0.05). They 

concluded that the bite force was not a primary determinant of masticatory 

performance, and both variables were not dependent on body variables. 

Al-Makramani, Razak et al (2008)
14

 conducted a study to investigate 

the effect of different luting agents (Zinc phosphate cement, glass ionomer 

cement, dual core composite resin cement) on the fracture strength of Turkom-

cera fused alumina copings. Six master dies were duplicated from the prepared 

maxillary first premolar tooth using nonprecious metal alloy. Thirty Turkom-

ceracopings of 0.6 mm thickness were manufactured and three types of luting 

media were used. Ten copings were cemented with each type. Two master dies 

were used for each group, and each of them was used to lute five copings. All 

groups were cemented and received a static load of 5kg for ten minutes. After 
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24 hours of distilled water storage at 37° C, the copings were vertically 

compressed using a universal testing machine at a crosshead speed of 

1mm/min. The results revealed significant difference in the compressive 

strength between the three groups (P<0.001). The mean fracture strength of 

Turkom-cera copings cemented with three different luting agents were 

1537.4N, 1294.4N and 2183.6N respectively. The author inferred that 

Turkom-cera cemented with dual core composite resin cement had stronger 

fracture resistance than the Turkom-cera cemented with zinc phosphate 

cement and glass ionomer. 

            Rossetti,Valle et al (2008)
15

 evaluated the correlation between in vitro 

margin fit and microleakage in complete crowns cemented with Zinc 

phosphate (ZP), resin modified glass ionomer cement (RMGIC), resin based 

luting agent (RC) using new technique. Thirty human premolars were 

prepared for full-coverage crowns with a convergence angle of 6 degrees, 

chamfer margin of 1.2mm circumferential and occlusal reduction of 1.5mm. 

Ni-Cr cast crowns were cemented with three different luting agents. Margin fit 

was evaluated under microscope with 0.001mm accuracy. After thermal 

cycling, crowns were longitudinally sectioned and microleakage scores at 

tooth-cement interface were recorded at 100x magnification. Seating 

discrepancy and marginal gap values ranged from 81.82 µm to 137.22 µm 

(p=0.117), and from 75.42 µm to 78.49 µm (p=0.940), respectively. Marginal 

microleakage scores for Zinc phosphate, resin modified glass ionomer cement, 
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resin based luting agent were 3.02, 0.35 and 0.12 (P< 0.001) respectively. The 

author concluded that marginal fit parameters and microleakage showed no 

strong correlation; crowns cemented with RMGIC and RC had lower 

microleakage than ZP cement. 

           Beattie, Taskonak  et al (2011)
16

 evaluated the fracture resistance of 

three types (EC crowns, Kinder krowns, Nusmile crowns) of primary esthetic 

stainless steel crowns. Esthetic SSCs for first primary mandibular molars were 

cemented to idealized epoxy dies with glass ionomer cement. The die-crown 

units were fractured on a universal testing machine. The force was delivered 

by a stainless steel ball fixture, set in a uniaxial lever to replicate a cusp 

contact, with a cross head speed of 1mm/min. The results indicated that the 

force required to fracture did not differ significantly among the 3 brands of 

esthetic SSCs crowns: 1730 + 50 N, 1826 + 62 N and 1671 + 68 N 

respectively (p= 0.19), well below the maximum bite force of pediatric 

patients. They concluded that the esthetic SSCs should be able to resist 

occlusal forces over a short period.  

Jang, Kim et al (2011)
17

 evaluated the influence of zirconia thickness 

for full zirconia crowns on fracture resistance. Mandibular first molar resin 

teeth were prepared with various thicknesses of 0.5 mm, 1.0 mm, 1.5 mm,    

2.0 mm and 2.5 mm. Different preparation shapes of resin dye and full 

zirconia crowns with different occlusal thickness were fabricated using 

CAD/CAM systems. Pre-sintered zirconia crowns were sintered for 12 hrs at 
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1600°C and then glazed. The samples were cemented on the resin die using 

resin cement.  The specimens were stored in distilled water at 37°C for at least 

24 hrs and then were tested with a universal testing machine thoroughly 

evaluated for weeks and/or bulk fracture with SEM and fracturography. The 

results revealed that the fracture strength of zirconia crowns increased with 

occlusal thickness. The crown with 0.5 mm occlusal thickness had fracture 

strength that endues the occlusal force and author states that aggressive 

preparation is not required for patient with little interocclusal space. 

Korkut L, Cotert HS et al (2011)
18

 compared the marginal, internal 

fit and microleakage of zirconia infrastructure. Thirty maxillary premolars 

were divided into three groups. Ten of each was allocated to the coping 

fabrication method of computer-aided design and computer-aided 

manufacturing (Procera), computer-aided manufacturing (Cercon) and heat 

pressing (Empress 2) as the control. All the specimens were kept in distilled 

water at room temperature for four weeks after cementation with dual-curing 

resin cement. They were then thermocycled between 5° to 55° C for 5000 

cycles with a 20 second dwell time and immersed in 0.5% basic fuchsin for 48 

hours. The cemented specimens were separated into two halves vertically in 

the mid-vestibulo palatal direction. The specimens were examined under a 

computer-aided stereomicroscope to evaluate both the internal and marginal 

fit. Marginal and internal gap widths were measured at 100x magnification. 

The specimens were evaluated for microleakage under a stereomicroscope at 
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100x magnification; selected specimens from each group were also examined 

using a scanning electron microscope. The results revealed that the internal 

gap with means were recorded as 57.10 + 8.84 µm for Cercon, 65.40 + 13.08 

µm for Procera and 74.01 + 16.41 µm in the Empress 2 groups, which 

exhibited significant difference (p<0.05). Pair wise comparisons revealed that 

the heat-pressed (Empress 2) and CAM groups differed significantly (p=0.05). 

The greatest mean microleakage score (1.50 + 1.08) was obtained from the 

heat- pressed (Empress 2) group while the smallest score (0.80 + 0.78) was 

obtained from the CAM group and there was no significant difference between 

them (p=0.273).  The author concluded that the narrowest marginal gaps were 

measured in the cercon group while the wider marginal gaps resulted from 

Procera. The narrowest internal gaps were measured in the cercon group while 

the wider internal gaps resulted from Empress 2 and no differences were found 

in microleakage scores. 

          Yuksel and Zaimoglu (2011)
19

 conducted a study to evaluate the 

influence of marginal fit and cement types on  microleakage of all ceramic 

crown systems. Thirty six extracted upper central incisors were prepared for 

full-coverage crowns and were divided into three groups. 

Group 1. CAD/CAM fabricated ZrO2 

Group 2. Heat pressed lithium disilicate and 

Group 3. Cast Cr-Co copings at the control group 



Review of Literature 

 

 

 

17 

 

Coping were made following standard techniques and groups were assigned 

cementation with either self-adhesive resin cement or glass ionomer luting 

cement. The specimens were subjected to thermocycling, immerse in basic 

fuchsin solution, sectioned mesiodistally and buccolingually. The surface of 

each section was digitally photographed under a stereomicroscope. 

Microleakage was scored using a five point scale and the marginal gap was 

measured using image analysis software. The results revealed the marginal 

discrepancy of each group was 82.7 + 7 µm, 92.6 + 4 µm and 96.5 + 7 µm 

respectively. Group 1 showed significantly smaller gaps than Group 3                  

(P= 0.042). Self-adhesive resin cement showed a lower level of microleakage 

than glass-ionomer luting cement (P=0.029). They concluded that the marginal 

discrepancy and cement type both had significant effects on microleakage. 

Lower levels of microleakage were recorded with self-adhesive resin cement, 

while CAD/CAM fabricated ZrO2copings showed smaller marginal 

discrepancy and less microleakage in comparison to cast Cr-Co. 

Rachana and Dipti (2012)
20 

conducted an in vitro study to evaluate 

the microleakage under full  cast crowns cemented with conventional glass 

ionomer cements, resin modified glass ionomer cements and adhesive resin 

cement. Thirty natural extracted molar teeth were prepared and divided into 

three groups, each group of crowns luted with conventional glass ionomer 

cement, resin- modified glass ionomer cement and adhesive resin cement 

respectively. Samples were stored in tap water for one month and artificially 
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aged by thermal cycling from 5-55°C for 300 cycles with a 1min dwell time in 

water bath containing 0.5% aqueous solution of basic fuschin dye. Each tooth 

with crown was sectioned longitudinally through the restoration either bucco-

lingually or mesio-distally. Scoring was done according to the linear 

penetration of the dye from the external margin of the luting agents with a 

stereomicroscope at 40X magnification. Kruskal- Wallis, One Way Analysis 

of Variance (ANOVA) and Mann Whitney U test were used for statistical 

analysis. The results showed that the resin modified glass ionomer cements 

exhibited more microleakage than adhesive resin cements but less than the 

conventional glass ionomer cements. This study concluded that the adhesive 

resin cement had the least microleakage score amongst all the adhesive 

cements. 

         Ammar and Sabea (2013)
21 

conducted an in vitro study and compared 

the marginal adaptation, internal fitness and the microleakage of three 

CAD/CAM of all ceramic crown materials: Zolid, Zirconia and Empress 2 and 

evaluated the correlation of microleakage to the marginal fitness of these 

zirconia crown materials. Forty five maxillary first premolar teeth were 

prepared with 2-mm occlusal reduction and 1-mm all around shoulder finish 

line, the teeth were randomly divided into three groups Group 1 : received a 

CAD-CAM Ceramill Zolid unilayered transparent zircon. Group 2: received a 

CAD-CAM Ceramill ZI units (Zirconium oxide)   Group 3: received a CAD-

CAM Ceramill wax units which was subsequently invested and heat pressed to 
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fabricate a hot- press ceramic crowns. The results showed statistical 

significant difference in marginal fitness, internal fitness and microleakage 

between Zolid groups and other groups (P> 0.0001).There was highly 

significant correlation between marginal and internal fitness for the three 

groups and there was no significant correlation between marginal fitness and 

microleakage They concluded that Zolid materials showed the best for 

marginal adaptation, internal fitness and less microleakage compared to the 

two groups. There was highly significant correlation between marginal and 

internal fitness for the three groups. There was no significant correlation 

between microleakage and marginal fitness. 

Mirkarimi, Bargrizan  et al (2013)
22

 conducted a study to assess the 

effect of zinc phosphate, glass ionomer and polycarboxylate cements on 

microleakage of stainless steel crowns for primary pulpotomised molar teeth. 

Sixty extracted primary molar teeth were randomly divided into three groups. 

Stainless steel crowns were fitted for each tooth after pulpotomy procedures. 

Crowns were luted with a zinc phosphate, glass ionomer or polycarboxylate 

cement. All specimens were stored in 100% humidity at 37°C for 1 hour and 

thermocycled 500 times (5°C to 55°C) with a 30 seconds dwell time and then 

immersed in 0.5% basic fuschin solution for 24 hours. The specimens were 

sectioned buccolingually and each section was evaluated for microleakage 

under a stereomicroscope. Using Kruskal Wallis test, the results revealed that 

there were significant difference in microleakage (p< 0.001) in all groups. The 
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study concluded that zinc phosphate cements exhibited more microleakage 

than polycarboxylate and glass ionomer cements when used as luting agent 

with stainless steel crowns. 

Sakrana AA (2013)
23 

conducted an in vitro study to evaluate of the 

marginal and internal discrepancies of slip cast crowns, copy milled zirconia 

crown and indirect composite resin crowns. Thirty intact human mandibular 

first premolars were selected, prepared and divided into 3 groups. Slip cast 

crowns, copy milled zirconia crown and indirect composite resin crowns were 

fabricated according to manufacturer’s recommendations. Before cementation, 

discrepancies were measured at the marginal zone in each crown. Crowns 

were the cemented with G-Cem capsule self-adhesive luting cement. Four 

positions were marked for each zone (mid-facial, mid-mesial, mid-distal and 

mid-lingual) and three measurements were made at each of the four positions 

yielding to a total of 12 measurements per crown before and after cementation. 

Marginal, axial and occlusal zone discrepancies (µm) were evaluated after 

cementation. The results  revealed that there was  significantly less marginal 

discrepancies before cementation compared with after cementation in all 

groups (p< 0.05) and no significant differences were found within each zone 

in all three crown systems. They concluded that slip cast and copy milled 

zirconia crowns showed comparable fit to composite resin crowns in all 

marginal, axial and occlusal areas. 



Review of Literature 

 

 

 

21 

 

            Seydler, Rues  et al (2013)
24

 evaluated the effect of wall thickness on 

the fracture loads of monolithic lithium disilicate molar crowns. Forty- eight 

extracted molars were prepared by use of a standardized preparation design. 

Lithium disilicate crowns of different wall thickness were then constructed 

and milled. After placement of the teeth in acrylic blocks, the crowns were 

adhesively luted. In each series, eight crowns were loaded without artificial 

aging whereas another eight crowns underwent thermocycling and chewing 

simulation. All specimens are loaded until fracture on one cusp with a tilt of 

30° to the tooth axis in a universal testing machine. The results revealed the 

crowns with 1 and 1.5mm wall thickness did not crack during artificial aging. 

The loads to failure of the crowns without aging were 470.2 + 80.3N , 369.2 + 

117.8 N for crown thickness of 0.5mm, 801.4 + 123.1N, 889.1 + 154.6N for 

crown thickness of 1mm, 1107.6 + 131.3N, 980.8 + 115.3N for crown 

thickness of 1.5mm. They concluded that the fracture loads for posterior 

lithium disilicate crowns with 0.5mmwall thickness were too low, whereas all 

crowns with 1.0 and 1.5 mm wall thickness showed appropriate fracture 

resistances. 

         Ashima, Bhatia  et al (2014)
25 

reported a case of grossly decayed  four 

primary maxillary anterior teeth treated with preformed zirconia crowns 

(ZIRKIZ) in a 4-yr old boy with a  follow up period of 30 months. After 

endodontic treatment, the decayed teeth were restored with zirconia crowns. 

Over a 30 months period, the crowns have demonstrated good retention and 
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esthetic results. The author concluded that treatment for grossly decayed teeth 

with zirconia crowns would be practical, simple and effective and represents a 

promising alternative for rehabilitation of decayed primary teeth. 

      Erdemci, Cehreli et al (2014)
26

 conducted an in vitro study to investigate 

the microleakage and marginal discrepancies in stainless steel crowns placed 

using conventional and Hall techniques, cemented with resin, conventional 

glass ionomer and polycarboxylate. Seventy eight human primary maxillary 

second molars were randomly assigned to two groups, and SSCs were applied 

either with the Hall or conventional technique. These two groups were further 

subgrouped according to the material used for crown cementation. Two 

specimens in each group were processed for scanning electron microscopy 

investigation. The extent of microleakage and marginal fit was quantified in 

millimetres on digitally photographed sections using image analysis software. 

The results depicted that the scores in the Hall group were significantly worse 

than those in the conventional group (P<.05). In both groups, resin cement 

displayed the lowest extent of microleakage, followed by glass ionomer and 

polycarboxylate cements (P<.05). The author concluded that stainless steel 

crowns applied with both the techniques exhibited microleakage. Regardless 

of the technique, resin cemented resulted in the lowest microleakage scores 

followed by conventional glass ionomer and polycarboxylate cements. In both 

the techniques, marginal gap scores were higher near the buccal crown 

margins. 
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         Isilsener, Cehreli et al (2014)
27

 evaluated marginal gap, cement 

thickness and microleakage of glass ionomer cement (GIC) and phosphate 

monomer containing resin cement (MDP-RC) under 2 zirconia crown system 

(cereon and DC- zirkon). Forty human premolars were prepared for all-

ceramic zirconia crowns with a 1mm circumferential finish line and 1.5 mm 

occlusal reduction. The crowns from each zirconia system were randomly 

divided into 2 groups and cemented either with GIC or MDP – RC cement. 

The cemented crowns were then thermocycled for 5000 times (5°- 55°C). The 

crowns were immersed in 0.5% basic fuschin dye solution for 24 hours and 

sectioned buccolingually and mesiodistally. The specimens were examined 

under optical microscope( 100X).The results showed that the mean marginal 

gap values for Cercon (85  +  11.4 µm) were significantly higher than for DC-

Zircon (75.3 + 13.2µm ) ( P= 0.018). The mean cement thickness values of 

GIC (81.7 + 13.9 µm) and MDP-RC (78.5  +   12.5 µm) were not significantly 

different (P = 0.447 ). Microleakage scores did not demonstrate significant 

difference between GIC (P= 0.385) and MDP-RC (P= 0.631) under Cercon or 

DC- Zircon. It was concluded that both zirconia crown systems could be 

cemented in combination with either GIC or MDP-RC. 

      Townsend, Knoell et al (2014)
6
 evaluated the fracture resistance of 

primary mandibular first molar zirconia crowns from three different 

manufacturer EZpedo (EZP), Nusmile (NSZ) and Kinder Krowns (KZ) and 

compared it with the thickness of the zirconia crowns and the measured 
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fracture resistance of preveeenered stainless steel crowns. The thickness of 20 

zirconia crowns from three manufacturers was measured. The mean force 

required to fracture the crowns was determined. Preveneered Nusmile (NSW) 

SSCs were tested as a control. The result showed that EZ Pedo crowns were 

significantly thicker in three of the six measured locations. The force required 

to fracture the EZP crowns was significantly higher than that for NSZ and KK 

crowns (P<0.001) and there was a positive correlation between fracture 

resistance and crown thickness in the mesial, distal, mesioocclusal and 

distoocclusal dimensions. They concluded that the increase in force correlated 

with crown thickness. The force required to fracture the preveenered stainless 

steel crowns were greater than the forces required to fracture all 

manufacturer’s zirconia crowns. 

Venkataraghavan, Canh et al (2014)
4 

reported a case on full coronal 

restoration for primary anterior tooth using polycarbonate crowns.  They used 

polycarbonate crowns of KudosTM—Temporary Pediatric Crowns, is a crown 

that is easy to use and handle along with considerably reducing the chair side 

working time thereby overcoming the difficulties reported so far pertaining to 

placement and retention. They are available as both individual as well as full 

arch crown and bridge both for the maxillary and mandibular anterior and 

posterior teeth, respectively. They also suggested that on periodic followup 

period of 6 months- 18 months, the crowns were found to be intact with good 
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oral hygiene. Thus they concluded that the polycarbonate crowns could be an 

alternative full coronal restoration for primary anterior teeth. 

Amir Rad,  Succaria et al (2015)
28

 conducted an in vitro study to 

investigate the fracture resistance of three types of crowns viz. metal-ceramic 

crowns (MC), veneered zirconia crowns (VZ) and monolithiumdisilicate 

crowns (MO) with exposed lingual zirconia for anterior teeth after 

thermocycling. Metal ceramic crowns with exposed lingual metal served as 

controls. Twenty four maxillary central incisor crowns were fabricated in 

identical shape on metal testing dies in 3 groups: metal-ceramic crowns, 

veneered zirconia crowns and mono lithium disilicate crowns. A conservative 

preparations design with 0.75 mm lingual clearance was used for each crown 

system. All crowns were cemented to their corresponding crown preparation 

with self-adhesive resin cement. The crowns were subjected to 1000 cycles of 

thermal cycling, then cycle loading of 111N by means of a stainless steel ball, 

and 50,000 cycles of loading were applied for the fatigue test. Fatigue loading 

was followed by a continuously increasing compressive load, at a cross head 

speed of 1 mm/min until failure. The compressive load (N) required to cause 

failure was recorded. The result showed the mean fracture resistance for MC, 

was 9369 + 734 N and for MO, VZ were 1650 + 945 N, 2782 + 283 N 

respectively. Statistical analysis which was done by one-way ANOVA showed 

that there was a significant difference in the mean fracture resistance of MC, 

VZ and MO crowns. The MC group recorded the highest mean fracture 
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resistance. They concluded that MO crowns exhibited lower mean fracture 

load compared with VZ and MC crowns (P= .0001), VZ crowns showed lower 

mean fracture load compared with MC crowns (P= .012). MC crowns 

exhibited a mean fracture load considerably higher than the other two groups. 

          Farah and Elzeky (2015)
29

 conducted an in vitro study to compare the 

marginal microleakage of provisional crowns, cemented on extracted human 

premolars using four temporary cements (zinc oxide eugenol, zinc 

polycarboxylate, resin and additional silicone). Provisional crowns were made 

from a methacrylate resin using a direct technique. Twenty-four non-carious 

human premolars were prepared for full- coverage restorations and the 

specimens were randomized into four groups of temporary cementing agents. 

After 24 hrs of storage in distilled water at 37°C, the specimens were 

thermocycled and then stored again for 24 hrs in distilled water at room 

temperature. Next, they were placed in freshly prepared 2% aqueous 

methylene dye for 24 hrs, then embedded in autopolymerising acrylic resin 

blocks and sectioned bucco-lingually and mesio-distal direction and assessed 

the dye penetration using stereomicroscope. The results revealed that there 

was statistical significant difference in microleakage scores in all groups     

(P<.001). They concluded that all the four temporary cements showed 

marginal microleakage whereas resin based temporary cements and additional 

silicone showed lowest microleakage than those of polycarboxylate and zinc 

oxide eugenol. 
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            Nakamura, Harada et al (2015)
 30 

conducted a study to analyse the 

relationship between the fracture load of monolithic zirconia crowns and 

axial/occlusal thickness and  to evaluate the fracture resistance of monolithic 

zirconia crowns with reduced thickness in comparison with that of mono 

lithium disilicate crowns with regular thickness. Monolithic zirconia crowns 

with specified axial/occlusal thickness and lithium disilicate crowns with 

regular thickness were fabricated using a dental CAD/CAM system and a 

press technique, respectively. The crowns cemented onto dies were loaded 

until fracture. The results revealed that the occlusal thickness significantly 

affected the fracture load (p< 0.01), but the axial thickness did not affect the 

fracture load (p< 0.2828). The reduction of occlusal thickness decreased the 

fracture resistance of monolithic zirconia crowns; the fracture load of the 

zirconia crowns with the occlusal thickness of 0.5mm (5558  +  522 N) was 

higher than that of lithium disilicatecrowns with the occlusal thickness of 

1.5mm (3147  +  409 N). They concluded that the monolithic zirconia crown 

with chamfer width of 0.5mm and occlusal thickness of 0.5mm can be used 

for molar region. 

       Owittayakul, Lerdrit et al (2015)
31 

studied the microleakage of zirconia 

frame work cemented with two types of phosphate monomer based resin 

cements- self etching (SE) and self-adhesive (SA) resin cements. Thirty 

permanent premolars were divided into two groups. Teeth were prepared for 

zirconia frameworks which were fabricated by TDS CAD /CAM.                       
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After cementation and thermocycling (20,000 cycles), specimens were 

immersed in 2% methylene blue dye solution for 24 hrs and were sectioned 

mesio-distally & bucco-lingually and microleakage was recorded. The results 

showed significantly higher microleakage scores at the cementum margins 

than at the enamel margins (P< 0.05). The SE rein cement provided 

significantly lower microleakage scores than the SA resin cement at the 

enamel margin (P< 0.05) and there was no statistically significant differences 

in microleakage between two resin cements at the cementum margins 

(P>0.05). The author concluded that the self-etching cement had better sealing 

ability than the SA cements at the enamel surface and both the resin cements 

had higher microleakage at the cementum margins especially at the tooth/resin 

interface. 

Ramazani & Ranjbar (2015)
32

 studied, the in vitro effect of tooth 

preparation on microleakage of stainless steel crowns placed on mesiodistally 

reduced primary mandibular first molars. Sixty primary mandibular first 

molars with reduced mesio-distal dimensions were selected. Pulp cavities were 

filled with amalgam and occlusal surfaces were reduced. The samples were 

randomly divided into two groups (group P and BLP). Standard preparation 

was done in group P with only proximal reduction. In group BLP, after 

reducing the proximal undercuts, buccal and lingual surfaces were slightly 

reduced. Occlusal one-third of the buccal surfaces was bevealed in both the 

groups. Then the SSCs of primary maxillary and mandibular first molars were 



Review of Literature 

 

 

 

29 

 

fitted and cemented in P and BLP groups respectively. After immersing the 

samples into deionized water, thermocycling and immersed in 2 % basic 

fuschin, the samples were sectioned bucco-lingually. The mesial halves were 

evaluated microscopically for microleakage in both buccal and lingual 

margins. The results showed that there was a significant difference in 

microleakage of the buccal margin (P= 0.003), whereas, the difference 

observed in the lingual margin was not significant (P= 0.54).  Based on lower 

microleakage in the buccal margin of BLP group, the author concluded that 

buccal and lingual reduction is recommended for primary mandibular first 

molar with reduced mesiodistal dimension. 

 Tote, Godhane, Das et al (2015
)1 

reviewed about the variety of 

posterior esthetic crowns which are indicated for mutilated teeth due to variety 

of reasons. Full coronal restoration available to restore posterior primary teeth 

are stainless steel crown, polycarbonate crowns, preveneered stainless steel 

crowns, zirconia crowns and aluminium veneered with tooth coloured 

material. As  esthetics become a respectable concept, its importance was 

discounted in favour of concepts such as function, structure and biology .But  

impact of esthetics should always be considered in treatment plan as it has 

vital role in child’s overall general health and psychological well being. 

Current wide ranges of available esthetic crows help us to meet the parental 

satisfaction and acceptance in terms of esthetics.  
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 Bhola and Jindal (2016)
33

 reviewed the use of Zirconia crowns and its 

clinical implications in pediatric restorative dentistry. They recommended that 

zirconia is currently the strongest dental ceramic available and is also 

esthetically pleasing. Even though zirconia is widely accepted as a restorative 

material for the permanent dentition, it is a relatively new restorative material 

for the primary dentition. 

         Clark, Martha et al (2016)
34

 compared the amount of primary tooth 

reduction among different brands of zirconia and stainless steel crowns. 100 

primary typhodont teeth were divided into five groups and assigned to Cheng 

Crowns (CC), EZ Pedo (EZP), Kinder Krowns (KKZ), NuSmile (NSZ) and 

SSC. Teeth were prepared and assigned crowns were fitted. Teeth were 

weighed prior to and after preparation. Weight changes served as a surrogate 

measure of tooth reduction. The results showed a significant difference in 

tooth reduction among type for both the anterior and posterior. With respect to 

anterior, revealed that SSCs required significantly less tooth removal 

compared to the composite of the four zirconia brands, which showed no 

significant difference among them. Regard to posterior data, revealed that CC 

required significantly greater removal of crown structure, while EZP, KKZ 

and NSZ were statistically equivalent and SSCs required significantly less 

removal. The author concluded that the zirconia crowns required more tooth 

reduction than stainless steel crowns for primary anterior and posterior teeth. 

Tooth reduction for anterior zirconia crowns was equivalent among brands. 
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For posterior teeth, reduction for three brands (EZ pedo, kinder krowns, 

Nusmile) did not differ while   Cheng crowns required more reduction. 

 Cristian, Jeanette et al (2016)
35

 in his study evaluated the 

microleakage and absolute marginal discrepancy (AMD) and assessed the 

correlation between microleakage and AMD with four resin luting cements. 

Twenty extracted human third molars were prepared for full coverage crowns. 

Twenty zirconia copings were made and cemented. Specimens were randomly 

allotted for each used type of cements into four groups, Rely X (Rx), Multilink 

(Mk), PANAVIA 2.1 (P), and Maxcem (Mx) and immersed in 10% safranin 

for 72 hrs. Microleakage was observed using 20x magnification lenses and the 

images software was used to measure AMD areas. Results showed that Rx 

group showed microleakage has lowest value (146 + 965) µm
2
and AMD has 

highest value (264 + 297) µm .They concluded that there was no significant 

differences between the cements and there was no linear correlation between 

microleakage and AMD among four types of luting cements. 

Memarpour, Derafshi et al (2016)
36

 conducted an in vitro study and 

compared the microleakage of stainless steel crown margins restored with 

amalgam, resin- based composite, glass ionomer(GI), Zinc phosphate or 

reinforced zinc oxide Eugenol (Zonalin). 120 primary molar were randomly 

selected and divided into 6 groups. Class V cavities were prepared on the 

buccal surfaces of the teeth in groups 1-5. Cavities were restored with 

amalgam; resin- based composite, glass ionomer (GI), Zinc phosphate or 
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reinforced zinc oxide Eugenol. Group 6 without any cavity preparation was 

used as a control. Tooth preparation for stainless steel crowns were done 

following the standard methods and were fitted, so that the crown margins 

overlaid the restorative materials and cemented with GI. After thermocycling, 

the specimens were placed in 0.5% basic fuchsin and sectioned. The portions 

of microleakage and material loss were evaluated with a digital microscope. 

The results revealed that amalgam and GI showed least microleakage. 

Amalgam restorations had significantly less microleakage than the other 

materials (P<0.05). Microleakage was greatest with resin-based composite, 

followed by Zonalin and material loss was greater in samples restored with 

Zonalin and zinc phosphate. They concluded that resin- based composite, Zinc 

phosphate and Zonalin were not suitable options regarding microleakage. 

 Oilo,  Kvam et al (2016)
37

 conducted an in vitro study and compared 

the load at fracture of monolithic, anatomic contour zirconia crowns with 

bilayered crowns with and without a cervical zirconia collar. Thirty zirconia 

crowns were fabricated for a shallow chamfer molar preparation, 10 with a 

normal core-veneer design with an additional cervical collar of zirconia, and 

10 with a monolithic, anatomic contour design. Veneering ceramic was 

applied to the first 20 specimens to create an anatomic form. All crowns were 

cemented to epoxy abutments and loaded until complete fracture. The fracture 

modes and load at fracture were recorded. The results revealed the significant 

differences in the load at fracture and fracture modes among the test groups 
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(P< .001). The mean load at fracture was 4091 N for the normal core-veneer 

design, 4712 N  for the collar design , and 6517 N for the monolithic , 

anatomic contour design. They concluded that the monolithic, anatomic 

contour zirconia designs had higher loads at fracture than the traditional core-

veneer design. Crowns with cervical zirconia collar had higher load at fracture 

than the core-veneer design, but lower than the monolithic crowns. 

Pathak, Shashibhushan, Poornima et al (2016)
38

 assessed and 

compared the retentive strength of two dual – polymerized self-adhesive resin 

cements (Rely X U200), 3MESPE, SmartCem2, Dentsplay cart and a resin 

modified glass ionomer cement (RMGIC, RelyX luting 2, 3MESPE) on 

stainless steel crown (SSC). Thirty extracted teeth were mounted on cold 

cured acrylic resin blocks exposing the crown till the cemento-enamel 

junction. Pretrimmed, precontoured SSC was selected for a particular tooth. 

Standardized tooth preparation for SSC was performed by single operator. The 

crowns then luted with either Rely XU200 or SmartCem2 or Rely X luting               

2 cement. The retentive strength was tested using Instron universal testing 

machine. The results revealed that Rely X U200 showed significantly higher 

retentive strength than rest of the two cements (p< 0.001). No significant 

difference was found between the retentive strength of SmartCem2 and Rely 

X Luting 2 (p> 0.05).They concluded that the retentive strength of dual – 

polymerized self-adhesive resin cements was better than RMGIC and Rely 
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XU200 significantly improved crown retention when compared with 

Smartcem2 and RelyX luting 2. 

Schriwer, Skjold, Gjerdet et al (2017)
39

 conducted a study to 

evaluate whether the factors of the production methods or the material 

composition of zirconia dental crowns affect the load at fracture, fracture 

modes, internal fit or crown margins of zirconia crowns. Sixty crowns made 

from six different commercially available dental zirconia were produced to a 

model tooth with a shallow circumferential chamfer preparation. Internal fit 

was assessed by the replica method. The crown margin quality was assessed 

by light microscopy on an ordinary scale. The cemented crowns were loaded 

centrally in the occlusal fossa with a horizontal steel cylinder with a diameter 

of 13mm at 0.5 mm / min until fracture and fractographic analysis was 

performed on the fractured crowns. The results showed that there was 

statistically significant difference among the groups regarding crown margins, 

internal fit and load at fracture (p< 0.05). They concluded that the production 

method and material composition of monolithic zirconia crowns affected the 

internal fit, crown marginal quality and the load at fracture. The hard-

machined Y-TZP zirconia crowns had the best margin quality and the highest 

load at fracture. Reduction of margin flaws will improve fracture strength of 

zirconia crowns and thereby increases clinical success. 
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MATERIALS AND METHODS 

               The study was designed to assess and compare the compressive 

strength, microleakage and amount of tooth reduction required for placing 

Zirconia crowns with Stainless steel crowns on extracted primary molar teeth. 

              The study design was approved by the Institutional Review Board of 

Ragas Dental College and Hospital, Chennai, India. 

             Sixty extracted primary maxillary and mandibular first and second 

molars were included in this study. 

 

Extracted primary molars (n=60) 

 

Group I: Zirconia crowns (n=30)         Group II:  Stainless steel crowns (n=30) 

 

Compressive         Microleakage                  Compressive             Microleakage 

Strength (n=15)    (n=15)                               strength (n=15)          (n=15)          

 

Amount of tooth reduction (n=15)              Amount of tooth reduction (n=15)        

The following materials was used in the study, 

 

MATERIALS USED FOR STORING THE EXTRACTED TEETH: 

 Sterile container 

 Saline solution 
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MATERIALS USED FOR TOOTH PREPARATION: 

 Extracted primary maxillary & mandibular first & second molars. 

 Digital weighing machine. 

 High speed airotor handpiece with water coolant. 

 Preparation burs: 

 No.330  tapered diamond bur 

 No.169L tapered diamond bur. 

 WR-131 diamond bur. 

 TC-21 tapered or carbide burs. 

 CD-59F tapered diamond bur 

MATERIALS USED FOR FULL-COVERAGE RESTORATION: 

 Zirconia crowns- Kinder Krowns 

 Stainless steel crowns- 3M company 

 Crown and bridge scissors 

 No.110 Howe pliers 

 No. 137 Gordon pliers 

 No. 114 Johnson contouring pliers 

 No.147 Crimping pliers 

 Green stone burs for trimming of SSC’s  

 Rough or whiting polishing wheels 

 Crown remover 

 Luting cement- Rely X cement 

 Agate spatula 
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 GIC mixing paper pad 

 Light curing unit 

MATERIALS USED FOR COMPRESSIVE STRENGTH TEST: 

 Prepared teeth with crown 

 Instron universal testing machine (3382). 

MATERIALS USED FOR MICROLEAKAGE TEST: 

 Prepared teeth with crown  

 Sealed container. 

 2% basic fuchsin dye solution. 

 Divider and ruler 

 Diamond disc with the thickness of 0.01mm. 

 Stereomicroscope (50X microscope) 

INCLUSION CRITERIA: 

 Extracted 60 primary maxillary and mandibular molar teeth with intact 

crown and atleast more than ½ of root surface. 

EXCLUSION CRITERIA: 

 Teeth with flattened cuspal/ incisal surfaces. 

 Discoloured teeth. 

 Teeth with cracks or fractured. 

 Hypoplastic teeth or any other developmental defects. 
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Methodology: 

Sixty freshly extracted human primary first and second molars- 

without restoration and developmental defects, and with root structure more 

than 1/3rd – were collected .Soft deposits and tissue remnants on the teeth 

were cleaned with a scaler. Teeth were examined with a transillumination light 

to check for cracks & soundness 

          Out of 60 primary teeth- 30 teeth were used for zirconia crowns and 

other 30 teeth for stainless steel crowns. Among 30 teeth – 15 teeth – each was 

used to evaluate compressive strength and microleakage respectively in both 

the groups. 

           Prior to tooth preparation, each tooth was pre weighed three 

consecutive times to the ten thousandths of a gram using digital weighing 

machine and the measured weights were recorded using an Excel spreadsheet 

and the arithmetic mean was calculated for each sample tooth.
34

 The 

appropriate crown for a particular tooth was selected by measuring the 

mesiodistal width and cervico-occlusal height of the tooth to be prepared to 

receive the restoration
.
 Conventional tooth preparation was carried out by the 

single operator. Tooth preparation was performed by following the 

manufacturer’s guidelines.  

PREPARATION FOR ZIRCONIA CROWNS: 

 The occlusal surface was reduced to a thickness of 1.5 to 2mm with 

WR-131 diamond bur. Proximal contacts were broken using CD-59F 

tapered fissure bur. The tooth was circumferentially trimmed by 
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around 20%-30%, or 0.5-1.25mm as needed with the help of TC-21 

tapered diamond or carbide burs by following the manufacturer’s 

guidelines. The selected preformed crowns were tried, adjusted for 

passive fit. After the final preparation of teeth, post weighed were 

obtained in the same manner as pre-weights. 

  The amount of tooth reduction was calculated by subtracting the post 

weight of the tooth from pre-weight.
 34

 

  Selected performed crown was filled with a thin layer of RelyX 

cement and seated on the tooth with light pressure being maintained 

during setting process. The excess cement was removed with explorer 

after brief light exposure (5sec per surface with a conventional 

polymerization device) or during self-curing waxy stage (starting 

2mins after seating in the mouth) and then light cured for 30sec. 

PREPARATION FOR STAINLESS STEEL CROWNS: 

 The appropriate crown for a particular tooth was selected by measuring 

the mesiodistal width and cervico-occlusal height of the tooth to be 

prepared to receive the restoration. The occlusal surfaces were 

uniformly reduced to a thickness of 1 -1.5mm with No.335 tapered 

diamond bur, following the cuspal patterns. Interproximal reduction 

was done to break the contact with No.169L tapered diamond bur. Care 

was taken to avoid ledge or undercut formation. All sharp line angles 

were rounded
40

. The selected crown was tried, adjusted by No.114 

Johnson contouring and No.147 crimping pliers. Finally SSCs were 
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luted with RelyX luting cement in the same manner as that for zirconia 

crowns and then light cured for 30secs. 

   

AMOUNT OF TOOTH REDUCTION: 

  It was calculated by subtracting post-weigh from the pre-weigh using 

digital weighing machine. The methodology was adopted from Clark et al 
34

. 

COMPRESSIVE STRENGTH TEST: 

 Each tooth- crown unit was placed into a custom- made holder on the 

Instron Testing Machine (3382) and loading was increased until the crown 

fractured. The force was delivered through a stainless steel ball fixature, set in 

an uniaxial lever intended to replicate a cusp contact. Testing was performed 

in a single cycle, with the speed of the crosshead maintained at 1mm/ min; 

until fractured. The maximum force to produce fracture was recorded in 

Newtons (N), which was calculated by the formula load/ area
 11

. 

MICROLEAKAGE TEST: 

The samples were stored in distilled water at 37°C for 24 hrs and were 

subjected to500 thermal cycles between 5° and 55°C using dwell time of 30 

seconds.  The samples were painted with nail varnish to 1mm below the finish 

line to avoid dye penetration from the root surface. The samples were 

immersed for 24 hrs in 2% basic fuchsin dye solution and kept in the incubator 

at 37°C temperature. Subsequently, the samples were washed, dried and teeth 

were embedded in a slow-setting clear epoxy resin to prepare resin block of 

1x1x1.5cm.  Each tooth-crown unit was longitudinally cut into four pieces 
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using microtome (MT-4 Diamond cut-off saw) with a disc thickness of 

0.01mm cutting at high speed with water coolant in mesiodistal and 

buccolingual directions. Each surface was evaluated for the extent of dye 

penetration at the margins along the tooth-cement interface under a 

Stereomicroscope 50X magnification.
21

 

            The extent of the dye penetration within each surface of the sections 

was evaluated and recorded according to the following scores: 

 0 = No leakage. 

 1 = Leakage up to one-third of the axial wall. 

 2 = Leakage up to two- thirds of the axial wall. 

 3 = Leakage along the full length of the axial wall. 

 4 = Leakage extending onto the occlusal aspect. 

        The results of compressive strength, microleakage and tooth 

reduction were recorded, tabulated and statistically analysed by ‘t’ test and 

Mann Whitney ‘U’ test using IBM SPSS statistics 24 version software. 
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FIGURE 1:  SPECIMEN TEETH 

 

FIGURE 2: ARMAMENTARIUM   
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FIGURE 3: INSTRON UNIVERSAL TESTING MACHINE (3382)     

 

FIGURE 4: STEREOMICROSCOPE 
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FIGURE 5: ZIRCONIA TOOTH SPECIMEN UNDER                

COMPRESSIVE LOAD 

 

FIGURE 6: STAINLESS STEEL CROWN TOOTH SPECIMEN 

UNDER COMPRESSIVE LOAD 
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RESULTS 

Compressive strength 

            Fifteen samples from each group were tested for compressive strength 

and the values were recorded. Mean was calculated and statistical analysis was 

done with‘t’ test. 

Table 1 and Graph 1 show the Mean and standard deviation of load 

required to fracture the Zirconia and stainless steel crowns. Mean load 

required to fracture the Zirconia crowns was 545.68 + 27.42 with the range 

522.4 to 583.4 N. Mean load required to fracture the Stainless steel crowns 

was 783.94 + 24.16 with the range 754.8 to 813.2 N. 

On comparison, Stainless steel crowns showed better compressive 

strength (783.94 + 24.16)  than Zirconia crowns  (545.68 +  27.42)  which was 

highly significant (p= 0.001). 

Microleakage 

Fifteen samples from each group were evaluated for microleakage 

using stereomicroscope and results were statistically analysed using Mann- 

Whitney U-Test. 

Table 2 and Graph 2 shows the microleakage scores of Zirconia and 

stainless steel crowns. The group 1 showed no microleakage / no dye 

penetration in 14 teeth samples (score 0), partial dye penetration in 1 teeth 
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sample (score 1). The group 2 showed no microleakage / no dye penetration in 

14 teeth samples (score 0), partial dye penetration in teeth sample                       

(score 1).The mean microleakage score of zirconia group was 0.1667 +  0.379 

& stainless steel group was 0.1667 + 0.379. 

There was no significant difference in the microleakage between the 

Zirconia crowns (Group 1) and stainless steel crowns (Group 2) (p= 0.130) 

Tooth reduction 

Fifteen samples from each group were evaluated for the amount of 

tooth reduction and the values were recorded. Mean tooth reduction were 

calculated from the recorded values and statistical analysis was done with              

‘t’ test. 

Table 3 and Graph 3 shows the Mean and standard deviation of 

amount of tooth reduction in Zirconia and stainless steel crowns. Mean 

amount of tooth reduction for Zirconia crowns was 0.260+ 0.055 with the 

range 0.19 to 0.41gm.The mean amount of tooth reduction for stainless steel 

crowns was 0.136 + 0.050 with the range 0.09 to 0.27gm. 

On comparison, Zirconia crowns required more tooth reduction 

(0.260+ 0.055) than stainless steel crowns  (0.136 + 0.050)  which was highly 

significant (p= 0.001). 
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The results showed that Stainless steel crowns exhibited better 

compressive strength and lesser amount of tooth reduction required compared 

to Zirconia crowns. There was no difference in microleakage score of both the 

crowns. Even though Zirconia crowns have lesser compressive strength 

(583.4N), it is found to be five times greater to the normal biting force 

exhibited by the children (106N). 
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FIGURE 7: MICROLEAKAGE SCORE 0 – ZIRCONIA CROWNS 
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FIGURE 8: MICROLEAKAGE SCORE 1 – ZIRCONIA CROWNS. 
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FIGURE 9: MICROLEAKAGE SCORE 0 – STAINLESS STEEL      

CROWNS 
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FIGURE 10: MICROLEAKAGE SCORE 1 – STAINLESS STEEL 

CROWNS 
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Table 1: MEAN ± S.D OF COMPRESSIVE STRENGTH OF ZIRCONIA 

AND STAINLESS STEEL CROWNS 

            *Significant (P <0.05) (Student ‘t’ test) 

Graph 1: MEAN ± S.D OF COMPRESSIVE STRENGTH OF 

ZIRCONIA AND STAINLESS STEEL CROWNS 
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Table 2: MEAN ± S.D OF MICROLEAKAGE OF ZIRCONIA AND 

STAINLESS STEEL CROWNS 

 

        P= 0.130 
NS

 

Graph 2: MEAN ± S.D OF MICROLEAKAGE OF ZIRCONIA AND 

STAINLESS STEEL CROWNS 
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Table 3: MEAN ± S.D OF TOOTH REDUCTION REQUIRED FOR 

ZIRCONIA AND STAINLESS STEEL CROWNS 

 

*Significant (P <0.05) 

Graph 3: MEAN ± S.D OF TOOTH REDUCTION REQUIRED FOR 

ZIRCONIA AND STAINLESS STEEL CROWNS 
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DISCUSSION 

   Full coverage restorations play vital role while treating teeth with 

extensive decay. Multiple options have been tried and one among them was 

stainless steel crown with superior performance but was unaesthetic and their 

usage was confined to posterior teeth. 

Increasing parental desire for esthetic restoration for their children and 

search for metal-free, tooth- colored restorations lead to the development of 

Zirconia crowns which are available as prefabricated crowns for primary 

molars. The performance of these crowns depends on its chemical and 

mechanical properties. There is limited literature available on the performance 

of zirconia crowns. 

           Keeping the above facts in mind, the present in vitro study was done to 

evaluate the compressive strength, microleakage, amount of primary tooth 

reduction required for posterior zirconia crowns and compare it with that of 

stainless steel crowns. 

         Zirconia crown (Kinder Krowns) system used in the present study has 

internal retention system to lock the restoration after cementation and also 

they have retention bands to provide additional surface for bonding. Fine 

feathered margin of these crowns makes the emergence profile for the crown 

as natural as possible. (Tote et al 2015
 1

). 
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The fracture resistance of the crown dependent on the elastic modulus 

of the supporting material. In present study, crowns were luted on to the 

extracted human primary molar to estimate the fracture resistance under 

natural scenario, whereas the other studies were done with custom dies made 

up of different materials with variations in elastic modulus which can 

influence the results. (Townsend et al 2014
 6

) 

Resin modified glass ionomer  cement (3M ESPE Rely X luting 

cement)  was used to cement the zirconia crowns to the prepared tooth as it 

was recommended by the manufacturer. Stainless steel crowns were also luted 

with resin modified luting cement (3M ESPE Rely X luting cement) as it was 

proved to show better sealing ability in the study done by Yilmaz et al.2006 
12

 

and also to test the strength under standardized condition. 

The present study results showed that the compressive strength of 

stainless steel crown (783.94 + 24.16), the values were lower than the 

preveneered stainless steel crowns (1826+339N) ( Beattie et al ,2011
16

) 

The compressive strength of the zirconia crowns (545.68 + 27.42) was 

in similar to the findings of study done by Townsend et al 2014
6
 (576 +132.3). 

 Results showed that the compressive strength of stainless steel crown 

(783.94 + 24.16)  was higher than the zirconia crowns  (545.68 +  27.42)  

which was found to be similar with findings of
 
(Townsend et al 2014

6
)                

(576 +132.3) who concluded that the fracture resistance of zirconia crowns 

was lower than the fracture resistance of preveneered stainless steel 
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crowns(1937N). But EZ Pedo crowns showed higher strength (1091N) than 

other systems. Even though, zirconia crowns showed lower fracture resistance 

compared to that of stainless steel crowns but it was (545N) higher than the 

biting forces exhibited by children. (Braun et al, 1996, Gaviao et al 2007
13,16

) 

        The present study observed microleakage in one sample (6.66%) each in 

both the groups. It shows good adaptability (93.3%) of the crowns to the 

prepared tooth and the sealing ability of the luting cement. This was in 

accordance with other studies done by Mahtab Memarpour, Mahkameh 

Mirkarimi.
22, 36
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CONCLUSION 

An in vitro study was conducted to compare and evaluate the 

compressive strength, microleakage and amount of tooth reduction using 

zirconia crowns and stainless steel crowns and the following conclusions are 

made. 

1. Mean load required to fracture the Zirconia crowns was 545.68 + 27.42 

with the range 522.4 to 583.4 N. 

2. Mean load required to fracture the Stainless steel crowns was                     

783.94 + 24.16 with the range 754.8 to 813.2 N. 

3. Zirconia crowns showed no microleakage / no dye penetration in 14 teeth 

samples (score 0), partial dye penetration was seen in 1 teeth sample. 

(Score 1). 

4. Stainless steel crowns showed no microleakage / no dye penetration in 14 

teeth samples (score 0), partial dye penetration was seen in 1 teeth sample. 

(Score 1). 

5. Mean amount of tooth reduction for Zirconia crowns was 0.260 + 0.055 

with the range 0.19 to 0.41gm 

6. Mean amount of tooth reduction for stainless steel crowns was                      

0.136 + 0.050 with the range 0.09 to 0.27gm. 

On comparison,  

7. Compressive strength of stainless steel crowns was significantly greater  

than the zirconia crowns (p=0.001). 
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8. Both zirconia and stainless steel crowns exhibited minimum degree of  

microleakage. There was no significant difference in microleakage scores 

between the zirconia crowns and stainless steel crowns (p=0.130). 

9. Zirconia crowns required more tooth reduction than stainless steel crowns    

    which was highly significant (p=0.001). 
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SUMMARY 

Dental decay is the most common cause for partial or complete loss of 

coronal tooth structure particularly in children. Several options are available 

for providing full coverage restorations for the primary dentition like 

composite, stainless steel crowns & its modifications polycarbonate crowns 

and strip crowns, with each having its own advantages & disadvantages. 

            Search for materials that are durable and fulfill the demand of esthetics 

and parental satisfaction with high quality to preserve the remaining tooth 

structure lead to the development of Zirconia crowns. Limited literature 

available about the clinical performance of zirconia crowns. With that 

background, this study was taken up to compare and evaluate the compressive 

strength, microleakage and amount of primary tooth reduction required for 

posterior zirconia crowns & stainless steel crowns. 

          Fifteen teeth from each group were used to evaluate the compressive 

strength. Teeth were collected, cleaned and embedded in a clear epoxy acrylic 

resin. Tooth preparation was done following the manufacturer’s instructions 

and selected crowns were tried and adjusted for passive fit and luted with 

Resin modified glass ionomer cement (3M ESPE Rely X luting cement). The 

samples were subjected for testing using Instron universal testing machine 

(3382). The load required to fracture the crowns were recorded, tabulated and 

statistically analysed by ‘t’ test. 
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Fifteen teeth from each group were assessed for microleakage by basic 

fuchsin dye penetration which was examined by stereomicroscope. 

Amount of tooth reduction was assessed by weighing 15teeth before 

and after tooth preparation with help of digital weighing machine and 

subtracting the post-weight from the pre-weight. 

  Result of this current study showed that the stainless steel crowns 

exhibited better compressive strength (783.94 + 24.16), than zirconia crowns 

(545.68 + 27.42) which was statistically significant (p= 0.001). Both zirconia 

& stainless steel crowns showed some degree of microleakage (p=0.130). 

Also, zirconia crowns required greater amount of tooth reduction                       

(0.260 + 0.055)  when compared to that of stainless steel crowns                       

(0.136 + 0.050) which was highly significant (p=0.001). 

 Within the limitations of this in vitro study it was concluded that the 

compressive strength of stainless steel crowns was greater than the zirconia 

crowns. There was no significant difference in microleakage scores of both the 

groups. Zirconia crowns required greater amount of tooth reduction when 

compared to that of stainless steel crowns. Both stainless steel crowns and 

zirconia crowns are the materials of choice for full coronal restoration for 

posterior primary teeth. 
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ANNEXURE I 
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ANNEXURE II 

COMPRESSIVE STRENGTH OF ZIRCONIA CROWNS 

 

S.NO Compressive load for zirconia crowns (N) 

1 583.2 

2 582.4 

3 583.4 

4 582.4 

5 582.7 

6 531.8 

7 531.7 

8 530.9 

9 530.8 

10 531.8 

11 522.4 

12 522.5 

13 522.9 

14 523.2 

15 523.1 
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ANNEXURE III 

 

COMPRESSIVE STRENGTH OF SSC CROWNS 

 

S.NO Compressive load for stainless steel crowns (N) 

1 756.4 

2 755.9 

3 755.8 

4 754.8 

5 756.8 

6 813.1 

7 813.2 

8 813.2 

9 812.6 

10 813.2 

11 783.1 

12 782.1 

13 783.2 

14 783.3 

15 782.4 
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ANNEXURE IV 

 

 

MICROLEAKAGE SCORES OF ZIRCONIA CROWNS 

 

S.No. Zirconia crowns 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

11 0 

12 1 

13 0 

14 0 

15 0 
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ANNEXURE V 

 

MICROLEAKAGE SCORES OF STAINLESS STEEL 

CROWNS 
 

S.No. Stainless steel crowns 

1 0 

2 0 

3 0 

4 1 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

11 0 

12 0 

13 0 

14 0 

15 0 
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ANNEXURE VI 

 

AMOUNT OF TOOTH REDUCTION OF ZIRCONIA 

CROWNS 

Tooth Reduction for Zirconia crowns 

Amount of tooth reduction (in gms) 

S.NO. Pre weight Post weight Amount of tooth loss 

1 0.54 0.34 0.2 

2 0.59 0.31 0.28 

3 0.62 0.38 0.24 

4 1.22 0.81 0.41 

5 0.76 0.48 0.28 

6 0.54 0.31 0.23 

7 0.61 0.38 0.23 

8 0.62 0.41 0.21 

9 0.69 0.35 0.34 

10 0.93 0.71 0.22 

11 0.69 0.41 0.28 

12 0.56 0.28 0.28 

13 0.95 0.71 0.24 

14 1.05 0.78 0.27 

15 0.55 0.36 0.19 

 

 

 

 



Annexures 

 

 

 

ANNEXURE VII 

 

AMOUNT OF TOOTH REDUCTION OF STAINLESS 

STEEL CROWNS 

 

Tooth Reduction for Stainless steel crowns 

Amount of tooth reduction (in gms) 

S.NO. Pre weight Post weight 
Amount of 

tooth loss 

1 0.72 0.63 0.09 

2 1.08 0.93 0.15 

3 0.67 0.58 0.09 

4 0.64 0.52 0.12 

5 0.61 0.48 0.13 

6 0.48 0.32 0.16 

7 1.19 0.92 0.27 

8 0.59 0.48 0.11 

9 0.72 0.61 0.11 

10 1.15 0.94 0.21 

11 0.54 0.43 0.11 

12 0.62 0.54 0.08 

13 0.59 0.42 0.17 

14 0.87 0.71 0.16 

15 0.51 0.42 0.09 
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ANNEXURE VIII 

 

 


