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Abstract: 
The aim of this article is to compare the incidence of secondary caries between 
amalgam and composite restorative materials. The Presence and progression 
of such caries predict the success and longevity of restorations. 
 
Objective: 
The aim of this to compare the incidence of secondary caries between 
amalgam and composite restorative materials. 
 
Conclusion: 
Although there are many factors beside the restorative material that increase 
the risk of secondary caries, performance of amalgam restorations was 
better than composite. 
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Introduction: 
Secondary or recurrent caries is a primary caries lesion of the tooth developing adjacent to a dental restoration, 
which occurs after the restoration has been used for some time [Mjor and Toffenetti,  2000]. The Fédération 
Dentaire International in 1962 defined secondary caries as a ‘positively diagnosed carious lesion, which occurs at 
the margins of an existing restoration’. Secondary caries has been sometimes related to the restorative material 
used. It is the dominant reason for failure of   posterior restorations along with restoration fracture. Secondary 
carious lesions develop as outer lesions on the tooth surface next to the restoration margins and as lesions along the 
wall of thecavity. 1,2In this article, the incidence of secondary caries between amalgam and composite restorations 
is evaluated and compared. 
 

Diagnosis of secondary caries:  
Diagnosis of secondary caries: The clinical determination of recurrent caries is the most common reason behind 
replacement of a wide range of restorations by many dentists along with restoration fracture2.It occurs in areas of plaque 
accumulation such as the cervical margins of restorations and presents clinically and   radiographically alike primary 
caries.3Dentists traditionally diagnose secondary caries with one of these three methods: 
Patient complaints 
Visual/Tactile examination, 
Some secondary carious lesions are clearly evident on visual inspection. There may be yellow-brown to gray black 
discoloration with obvious loss of the tooth substance or discolouration surrounding the margins of restorations. 
 
X-rays (radiograph): Bitewing radiographs have been recommended to aid and improve diagnostic process of 
approximal recurrent carious lesions. Some of the recently developed devices are: 
Laser Fluorescence (LFpen): 
It emits red light with a wavelength of 655 nm, while a filter blocks light below 665 nm that eliminates reflected and 
ambient light. A photodetector quantifies the fluorescent light passing through the filter, which is placed in the 
optical path in front of the photodetector and separates the fluorescent light from the excitation light. The 
photodetector shows the real time (moment) and maximum (peak) values via a digital display.4 
 L ussi and others have shown that the LFpen is capable of detecting decay on approximal surfaces with good 
accuracy. 5The LF pen device shows a better performance comparable to that of bitewing radiographs combined 
with visual examination in composite restorations.3 However for amalgam restorations the bitewing gives more 
accuracy according to certain studies.6 

 

Light-induced fluorescence (QLF): 

It is another diagnostic method of dental caries, which is based on auto-florescence of teeth. When the tooth is 
illuminated with blue light, the resultant auto-florescence of enamel is detected by an intraoral camera which 
produces a florescent image. The intensity of the image of the tooth of a demineralized area is darker than the sound 
area. 7 

 

Fiber-Optic Trans Illumination (FOTI): 
Uses light transmission through the tooth; demineralized dental hard tissue scatters and absorbs light appearing 
darker than the sound tissue. 
Digital Fiber Optic Trans Illumination: uses the same principle as FOTI. 
 
Digital Subtraction Radiology: 
Subtraction radiography was found to be superior to conventional radiography in detection of recurrent caries; the 
radiopacity of the restorative material had a significant effect on accuracy with conventional but not with subtraction 
radiography. 
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Tuned-Aperture Computed Tomography (TACT): 
TACT is a newer digital technique having high accuracy in diagnosis. It has many promises for application in 
dentistry for detection of dental caries, implant placements, and bone loss in periodontal diseases, radicular 
fractures, for localization of impacted tooth, peri-apical lesion and improved detection of crown fractures and 
recurrent caries.  
 
Ultrasonic imaging: 
It is used to assess the demineralized enamel and dentin by ultrasound echo technique. There is a correlation 
between mineral content of lesion and magnitude of echo changes.  
 
Xeroradiography: 
It is a highly accurate electrostatic imaging technique. Image is recorded in aluminum plate coated with a layer of 
selenium particles. The latent image is later developed to produce a positive image which is sharper and has a better 
contrast than normal radiography.8 

 

Fibre Optic Confocal Microscopy: 
It is an optical microscope that includes a laser light as a light source and an electronic system which helps in image 
processing. It obtains high-resolution and extremely thin optical image sections, removing the interference caused 
by the light arriving from the different optical fields across the thickness of the sample, and focusing on a single 
plane (confocal) producing better images.7 

 

Multiphoton imaging: 
It has been demonstrated as a promising technique for tissue auto fluorescence imaging that has the advantages of 
deeper penetration and reduced photodamage.8 

 
Histology of secondary caries: 
The secondary carious lesion displayed histologically the same basic pattern in different restorative materials: 
1) An outer lesion, which is caused by the new primary attack on the outer surface of the tooth.  
2) A wall lesion, might be the consequence of the diffusion of bacteria, fluids or hydrogen ions between the 
restorations and the cavity wall. It is also proposed in their study that the fluoride released from the silicate material 
would be taken by both the cavity wall and the tooth surface around the restoration, which might reduce glycolysis 
and induce the remineralization. Thus, the individual caries patterns between the teeth with silicate materials and 
amalgam are different.3 

 

Microbiology of secondary caries:  
Dental caries is determined by the dynamic balance between pathological factors that lead to demineralization and 
protective factors that lead to remineralization [Featherstone, 2004].As a major pathological factor, oral bacteria, 
especially acidogenic bacteria, can dissolve the tooth mineral structure. Those acidogenic bacteria are also aciduric 
and can live preferentially under acid conditions [Loesche, 1986].  
Secondary caries is described alike primary caries in its histopathology.3  It was seen that no significant differences 
exist  between the microflora in samples from cavity walls involving primary and secondary caries next to the 
amalgam.6 

 
However, bacterial composition in relation to primary and secondary caries via an in situ model was investigated 
and found a phenomenon of higher proportion of caries-associated bacteria on composite surfaces. They then 
indicated that the microbiology on the surface of the primary caries differs from that on the surface of lesion around 
composite, and secondary caries around composite may differ from the primary lesions process.9 The proportion of 
obligatory anaerobic species was much greater than facultative anaerobic species in the biofilm of secondary caries. 
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Statistically, the kinds of restorative materials and location of caries had no significant effects on the composition of 
the microflora.10 (Table1) 
 

                   
Table 1: An informative analysis of the detectable micobes around dental restorations. 

 
Secondary caries in primary dentition: 
A study by Isabel Metz et al in the year 2015 showed that the operating dentist is one of the major factors that 
influenced the development of secondary caries and most of the secondary lesions developed after a 2 year period 
following the placement of the restoration. Hence it is critical to monitor composite restorations during this period in 
children after placement of composite restorations. 11 

 

Review of literature 
In 2007, Mario Bernardo and other dentists placed 1,748 posterior restorations from a sample of extracted molars 
and premolars for either prosthetic or orthodontic reasons and followed it for a period of around seven years. 
Overall, after seven years of follow-up, they observed that the mean annual failure of posterior amalgam restoration 
was lower than those of composite, and the survival rate was significantly higher.2 The survival rate of the amalgam 
restoration was 94.4% at seven years, while the survival rate for composite restoration was 85.5% and mean annual 
failure rates ranged from 0.16 to 2.83% for amalgam and from 0.94 to 9.43% for composite restoration.2 (Table2).  

 
Table 2: Illustrates the mean annual failure rates and survival at seven years. 
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In 2010, a retrospective clinical study,  Opdam et al found the differences in longevity between amalgam and 
composite restorations related to the high caries risk and restoration size. Composites failed more often due to 
secondary caries, while amalgams failed more often due to restoration fracture (Table 3).  

                 
Table 3: Reasons for failure, by arch, tooth type and restoration characteristics. 

 
In 2014, According to a study by Van de Sande F, secondary caries in the clinical setting may   depend on patient 
habits and the prevalence of different patterns of oral pathogens within the biofilm, whereas the material may play 
a smaller role.12 
 
In 2015, a research was done by Nicolian K. Kupar to investigate the secondary caries    development in dentin in 
gaps next to composite and amalgam using two types of composite materials which are Ap-x and Filtek, and 
amalgam. For a period of 21 days and 14 volunteers,  he  found  that  lesion development in the gap next to 
composite showed  more mineral loss ( ML ) and lesion depth (LD)  than lesions developing next to amalgam13 

(Figure 1) .  
 

 
Figure 1: Bar chart showing the mean LD and ML values of each restorative material.14 

 

In a study by Bourbia et al 2013, it was also presented that S.mutans was the most widespread colonies within the 
large marginal gap region and it has esterase activities at levels that degrade the composite resin and adhesives.  
The high rate of replacement of composite resin might be due to its shrinkage and non-fluoride release [Savarino et 
al., 2004]. Amalgam presented less wall lesions which may be due to the ions released from the amalgam like Ag, 
Sn and Cu and the tarnish and corrosion products produced making it a self-sealing restoration.12 
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Factors affecting secondary caries:  
There are many factors other than the type of restorative material that increase the occurrence of secondary caries in 
a patient. Formation of micro cracks is one of the main reasons why secondary carious lesions appear. When the 
width of the micro crack exceeds 50 microns, it causes an influx of bacteria between the tooth and the restoration 
leading to secondary caries formation. Xerostomia is one of them. Dentist experience also may increase the risk of 
secondary caries due to poorly contoured restorations. 
 
However, secondary caries mainly depends on the patient habits such as poor oral hygiene and consumption of 
acidic beverages as it occurs primarily in the areas of plaque accumulation.  
 
Some other factors also may contribute to these findings: the surface deterioration of resin  composite leading to an 
increase in surface roughness, ,1516,17,18 decrease in surface hardness, elution of unpolymerized monomers from the 
composite, dentin-bonding agents stimulating the growth of cariogenic microorganisms and polymerization 
shrinkage, leading to microgap formation and microleakage.12 

 
In conclusion, even though many factors like those related to patient and the dentist affects the caries progression, 
the type of restorative material also play a role in outer secondary caries development. Thus failure for secondary 
caries has been less commonly found for amalgam than composite restorations.2. 

 
Techniques to reduce secondary caries: 
As secondary caries is one of the major reasons for restoration replacement, a large number of clinical dentists and 
researchers have placed great emphasis on preventing or reducing the progression of secondary carious lesions from 
many aspects. 
 
Secondary caries, is determined by the dynamic balance between pathological factors that lead to demineralization 
and protective factors that lead to remineralization. It is also considered that bacteria are the main etiologic factor 
leading to demineralization for secondary caries. Generally, the rationale being the modification of restorative 
material or prevention of secondary caries normally include two fundamental points:  
1- Decrease demineralization and/or increase remineralization of the hard tooth tissues 
2- Interfere the metabolism of caries-related bacteria and/or to decrease the amount of     
Bacteria/inhibit bacteria growth in the plaque or /and the carious dentin under restorations. 
Thus, in all the past years, most researchers and clinical dentists focused on adding substances with anti - caries 
activity into restorative materials. It has been well-known that such restorative materials can release copper, Ag - Cu 
alloy, zinc, calcium, aluminum and fluoride, which are able to inhibit bacterial growth or decrease colonization and 
acidogenicity of oral plaque, with antibacterial activities and reducing the rate of restoration replacement.13  
 

Recent Advances in techniques: 
Since the high rate replacement of composite resin might be due to its shrinkage and non-fluoride release, 
researchers have been making great efforts to improve the properties of composite resins, by reducing the 
polymerization shrinkage of and increasing its adhesion. Recently, a modified ion-releasing resin composite (IRCR) 
has been invented. Some researchers confirmed that the fluoride can reduce the activities of enolase and proton-
extruding ATPase, which are very important for metabolism of bacteria.13 As a result, fluoride-releasing restorative 
materials can effectively decrease the incidence of secondary caries around restorations. Also since the final 
formation of caries is influenced by multiple factors, the prevention of secondary caries beginning at the time of 
restoration replacement contains a variety of aspects including the complete excavation of carious tissue, wise 
choice of restorative materials, fluoride regimens, (rinses, gels, fluoridated toothpastes), salivary flow rate 
assessment, healthy diet, oral health, medical education and so on. Therefore, the prevention of secondary caries not 
only depends on the clinical operation by dentists, but also is influenced by other significant aspects from patients 
themselves.3 
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Treatment of secondary caries 

Restoration replacement has been invariably considered as the sequel of clinically diagnosed secondary caries. 
Practitioners also are suggested to pay attention to the differentiation between secondary caries and discoloration, 
defective margins and residual caries. Generally, a localized surface defect adjacent to restoration features clinically 
diagnosed secondary carious lesion.     
 

Some dental teaching programs related to localized defects on restorations including secondary caries, indicate that 
repair, rather than replacement, of the restoration is adopted frequently as an alternative to total replacement. 
Moreover, the modern conservative dentistry and minimal intervention dentistry calls for repairing and refurbishing 
any localized defects at restoration margins, clinically diagnosed secondary caries rather than total replacement of 
restoration. Despite the limitation in detection and diagnosis of secondary caries, dentists should be trained and be 
prudent in decision making during total replacement of restorations.3                                   
             

Conclusion: 
Amalgam and composite resin have been the most commonly used restorative materials around the world for last 
several decades.  Many researchers revealed that the occurrence of secondary caries was higher in composite than 
amalgam. The overall risk of failure because of secondary caries was higher in the composite restoration, about 3.5 
times greater than in amalgam restorations. So the interpretation of amalgam in posterior restoration is better than 
composite because of their strength and longevity. However, more long - term clinical trials considering all relevant 
parameters are   required .19 

 
References:  

1. Major IA, Toffenetti F. Secondary caries: a literature review with case reports. Quintessence Int. 2000; 
31:165–179. 

2. Bernardo M, Luis H, Martin M, Leroux B, Rue T, Leitão J et al. Survival and reasons for failure of 
amalgam versus composite posterior restorations placed in a randomized clinical trial. The Journal of the 
American Dental Association. 2007; 138(6):775-83. 

3. Lai GY, Li MY. Secondary caries. In: Li MY, editor. Contemporary approach to dental caries. Shanghai: 
InTech; 2012 [updated 2016 Aug 31]  403–422 

4. Boston DW. Initial in vitro evaluation of Diagnodent for detecting secondary carious lesions associated 
with resin composite restorations. Quintessence Int. 2003; 34:109–116 

5. Tveit AB, Espelid I. Class II amalgams: Interobserver variations in replacement decisions and diagnosis of 
caries and crevices. International Dental Journal. 1992; 42(1):12–18. 

6. Lussi A, Hack A, Hug I, Heckenberger H, Megert B, Stich H. Detection of Approximal Caries with a New 
Laser Fluorescence Device. Caries Research. 2006;40(2):97-103.  

7. Ando, M., González-Cabezas, C., Isaacs, R. L., Eckert, G. J., & Stookey, G.K.  Evaluation of Several 
Techniques for the Detection of Secondary Caries Adjacent to Amalgam Restorations. Caries Research 
2004;38 (4):350-56. 

8. Hall A, Girkin JM. A review of potential new diagnostic modalities for caries lesions. J Dent    
Res. 2004;83 Spec No C:C89-94. 

9. Bamzahim M, Shi X, Angmar‐Månsson B. Secondary caries detection by Diagnodent and radiography: a 
comparative in vitro study. Acta Odontol Scand. 2004; 62(1):61-64. 

10. Kidd E, Joyston-Bechal S, Beighton D. Marginal Ditching and Staining as a Predictor of Secondary Caries 
AroundAmalgam Restorations: A Clinical and Microbiological Study.  Journal of Dental Research. 1995; 
74(5):1206-1211.  



Review Article                                                 Pavithra Somasundaram, Carib.j.SciTech, 2017, Vol.5, 032-039 

39 
 

11. Isabel Metz, Katrin Rothmaier,Vinay Pitchika,Alexander Crispin,Reinhard Hickel,Franklin Garcia-
Godoy,Katharina Bücher,Jan Kühnisch. Risk factors for secondary caries in direct composite restorations in 
primary teeth. International Journal of Paediatric Dentistry. 2015; 25(6): 451- 6112.  

12. Van de Sande F, Opdam N, Truin G, Bronkhorst E, de Soet J, Cenci M,  Huysmans MC. The influence of 
different restorative materials on secondary caries development in situ. Journal of Dentistry. 2014; 
42(9):1171-77.  

13. Kuper N, van de Sande F, Opdam N, Bronkhorst E, de Soet J, Cenci M et al. Restoration Materials and 
Secondary    Caries Using an In Vitro Biofilm Model. Journal of Dental Research. 2015;94(1):62-68.  

14. Mo S, Bao W, Lai G, Wang J, Li M. The Microfloral Analysis of Secondary Caries Biofilm around Class I 
and Class II Composite and Amalgam Fillings. BMC Infectious Diseases.   2010.10; 10:241 

15. Hayacibara M, Rosa O, Koo H,Torres S,Costa B, Cury J.Effects of Fluoride and Aluminum  from 
Ionomeric Materials on mutans Biofilm. Journal of Dental Research. 2003;82(4):267-71 

16. Splieth C, Bernhardt O, Heinrich A, Berhardt H, Meyer G. Anerobic microflora under class I and class II 
composite and amalgam restoration. Quintessence Int 2003;34(7):497-503. 

17. 17. Nomann N, Polan M, Jan C, Rashid F, Taleb A. Amalgam and Composite Restoration in    Posterior 
Teeth. Bangladesh, Journal of Dental Research & Education. 2013; 3(1):30 - 35. 

18. 18. Kuper N, Montagner A, Sande F, Bronkhorst E, Opdam N, Huysmans M-CD. Secondary Caries 
Development in situGaps next to Composite and Amalgam. Caries Research   2015; 49:557-63. 

19. Alhareky M, Tavares M. Amalgam vs Composite Restoration, Survival, and Secondary Caries. Journal of 
Evidence Based Dental Practice. 2016; 16(2):107-109.   

 
 
 

 


