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ABSTRACT 

Background: Nano-filled composite resins have gained popularity in restorative dentistry due to their 

enhanced mechanical properties, superior polish ability, and improved aesthetics. Despite these 

advantages, marginal discoloration remains a common clinical concern, particularly in posterior 

restorations where stress and occlusal forces are significant. 

Aim: To assess the prevalence of nano-filled composite restorations in posterior teeth and evaluate 

the incidence and degree of marginal discoloration associated with these restorations. 

Materials and Methods: A cross-sectional observational study was conducted on 210 patients who 

received posterior composite restorations over a period of 6 months at Abbottabad International 

Dental College, Abbottabad after obtaining the IRB vide # AIDC/1D45/2024. Clinical examination 

was performed using modified USPHS (United States Public Health Service) criteria to evaluate 

marginal discoloration. Data on patient demographics, restoration age, cavity classification, and oral 

hygiene were also collected. 

Results: Out of 210 posterior restorations examined, 59% were nano-filled composites. Among these, 

41% exhibited marginal discoloration. Discoloration was more prevalent in Class II restorations and 

increased with restoration age. Statistical analysis showed a significant correlation between 

discoloration and factors such as restoration age (p<0.05) and oral hygiene status. 

Conclusion: Nano-filled composites are widely used in posterior restorations due to their clinical 

advantages. However, marginal discoloration remains a prevalent issue, particularly in older 

restorations and those placed in high-stress areas. Regular monitoring and improved clinical 

techniques may reduce the incidence of such failures. 
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INTRODUCTION 

Restorative dentistry has witnessed significant developments over the past few decades, particularly 

with the introduction and continual refinement of composite resin materials.1 Among these, nano-

filled composites have emerged as a breakthrough technology due to their improved physical, 

mechanical, and aesthetic properties. These materials incorporate nanometer-sized filler particles, 

which allow for better polish retention, increased wear resistance, and enhanced strength compared 

to conventional microhybrid and hybrid composites. As a result, nano-filled composites have become 

widely adopted for both anterior and posterior dental restorations.2 

Despite these advancements, clinical concerns persist, especially in posterior restorations where 

occlusal loading, stress distribution, and masticatory forces are more intense. One common and 

significant issue is marginal discoloration.3 This phenomenon not only compromises the aesthetic 

appeal of the restoration but can also serve as a clinical indicator of underlying problems such as 

microleakage, improper bonding, secondary caries, or polymerization shrinkage. In the context of 

posterior restorations, where visual access is limited and functional demands are high, marginal 

discoloration is particularly problematic.4 

Several intrinsic and extrinsic factors influence the occurrence of marginal discoloration in composite 

restorations. Intrinsically, the resin matrix composition, filler content, and polymerization 

characteristics play a vital role.5 Extrinsically, factors such as dietary habits, oral hygiene, and 

smoking can accelerate staining. Moreover, clinical technique—including cavity preparation, bonding 

protocol, incremental layering, and light curing—significantly affects the final outcome.6 

In Pakistan, and particularly in dental institutions like Abbottabad International Dental College, the 

use of nano-filled composites in posterior restorations has grown considerably. However, systematic 

data evaluating their long-term clinical performance in this population remains limited. 

Understanding the prevalence and contributing factors of marginal discoloration can aid in refining 

clinical protocols, improving patient outcomes, and informing future material development.7 

Moreover, marginal discoloration often precedes more severe failures, making it a crucial parameter 

for monitoring restoration integrity. Early detection allows for timely intervention, potentially 

extending the life of the restoration and preventing the need for more invasive treatments.8 

This study was designed to bridge the gap in clinical data regarding nano-filled composite 

performance in the posterior region. Specifically, we aimed to assess the frequency of their use and 

evaluate the extent and determinants of marginal discoloration. Findings from this study can 

contribute to evidence-based recommendations for restorative material selection and patient care 

protocols in general dental practice. 

 

MATERIALS AND METHODS 

This cross-sectional observational study was conducted at Abbottabad International Dental College 

over a 6-month period. Ethical approval was obtained from the Institutional Review Board (IRB 

approval number: AIDC/1D45/2024). A total of 210 patients aged between 18 and 60 years, who had 

received posterior composite restorations, were selected through convenience sampling. Informed 

consent was obtained from all participants. 

• Inclusion Criteria: 

o Patients with at least one posterior composite restoration. 

o Restoration placed within the last 2 years. 

• Exclusion Criteria: 

o Patients with systemic conditions affecting oral health. 

o Restorations with secondary caries or fractures. 

 

Clinical evaluation of restorations was carried out using modified United States Public Health Service 

(USPHS) criteria. Marginal discoloration was scored as: 
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• Alpha: No discoloration 

• Bravo: Slight discoloration 

• Charlie: Severe discoloration requiring replacement 

 

Data on patient demographics, cavity classification (Class I or Class II), restoration age, and oral 

hygiene status (assessed via the Simplified Oral Hygiene Index, OHI-S) were recorded. Data were 

analyzed using SPSS (version 28). Chi-square tests were used to examine associations between 

discoloration and categorical variables. A p-value of less than 0.05 was considered statistically 

significant. 

 

RESULTS 

Out of the 210 restorations evaluated 124 (59%) were nano-filled composites while 86 (41%) were 

conventional microhybrid composites. Among the nano-filled restorations 73 (59%) exhibited no 

discoloration (Alpha), 36 (29%) showed slight discoloration (Bravo) and15 (12%) demonstrated 

severe discoloration (Charlie) (Table 1). 

 

Table 1: Discoloration Levels in Nano-Filled Composites 

Discoloration Score Number of Restorations Percentage (%) 

Alpha 73 59 

Bravo 36 29 

Charlie 15 12 

 

Discoloration was more frequent in restorations older than 12 months. A statistically significant 

correlation was found between discoloration and restoration age (p=0.031) (Table 2). 

 

Table 2: Discoloration by Restoration Age 

Age of Restoration Alpha Bravo Charlie Total p-value 

< 12 months 40 12 5 57 
0.031 

> 12 months 33 24 10 67 

 

Class II restorations showed a higher incidence of marginal discoloration (56%) compared to Class I 

(31%). The difference was statistically significant (p=0.042) (Table 3). Patients with poor oral hygiene 

had a higher frequency of discoloration. Statistically significant association found between oral 

hygiene and marginal discoloration (p=0.017). 

 

Table 3: Discoloration by Cavity Classification 

Cavity Class Alpha Bravo Charlie Total p-value 

Class I 45 15 5 65 
0.042 

Class II 28 21 10 59 

 

DISCUSSION 

Nano-filled composites are preferred for posterior restorations due to their favorable properties. 

However, marginal discoloration continues to compromise their long-term success. This study 

highlights that while the majority of nano-filled restorations perform well aesthetically, discoloration 

is still prevalent, especially in older restorations and those placed in complex cavities such as Class 

II. Marginal discoloration may result from polymerization shrinkage, microleakage, or patient-related 

factors like inadequate oral hygiene. These findings underscore the importance of proper technique 

during placement and the role of maintenance and regular follow-up in ensuring restoration longevity. 
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In comparison with other studies, our findings align closely with research conducted by Vardhana et 

al. (2025)9, who reported marginal discoloration rates of around 35% in nano-filled posterior 

restorations after one year. Another study by Karakaş et al. (2025)10 showed a similar trend, where 

40% of restorations showed signs of discoloration within two years. These studies reinforce the notion 

that even high-performance materials like nano-filled composites are not immune to long-term clinical 

challenges. 

Moreover, Mickenautsch et al. (2025)11 conducted a meta-analysis revealing that Class II restorations 

were 1.5 times more likely to show marginal discoloration compared to Class I, consistent with our 

findings. This may be attributed to the more complex occlusal anatomy and the difficulty in achieving 

optimal marginal adaptation in proximal areas. 

In a regional context, similar studies conducted in South Asian dental colleges have demonstrated 

comparable results. A study from Karachi by Zulfiqar et al. (2025) in a Dental College observed that 

38% of nano-composite posterior restorations showed marginal staining, with poor oral hygiene and 

high sugar intake cited as key contributors.12 

Overall, our study contributes to the growing body of evidence that while nano-filled composites offer 

superior clinical performance, they are not a panacea. Clinical outcomes are heavily influenced by 

practitioner skill, case selection, and patient behavior. Future advancements should focus on 

developing materials with self-healing properties, antibacterial effects, or enhanced resistance to 

discoloration. 

 

CONCLUSION 

Nano-filled composites remain a valuable material in posterior restorative dentistry, offering excellent 

performance in most cases. Nonetheless, marginal discoloration, particularly in older and high-stress 

restorations, is a significant concern. Emphasis on clinical technique, patient education on oral 

hygiene, and timely intervention may help mitigate this issue. 

 

Recommendations 

Further longitudinal studies with larger sample sizes. Comparison with newer composite systems 

including bulk-fill and bioactive composites. Evaluation of bonding systems and techniques to reduce 

microleakage. 
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