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Aim. +is study aimed to retrospectively evaluate the success of zirconia crowns placed in the anterior teeth of children and evaluate the
impact of pulp therapy of the tooth on the rate of failure.Materials andMethods. A total of 70 anterior teeth of 20 children aged between 3
and 5 years who had undergone the placement of zirconia crowns under general anesthesia were followed up for 24 months.
Kaplan–Meier Survival curves were plotted for the estimation of two-year survival time. +e outcomes for teeth that had received pulp
therapy were compared to those that had not received pulp therapy. Results. Kaplan–Meier survival analysis of 70 crowns observed over a
two-year period showed that mean survival time for the crowns was 38.7 months with a confidence interval ranging from 38.1 months to
39.3months.When the survival of the crownswas observed based on the presence or absence of symptoms, it was observed that only 4 out
of the 70 crowns were symptomatic (with or without crown loss) at the end of two years, giving a success rate of 94.3%.+emean survival
timewas also increased to 39.5months (confidence interval 39.15–39.98months).Conclusion. Zirconia crowns provide an acceptable level
of success and longevity. Crowns placed on teeth after pulp therapy aremore likely to fail than those placed on teeth without pulp therapy.

1. Introduction

Dental treatment under general anesthesia is often the only
means to manage very young children with extensive dental
caries. It has been estimated that up to 80% of children who
are treated under general anesthesia are below 4 years of age
[1]. In the past, the restoration of badly destructed primary
incisors relied on the placement of resin composite “strip
crowns” and the use of veneered stainless steel crowns
(SSCs) [2, 3]. Studies have shown that failure rates for
composite resin restorations placed under general anesthesia
are between 29% and 45% [1, 4]. Traditionally, the restor-
ative treatment of children under general anesthesia has
focused on aggressive treatment of the dental caries, with full
coverage SSCs being the treatment of choice [1, 4, 5].

+ere has been an increased demand for aesthetic
anterior restorations in children with both parents and
children showing increased need for aesthetics [3, 6]. Over
the past decade, the introduction of preformed zirconia
crowns has radically altered the way pediatric dentists

view aesthetic dentistry [3, 7–10]. +ere have been several
studies documenting the use of zirconia crowns in badly
destructed primary teeth [9, 10]. While there have been a
few studies documenting success rates of these crowns,
data from retrospective cohort studies are still sparse
[9, 11].

+e role of oral hygiene and systemic causes of peri-
odontal disease on the overall oral health of individuals is an
important one [12, 13]. Despite the low incidence of peri-
odontal disease in children, there is a history of poor oral
hygiene in Saudi Arabia. Studies have shown that the rates of
dental caries in children below five years of age are greater
than 85% [14]. +ere is also literature showing that there is a
high rate of secondary caries and failure of restorations
placed in children in Saudi Arabia [15, 16]. However, there is
a lack of data on the causes of failure of zirconia crowns in
Saudi Arabia. +is study aimed to retrospectively evaluate
the success of zirconia crowns placed in the anterior teeth of
children and evaluate the impact of pulp therapy of the tooth
on the rate of failure.
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+e impact of pulp therapy was assessed using the null
hypothesis that there is no significant difference in the failure
rates of zirconia crowns placed on teeth with pulp therapy
and crowns placed on teeth without pulp therapy.

2. Materials and Methods

+e study followed a retrospective cohort study design.
Ethical approval for the study was obtained from the In-
stitutional Review Board of the Riyadh Elm University
(FPGRP/43735005/236).

2.1. Sample Selection. +e files of all pediatric patients
treated under general anesthesia between January 2012 and
January 2018 in Riyadh Elm University, Riyadh, Saudi
Arabia, were screened for patients below 71 months of age
who had had one or more zirconia crowns (NuSmile®,NuSmile Dental Florida, USA).+e files of children whomet
the inclusion criteria were screened to extract information
regarding follow-up visits. For patients who had completed
six-month recall visits for a period of two years (or failure of
the crown, whichever was earlier), data regarding the success
and failure of the restoration were recorded (Figure 1).

2.2. Recorded Data. +e status of the restoration was
recorded using dichotomous success-fail criteria, whereby a
crown was said to have failed if one of the following points
was observed:

(a) Uncomplicated debonding of crown from the
tooth—teeth where the crown was debonded from
the prepared tooth surface; however, the patient did
not suffer from pain or abscess.

(b) Complicated debonding of the crown—teeth where
the crown was debonded and the patient had suf-
fered from a complication, such as pain, abscess, or
mobility of tooth

(c) Complications with crown intact—where the crown
was not affected but the patient complained of pain
or food impaction and/or showed clinical signs such
as abscess or tooth mobility

(d) Integrity of the crown was compromised with or
without secondary caries

Success of the crowns was recorded at the end of the two-
year follow-up period (24 months), while the failure of the
restoration or the presence of secondary caries was recorded
at the follow-up interval at which it was first noticed (3, 6, 12,
18, or 24 months). For patients who reported back with a
failed restoration, the time elapsed since the placement of the
restoration was recorded.

2.3. Statistical Analyses. Descriptive statistics were tabulated
keeping in mind the different failure criteria described.
Statistics on the age of the patient, number of crowns placed,
and overall survival rate were also tabulated. +e differences
in parametric variables such as age were compared using the

independent t-test, while differences in nonparametric
variables were compared using the chi-square test.

+e failure of the crowns was extrapolated into separate
Kaplan–Meier survival curves for teeth with and without
pulp therapy, along with an overall survival curve. Similar
curves were used to compare the type of failure. ROC curves
were plotted to correlate between failure of the crown and
the presence or absence of pulp therapy. All statistics were
computed using the IBM-SPSS ver. 25 data processing
software (IBM Corp., Armonk NY, USA).

3. Results

+e sample consisted of 20 patients (9 males and 11 females)
aged between 31 and 40 months at the time of placement of
the crown (mean age� 32.14 months, SD ± 2.1 months). All
patients were diagnosed with severe early childhood caries,
and the treatment of all children had been performed under
general anesthesia. +ere was no significant difference in age
between the boys (31.12 months, SD ± 3.2 months) and the
girls (34.12 months, SD ± 1.3 months) in this study
(p � 0.356).

Of the 70 teeth studied, a significant majority had un-
dergone pulp therapy (n� 50). Among those, most had
undergone pulpectomy with only a small minority (n� 6)
having undergone pulpotomy. Debonding was the major
cause of failure in both groups, with pulpal complications
(with or without debonding) being observed only in the
pulpally treated group (Table 1).

Total number of children
treated under GA

(n = 672)

Patients meeting the
inclusion criteria

(n = 68)

Excluded 
Did not have zirconia crowns
(n = 604) 

Excluded 

Unable to verify the recall of the
patient (n = 47)

Total number of patients
followed up

(n = 21)

Total number of crowned
teeth assessed

(n = 70)

Without pulp therapy
(n = 20) 

With pulp therapy
(n = 50)

Figure 1: Study design.
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+e overall success rate of the zirconia crowns was
tabulated using the Kaplan–Meier survival analysis. Of the
70 crowns observed over a two-year period, 14 crowns were
classified as clinical failures, giving a success rate of 80%.
However, most of those failures were bond failure (n� 10)
(Figure 2). +e mean survival time for the crowns was 38.7
months with a confidence interval ranging from 38.1 months
to 39.3 months.

+e success or failure of each crown was then tabulated
in a Kaplan–Meier table to compute a Kaplan–Meier curve
to show the overall survival pattern of the zirconia crowns
(Figure 3). When the survival of the crowns was observed
based on the presence or absence of symptoms, it was ob-
served that only 4 out of the 70 crowns were symptomatic
(with or without crown loss) at the end of two years, giving a
success rate of 94.3%. +e mean survival time was also
increased to 39.5 months (confidence interval 39.15–39.98
months).

+e success rate of the crowns with pulp therapy (76%)
was significantly lower than the success rate of the crowns
without pulp therapy (90%). +e chi-square test found this
rate to be statistically significant (chi-square� 48.12,
p< 0.001). +e mean survival time of the teeth with pulp
therapy (39.32 months, SD ± 1.4 months) was lower than the
mean survival time of teeth that were not pulpally treated
(38.45 months, SD ± 1.3 months). +e survival functions for
the crowns with pulp therapy and those without pulp
therapy were plotted using Kaplan–Meier survival charts
(Figure 4).

+ese results suggest that the null hypothesis be rejected
and that teeth with pulp therapy have a significantly worse
outcome after restoration with zirconia crowns than teeth
without pulp therapy.

4. Discussion

+e advent of preformed zirconia crowns has changed the
level of parental aesthetic expectations in pediatric dentistry
[8–10, 17, 18]. +e introduction of these aesthetic and rel-
atively easy to use crowns has meant that parents can now
demand and receive high-quality anterior aesthetic full
coverage restorations in primary anterior teeth [18]. Despite
the higher cost of these crowns, zirconia crowns remain
affordable, and there has been a marked increase in their use
worldwide [19].

+e use of general anesthesia for dental treatment has
been a controversial topic. While the extent of caries and the
complexity of care often necessitate care under general
anesthesia, the use of the modality also significantly

increases the cost of dental care [20–22]. In the current
study, the rationale for evaluating only crowns placed under
general anesthesia was based on the rationale that the use of
multiple crowns in very young children is an indicator of
early childhood caries.

While at the outset, it may seem necessary to pulpally treat
teeth indicated for zirconia crowns, and there is no definitive
rationale for the use of pulp therapy with zirconia crowns in
teeth where the dental caries do not reach the pulp [23].
Clinical examination is often the only means to accurately
identify the pulp status of primary teeth [23]. In this regard,
the decision to perform pulp therapy or not was based on
whether clinical pulp exposure was observed or not.

Table 1: Overview of the type of treatment and the failures observed in each group.

Pulp treatment
Total

No Yes

Failure

No clinical failure 18 38 56
Debonding without complications 2 8 10
Debonding with complications 0 3 3
Failure without debonding 0 1 1

Total 20 50 70

Type of failure

10

3

1

Debonding without
complications

Debonding with
complications

Failure with
debonding

Figure 2: Types of failure observed.
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Figure 3: Kaplan–Meier survival curve for mean survival time of
crowns.
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Our results show that pulp therapy did not significantly
alter the outcome of the crowns, with teeth that were
pulpally treated showing higher failure rates. One of the
reasons for this could be the fact that those teeth that needed
pulp therapy had less tooth structure than the teeth that were
not pulpally treated.+is is significant given that the greatest
type of failure observed was debonding of the crown.

It is a documented fact that despite the care given to
crown preparation, the cement is the principal source of
retention for zirconia crowns. In this regard, it is not sur-
prising that most of the failure rates reported were for
debonded crowns. Even with this relatively benign failure,
the projected success rate for zirconia crowns in this study
(80%) was higher than reported rates for composite resin-
based strip crowns [1, 5, 24]. When debonding is ignored,
the success rates are comparable if not greater (96%) to those
reported for preveneered SSCs or open-faced SSCs [25, 26].

+e results of this study must be viewed keeping in mind
certain limitations. +is study was a retrospective study, and
in that regard, the results are not as powerful as those from
the split mouth clinical trial. However, Kaplan–Meier sur-
vival curves have been shown to be a valid tool for the
prediction of success of restorations placed in children [27].
+e role of oral hygiene and the impact of oral hygiene on
the overall survival of the crown is a factor that was beyond
the scope of the current study. Furthermore, the limited
number of individuals in the study do not allow for the
control of factors such as socioeconomic status of the
parents or oral hygiene and oral hygiene practices. Despite
these limitations, this study provides an insight into the
clinical potential of these crowns.

5. Conclusion

Within the limitations of the current study, we can conclude
that zirconia crowns provide an acceptable level of success
and longevity. Crowns placed on teeth after pulp therapy are

more likely to fail than those placed on teeth without pulp
therapy.

Data Availability

+e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

+e authors declare that they have no conflicts of interest.

Acknowledgments

+e authors acknowledge the publication support from the
Ministry of Health, Kingdom of Saudi Arabia.

References

[1] A. R. Tate, M. W. Ng, H. L. Needleman, and G. Acs, “Failure
rates of restorative procedures following dental rehabilitation
under general anesthesia,” Pediatric Dentistry Journal, vol. 24,
no. 1, pp. 69–71, 2002.

[2] E. Kratunova and A. C. O’Connell, “Chairside repair of
preveneered primary molar stainless steel crowns: a pilot
study,” Pediatric Dentistry Journal, vol. 37, no. 1, pp. 46–50,
2015.

[3] C. Roberts, J. Y. Lee, and J. T. Wright, “Clinical evaluation of
and parental satisfaction with resin-faced stainless steel
crowns,” Pediatric Dentistry Journal, vol. 23, no. 1, pp. 28–31,
2001.

[4] J. Guidry, S. Bagher, O. Felemban, A. Rich, and C. Loo,
“Reasons of repeat dental treatment under general anaes-
thesia: a retrospective study,” European Journal of Paediatric
Dentistry, vol. 18, no. 4, pp. 313–318, 2017.

[5] W. F. Waggoner, “Restoring primary anterior teeth: updated
for 2014,” Pediatric Dentistry Journal, vol. 37, no. 2,
pp. 163–170, 2015.

[6] C. Champagne, W. Waggoner, M. Ditmyer,
P. S. Casamassimo, and J. MacLean, “Parental satisfaction
with preveneered stainless steel crowns for primary anterior
teeth,” Pediatric Dentistry Journal, vol. 29, no. 6, pp. 465–469,
2007.

[7] G. Ashima, K. B. Sarabjot, K. Gauba, and H. Mittal, “Zirconia
crowns for rehabilitation of decayed primary incisors: an
esthetic alternative,” Journal of Clinical Pediatric Dentistry,
vol. 39, no. 1, pp. 18–22, 2014.

[8] M. M. Azab, D. M. Moheb, O. I. El Shahawy, and
M. A. M. Rashed, “Influence of luting cement on the clinical
outcomes of Zirconia pediatric crowns: a 3-year split-mouth
randomized controlled trial,” International Journal of Pae-
diatric Dentistry, vol. 30, no. 3, pp. 314–322, 2020.

[9] L. Yanover, N. Tickotsky, W. Waggoner, A. Kupietzky, and
M. Moskovitz, “Zirconia crown performance in primary
maxillary anterior teeth: a retrospective photographic and
radiographic cohort study,” European Archives of Paediatric
Dentistry, 2020.

[10] F. S. Ludovichetti, E. Stellini, A. G. Signoriello, A. Di Fiore,
A. Gracco, and S. Mazzoleni, “Zirconia vs Stainless steel
pediatric crowns: a literature review,”Minerva Stomatologica,
2020.

[11] A. L. Seminario, M. Garcia, C. Spiekerman, P. Rajanbabu,
K. J. Donly, and P. Harbert, “Survival of zirconia crowns in

Cu
m

 su
rv

iv
al

Age in months

Survival function

.00

0.0

0.2

0.4

0.6

0.8

1.0

10.00 20.00 30.00 40.00

No-censored
Pulp treatment

No
Yes Yes-censored

Figure 4: Kaplan–Meier curve showing the comparison between
teeth with and without pulp therapy.

4 International Journal of Dentistry



primary maxillary incisors at 12-, 24- and 36-month follow-
up,” Pediatric Dentistry, vol. 41, no. 5, pp. 385–390, 2019.

[12] G. Isola, A. Polizzi, R. Patini, S. Ferlito, A. Alibrandi, and
G. Palazzo, “Association among serum and salivary
A. actinomycetemcomitans specific immunoglobulin anti-
bodies and periodontitis,” BMC Oral Health, vol. 20, no. 1,
p. 283, 2020.

[13] G. Isola, A. Lo Giudice, A. Polizzi, A. Alibrandi, P. Murabito,
and F. Indelicato, “Identification of the different salivary
Interleukin-6 profiles in patients with periodontitis: a cross-
sectional study,” Archives of Oral Biology, vol. 122, Article ID
104997, 2021.

[14] M. I. Al-Malik and Y. A. Rehbini, “Prevalence of dental caries,
severity, and pattern in age 6 to 7-year-old children in a
selected community in Saudi Arabia,” -e Journal of Con-
temporary Dental Practice, vol. 7, no. 2, pp. 46–54, 2006.

[15] F. A. Alsadat, A. A. El-Housseiny, N. M. Alamoudi, and
A. M. Alnowaiser, “Conservative treatment for deep carious
lesions in primary and young permanent teeth,” Nigerian
Journal of Clinical Practice, vol. 21, no. 12, pp. 1549–1556,
2018.

[16] I. Alshahrani, S. Tikare, Z. Meer, A. Mustafa, M. Abdulwahab,
and S. Sadatullah, “Prevalence of dental caries among male
students aged 15-17 years in southern Asir, Saudi Arabia,”-e
Saudi Dental Journal, vol. 30, no. 3, pp. 214–218, 2018.

[17] G. Gab, B. D. Rao, S. Panwar, and H. Narula, “Comparative
evaluation of the compressive strength of two different post
systems in primary anterior teeth restored with pediatric
zirconia crowns,” Journal of Indian Society of Pedodontics and
Preventive Dentistry, vol. 38, no. 3, pp. 253–258, 2020.

[18] M. Mathew, K. Roopa, A. Soni, M. M. Khan, and A. Kauser,
“Evaluation of clinical success, parental and child satisfaction
of stainless steel crowns and zirconia crowns in primary
molars,” Journal of Family Medicine and Primary Care, vol. 9,
no. 3, pp. 1418–1423, 2020.
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