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ABSTRACT: 6 

Aim: Aim of the present study was to determine the incidence of restoration replacement and 7 

associated factors among South Canara population  8 

Place of study: Department of Conservative Dentistry and Endodontics, AB Shetty Memorial 9 

Institute of Dental Sciences, Deralakatte, Mangaluru 10 

Duration of Study: May 15, 2018-June 15, 2018 (1 month) 11 

Methodology: 2000 patients were examined using mouth mirror and explorer under good 12 

lighting facilities, followed by a questionnaire to determine the incidence of restoration 13 

replacement and the parameters checked for correlations were type of the restorative material, 14 

size and class of the restoration, reason for the failure, type and position of the tooth, anamnesis 15 

of the respective tooth and patient factors such as age-group, gender and oral hygiene measures 16 

followed  17 

 18 

   Statistical Analysis: Data obtained was statistically analysed by using IBM SBSS version 24. 19 

   Differences between variables were analysed by Chi-square test. 20 

 21 
Results and Conclusion: The incidence of restoration replacement was 18.2% The main cause 22 

of the failure was secondary caries followed by material fracture and discoloration.Amalgam 23 

was the most commonly replaced restorative material and lower molar teeth showed more 24 

failures.It also indicated that replacements were more prevalent in males and for individuals 25 

brushing once daily in comparison with those brushing twice daily.  26 

KEYWORDS: Restoration replacement, Restoration failure, Filling, Resin-based 27 

composite, Amalgam, glass ionomers 28 

1. INTRODUCTION: 29 

Contemporary practice of restorative dentistry incorporates the diagnosis, prevention and 30 

management of carious and non-carious lesions. A substantial amount of operating time is also 31 

directed towards repair and replacement of defective and degraded restorations. (1) In fact, 32 

replacements make up for more than 50% of the total restorations done by clinicians and this 33 

percentage continues to grow. (2) This becomes time-consuming and may involve additional 34 

removal of tooth structure. Replacing a restoration may also lead to potential pulpal tissue 35 

damage.(3)Furthermore, a lot of such interventions all the way through a lifetime proves to be 36 

detrimental to the tooth, descending the “restorative death spiral”.(4)  37 

This could be attributed to an interplay of various factors associated with the restoration, patient 38 

and the clinician himself.(5)  Several aspects like the quality of the restoration during placement, 39 

the type and size of the restoration, the restorative material involved, patient factors like oral 40 

hygiene status, age, dentition, and caries risk, practitioner’s knowledge along with his expertise 41 



 

 

in diagnosis, greatly affect the longevity of a restoration.(6-11) Majority of the failures occur as a 42 

consequence of gradual development of recurrent caries, some physical faults, like restoration or 43 

tooth fracture or discoloration of the restoration, or due to marginal degradation or ‘ditching’ (12) 
44 

   The prime reason for the replacement of amalgam and composite restorations has been proved 45 

to be secondary caries. Apart from that, other major causes include bulk fracture, marginal 46 

fracture and discoloration. The occurrence of marginal fracture is very low, even though it has 47 

been noted as one leading cause for the replacement of restorations of amalgam in most of the 48 

studies reviewed. Due to the notion of an association between marginal defects and caries, 49 

marginal integrity is considered as one of the major standard for deciding the quality of a 50 

restoration.(13) Likewise for glass ionomers, bulk fracture, marginal fracture and poor anatomic 51 

form  would be the main reasons for failure besides recurrent caries(14,15) 52 

Largely, the replacements account for a major portion than the primary restorations in routine 53 

clinical practice. The ratio of replacements to primary restorations has been reported to be 80:20 54 

for composite restorations and 70:30 for amalgam restorations,(16) and even greater ratios are 55 

recorded.(17) Nonetheless latest studies show that this ratio is around 50:50 for restorations in 56 

permanent teeth.(18-22) Various parameters influence this proportion, more specifically the age 57 

group of the population examined and the ratio being greater in adolescents than in adults and 58 

being lesser in the deciduous dentition.(23,24) The oral hygiene status of patient  and their level of 59 

awareness, including involvement in caries prevention programs, also play a part.(25) 60 

Presently, composite restorations are best favoured in patients with high-quality oral hygiene, 61 

since this material shows higher adherence of plaque following placement (26). Due to such 62 

higher probability of more plaque adhesion, more elaborate oral hygiene instructions have to be 63 

given, when these materials are selected (27). Secondary caries and restoration fracture constitute 64 

the most prominent reasons for composite restoration failure. (28). This material is more aesthetic, 65 

saves tooth structure and has low thermal conductivity when differentiated from amalgam (29). 66 

Moreover, they require a more precise operative procedure to achieve a favourable long-term 67 

outcome. On the contrary, amalgam restorations have long durability, low technique sensitivity, 68 

good compressive strength, superior wear resistance and self-sealing ability. But the drawbacks 69 

include aesthetics and excessive tooth structure removal during tooth preparation (30).Most cases 70 

of amalgam failures are related to the technicality followed by the clinician, or the patient 71 

behaviour, but not associated with the material. However, amalgam being a material with low 72 

tensile strength, has to be dealt in view of this drawback. (31).  73 

In a study conducted by Burke in 1999, he concluded that higher age of restoration at 74 

replacement is related to normal occlusal function. Likewise reduction in the restoration’s age is 75 

associated with extreme occlusal function. (32).Since amalgam is more wear resistant compared to 76 

composite (33, 34) therefore in patients with parafunctional habits, excessive masticatory forces or 77 

if the occlusal contacts of restorations remain in the restorative material, amalgam should be 78 

preferred. Nonetheless, resin composites perform well as far as cases with normal occlusal 79 

loading is concerned. (35, 36, 37). 80 

Hence, this study was done to evaluate for the reasons for the replacement of direct restorations 81 

and to correlate the replacements with factors related to the patient, tooth and the restoration in 82 

permanent teeth in general population  83 

2. MATERIAL AND METHODS: 84 

The study was carried out on a total population of 2000 patients over a period of three months 85 

from May 15th 2018 –June 15th 2018, out of which 1122 were examined from Out-patient section 86 

of Department of Conservative Dentistry and Endodontics A.B. Shetty Memorial Institute of 87 



 

 

Dental Sciences, NITTE University, Deralakatte, Mangalore, India among which 430 belonged 88 

to urban strata and 692 belonged to periurban areas, and 878 were examined in Rural Health 89 

Centres of A.B. Shetty Memorial Institute of Dental Sciences, NITTE University, Deralakatte, 90 

Mangalore. Permission to conduct the study was sought from the relevant authorities. Informed 91 

verbal consents were obtained. Failure to consent did not affect the patients' treatment and 92 

confidentiality of the information given was assured. After the tooth isolation, patients were 93 

examined for restoration replacement and a questionnaire was set to record the history linked to 94 

the failure of restoration. Direct examination consisted of visual examination with the use of 95 

basic diagnostic instruments -a standard mouth mirror, a sharp-ended explorer, and optimal 96 

illumination from a dental operatory lamp. Bite-wing radiographs were taken for examination of 97 

approximal surfaces. Patients were recorded under different age groups, sex, existing, oral 98 

hygiene habits, type of restorative material used, and class of restoration and reason of 99 

restoration replacement. Patients were selected on basis of inclusion and exclusion criteria. Data 100 

was recorded on the prepared survey form based on the WHO Oral Health Assessment Form 101 

2013[Annexure 1] (45) and this data was analysed using IBM SPSS Version 24 and statistical 102 

evaluation was done by chi-squared test  103 

2.1 INCLUSION CRITERIA: 104 

-Defective restorations 105 

-Age groups: 106 

15-30 years 107 

30-45 years 108 

45-60 years  109 

60 and above 110 

2.2  EXCLUSION CRITERIA: 111 

-Patients with no restorations       112 

  2.3 QUESTIONNAIRE  113 
 Name: 114 

 Gender: 1. Male 2. Female  115 

 Age group: 1. 15-30y 2. 30-45y 3. 45-60y 4. >60y  116 

 Location: 1. Urban 2. Periurban 3. Rural  117 

 Frequency of brushing/day: 1. Occasionally 2. Once daily 3. Twice daily  118 

 119 

REQUIREMENT FOR RESTORATION REPLACEMENT  120 

Reason for restoration replacement 121 

1. Fractured 2. Discoloured 3. Recurrent Caries  122 

Type of restorative material used  123 

1. Amalgam 2. Composite 3. GIC  124 

 Class of restoration? 125 

1. Class I 2. Class II 3. Class III 4. Class IV 5. Class V 126 

 Quadrant affected 1. First 2. Second 3. Third 4. Fourth  127 

Tooth affected 1. Incisor 2. Canine 3. Premolars 4.Molars  128 

 129 

 130 



 

 

3. RESULTS: 131 

In the present study, out of a total of 2000 patients, 430 subjects belonged to urban strata, 692 132 

subjects belonged to periurban whereas 878 subjects belonged to rural location. (Table 1) Males 133 

constituted 55.2% and females formed 44.8%.of the study population. (Table 2) 134 

 135 

 136 

 137 

Location: Subjects 

Urban 430 (21.5%) 

Rural 878 (43.9%) 

Periurban 692 (34.6%) 

            TABLE 1 138 

 139 

 140 

 141 

 142 

        143 

           TABLE 2 144 

The incidence of restoration replacement came out to be 18.2% as 364 patients out of 2000 145 

patients showed the need for replacements.  146 

Incidence was found more in males with a percentage of 59.3% whereas females consisted of 147 

40.6%.When the different age groups were analysed with the replacements, 15.6% replacements 148 

were seen in in 15-30 years, 33.5% in 30-45 years, 39.8% in 45-60 years and 10.9% in > 60 149 

years. The most significant age groups came out to be 30-45(33.5%) and 45-60 (39.8%).When 150 

the brushing frequency was cross tabulated with replacements, out of 364 cases, 215 (59.06%) 151 

had habit of brushing once daily, 77(21.15%) subjects who brushed occasionally and 72(19.7%) 152 

who brushed twice daily. (Table 3) 153 

TABLE 3:- 154 

  
Requirement of Restoration 

Replacement 

Total 

Chi Square test 

  Required 
Not 

Required 

Chi 

Square 

value 

p-value 

Gender Males 216 888 1104 3.09 0.08(NS) 

GENDER Subjects 

MALES: 1104 (55.2%)  

FEMALES: 896 (44.8%) 



 

 

19.6% 80.4% 100.0% 

Females 
148 748 896 

16.5% 83.5% 100.0% 

       

Age group 

(in years) 

15-30 
57 217 274 

139.23 <0.001* 

20.8% 79.2% 100.0% 

30-45 
122 490 612 

19.9% 80.1% 100.0% 

45-60 
145 289 434 

33.4% 66.6% 100.0% 

Above 60 
40 640 680 

5.9% 94.1% 100.0% 

       

Frequency of 

brushing 

Occasionally  
77 192 269

26.25 <0.001* 

28.6% 71.4% 100.0% 

Once Daily 
215 998 1213 

17.7% 82.3% 100.0% 

Twice Daily 
72 446 518

13.9% 86.1% 100.0% 
*p<0.05 Statistically Significant,  p>0.05 Non Significant, NS 155 

 156 

 157 

In the present study, the most significant reason was found to be secondary caries in 45.1% 158 

subjects, whereas marginal or bulk fracture in 33.5% subjects and discoloration in 21.4 % 159 

subjects. (Table 4, Figure 1)When the type of restorative material was analysed, most 160 

replacements were seen in amalgam followed by composite and then glass ionomer cements. 161 

(Table 4) The cause of replacement was separately cross-tabulated with the type of restorative 162 

material. Secondary caries was found out to be 49.39% in amalgam, 26.21% in composite and 163 

24.39% in Glass Ionomer Cements. Whereas 50.8% amalgam, 18.03 % composite and 31.14% 164 

in GIC showed fracture. Discoloration was found out to be present in 56.4% in composite and 165 

43.59% in Glass ionomers. (Table 5,Figure 2)Therefore, secondary caries and bulk or marginal 166 

fracture were seen to be the most frequent reasons for amalgam replacements whereas 167 

discoloration was commonly seen for composites and glass ionomers. 168 

Incidence of replacements was found to be more in Class II ( 50.8%) whereas Class I showed 169 

18.95%, Class II showed 50.8 %, Class III showed 6.04% ,Class IV showed 10.43% ,Class V 170 

showed 13.73 %.(Table 4) and these  were separately analysed for amalgam, composite and 171 

Glass ionomers. Among Class I, 42.02% had been restored with amalgam, 36.23% with 172 

composite and 21.7% with Glass ionomers.(Table 5) 173 

When the replacements were analysed with the quadrants most affected, third (34.06%) and 174 

fourth (35.16%) quadrants showed more replacements. Whereas first quadrant showed only 6.04 175 

% and Second quadrant 24.7 %.(Table 4) Moreover, most replacements were seen in molars 176 

(51.09%) where as incisors showed 12.08%,canines 10.43% and premolars 26.4 % 177 

failures.(Table 4) 178 



 

 

 179 

TABLE 4:- 180 

  Frequency Percent 

Material Used 

Amalgam 143 39.3 

Composite 109 29.9 

Glass Ionomer 

Cement 
112 30.8 

    

Reason 

Secondary Caries 164 45.1 

Fractured 122 33.5 

Discolored 78 21.4 

    

Class 

I 69 19.0 

II 185 50.8 

III 22 6.0 

IV 38 10.4 

V 50 13.7 

    

Quadrant 

              First 22 6.0 

Second 90 24.7 

Third 124 34.1 

Fourth 128 35.2 

    

Teeth 

Incisor 44 12.1 

Canine 38 10.4 

Premolar 96 26.4 

Molar 186 51.1 



 

 181 

TABLE 5:- 182 

 183 

 

 

Material Used 

Total 

Chi Square test 

 Amalgam Composite 
Glass 

Ionomer 

Chi 

Square 

value 

p-value 

Reason 

Secondary 

Caries  

81 43 40 164 

70.16 <0.001* 

56.6% 39.4% 35.7% 45.1% 

Fractured 
62 22 38 122 

43.4% 20.2% 33.9% 33.5% 

Discolored 
0 44 34 78 

0.0% 40.4% 30.4% 21.4 

     %   

Class 

I 
29 25 15 69 

184.45 <0.001* 

20.3% 22.9% 13.4% 19.0%

II 
112 60 13 185 

78.3% 55.0% 11.6% 50.8% 

III 0 0 22 22



 

0.0% 0.0% 19.6% 6.0% 

IV 
0 12 26 38 

0.0% 11.0% 23.2% 10.4% 

V 
2 12 36 50 

1.4% 11.0% 32.1% 13.7% 
        

*p<0.05 Statistically Significant,  p>0.05 Non Significant, NS 184 

 185 

 186 

  4.  DISCUSSION: 187 

There are numerous factors which determine the success of dental restorations which include 188 

size and design of restoration, type and orientation of the tooth in the dental arch, the form of 189 

restorative material used, the level of experience the clinician has and the age and gender of the 190 

patient.  Most of the studies have been published on the failure of direct restorations but their 191 

comparison becomes very complex as they diverge on several aspects like patient number, 192 

follow-up years, number of dentists involved in the same case and their degree of expertise, type 193 

and size of restorations and the type of statistical methods used.(39) 194 

 The aim of our study was to evaluate for the incidence of replacements of amalgam, composite 195 

and glass ionomer cements in the general population. The incidence of restoration replacement 196 

among 2000 patients accounted up to 18.2%. Further, it was confirmed that secondary caries was 197 

the most typical reason for restoration replacement. This is supported by some studies conducted 198 

by Dahl and Erikson in 1978,  Rytomaa in 1984, Erikson  in 1986, Mjor IA in 2000 and 2002, 199 



 

 

MJ Tyas 2005, Hegde M N, Brijesh .A.J in 2013. In our study, of the total number, 39.28% were 200 

restored with amalgam, 29.94% with composite and 30.76% with glass ionomer cements .This 201 

shows that among all other materials, amalgam is still being commonly used over the last years. 202 

This was quite similar with the results of the study conducted by Hegde M N, Brijesh .A.J in the 203 

year 2013. (40) 
204 

In our study the number of glass ionomer replacements due to secondary caries was found to be 205 

24.39% which is opposed to a study conducted by Burke and Wilson in 2001 where it came out 206 

to be higher(48%)(41) Secondary caries is seemingly not associated to crevices at the 207 

tooth/restoration interface but it is typically present in the gingival portion which is governed by 208 

numerous factors since the material placement and the accessibility with oral hygiene aids is 209 

quite tough specifically in this region.(40) The second prominent reason was found to be material 210 

fracture, which is similar to a study conducted by MJ Tyas in 2005 (42). The proportion of 211 

amalgam 50.8%, composite 18.03%, GIC 31.14 % being replaced due to this reason is different 212 

to that in a prior study conducted by Mojor in 2000 which revealed amalgam 25% composite 213 

24% and GIC 25%. (43)The results indicate since composite and glass ionomer exhibit a property 214 

of brittleness  which in turn leads to chipping and marginal failure even in non- stress bearing 215 

areas.(44).Conversely, fracture in amalgam restorations is owed mostly to defective cavity 216 

preparation and incorrect handling of the material.(45)Discolouration accounted as the third 217 

characteristic cause for failure of composite (56.4%) and glass ionomer materials (43.59%) in 218 

this study, which is in parallel to a study done by Mojor in 2000. (43) 
219 

When the class of restoration was analysed in the present study, the fail rate was found to be 220 

more in Class II (50.8%) than on Class I (18.95%) restorations, and the small sized restorations 221 

exhibit longer durability than the larger restorations. (39).Moreover, when class II was tabulated 222 

with the material type, amalgam comprised of 60.5% of all Class II and composite 32.43 %. 223 

These findings are similar to a study conducted by MJ Tyas in 2005 where 51 per cent of total 224 

Class II restorations had been restored with amalgam and 41 per cent restored with 225 

composite.Also, by our study, amalgam had been used for 42.02% Class I failures and 60.5 % 226 

Class II failures whereas 36.23% of Class I and 32.43% of Class II were restored with 227 

composite. Moreover glass ionomer alone comprised of 72% of Class V restoration 228 

failures.When gender was evaluated with the occurrence of replacements, males were found to 229 

have more replaced restorations as compared to females. This may be attributed to the para 230 

functional habits more prevalent in males, This is contradictory to a study by Burke in 231 

2001,where no such association was found in between gender and the frequency of 232 

replacements. (41)The results of the current study revealed that the incidence of replacements was 233 

most common in the middle-aged i.e, 45-60 years. (39.8%)Moreover,  we concluded that 234 

subjects who brushed once every day showed higher incidence of restoration replacement than 235 

those who brushed twice This is supported by a study conducted by Burke and Wilson in 236 

2001(41). This is because maintenance of good oral hygiene practices plays a substantial role in 237 

preventing recurrent caries and hence is able to counter the most common reason for 238 

replacements, since secondary caries formed the prime reason for more than half of the 239 

replacements (40) 
240 

In the present study, most replacements were found to be in the third and the fourth quadrant. 241 

Type of tooth was a significant variable. Molar teeth were the most commonly replaced 242 

compared to any other teeth .This was similar to a study which was done by G. V  Valeria in 243 

2015.(5) A probable justification could be that molar teeth need to take the maximum occlusal 244 

forces.Also, according to a study conducted by Rodolpho in 2016, as far as direct composite 245 

restorations are concerned, the survival rate on mandibular premolars and maxillary molars is 246 

43% and 37% at 17 years, and for maxillary premolars and mandibular molars is 24% and 13% 247 



 

 

at 17 years, respectively. He concluded that the difference between the tooth types is only 248 

marked between mandibular premolars and mandibular molars. According to him, this can be 249 

justified by the location of mandibular molars where high occlusal forces prevail and the 250 

difficulty to achieve optimum isolation in this region leading to lesser durability of resin-based 251 

composites in lower molars. (39)] 
252 

CONCLUSION 253 

It may be established that studies analysing the causes for the replacement of restorations showed 254 

factual life figures which signifies the requirement to promote further research and impart a more 255 

preservative outlook for the routine clinical practice. In the present study, it is concluded that 256 

replacements were more common in males especially in the middle aged and subjects with poor 257 

oral hygiene practices. Recurrent caries was the principal cause for replacement. And amalgam 258 

was more commonly replaced than composite and Glass ionomers. The information obtained from 259 

this study can be used for planning of oral treatment and also in the planning of oral health 260 

education programmes to counter the highest cause of replacement of restorations.  261 

CONSENT 262 

Informed conents were obtained 263 

ETHICAL APPROVAL: 264 

Permission to conduct the study was sought from the relevant authorities 265 

CONFLICTING INTEREST: 266 

 267 

Authors have declared that no competing interests exist 268 

 269 

  REFERENCES: 270 

1.  Kirsch, J. Tchorz, E. Hellwig et al:  Decision criteria for replacement of fillings: a 271 

retrospective study, Clinical and Experimental Dental Research 2016; 121-127 272 

 273 

2. E. Dena, L D Christopher:  An update on the reasons for placement and replacement of direct 274 

restorations, J.O.D 2018; 72: 1-7 275 

 276 

3. Yousef M ,Khoja H N: Repair and Replacement Perception of Dental Restorations, JKAU: 277 

Med. Sci.,2009  ;16(2):75-85 278 

 279 

4.  N H WILSON, C. D Lynch, The teaching of posterior resin composite: planning for the 280 

future based on 25 years of research, J. Dent.,2014; 33(10): 791-803 281 

5.  G. V  Valeria, R. L. Joseph: Repair or replacement of restorations: a prospective cohort study, 282 

J Am Dent Assoc. 2015 ; 146(12): 895 283 

6. Tveit AB, Espelid I. Class II amalgams: interobserver variations in replacement decisions and 284 

diagnosis of caries and crevices. Int Dent J. 1992; 42(1):12–18.   285 



 

 

7. Bader JD, Shugars DA. Agreement among dentists’ recommendations for restorative 286 

treatment. J Dent Res. 1993; 72(5):891–896.  287 

8. Manhart J, Chen H, Hamm G, Hickel R. Buonocore Memorial Lecture. Review of the clinical 288 

survival of direct and indirect restorations in posterior teeth of the permanent dentition. Oper 289 

Dent. 2004; 29:481–508.  290 

9. Setcos JC, Khosravi R, Wilson NH, Shen C, Yang M, Mjör IA. Repair or replacement of 291 

amalgam restorations: decisions at a USA and a UK dental school. Oper Dent. 2004; 29(4):392–292 

397 293 

 10.Demarco FF, Corrêa MB, Cenci MS, Moraes RR, Opdam NJ. Longevity of posterior 294 

composite restorations: not only a matter of materials. Dent Mater. 2012; 28:87–101.  295 

 11. Heintze SD, Rousson V. Clinical effectiveness of direct class II restorations - a meta-296 

analysis. J Adhes Dent. 2012; 14:407–431.  297 

 12. Opdam NJ, van de Sande FH, Bronkhorst E, Cenci MS, Bottenberg P, Pallesen U, Gaengler 298 

P, Lindberg A, Huysmans MC, van Dijken JW. Longevity of posterior composite restorations: a 299 

systematic review and meta-analysis. J Dent Res. 2014 Oct; 93(10):943–949.  300 

13. Vassiliki Deligeorgi, Ivar A Mjör and Nairn HF Wilson: An Overview of Reasons for the 301 

Placement and Replacement of Restoration, 2001;8(1):5-11 302 

14. Mjör IA. The reasons for replacement and the age of failed restorations in general dental 303 

practice. ActaOdontolScand 1997;55:58-63. 304 

 15. Wilson NHF, Burke FJT, Mjör IA. Reasons for placement and replacement of restorations of 305 

direct restorative materials by a selected group of practitioners in the United Kingdom. 306 

Quintessence Int 1997;28:245-8. 307 

 16. Mjör IA. Placement and replacement of restorations. Oper Dent 1981;6:49-54. 308 

 17. Mjör IA. The reasons for replacement and the age of failed restorations in general dental 309 

practice. ActaOdontolScand 1997;55(1): 58-63. 18. Mjör IA, Moorhead JE, Dahl JE. Reasons 310 

for replacement of res 311 

 18. Pink FE, Minden NJ, Simmonds S. Decisions of practitioners regarding placement of 312 

amalgam and composite restorations in general practice settings. Oper Dent 1994;19:127-32.  313 

 19. Friedl KH, Hiller KA, Schmalz G. Placement and replacement of amalgam restorations in 314 

Germany. Oper Dent 1994;19:228-32.  315 

 20. Friedl KH, Hiller KA, Schmalz G. Placement and replacement of composite restorations in 316 

Germany. Oper Dent 1995;20:34-8.  317 

 21. Mjör IA. The reasons for replacement and the age of failed restorations in general dental 318 

practice. ActaOdontolScand 1997;55(1): 58-63 319 

 22. Mjör IA, Moorhead JE, Dahl JE. Reasons for replacement of restorations in permanent teeth 320 

in general dental practice. Int Dent J 2000;50:360-6. 321 



 

 

 23. Qvist J, Qvist V, Mjör IA. Placement and longevity of amalgam restorations in Denmark. 322 

ActaOdontolScand 1990;48:297-303.  323 

 24. Qvist V, Qvist J, Mjör IA. Placement and longevity of tooth colored restorations in 324 

Denmark. ActaOdontolScand 1990;48:305-11. 325 

 25. Ivar a. Mjör, Dr.Odont Clinical diagnosis of recurrent caries JADA, October 2005 326 

;136:1426-1429 327 

 26. Manhart J, García-Gogoy F, Hickel R. Direct posterior restorations: clinical results and new 328 

developments. Dent Clin North Am 2002;46:303-339 329 

 27. Qvist V, Qvist J, Mjör I. Placement and longevity of tooth-colored restorations in Denmark. 330 

ActaOdontolScand 1990;48:305-311 331 

 28. Brunthaler A, König F, Lucas T, Sperr W, Schedle A. Longevity of direct resin composite 332 

restorations in posterior teeth. Clin Oral Investig 2003;7:63-70 333 

 29. Rawls R, Esquivel-Upshaw J. Resinas restauradoras. In: Anusavice KJ. Phillips, Materiais 334 

Dentários. 11ª ed. Rio de Janeiro: Elsevier; 2005:376-417. 335 

 30. Wilder A, Roberson T, Pereira P, Ritter A, May K. Classes I, II and VI Amalgam 336 

Restorations. In:Roberson T, Heymann H, Swift E. Sturdevant’s Art & Science of Operative 337 

Dentistry. 4ª ed. Missouri: Mosby; 2002:671-739. 338 

 31. Marshall S, Marshall G, Anusavice K. Amálgamas Dentárias. In: Anusavice KJ. Phillips, 339 

MateriaisDentários. 11ª ed. Rio de Janeiro: Elsevier; 2005:469-514. 340 

 32. Kolker J, Damiano P, Caplan D, Armstrong S, Dawson D, Jones M, et al. Teeth with large 341 

amalgam restorations and crowns, Factors affecting the receipt of subsequent treatment after 10 342 

years. J Am Dent Assoc 2005;136:738-748. 343 

 33. Gil FJ, Espias A, Sánchez LA, Planell JA. Comparison of the abrasive wear resistance 344 

between amalgams, hybrid composite material and different dental cements. Int Dent J 345 

1999;49:337-342.  346 

 34. Lutz F, Phillips RW, Roulett JF, Setcos JC. In vivo and in vitro Wear of Potential Posterior 347 

Composites. J Dent Res 1984;63:914-920. 348 

 35. Bjertness E, Sønju T. Survival analysis of amalgam restorations in long-term recall patients. 349 

ActaOdontolScand 1990;48:93-97. 350 

 36. Rawls R, Esquivel-Upshaw J. Resinasrestauradores. In: Anusavice KJ. Phillips, 351 

MateriaisDentários. 11ª ed. Rio de Janeiro: Elsevier; 2005:376-417.  352 

37. Roberson T, Heymann H, Ritter A, Pereira P. Classes I, II and VI Direct Composite and 353 

Other Totth-Colored Restorations 354 

38. World Health Organisation, Oral Health Assessment Form For Adults,2013, Annexure I 355 
 356 

39. .Soares AC, Cavalheiro A. A Review of Amalgam and Composite Longevity of Posterior 357 

Restorations. Rev Port Estomatol Med Dent Cir Maxilofac 2010;51:155-164 358 



 

 

 359 

40. .Hegde M N , Brijesh .A.J : The Incidence of Replacement of Restoration in Teeth in South 360 

Indian Population IJMPR October 2013;1(4): 326-330 361 

 362 

41. F.J.T Burke; N.H.F. Wilson; S.W. Cheung, I.A.Mjor , Influence of patient factors on age of 363 

restorations at failure and reasons for their placement and replacement Journal of Dentistry( 364 

2001) 29 317-324] 365 

 366 

42. Ivar A. Mojor ; Jacquelyn E. Moorhead ;and Jon E.Dahl  ,Reason for replacement of 367 

restorations in oermanent teeth in general dental practice, International Dental Journal 368 

(2000)50, 361-366] 369 

 370 

43. .MJ Tyas; Placement and replacement of restorations by selected practitioners, Australian 371 

Dental Journal 2005;50:(2):81-89 372 

 373 

44. Lee WC, Eakle WS. Possible role of tensile stress in the etiology of cervical erosive 374 

lesions of teeth. Journal of Prosthetic Dentistry 1984;53:374-9] 375 

 376 

45. Velo MMDC, Scotti CK, Bastos NA, Furuse AY, Mondelli J (2018) Amalgam 377 

Restorations and Future Perspectives. J Odontol 2: 102. 378 

 379 


