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ABSTRACT 
Background:Early childhood caries frequently affects anterior teeth, requiring esthetic full coronal restorations. 
Evidence comparing newer materials such as Bioflex crowns with established options like Strip crowns and Zirconia 
crowns remains limited. 
Aim:To evaluate and compare the clinical performance, patient-reported outcomes, and parental satisfaction of zirconia, 
Bioflex, and strip crowns in primary anterior teeth. 
Materials and Methods:This randomized clinical trial included 45 children aged 3–5 years requiring anterior crowns 
following pulpectomy. Participants were randomly allocated into three groups (n = 15 each): zirconia, Bioflex, and strip 
crowns. Clinical evaluation was performed at 1 week, 3, 6, and 9 months. Outcomes included retention, marginal 
integrity, stain resistance, plaque and gingival status. Patient-reported outcomes were assessed using the Animated 
Emoji Scale, and parental satisfaction using a Likert scale. Statistical analysis was performed with significance set at p < 
0.05. 
Results:Zirconia crowns demonstrated superior clinical performance, with better retention, marginal integrity, and 
plaque resistance. Bioflex crowns showed favorable handling and reduced chairside time, while strip crowns 
demonstrated acceptable esthetics but comparatively lower long-term performance. Patient and parental satisfaction 
were highest with zirconia crowns, followed by Bioflex and strip crowns. 
Conclusion:Zirconia crowns provided the best clinical outcomes and highest satisfaction. Bioflex crowns may serve as 
a promising alternative, while strip crowns remain a cost-effective option with moderate performance. 
 
Keywords:Pediatric dentistry; Early childhood caries; Zirconia crowns; Bioflex crowns; Strip crowns; Anterior 
restorations; Patient satisfaction; Randomized clinical trial 
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Why This Paper Is Important to Pediatric Dentists 
This study provides clinically relevant evidence on the 
comparative performance of commonly used esthetic 
crown options in primary anterior teeth. It highlights 

the superior clinical outcomes and higher patient and 
parental satisfaction associated with zirconia crowns, 
while also identifying Bioflex crowns as a practical 
alternative with reduced chairside time. The findings 
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assist pediatric dentists in making informed, evidence-
based decisions when selecting restorative materials, 
balancing esthetics, durability, handling, and patient 
comfort. Additionally, the inclusion of patient-reported 
outcomes offers insight into child behavior and 
acceptance, which is critical for successful pediatric 
dental care. 
 
INTRODUCTION 

Early childhood caries (ECC) is a common 
condition affecting primary anterior teeth and can 
compromise esthetics, function, and the psychological 
well-being of children [1]. Loss or destruction of 
anterior teeth often impacts a child’s appearance and 
confidence, making esthetic rehabilitation an important 
aspect of pediatric dental care [2].The demand for 
tooth-colored full-coverage restorations has increased 
due to greater parental awareness and expectations [3]. 
Composite strip crowns are widely used because of 
their esthetics and ease of repair; however, they are 
technique-sensitive and highly dependent on moisture 
control [4]. Zirconia crowns provide superior esthetics, 
durability, and biocompatibility but require extensive 
tooth preparation and are relatively expensive [5]. 

Recently, Bioflex crowns have been 
introduced as an alternative esthetic option. These 
crowns are flexible, easier to adapt, and require less 
chairside time, making them potentially suitable for 
pediatric patients [6]. However, clinical evidence 
comparing Bioflex crowns with established restorative 
options such as zirconia and strip crowns remains 
limited[7].Therefore, the present study was conducted 
to evaluate and compare the clinical performance, 
patient-reported outcomes, and parental satisfaction 
among zirconia, Bioflex, and strip crowns in primary 
anterior teeth. 
 
2 Materials and Methods 
2.1 Study Design and Setting 
This in vivo study was designed as a randomized 
controlled clinical trial conducted in the Department of 
Pedodontics and Preventive Dentistry. Ethical 
clearance was obtained from the Institutional Ethics 

Committee (SSDCHIEC/2024/33), and the study was 
prospectively registered with the Clinical Trials 
Registry of India (CTRI/2025/05/087229). 
 
2.2 Participants 
A total of 45 children aged 3–5 years requiring full 
coronal restoration of maxillary primary anterior teeth 
following pulpectomy were included in the study. 
 
Inclusion Criteria 
• Healthy children aged 3–5 years 
• Maxillary anterior teeth requiring pulpectomy 
• Positive or definitely positive behavior (Frankl 
scale) 
• Parental/guardian consent obtained 
 
Exclusion Criteria 
• Teeth with root resorption or near exfoliation 
• Grossly decayed or severely worn teeth 
• Children with poor cooperation, anxiety, or special 
healthcare needs 
• Presence of bruxism or developmental dental 
anomalies 
 
Sample Size and Allocation 
The study’s sample size was calculated using 
Microsoft Excel (2021) determined from a similar 
study*. For an α value equal to 0.05 and a power of 
90%,  = 1.96, and  = 1.28, considering 
attrition 10% the sample size was calculated as 13.56, 
and it is standardized to 15 in each group accounting to 
a total sample size of 45. 
A total of forty-five maxillary primary anterior teeth 
requiring pulpectomy and fulfilling the inclusion 
criteria were selected from children aged 3–5 years, 
including both males and females. The selected teeth 
were randomly allocated into three groups (n = 15 
each):showed in figure.1 
• Group I: Preformed zirconia crowns 
• Group II:Bioflex crowns 
• Group III: Resin composite strip crowns 
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Figure 1. CONSORT flow diagram showing participant enrollment, allocation, follow-up, and analysis. 

2.3 Randomization 
Participants were assigned to groups using a computer-
generated random sequence in a 1:1:1 ratio. Allocation 
was done sequentially. 
2.4 Clinical Procedure 
All procedures were performed by a single operator 
under standardized conditions and isolation. 
• Zirconia crowns: Tooth preparation included 
incisal reduction (~2 mm), labial and proximal 
reduction, and subgingival extension. Crowns were 

cemented using glass ionomer cement. (showed in 
Figure-2) 
• Bioflex crowns: Minimal tooth preparation (0.5–1 
mm) with chamfer margins and subgingival extension 
(~2 mm). Crowns were adapted and cemented. (showed 
in Figure-3) 
• Strip crowns: Crown forms were selected, 
trimmed, filled with composite, placed, light-cured, and 
finished after removing the crown form. (showed in 
Figure-4) 

 

 
A)Preoperative image            B) Postoperative image             C) 9-month follow up  

 
Figure 2-Preformed  Zirconia Crown: preoperative view (A), postoperative view (B), and 9-month follow-up (C). 
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A) Preoperative image            B) Postoperative image             C) 9-month follow up  

 
Figure 3 -Preformed Bioflex crown: preoperative view (A), postoperative view (B), and 9-month follow-up (C). 

 

 
A)Preoperative image            B) Postoperative image             C) 9-month follow up  

 
Figure 4- Composite Strip Crown –A) Preoperative image B) Post-operative image C) 9 month follow up 

 
2.5 Outcome Measures 
Clinical Evaluation(Table.1) 
Assessed at 1 week, 3, 6, and 9 months: 
• Retention 
• Marginal integrity 
• Proximal contact 
• Stain resistance 
• Crown wear 
• Plaque index (Silness and Löe) 
• Gingival index (Löe and Silness) 
 

 
Table 1. Evaluation Criteria for Assessing Clinical Success 

Parameter Criteria 
Marginal Integrity Closed / Open 
Proximal Contact Intact / Not intact 
Crown Retention Intact / Fractured / Loss 
Stain Resistance None / Minor / Noticeable 
Crown Wear Present / Absent 
Crown Contour Natural / Acceptable / Poor 
Color Match Slight mismatch / Obvious mismatch 
Oral Habits Speech issue / Tongue thrust / None 
Plaque Index (Silness-Löe) 0 = Excellent; 0.1–0.9 = Good; 1.0–1.9 = Fair; 2–3 = Poor 
Gingival Index (Löe-Silness) 0.1–1.0 Mild; 1.1–2.0 Moderate; 2.1–3.0 Severe 

 
Parental Satisfaction 
Evaluated using a 5-point Likert scale (1 = very dissatisfied to 5 = very satisfied) based on esthetics, size, form, cost, 
and overall satisfaction. 
Patient Satisfaction 
Assessed using the Animated Emoji Scale before and after treatment.( Showed in Figure-5) 
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Figure 5. Assessment of patient satisfaction using the Animated Emoji Scale. 

 
2.6 Statistical Analysis 
Data were analyzed using SPSS version 26.0. 
Descriptive statistics were calculated. Normality was 
assessed using the Shapiro–Wilk test. One-way 
ANOVA and Chi-square tests were used for intergroup 
comparisons, and a paired t-test for within-group 
comparisons. Statistical significance was set at p < 
0.05. 
 
3. RESULTS- 
Participant Distribution 
A total of 45 primary maxillary anterior teeth were 
included, with 15 participants in each group. Overall, 
71.1% of participants were males and 28.9% were 
females. All participants completed the study with no 
dropouts (Figure 1). 

Patient Satisfaction (Animated Emoji Scale) 
Baseline emotional scores were comparable among the 
three groups. Post-treatment evaluation showed 
significant improvement in emotional response across 
all groups, indicating enhanced patient acceptance. The 
highest positive responses were observed in the 
zirconia group, followed by strip crowns and Bioflex 
crowns (Figure 5). 
Parental Satisfaction 
Parental satisfaction differed significantly among the 
groups (p < 0.05). Zirconia crowns showed the highest 
satisfaction levels, with 100% of parents reporting 
“very satisfied” for overall outcomes. Bioflex crowns 
showed 80% satisfaction, while strip crowns showed 
66.7% satisfaction. Significant differences were also 
observed in facial appearance, avoidance of smiling, 
and overall satisfaction (Table 2). 

 
Table 2. Parental Satisfaction Outcomes 

Outcome Response Zirconia n (%) Bioflex n (%) Strip n (%) p-value 
Improved facial appearance Very satisfied 15 (100) 12 (80.0) 13 (86.7) 0.0001*  

Satisfied 0 3 (20.0) 2 (13.3) 
 

Avoiding smile (before) Neutral 14 (93.3) 13 (86.7) 13 (86.7) 0.003*  
Dissatisfied 1 (6.7) 1 (6.7) 1 (6.7) 

 

Avoiding smile (after) Very satisfied 13 (86.7) 10 (66.7) 9 (60.0) 0.0007*  
Satisfied 2 (13.3) 5 (33.3) 6 (40.0) 

 

Pain/discomfort Satisfied 13 (86.7) 12 (80.0) 10 (66.7) 0.0001*  
Neutral 2 (13.3) 3 (20.0) 5 (33.3) 

 

Overall satisfaction Very satisfied 15 (100) 12 (80.0) 10 (66.7) 0.0001*  
Satisfied 0 3 (20.0) 5 (33.3) 

 

 
Clinical Performance 
Crown Retention 
All groups showed 100% retention at 1 week and 3 
months. At 6 months, zirconia showed 80% retention, 
while Bioflex and strip crowns showed 93.3%. At 9 
months, retention decreased slightly across all groups, 
with zirconia at 80% and both Bioflex and strip crowns 
at 73.3% (Table 3). 
Stain Resistance 
Zirconia crowns demonstrated superior stain resistance, 
with no staining observed at any time interval. In 

contrast, Bioflex and strip crowns showed significant 
staining at 6 and 9 months (p < 0.001) (Table 3). 
Marginal Integrity 
All groups maintained closed margins up to 6 months. 
At 9 months, zirconia crowns showed the highest 
marginal integrity (93.3%), followed by strip crowns 
(86.7%) and Bioflex crowns (80%), with statistically 
significant differences (p = 0.001) (Table 3). 
Proximal Contact 
Proximal contact remained intact in all groups up to 3 
months. At 9 months, zirconia crowns maintained the 
highest intact contact (86.7%), followed by strip 
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crowns (66.7%) and Bioflex crowns (60%), showing significant differences (p < 0.001) (Table 3). 
 

Table 3. Clinical Performance Over 9 MonthsCrown Retention 
Time Outcome Zirconia Bioflex Strip p-value 
1 week Intact 100% 100% 100% — 
3 months Intact 100% 100% 100% — 
6 months Intact 80% 93.3% 93.3% 0.47 
9 months Intact 80% 73.3% 73.3% 0.67 

Stain Resistance 
Time Zirconia Bioflex Strip p-value 
1 week 100% no stain 100% 100% — 
3 months 100% 100% 100% — 
6 months 100% 20% 86.7% 0.0001* 
9 months 100% 13.3% 33.3% 0.0001* 

Marginal Integrity (9 months) 
Outcome Zirconia Bioflex Strip p-value 
Closed 93.3% 80% 86.7% 0.001* 
Open 6.7% 20% 13.3% 

 

 
Proximal Contact (9 months) 

Outcome Zirconia Bioflex Strip p-value 
Intact 86.7% 60% 66.7% 0.0001* 
Lost 13.3% 40% 33.3% 

 

 
Color Match 
At baseline, zirconia and Bioflex crowns showed no 
shade mismatch, while strip crowns showed slight 
mismatch. Over time, zirconia maintained excellent 
color stability, whereas Bioflex and strip crowns 
demonstrated increasing shade mismatch at 6 and 9 
months (Graph 1). 
Crown Wear 
No wear was observed at 1 week and 3 months in any 
group. At 6 and 9 months, wear was observed in 
Bioflex and strip crowns, while zirconia crowns 
showed no wear throughout the study (Graph 2). 

Plaque and Gingival Status 
All groups were plaque-free at early follow-ups. At 6 
and 9 months, plaque accumulation increased, 
particularly in Bioflex and strip crowns, while zirconia 
showed the lowest plaque scores, indicating better 
plaque resistance (Graph 3). Gingival status remained 
mild across all groups throughout the study. 
Oral Habits 
No significant differences were observed among 
groups regarding oral habits. 

 
Graph 1. Comparison of Color Match Among Zirconia, Bioflex, and Strip Crowns Over Time. 
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Graph 2. Comparison of Crown Wear Among Zirconia, Bioflex, and Strip Crowns 
 

 
Graph 3. Comparison of plaque scores among zirconia, Bioflex, and strip crowns over time. 

 
4.DISCUSSION 
The present randomized clinical trial evaluated and 
compared the clinical performance, esthetic outcomes, 
and patient and parental satisfaction associated with 
zirconia, Bioflex, and strip crowns in primary anterior 
teeth. The findings of this study clearly demonstrate the 
superior performance of zirconia crowns across most 
clinical and patient-centered parameters. 
In contemporary pediatric dentistry, there is an 
increasing emphasis on esthetic rehabilitation due to 
heightened parental awareness and expectations. 
Parents not only seek functional restoration but also 
prioritize the psychological well-being and appearance 
of their children [8]. In the present study, parental 
satisfaction was highest in the zirconia group, followed 
by Bioflex and strip crowns, which is in agreement 
with previous findings [9],[10]. 
 

Clinical Performance 
Zirconia crowns demonstrated superior retention, 
marginal integrity, and proximal contact throughout the 
study period. At 9 months, zirconia crowns maintained 
better clinical performance compared to Bioflex and 
strip crowns. These findings are consistent with Gill et 
al. [8], who reported higher clinical success rates and 
better marginal adaptation for zirconia crowns. 
Similarly, Vaghela et al. [13] observed significantly 
higher retention rates in zirconia crowns compared to 
strip crowns. 
Strip crowns, although initially esthetic, showed 
comparatively lower long-term performance. This can 
be attributed to their technique sensitivity and 
dependence on optimal moisture control. Previous 
studies have reported reduced longevity of strip crowns 
in high caries-risk patients and in cases with extensive 
tooth structure loss [15],[17]. 
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Bioflex crowns demonstrated intermediate clinical 
performance. As a relatively newer material, they offer 
advantages such as flexibility and ease of placement; 
however, long-term evidence supporting their 
durability remains limited. Studies evaluating Bioflex 
crowns suggest promising short-term outcomes but 
emphasize the need for further clinical trials [18]. 
 
Color Stability (Graph 1) 
Graph 1 illustrates that zirconia crowns maintained 
excellent color stability at all evaluation periods, with 
no noticeable shade mismatch. In contrast, Bioflex and 
strip crowns demonstrated increasing discoloration at 6 
and 9 months. These findings are in line with previous 
studies reporting superior stain resistance of zirconia 
crowns due to their highly polished and glazed surface 
[8],[16]. 
The increased discoloration observed in Bioflex and 
strip crowns may be related to surface roughness and 
material composition, which can predispose them to 
plaque accumulation and staining over time.\ 
 
Crown Wear (Graph 2) 
Graph 2 shows that no crown wear was observed in any 
group at 1 week and 3 months. However, at 6 and 9 
months, wear was evident in Bioflex and strip crowns, 
whereas zirconia crowns remained unaffected. These 
results are consistent with previous studies 
demonstrating the superior wear resistance of zirconia 
crowns due to their high strength and fracture 
toughness [14]. 
The absence of wear in zirconia crowns further 
supports their suitability for long-term clinical use in 
pediatric patients.\ 
 
Plaque Accumulation and Gingival Health (Graph 
3) 
Graph 3 indicates that zirconia crowns exhibited the 
least plaque accumulation over time, followed by strip 
crowns and Bioflex crowns. This finding is supported 
by previous literature, which suggests that zirconia 
crowns promote better gingival health due to their 
smooth surface and biocompatibility [16]. 
In contrast, increased plaque accumulation in Bioflex 
and strip crowns may be attributed to marginal 
discrepancies and surface characteristics that favor 
bacterial adhesion. 
 
Patient and Parental Satisfaction 
Patient satisfaction, assessed using the Animated Emoji 
Scale, showed a significant improvement in emotional 
response following treatment in all groups. However, 
zirconia crowns demonstrated the highest positive 
responses, followed by Bioflex and strip crowns. These 
findings highlight the importance of esthetics in 
improving treatment acceptance among pediatric 
patients. 
Parental satisfaction was highest for zirconia crowns, 
which is consistent with previous studies reporting 
greater acceptance of zirconia crowns due to their 
superior esthetics and durability [9],[10]. Strip crowns, 

although economical, showed comparatively lower 
satisfaction due to issues related to discoloration and 
wear over time. 
 
Clinical Implications 
The results of the present study suggest that zirconia 
crowns are the most reliable option for restoring 
primary anterior teeth due to their superior clinical 
performance, esthetic stability, and high patient and 
parental acceptance. Bioflex crowns may serve as a 
viable alternative in situations where reduced chairside 
time is required. Strip crowns remain a cost-effective 
option but may be associated with lower long-term 
success. 
These findings are supported by recent systematic 
reviews and clinical studies emphasizing the 
advantages of zirconia crowns over other esthetic 
restorative options [19],[20]. 
 
Limitations 
The present study had certain limitations, including a 
relatively small sample size and a follow-up period 
limited to 9 months. Long-term multicenter studies are 
required to further validate these findings. 
Additionally, inclusion of radiographic evaluation and 
split-mouth study designs could provide more 
comprehensive data. 
5. CONCLUSION 
Within the limitations of this randomized clinical trial, 
preformed zirconia crowns demonstrated superior 
clinical performance, including better retention, 
marginal integrity, color stability, and resistance to 
wear and plaque accumulation, along with the highest 
levels of patient and parental satisfaction.Bioflex 
crowns showed acceptable clinical outcomes with the 
advantage of reduced chairside time and easier 
handling, making them a potential alternative in 
pediatric patients.Resin composite strip crowns 
provided satisfactory esthetic results but exhibited 
comparatively lower long-term durability, with 
increased staining, wear, and marginal discrepancies 
over time. 
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