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Abstract 

The infiltration of fluids, bacteria, and ions at the interface between 

dental restorations and tooth structure remains a persistent challenge 

in restorative dentistry, significantly impacting the longevity and 

clinical success of restorations. This review comprehensively examines 

the factors contributing to microleakage, evaluates various detection 

methodologies, and explores strategies to mitigate its adverse effects. 

Emphasizing an evidence-based approach, the review highlights key 

considerations in restorative techniques, material selection, and 

adhesive protocols that enhance marginal integrity. By synthesizing 

current research and clinical recommendations, this article provides 

practical guidance for clinicians to minimize microleakage and improve 

the durability of dental restorations. 
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1. Introduction 

Dental restorations play a crucial role in modern 
dentistry by maintaining the structural integrity 
and functionality of decayed or damaged teeth. 
However, the success of these restorations is 
recurrently challenged by a subtle yet formidable 
adversary: microleakage [1,2]. Microleakage is a 
critical concern in restorative dentistry, as it can 
lead to secondary caries, pulp irritation, and 
restoration failure. It refers to the penetration of 
bacteria, fluids, molecules, and ions into the 
microscopic gaps between a dental restoration and 
the adjacent tooth structure. This phenomenon 
compromises the longevity and effectiveness of 
dental restorations [3-5]. 
 
Historically, the field of restorative dentistry has 
witnessed remarkable advancements in materials 
and techniques aimed at achieving durable and 
aesthetically pleasing restorations. Despite these 
strides, microleakage persists as a formidable 
challenge, transcending the boundaries of 

restorative materials and methods [6]. Dental 
restorations, whether amalgam, composite, or 
ceramic, inherently face the risk of microleakage 
due to the inherent differences in the coefficients of 
thermal expansion, elastic modulus, and adhesion 
characteristics between restorative materials and 
tooth structure [6,7].  

 
2. Factors influencing microleakage 

Microleakage in dental restorations is a 
multifactorial phenomenon, determined by a 
complex interplay of material properties, clinical 
techniques, oral environmental conditions, etc., [5-
10]. These factors, both intrinsic to the materials 
used and extrinsic in their application and function, 
significantly impact the long-term success of 
restorations. Understanding these factors is 
essential to reduce the risks associated with 
microleakage and improve clinical outcomes. 
Various factors contribute to microleakage, 
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including the type of restorative material, the 
method of cavity preparation, and the adhesive 
techniques employed. For instance, studies have 
shown that the type of cavity preparation, whether 
by traditional drilling, air abrasion, or laser 
treatment, can significantly affect the degree of 
microleakage. Acid etching has been found to 
provide better marginal sealing compared to laser 
treatments, particularly at the enamel margins 
[11,12]. Additionally, the fibre inserts in composite 
restorations have been shown to reduce 
microleakage, enhancing the seal at the tooth-
restoration interface [13]. 
 
2.1 Properties of restorative materials 
The physical and chemical properties of restorative 
materials are crucial in influencing microleakage. 
Factors such as thermal expansion, polymerization 
shrinkage, and water sorption are intrinsic 
properties that affect the material's interaction with 
the tooth structure [14,15]. 
 
2.1.1 Coefficient of Thermal Expansion (CTE): An 
ideal restorative material should have a similar CTE 
as the natural tooth [15]. Unfortunately, the CTE of 
many restorative materials (Table 1) do not match 
with the CTE of the natural tooth except the glass 
ionomer cement (GIC) [14-16].  The mismatch 
between the CTE of restorative materials and 
natural tooth structure can lead to significant stress 
at the tooth-restoration interface. During thermal 
cycling in the oral cavity, such as from hot or cold 
food and beverages, this mismatch causes 
expansion and contraction at different rates, 
potentially disrupting the marginal seal.  
 
Composite resins often exhibit a higher CTE 
compared to enamel and dentin, making them more 
prone to thermal-induced microleakage [14,15]. 
Dental amalgam exhibits a higher CTE compared to 
natural tooth structures. This disparity can result in 
marginal gaps due to differential thermal expansion 
and contraction, thereby increasing the risk of 
microleakage. A study evaluating the influence of 
thermal stress on marginal integrity found that 
thermal cycling increased leakage in all amalgam 
restorations, suggesting that the mismatch in CTE 
contributes to compromised marginal integrity 
under thermal stress [17]. The CTE of amalgam is 
more than twice that of natural tooth structure 
(Table 1). On the other hand, GICs have a CTE that 
aligns more closely with that of natural teeth. This 
compatibility reduces the stress at the tooth-
restoration interface during thermal fluctuations, 
thereby minimizing microleakage. Studies show 
that GIC has a comparable coefficient of thermal 

expansion (CTE) to that of tooth structure, which 
plays a role in its effective performance in 
preserving marginal integrity on subjected to 
thermal stress [18]. 
 

Table 1. Co-efficient of thermal expansion of natural tooth and 
various restorative materials [14]. 
Materials Coefficient of Thermal 

Expansion 
Enamel 11 X 10-6/0C 

Dentin 8.0 X 10-6/0C 

Ceramics 12 X 10-6/0C 

Amalgam 25 X 10-6/0C 

Glass Ionomer cement 10.2 – 11.4 X 10-6/0C  

Silicate cement 10 X 10-6/0C 

Unfilled acrylic resins 92.8 X 10-6/0C 

Traditional composites 25 – 35 X 10-6/0C 

Small-particle composites 19 – 26 X 10-6/0C 

Hybrid composites  30 – 40 X 10-6/0C 

Micro-filled composites  50 – 60 X 10-6/0C 

 

2.1.2 Polymerization Shrinkage: Resin-based 
materials undergo volumetric shrinkage during 
polymerization, resulting in contraction forces that 
could form gaps at the tooth-restoration interfaces. 
These shrinkage stresses, especially in high 
configuration factor (C-factor) cavities (those with a 
higher bonded-to-unbonded surface ratio), are a 
major contributor to microleakage. Studies using X-
ray micro-computed tomography have shown that 
higher C-factors and larger composite volumes 
result in a greater probability of microleakage due 
to increased shrinkage [19]. 
 
2.1.3 Water Sorption and Solubility: Restorative 
materials that absorb water over time may 
experience dimensional changes, which can 
compromise the seal [14,16,20]. Materials have 
higher water sorption rates than resin composites, 
increasing their susceptibility to marginal 
degradation. The resin-modified glass ionomer 
cements (RMGICs) and compomers exhibit greater 
water absorption relative to traditional GICs [21]. 
 
2.2 Tooth preparation and marginal 
configuration 
The geometry and finish of the tooth preparation 
significantly influence the occurrence of 
microleakage. The design of the cavity influences 
the distribution of stresses at the interface. Sharp 
internal line angles and inadequate bevelling of 
enamel margins may predispose the restoration to 
failure [22]. Additionally, cavity designs with 
greater surface area exposed to stress, such as Class 
II or Class V cavities, are more prone to 
microleakage [23-25]. In addition, the location of 
the preparation margin (supragingival, 
equigingival, or subgingival) affects the quality of 



 
 
Microleakage in dental restorations     Malempati RR et al., 

International Journal of Dental Materials 2025;7(1):18-26 © IJDM 2025  20 

 

the seal. Supragingival margins, where the interface 
is located entirely on enamel, tend to form stronger 
bonds due to enamel's predictable structure. In 
contrast, subgingival margins rely on bonding to 
dentin or cementum, and they are inherently less 
favourable substrates [26]. 
 
The C-factor also plays a significant role in 
microleakage. While some studies suggest a 
relationship between the C-factor and 
microleakage, others have found no significant 
direct correlation [27,28]. Studies reported that 
rather than the C-factor, microleakage is more 
influenced by factors such as restoration volume, 
insertion techniques, and curing modes [27]. 
However, it is generally observed that higher C-
factors can exacerbate the effects of polymerization 
shrinkage, leading to increased microleakage 
[27,28]. 
 
2.3 Adhesive systems and bonding techniques 
The adhesive system used and the technique 
employed during bonding are critical determinants 
of the integrity of the tooth-restoration interface. 
Contemporary adhesive systems are categorized 
into etch-and-rinse and self-etch adhesives. 
Whereas etch-and-rinse systems offer superior 
bonding to enamel, their dentin bonding is 
technique-sensitive, and improper etching or 
drying can lead to gaps. Self-etch systems are less 
technique-sensitive but may result in weaker bonds 
to enamel [29]. 
 
Self-etch adhesive systems generally exhibit a 
shallower etch depth and less resin tag formation 
than the etch-and-rinse systems. This can lead to 
increased microleakage, particularly at the dentin 
margins. Self-etch adhesives like Adper Prompt-L-
Pop have shown significantly greater microleakage 
compared to other self-etch products and etch-and-
rinse systems [30,31]. However, some self-etch 
adhesives, such as Xeno III, have performed 
comparably to etch-and-rinse systems in terms of 
microleakage [31]. Additionally, self-etch adhesives 
have demonstrated better long-term sealing ability 
in dentin compared to etch-and-rinse adhesives, as 
the latter's microleakage scores increased 
significantly over time [32]. 
 
Etch-and-rinse systems typically create a thicker 
hybrid layer and longer resin tags, which can 
enhance the bonding strength and reduce 
microleakage initially. However, over time, the 
microleakage in etch-and-rinse systems can 
increase, as observed in studies where the 
microleakage score of etch-and-rinse adhesives 

increased significantly after three months [32]. 
Despite this, etch-and-rinse systems generally show 
lower microleakage scores than self-etch systems, 
particularly at the enamel margins [31,33]. 
 
Furthermore, it is important to recognize that 
microleakage is not limited to direct restorations 
alone. Indirect restorations such as crowns, bridges, 
inlays, and onlays also face similar challenges. 
Despite advancements in adhesive and luting 
agents, the integrity of the tooth-restoration 
interface can still be compromised by factors such 
as marginal discrepancies, cement dissolution, and 
inadequate adhesion, especially in subgingival 
areas where bonding is primarily to dentin or 
cementum. Even with resin-based cements and 
contemporary adhesive protocols, improper 
handling or moisture contamination can lead to 
microleakage, ultimately affecting the longevity and 
clinical success of these restorations. 
 
The success of adhesive bonding relies heavily on 
the operator technique. Factors such as moisture 
control, application timing, and curing protocol 
significantly impact the adhesive interface. 
Improper isolation or contamination by saliva or 
blood can compromise bond strength and increase 
microleakage [34]. Research indicates that the 
degree of microleakage can differ considerably 
based on the skill level of the operator. Giachetti L 
et al. (2007) investigated microleakage in Class V 
restorations and found that the total-etch adhesive 
system relied greatly on the operator's skill, 
resulting in more experienced practitioners 
achieving lower levels of microleakage compared to 
students [35]. Karaman E et al. (2013) also 
confirmed that operator variability significantly 
affects microleakage, particularly at the enamel 
margins, with less experienced operators showing 
higher microleakage [36]. 
 
2.4 Occlusal loading and mechanical stress 
Cyclic loading from chewing can compromise the 
integrity of the tooth-restoration interface, leading 
to marginal breakdown and microleakage. The 
ability of restorative materials to endure fatigue 
loading is well established; however, the degree of 
microleakage is influenced by both the material 
type and the selection of luting cement [37]. 
Composite crowns exhibit better fatigue resistance 
than ceramic crowns [38], and load cycling alone 
may not significantly impact microleakage in Class 
II composite restorations [39]. However, cyclic 
loading can promote bacterial penetration along 
restoration margins, increasing the risk of 
secondary caries [40]. Additionally, the 
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combination of mechanical stress and biofilm, 
especially in the presence of sucrose, accelerates 
adhesive interface degradation, highlighting the 
need for durable restorative materials and adhesive 
techniques [41]. 
 
2.5 Oral environmental factors 
The dynamic and variable nature of the oral cavity 
contributes significantly to microleakage. The 
dynamic pH fluctuations in the oral cavity 
significantly influence microleakage in dental 
restorations, with acidic environments from dietary 
acids and bacterial metabolism weakening adhesive 
bonds and degrading restorative materials. Studies 
indicate that low pH conditions, such as those 
caused by soft drinks and acidic foods, increase 
microleakage, particularly in GIC, which are more 
susceptible to acid degradation than resin 
composites [42]. While GICs offer fluoride release 
benefits, their vulnerability to acidic exposure 
compromises their longevity [43,44]. Similarly, 
resin-modified RMGIC and flowable composites 
exhibit increased microleakage when exposed to 
acidic solutions, with the severity influenced by the 
frequency and duration of exposure [45]. 
 
Saliva contains organic and inorganic components 
that can interfere with the bonding process if 
contamination occurs during restoration 
placement. Proper isolation with rubber dams or 
other techniques including, saliva ejectors and high-
volume evacuators (HVE), using astringent agents, 
air-drying and suction control, etc., are essential to 
prevent this issue [43,44]. Variations in oral 
temperature due to the ingestion of hot or cold 
substances create stresses at the interface, 
particularly when the restorative material and 
tooth structure expand or contract at different rates 
[46,47]. 
 
2. 6. Clinical application techniques 
Proper curing light protocols, including sufficient 
intensity and curing time depending on the type of 
light source and the shade of the restoration, are 
essential to ensure complete polymerization of 
resin materials and prevent microleakage [48]. A 
standard light intensity of 800 mW/cm² typically 
requires an exposure time of 20 seconds to 
effectively cure a 2.0 to 2.5 mm thick layer of resin-
based composite. For curing lights with lower 
intensity, such as 400 mW/cm², the exposure time 
should be increased to 40 seconds for a similar 
thickness [49, 50]. It's crucial to ensure that the 
curing light delivers adequate energy density 
(intensity × time) to achieve proper curing. Darker 
shades of composite resin absorb more light, 

reducing the depth of cure. Consequently, these 
shades may require doubling the curing time 
compared to lighter shades to attain a comparable 
degree of polymerization [51]. Opaque shades have 
been shown to exhibit lower hardness values, 
indicating reduced polymerization. Therefore, 
increasing the light exposure time is advisable when 
working with opaque or darker shades to ensure 
adequate curing [52]. 
 
Incremental placement techniques are effective in 
reducing marginal leakage by minimizing 
polymerization shrinkage and the resulting stress at 
the restoration interface [53]. Additionally, 
meticulous finishing and polishing play a crucial 
role in maintaining marginal integrity, as 
inadequate finishing can introduce stress and 
compromise restoration longevity [54]. Further, the 
angulation of the light source and the distance 
between the tip of the light source and the 
restoration affect the curing efficiency and the bond 
quality. Any slight angulation in the curing tip may 
reduce the curing light efficiency and affect the 
degree of cure. Greater than 50° angulation of the 
light source tip significantly reduces the light 
energy. Similarly, the closer the tip of the light 
source (0.0 mm) to the restoration, the better the 
bond strength [51].  
 
2.7 Material ageing and degradation 
Over time, restorative materials in the oral 
environment are subject to ageing and degradation, 
which can compromise their performance. One 
significant factor is hydrolytic degradation, where 
prolonged exposure to oral fluids leads to the 
breakdown of adhesive bonds, particularly in 
hydrophilic adhesive systems. For instance, salivary 
esterases can hydrolyze components like bis-GMA 
in dental composites, resulting in by-products such 
as Bis-HPPP, which weaken the material's integrity 
[55]. Additionally, mechanical wear at the 
restoration margins due to mastication and 
abrasion can cause marginal wear. This wear leads 
to the gradual formation of gaps, promoting 
microleakage and increasing the risk of secondary 
caries. 
 

3. Methods to assess microleakage around 
dental restorations 

Accurate assessment of microleakage is crucial to 
evaluate the performance of dental materials and 
techniques. Over the years, various methodologies 
have been developed, each with its advantages and 
limitations. These methods can broadly be 
categorized into dye penetration, radioisotope 
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tracing, chemical tracers, microbial penetration, 
fluid filtration, electro-chemical techniques, 
thermocycling, and advanced imaging techniques 
[3,4,7,8]. 
 
3.1 Dye penetration method 
The dye penetration method is one of the most 
widely used techniques for assessing microleakage. 
This method involves immersing the restored teeth 
in a dye solution, such as methylene blue or 
rhodamine B, and then sectioning the teeth to 
evaluate the extent of dye penetration at the tooth-
restoration interface. The dye penetration method 
is a simple and cost-effective technique for 
assessing microleakage in dental restorations. It 
utilizes non-toxic and readily available dyes, 
providing a qualitative and semi-quantitative 
evaluation of leakage. Studies have shown that 
different dyes can vary in their ability to detect 
microleakage, with rhodamine B often detecting 
more leakage than methylene blue [57-58]. 
However, this method has limitations, including 
subjective result interpretation and the possibility 
of overestimating leakage due to the smaller size of 
dye molecules compared to bacteria. Additionally, it 
fails to replicate in vivo conditions such as thermal 
and mechanical stresses, limiting its clinical 
relevance. 
 
3.2 Radioisotope tracing 
Radioisotope tracing is a highly sensitive and 
quantitative method for assessing microleakage 
using radioactive tracers such as calcium-45 or 
iodine-125 [59]. This technique detects leakage by 
measuring radioactive emissions at the restoration 
interface, allowing for precise quantification in both 
in vivo and in vitro studies [60]. In vitro applications 
involve immersing restored teeth in a radioactive 
solution, followed by sectioning and analysis using 
radiographic or scintillation techniques. While this 
method provides microscopic-level detection, it 
requires complex equipment, specialized facilities, 
and strict safety protocols due to radiation 
exposure risks. Additionally, it is expensive and 
time-consuming, limiting its widespread use in 
routine dental research [59]. 
 
3.3 Chemical tracers 
Chemical tracers, mostly silver nitrate, are 
employed to evaluate microleakage by penetrating 
marginal gaps and depositing visible residues. In 
this method, silver nitrate is applied to restoration 
margins, and upon light exposure, silver ions reduce 
to metallic silver, forming a black deposit at leakage 
sites. This technique offers clear visual evidence of 
microleakage and facilitates precise localization of 

marginal gaps. However, it necessitates additional 
preparation steps, such as polishing and sectioning, 
and poses potential health risks associated with 
handling chemicals like silver nitrate [61].  
 
3.4 Fluid filtration 
The fluid filtration method quantifies microleakage 
by measuring fluid flow through marginal gaps 
under controlled pressure conditions. In this 
technique, a fluid reservoir is connected to the 
restoration interface, and pressure is applied to 
facilitate fluid movement. The rate of fluid passage 
is then measured using instruments like a 
manometer, providing quantitative and 
reproducible data. This method effectively 
simulates the pressure variations experienced in 
the oral cavity, offering valuable insights into the 
sealing efficacy of restorative materials. However, it 
requires specialized equipment and does not 
provide direct visual evidence of leakage, which 
may limit its applicability in certain research 
settings [62]. 
 
3.5 Electrochemical techniques 
Electrochemical techniques are utilized to assess 
microleakage in dental restorations by measuring 
electrical conductivity or resistance across the 
tooth-restoration interface. In this method, an 
electrolyte solution bridges the interface, and 
electrodes monitor changes in conductivity 
indicative of leakage. This approach offers 
quantitative and sensitive measurements, 
providing rapid and non-invasive assessments of 
the integrity of dental restorations. However, 
precise calibration is essential to ensure accuracy, 
and the method's ability to localize specific leakage 
sites is limited. Additionally, specialized equipment 
is required, which may not be readily available in all 
clinical settings [63]. 
 
3.6 Thermocycling and stress simulation 
Thermocycling is an in vitro method used to 
evaluate the durability of dental restorations by 
subjecting them to repeated temperature 
fluctuations, typically between 5°C and 55°C, to 
simulate the thermal stresses experienced in the 
oral cavity. This process aims to assess the effect of 
these stresses on the marginal sealing of 
restorations. For instance, a study involving class II 
cavities restored with different materials found that 
thermocycling influenced microleakage levels, 
highlighting the importance of thermal stress 
simulation in evaluating restorative materials [64]. 
While thermocycling provides a standardized 
protocol that mimics in vivo thermal conditions, it 
does not directly measure microleakage but rather 
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assesses the potential effects of thermal stresses on 
restoration integrity. Consequently, thermocycling 
is often combined with other assessment methods, 
such as dye penetration tests, to evaluate 
microleakage more comprehensively [65]. 
 
3.7 Advanced imaging techniques 
Advancements in imaging technology have 
significantly enhanced the assessment of 
microleakage in dental restorations, offering 
precise visualization of the tooth-restoration 
interface. Scanning Electron Microscopy (SEM) 
provides high-resolution images, allowing detailed 
examination of marginal gaps; however, it 
necessitates sample destruction and is associated 
with high costs [66].  
 
Micro-computed Tomography (Micro-CT) is a non-
destructive method that allows for three-
dimensional visualization of microleakage. It 
provides detailed images of the tooth-restoration 
interface, enabling the assessment of leakage 
without sectioning the teeth. However, micro-CT 
may underestimate dye penetration compared to 
conventional stereomicroscopy [67]. In addition, 
high cost and limited availability of micro-CT in 
routine practice are notable limitations [68]. 
 
Confocal Laser Scanning Microscopy (CLSM) allows 
for three-dimensional visualization of dye 
penetration without sectioning the sample, 
providing non-destructive and highly accurate 
assessments; however, it requires expensive 
equipment and expertise [69]. 
 

4. Preventive measures against the clinical 
implications of microleakage 

Microleakage remains a critical concern in 
restorative dentistry, potentially leading to 
secondary caries, pulp inflammation, and 
restoration failure. Optimized cavity preparation, 
including beveled margins and rounded internal 
angles, enhances marginal adaptation and stress 
distribution [70]. The choice of restorative material 
significantly influences microleakage; low-
shrinkage composites and bioactive materials, such 
as GICs, improve marginal integrity and release 
fluoride to reduce caries risk [71]. Advanced 
adhesive systems, like self-etch and universal 
adhesives, enhance bond strength while reducing 
leakage [72]. Effective polymerization techniques, 
including incremental layering and proper curing 
protocols, further minimize shrinkage stress [73]. 
Maintaining a contamination-free field with rubber 
dam isolation and moisture-tolerant adhesives 

ensures optimal bonding [44]. Pre-treatment 
strategies, such as acid etching and silane 
application, enhance adhesion, while resin coatings 
and sealers reduce microleakage pathways [74]. 
Innovations in CAD/CAM and nanotechnology 
improve marginal adaptation and mechanical 
properties [75]. Long-term maintenance, including 
professional cleanings and fluoride applications, 
remains crucial for restoration longevity [76,77]. 

 
5. Conclusion 

Microleakage remains a critical challenge in 
restorative dentistry, contributing to secondary 
caries, pulp inflammation, and restoration failure. 
Effective management necessitates a multifaceted 
approach, including meticulous cavity preparation, 
optimized adhesive protocols, stringent isolation 
techniques, and the use of low shrinkage and 
bioactive restorative materials. Advances in 
technology, such as CAD/CAM restorations, 
nanotechnology-enhanced materials, and high-
precision bonding techniques, further enhance 
marginal adaptation and long-term clinical success. 
By integrating these evidence-based strategies, 
clinicians can significantly reduce microleakage, 
ensuring durable restorations, improved patient 
outcomes, and enhanced longevity of dental 
treatments. 
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