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Figure 1. Risk considerations of three
restorations. 1. Is the remaining tooth
integrity intact on both laterals? 2. Are the
periodontal tissues damaged?  3. Are
remaining tooth tissues jeopardised by the
discrepancies in the restorations?  4. Will
any of the restorations wear or degrade to
an unacceptable level before the next
appointment?
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Figure 2. Reasons for replacement of restorations (Table copied from: NHS Centre for
Reviews and Dissemination, 19995; with permission).
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Figure 3. Parameters of the quality of dental restorations. The horizontal axis represents
time, while the vertical axis is the proportion of restorations remaining over time. The bold
line represents the proportion of restorations remaining in situ (that is ‘survival’), and these
are in the category ‘excellent’ (for example ‘alpha’), ‘acceptable’ (‘beta’) or ‘defective’
(‘charlie’). Replacements may be ‘true’ reasons, that is bulk fractures, secondary caries,
marginal deficiencies, discolouration, etc, or because of faulty diagnosis, inclusion into
larger restorations, primary caries on other surfaces, etc. Arbitrarily lines depict the
proportion of restorations/replacements that fall into the carious categories. The horizontal
line at 50% marks the median survival time. The intersections between this line and the other
lines represent from left to right when 50% of the remaining restorations are: excellent,
acceptable and remaining in situ.
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Table 1   Clinical studies that have investigated a possible association between restoration performance and operator

Reference   Centres/dentists1           Restorations2 Operator variation observed
          (application)              after years3

Longitudinal studies
Pilebro et al. (1999)143 12d 374 glass cermets (tunnel) 3 yrs: yes

Köhler et al. (2000)87 3c/12d 104 composites (Class II) 5 yrs: not reported
Rasmusson et al. (1998)86 3 yrs: yes

Kreulen et al. (1998)109 3d 1544 amalgams – Class II 15 yrs: yes
Gruythuysen et al. (1996)108 15 yrs: yes
Akerboom et al. (1993)107 10 yrs: yes

Meijering et al. (1998)144 7d 180 ceramic (veneers) 2.5yrs: no

Plasmans et al. (1998)145 3d 300 amalgams (complex) 9 yrs: no

Wilson et al. (1996)146 5c 172 amalgams (Class II) 5 yrs: no
Wilson and Norman (1991)147 12c 958 composites (Class II) 5 yrs: yes
Letzel (1989)72 12c 232 amal. +932 compos. (Class I and II) 4 yrs: yes

Phantumvanit et al. (1996)148 3d 446 glass ionomer cement (ART) 3 yrs: no

Rasmussen and Lundin (1995)140 7c/24d 247 light cured composites (Class II) 5 yrs: yes
Lundin et al., 1990139 3 yrs: yes

Retrospective studies

Wendt et al. (1998)149 11c 6012 amalgams and composites 5–13 yrs: yes

Smales and Hawthorne (1996)150 3c/20d 404 restorations, 100 patients, 25 yrs: yes and no
Hawthorne and Smales (1997)56 regular attenders for 25 years

Shaini et al. (1997)151 ‘Several’ 372 ceramic veneers 6.5 yrs: yes

Mahmood and Smales (1994)152 4c 1588 amalgams, composites, inlays 25 yrs: yes

Smales (1991)153 ‘Many’ 950 composites 18 yrs: no

Smales (1991)154 ‘Many’ 1476 amalgams 18 yrs: yes

1d= number of dentists in study, c= number of centres in study
2ART = Atraumatic Restorative Treatment, tunnel = tunnel preparation with glass-ionomer
3yrs = observation years, yes/no= operator associated/not associated with restoration performance
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Table 2   Clinical studies reporting a relationship between restoration performance and intraoral location

Reference     Restorations/  Restoration types   Obs. period                General performance
         patients       (years)

Longitudinal
Köhler et al., 200087 63/45 Posterior composite 5 No statistically significant difference between

premolars and molars, and between maxillary and
mandibular teeth

Lundin and Koch 2000155 117/65 Posterior composite 10 Restorations in premolars had a higher failure
rate than in molars

Pyk and Mejare, 1999158 242/142 Glass cermets – tunnel 3.5 Failure occurred about five times as often in
molars as in premolars

Raskin et al., 1999157 100/ Posterior composite 10 Location not found to influence survival

Donly et al., 1999176 72/18 Gold cast and composite 7 The acceptable restorations were located mainly
inlay in the premolars

Prati et al., 1998161 116/ Class III and V polyacid- 3 No association with respect to the USPHS criteria
mod. composite and intra-oral location

Geurtsen and Schoeler, 1209/ Class I and II composite 1–4.5 More restorations with rating Alpha in premolar
1997177 teeth compared to molar teeth

Gruythuysen et al., 1213/ Class I and II amalgam 15 The type of tooth had no association with
1996108 survival

Smales and Gerke, 700/ Class III and V composite 4 More failures occurred in premolar teeth com-
1992166 pared to other locations

Jokstad, 199229 468/ Class II amalgam 10 No effects of intraoral location detected

Retrospective
Pelka et al., 1996162 520/56 Cast 1–40 Molars had less favourable outcomes of quality

and survival compared to premolars

Drake et al., 199061 1207/70 All types 1–20 No statistically significant differences were
Bentley and Drake, observed. Mandibular incisive restorations lasted
1986168  longer than maxillary

Cross-sectional
McDaniel et al., 2000178 706/ Class I and II amalgam ns Mandibular first (36%) and second (20%) molars

accounted for most fractures among cuspal-
coverage restorations

Jokstad et al., 1994165 10091/575 All types >10 The restoration age is possibly influenced by
intra-oral location

Kerschbaum et al., /1841 Fixed prostheses 1–15 An anterior placement and the lower jaw associ-
1991179 ated with a lower survival
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Table 3   Clinical studies reporting a relationship between restoration performance and gender and age.

Reference                            Restorations/   Restoration types      Obs. period                     General performance
patients       (application)              (years)

Longitudinal
Pyk and Mejare, 1999158 242/142 Glass cermet (tunnel) 3.5 Success rate was not related to patient age

Plasmans et al., 1998145 300/ Amalgam (complex) 8.5 Restorations more prone to failure in patients >30
yrs old than in younger ones

Prati et al., 1998161 116/ Class III/V polyacid – 3 No association between USPHS criteria and
modified composite patient age and gender

Phantumvanit et al., 1996148 446/282 Glass-ionomer (ART) 3 No differences between ART restorations in
children and adults

Gruythuysen et al., 1996108 1213/ Class I and II amalgam 15 20% of the study restorations were replaced in
males, 16% in females

Jokstad, 199229 468/ Class II amalgam 10 Survival associated with patient age, but sample
included caries-susceptible children

Smales and Gerke, 1992166 700/ Class III and V composite 4 Significantly more failures occurred among the
elderly patients

Retrospective
Hawthorne and Smales, /100 Amalgam and composite 1–40 Lowest survival rates in the 0–20 and 61+ year
1997150 age groups

Pelka et al., 1996162 520/56 Cast 1–40 No association between patient age and out-
comes of quality and survival

Mahmood and Smales, /1588 All types 1–15 Restoration survival was superior in female
1994152 patients

Dunne and Millar, 1993141 315/ Porcelain (veneer) 5 Patient age and gender could not be associated
with failure

Bentley and Drake, 1986168 1207/70 All types 1–20 Survival less favourable for patients >60 yrs old
compared to the younger patients. No differences
between males and females

Cross-sectional
Mjör et al., 200036 6761/ Amalgam and composite 1–30 Minor differences noted in longevity between

male and female patients

Glantz et al., 1993180 /77 Fixed prosthesis 1–15 No differences regarding fracture, loss of
retention and/or dental caries between age
subgroups

Dawson and Smales, 1992181 1918/100 Amalgam and composite 1–16 Survival lower in the oldest of three age groups.
A small gender difference also noted

Smales, 1991153 950/ Anterior composite 1–16 Median survival 7 yrs in age group <20 yrs and
>60 yrs, 12 yrs in group 21–60 yrs. More failures
seen in the oldest group

Smales, 1991154 1476/ Amalgam 10 Patient age had a significant association for one
of five alloys

Kerschbaum et al., 1991179 /1841 Fixed prosthesis 1–15 A lower survival of fixed prostheses was
associated with higher age group (especially if
the patient was older than 70 yrs)

Kroeze et al., 1990182 /600 All types ns The prevalence of unsatisfactory restorations
tended to be higher with increasing age
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c d

e

Figure 4 (a–e). Old composite resin restorations remaining in situ due to patient satisfaction. Other patients, as well as clinicians, might well
consider the restorations ‘unacceptable’.
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Figure 5 (a–e). ‘Quality’ has a different meaning for different individuals, patients and dentists alike.
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Does technical excellence
predict failure?
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Table 4   Intervention strategies based on combining a risk assessment for oral disease and the technical excellence of
the patient’s restorations. The codes used in the CDA evaluation system criteria31 are included to enhance the interpretation

of the table (see Table 5 for abbreviations)

1. Consider consequences of monitoring, correcting, removing or replacing restoration in case of:
Caries

Caries along restoration margin (VCAR)
Radiographic evidence of caries/voids

Margin
Retained excess cement (TCEM)
Restoration overhang/surplus (TOV)

Other
Tooth structure is fractured (VTF)
Mobile restoration (VMO)
Superficial or penetrating fracture line (VFR)
Restoration is partially or in toto missing (VMIS)
Evoked pain during clinical examination

2a. If markers of high-risk caries present: 2b. If markers of high-risk periodontitis present:
1. Assess if these criteria possibly are associated with 1. assess if these criteria possibly are associated with

or can contribute to disease or can contribute to disease
2. Consider consequences of monitoring, correcting or 2. Consider consequences of monitoring, correcting or

replacing restoration replacing restoration

Surface Surface
Fractured, rough or pitted or irregular, flaking or has Fractured, rough or pitted or irregular, flaking or has
gross porosities gross porosities
(SRO)(TGI)(TPIT)(VSF)(VFK)(VGP) (SRO)(TGI)(TPIT)(VSF)(VFK)(VGP)

Contour Contour
Exposed dentine or base (TDE)(TBA) Contact slightly open or faulty (SCO)(TCO)
Undercontoured cervical area approximally (SPX)(TPX) Undercontoured cervical area approximally (SPX)(TPX)

Margin Margin
Ditch or gap along the margin (SCR)(TMD) Ditch or gap along the margin (SCR)(TMD)

Discoloured margin (SDIS)(TPEN) Other
Traumatic occlusion (VTO)

3. Limit intervention to monitoring – unless the patient is dissatisfied.
Contour

Undercontoured or overcontoured restoration (SUCO)(TUCO)(SOCO)(SOC)(TOCO)(VUO)
The occlusion is affected (SOH)(TET)(TOC)
Under-contoured marginal ridges (SMR)
Flattening present facially or lingually (SFA)(SLG)
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