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Zirconia crown is the topic of current interest in Paediatric 
dentistry and number of articles were published in the literature 
comparing the zirconia crowns with the stainless steel crowns. This 
review mainly concentrates on success rates of zirconia crowns in 
terms of gingival health and restorative success. The goal of this 
review is to summarize data on clinical performance and to aid in 
decision making process on choosing stainless steel crowns and 
zirconia crowns appropriately.

Mat e r i a l s a n d Me t h o d s
Systematic review and Meta-analysis was registered in 
International Prospective Register of Systematic Reviews, Prospero 
(CRD42021231526).

in t r o d u c t i o n
Early childhood caries is a multifactorial disease which involves 
maxillary primary incisors and rapidly spread to other teeth leading 
to cavitation. If untreated the caries rapidly progress to dental pulp 
resulting in pulpitis and even life threatening facial infections.1

Stainless steel crowns are widely used for primary molars after 
endodontic treatment. Other indications are multi-surface caries, 
hypoplastic teeth, fractured teeth, bruxism and open bite.2 Stainless 
steel crowns are treatment of choice due to its full coverage and 
less micro-leakage.3

However, a higher aesthetic concerns are raised by the parents 
which increased the demand for tooth coloured restorations 
and it has become a parameter for choosing a primary dental 
restoration.4

Ceramics developed for dental and medical purposes are 
broadly classified as bio ceramic materials. Introduction of zirconia 
have paved way for an era of metal free dentistry. The name 
“Zirconium” have been taken from the Arabic word “Zargon” which 
means “Golden in colour”.5

Zirconium oxide crystals exist in three crystallographic phases: 
the cubic phase (C), the tetragonal phase (T) and the monoclinic 
phase (M). The cubic phase is stable above 2370 °C. The tetragonal 
phase is stable between 1170 °C and 2370 °C and has improved 
mechanical properties. The monoclinic phase is stable at room 
temperature up to 1170 °C and has lower mechanical properties.6

Zirconia crowns were introduced to Paediatric dentistry, 
recently. Zirconia is a crystalline dioxide of zirconium with 
mechanical properties, similar to that of a metal and colour matches 
to that of a tooth. Preformed zirconia crowns are available for 
primary incisors and molars.7
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ab s t r ac t
Research question: Are zirconia crowns clinically superior to stainless steel crown in restoring primary molars.
Materials and methods: Articles in electronic databases from 2000 to 2020 via PubMed, Google scholar, Science direct and Cochrane central 
were searched by 2 reviewers and full text of the article was included for assessment based on inclusion and exclusion criteria. Electronic data 
base search was complemented by manual search of reference of the entire selected full text article. Study design, sample size, criteria for 
evaluation and follow up period were assessed.
Results: Search yielded 4609 titles and 61 articles were considered for full text. Seven randomized control trials on primary molars were 
included in the review, with follow up from 12 months to 36 months. Studies have evaluated restorative success and gingival health in zirconia 
and stainless steel groups. Only one study evaluated radiographic success rate of zirconia and stainless steel crowns in primary molars. As the 
follow up period progressed, no plaque accumulation was seen on both the zirconia and stainless steel groups. Six articles were considered 
for Meta-analysis. The study data was found to be heterogeneous and random effects model was used. No differences were found in clinical 
success rate between zirconia and stainless steel group.
Conclusion: Gingival health was superior for zirconia crowns when compared to stainless steel crowns. However clinically, stainless steel crowns 
are as effective as zirconia crowns.
Keywords: Primary molars, Stainless steel crowns, Zirconia crowns.
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st u dy se l e c t i o n
Original studies reporting the clinical success of zirconia crowns 
and stainless steel crowns were included.

in c lu s i o n cr i t e r i a

• Original studies of zirconia crowns comparing with stainless 
steel crowns.

• Studies conducted exclusively on primary molars.
• Follow up is more than one year.
• Studies published in English language.

exc lu s i o n cr i t e r i a

• Animal studies.
• Case reports, case series.
• Studies in which sample size is less than 20.
• Studies conducted on permanent molars.
• Studies published in language other than English.

ri s k o f bi a s as s e s s M e n t
Two review authors independently graded all relevant articles in 
duplicate (Reviewer PS and SK). Risk of bias assessment was done 
using Cochrane risk of bias assessment tool. Articles were assessed 
on following domains: selection bias, reporting bias, attrition 
bias and others. Performance bias is not assessed as blinding 
of participants and personnel were not possible in the study. 
Reviewers assessed the domains in terms of ‘low’, ‘unclear’ or ‘high’. 
The overall risk of bias was assessed considering the importance of 
different domains. Studies were classified as follows-‘low risk of bias’, 
‘unclear risk of bias’ and ‘high risk of bias’. Risk of bias assessment 
is summarized in Table 1.

stat i s t i c a l an a lys i s
Meta-analysis was done using R programming. Packages used were 
Metafor, Meta, and qdap. Functions used were metaprop, forest 
and funnel. Random effects model were performed for zirconia and 
stainless steel groups as the data was found to be heterogeneous 
and were compared using subgroup analysis.

re s u lts
The search yielded 4609 potentially eligible articles which were 
evaluated independently by two reviewers (Reviewer PS and SK). 
First selection was done based on title and abstract, out of which 
61 articles were considered for full text evaluation. Selected articles 
were evaluated for further methodological appraisal based on 
inclusion and exclusion criteria. After final screening of the articles, 
seven randomized control trials were included in the review table 2.

Majority of the studies adopted split mouth study design and 
the follow up period ranged from 12 months to 36 months. Sample 
size varied from 30 to 240 primary molars. Among the selected 
articles, only the study from Egypt, evaluated the radiographic 
success of the crowns.9 A Bulgarian study comparing the crown 
restoration was excluded from the review because of poor 
methodology and study design.10 A study from Saudi Arabia was 
excluded as it assessed only the stainless steel crowns.11 Restorative 
success of the crowns and gingival health were the two outcomes 
measured in the review.

se a r c h st r at e g y
Search strategy was done by two reviewers (Reviewer PS and SK) 
independently for articles from 2000 to 2020 via PubMed, Google 
scholar, Science direct and Cochrane central. Articles published in 
English were included with following keywords: “Zirconia crowns,” 
“Primary tooth,” “Crowns in primary molars,” “Zirconium oxide,” 
“Ceramics” and “All ceramics.” Titles of the articles were screened 
initially followed by a screening of abstracts. Full text articles 
reporting clinical trials were included in the review and were assessed 
based on inclusion and exclusion criteria. Any disagreement in the 
screening and selection process among the authors was resolved 
by discussion. If not solved, arbitration was done with the help of 
an independent reviewer (Reviewer NS). Reason for excluding the 
study was recorded. The data obtained was tabulated and narrated. 
Article screening and selection were summarized in Figure 1. Study 
design, sample size, criteria for evaluation and follow up period 
were assessed. The electronic search was complimented by manual 
search. Bibliographies of retrieved full text articles and reviews that 
reported on the zirconia crowns were searched manually. Search 
details in PubMed are as follows:

(“zirconia s”[All Fields] OR “zirconias”[All Fields] OR “zirconium 
oxide”[Supplementary Concept] OR “zirconium oxide”[All 
Fields] OR “zirconia”[All Fields]) AND (“crown s”[All Fields] OR 
“crowned”[All Fields] OR “crowns”[MeSH Terms] OR “crowns”[All 
Fields] OR “crown”[All Fields]) AND ((“primaries”[All Fields] OR 
“primary”[All Fields]) AND (“molar”[MeSH Terms] OR “molar”[All 
Fields] OR “molars”[All Fields] OR “molar s”[All Fields]))

(“ceram”[All Fields] OR “ceramics”[MeSH Terms] OR 
“ceramics”[All  Fields]  OR “ceramic”[All  Fields]  OR 
“ceramization”[All Fields] OR “cerammed”[All Fields] OR 
“ceramming”[All Fields]) AND ((“primaries”[All Fields] OR 
“primary”[All Fields]) AND (“molar”[MeSH Terms] OR “molar”[All 
Fields] OR “molars”[All Fields] OR “molar s”[All Fields])) AND 
(“crown s”[All Fields] OR “crowned”[All Fields] OR “crowns”[MeSH 
Terms] OR “crowns”[All Fields] OR “crown”[All Fields])

“zirconia s”[All Fields] OR “zirconias”[All Fields] OR 
“zirconium oxide”[Supplementary Concept] OR “zirconium 
oxide”[All Fields] OR “zirconia”[All Fields]) AND (“stainless 
steel”[MeSH Terms] OR (“stainless”[All Fields] AND “steel”[All 
Fields]) OR “stainless steel”[All Fields]) AND (“crown 
s”[All Fields] OR “crowned”[All Fields] OR “crowns”[MeSH 
Terms] OR “crowns”[All Fields] OR “crown”[All Fields]) AND 
((“deciduous”[All Fields] OR “deciduousness”[All Fields]) AND 
(“molar”[MeSH Terms] OR “molar”[All Fields] OR “molars”[All 
Fields] OR “molar s”[All Fields]))

(“zirconia s”[All Fields] OR “zirconias”[All Fields] OR 
“zirconium oxide”[Supplementary Concept] OR “zirconium 
oxide”[All Fields] OR “zirconia”[All Fields]) AND (“crown 
s”[All Fields] OR “crowned”[All Fields] OR “crowns”[MeSH 
Terms] OR “crowns”[All Fields] OR “crown”[All Fields]) AND 
((“stainless steel”[MeSH Terms] OR (“stainless”[All Fields] AND 
“steel”[All Fields]) OR “stainless steel”[All Fields]) AND (“crown 
s”[All Fields] OR “crowned”[All Fields] OR “crowns”[MeSH 
Terms] OR “crowns”[All Fields] OR “crown”[All Fields])) 
AND ((“primaries”[All Fields] OR “primary”[All Fields]) AND 
(“molar”[MeSH Terms] OR “molar”[All Fields] OR “molars”[All 
Fields] OR “molar s”[All Fields]))
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the crowns. Stainless steel crowns showed statistically significant 
higher gingival and oral hygiene index scores compared to zirconia 
crowns at the end of 12 months follow up period. They concluded 
that zirconia crowns showed favourable gingival health and 
acceptable clinical and radiographic success.9

An USA based 24 months randomized control study was 
conducted to evaluate the clinical success of primary zirconia 
molar crown with stainless steel crowns.100 primary molars with 
crowns were followed up for 6,12 and 24 months. Clinical success 
was assessed based on extent the crown was high in occlusion, 
staining on crown surface, wear of opposing arch tooth, surface 
roughness, colour match, marginal integrity, anatomic form, 
marginal discoloration, proximal contact area, secondary caries 

In a comparative study from Saudi Arabia, both zirconia and 
stainless steel crowns gave 100% success rates in terms of clinical 
success. None of the groups showed gingival bleeding when assessed 
during follow up. None of the zirconia group had plaque accumulation 
whereas 22% of stainless steel group showed the same.8

In an Egyptian study comparing the clinical and radiographic 
success of crowns in children aged 4 to 6 years over a period 
of 12 months, success rate was 75.8% for stainless steel crowns 
and 80.8% for zirconia crowns. Clinical success was evaluated based 
on length, position, polish and scratches. Radiographic success was 
assessed on smoothness and adaption of crown margins and the 
interproximal bone level. Gingival index and oral hygiene index 
were used to assess the gingival health following the placement of 

Fig. 1: Summary of article selection

Table 1: Risk of bias assessment

Authors Random sequence generation Allocation concealment Incomplete outcome data Operator bias

Abdulhadi et al. 20178

Abuniel et al. 2018 9

Donly et al. 201812

Taran et al. 201813

Mathew et al. 202014

Donly et al. 202015

Mathew et al. 202016

 Low risk    High risk    Unclear 

Table 2: Sample size, follow up period and age of the study subjects in the selected studies

No. Authors name Sample size Follow up period Age

1. Abdulhadi et al. 20178 120 12 months 4–8 years
2. Abuniel 20189 240 12 months 4–6 years
3. Donly et al. 201812 100 24 months 3–7 years
4. Taran et al. 201813 30 12 months 6–9 years
5. Mathew et al. 202014 60 36 months 6–8 years
6. Donly et al. 202015 35 36 months 3–7 years

7. Mathew et al. 202016 60 12 months 6–9 years
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and stainless steel crowns at the end of 36 months follow up period.14 
Six out of seven studies reported statistically significant difference in 
the gingival health scores between the groups. A Study conducted 
in China revealed that, majority of stainless steel crowns had one or 
more defects in which crown crimping being the most common. But 
the plaque accumulation was less compared to control teeth in the 
study.17 A study from Saudi Arabia stated that oral hygiene level had 
a significant effect on the gingival index in patients with stainless 
steel crowns.11 The reason for less plaque accumulation in zirconia 
crowns may be attributed to glazed surfaces of crowns.18  The plaque 
accumulation was no longer present for stainless steel crowns as 
well as for zirconia crowns as the follow up period progressed.14 An 
Indian study evaluated streptococcus colony counts on stainless 
steel crowns and zirconia crowns and found that the values was 
much lower on zirconia (3.3CFU) when compared to stainless steel 
crowns (45.16 CFU) and it was statistically significant.16 All the studies 
assessed the gingival health of the zirconia crowns over stainless 
steel crowns using different indices. Hence, quantitative assessment 
was not performed on the gingival health outcome of the crowns. 
Summary of evaluation of gingival health is given in Table 3.

re s to r at i v e su cc e s s
The operator had prepared the tooth for stainless steel crowns and 
zirconia crowns according to the manufacturer’s instructions. In a 
systematic review, it was concluded that resin based cement were 
more appropriate for zirconia crowns cementation.19 Operators 
had used resin based cements for luting the crowns. However, in 
an Indian study, they had cemented both the crown types using 
the type I glass ionomer cement. But, there was no clinical failure in 
terms of retention in both the groups after 36 months follow up.14 
Six articles were considered for Meta-analysis and on the basis of 
risk of bias assessment, three articles were categorized as “low risk 
of bias” and three articles were categorized under “high risk of bias.”

Studies evaluated success under the criteria of crown retention, 
stain resistance, occlusion, proximal contact, wear on opposing 
tooth, marginal integrity and discoloration and surface roughness. 
None of the studies showed statistically difference between 
the zirconia group and stainless steel group. An Egyptian study 
evaluated the radiographic success rate of zirconia and stainless 
steel groups. Stainless steel showed 9.2% of interproximal bone 
resorption whereas it was 7.5% for zirconia group and the findings 
were not statistically significant.9 Zirconia and stainless steel crowns 
were equally effective as a full crown restoration in the included 
studies. In fact, in one study from Turkey, the retention of stainless 
steel was better than zirconia crown. Minor staining and fracture 
of the surface of zirconia crowns were the main reason for failure in 
zirconia group.13 No secondary caries and wear of opposing teeth 
noted in both crown types.15 Results were summarized in Table 4.

Six studies were included in the Meta-analysis and the funnel 
plot showed highly heterogeneous data among the studies (Fig. 2C). 
In the random effect model the proportion was 0.99 and showed no 
statistical significance (Fig. 2A). In the subgroup analysis, proportion 
of stainless steel crown was 1.00 under 95% confidence interval 
whereas it was 0.99 for zirconia crowns and were not statistically 
significant (Fig.  2B). A higher heterogeneity was found among 
the study which may be probably due to the difference in clinical 
parameters used to assess the restorative success of the crowns.

From the limited quality of evidence, it can be concluded that 
stainless steel crowns were equally effective as zirconia crowns 
when considering restorative success.

at crown margin, and parent/guardian satisfaction with crown 
appearance. Gingival health was assessed using modified Loe 
and Sillness index. Crowns were categorized into clinically ideal, 
clinically acceptable and clinically unacceptable and none of the 
crowns were clinically unacceptable in the study.12

An in vivo study from Turkey compared the gingival health and 
clinical success of stainless steel crowns and zirconia crowns for a 
period of 12 months. Crown retention, gingival marginal extension, 
stain resistance, fracture were the clinical criteria. Gingival health of 
zirconia crowns was better in the study when compared to stainless 
steel crowns. The study showed stainless steel crowns was more 
retentive at the end of the follow up period.13 In a 36 month follow up 
study from India, both stainless steel and zirconia crowns showed no 
plaque accumulation when evaluated at the end of follow up period.14

A split mouth study in USA was conducted to evaluate the 
success of primary zirconia crowns and stainless steel crowns for 
36 months. There were no failures in either of the groups and the 
results indicated zirconia crowns were as effective as stainless steel 
crowns, clinically. But zirconia crowns showed better gingival health 
and the results were statistically significant.15

A randomized control study in India was undertaken to evaluate 
Streptococcus mutans adhesion, plaque accumulation and gingival 
inflammation on zirconia and stainless steel crowns over a period of 
12 months. Streptococcus mutans counts were higher in stainless 
steel group than zirconia group. The plaque accumulation and 
gingival inflammation was significantly more in stainless steel group 
when compared to the intervention group.16

Forest plot showed an overall proportion of 0.99 which was 
found to have no differences in the clinical success rates between 
zirconia and stainless steel among all the studies included. There 
was only one study from Egypt that showed a higher success rate for 
zirconia crowns (Fig. 2). A higher heterogeneity was found among 
the studies with a chi square value of 75%.

di s c u s s i o n
Stainless steel crown has better successful record of restoring the 
primary molars with added advantage of durability and pliability. 
However, the surface adjustment and manipulation of stainless steel 
crown cause defects and roughness on the surface accumulating 
more plaque. Zirconia crowns were introduced as an aesthetic 
alternative to stainless steel crowns in pediatric dentistry. But, 
placing a crown in oral cavity will act as a niche for plaque adhesion 
and result in the development of secondary caries and affect the 
long term restorative success of crowns.16

gi n g i va l he a lt h
All the selected articles compared gingival health between stainless 
steel crowns and zirconia crowns. There is insufficient demographic 
data on which primary molars (first primary molars or second primary 
molars, maxillary primary molars or mandibular molars) the crowns 
were placed. However, the adoption of split-mouth study can reduce 
the bias. An Egyptian study and a study from Saudi Arabia had high 
risk of bias in the methodology as they lacked random allocation of 
the participants and moreover, oral hygiene instructions were not 
given and assessed gingival health as one of the primary outcomes.

Seven randomized control trials were included in the review with 
a follow up from 12 months to 36 months. Gingival health of zirconia 
crowns was significantly better in case of inflammation and plaque 
accumulation when compared to stainless steel crowns. But, in a 
study from India there was no plaque accumulation on both zirconia 
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Fig. 2: (A) statistical analysis of the group with random effects model, (B) Subgroup analysis between zirconia and stainless steel crowns, 
(C) funnel plot showing heterogeneity
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co n c lu s i o n
In this review we reached the following conclusion:

• Gingival health was better for zirconia crowns when compared 
to stainless steel crowns. However, more qualitative and 
quantitative assessment is recommended.

• From the limited quality of evidence, stainless steel crowns were 
equally effective as zirconia crowns.

• More studies are warranted with longer follow-ups and 
radiographic comparison between stainless steel crowns and 
zirconia crowns.
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