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and techniques that I have used, 
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better”
Some manufacturers fund my 
research” 
“I will try to be evidence-based 

rather than anecdotal” Disclosures
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Factors influencing restoration survival (dentists, 
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A brief Kaplan Meier statistical analysis lesson

Applying that to clinical decision making

Survival of restorations in the dental literature
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Survival of the fittest:

Measuring restoration 

longevity:

This is how 

I used to do it



Composites at 15 to 18 years

You all have this!

Personal evidence



More personal evidence

Composites at 11 years



Why is restoration longevity important?

Managing patient expectations (or not)

Clinical Governance

Third party funders want to know if they are getting

     value for money

In the past, Government wanted to know!

Avoidance of adverse medicolegal situations

Dentists might want to audit their performance

Keeping faith in the profession

…plus – good restoration survival enhances 
sustainability in dentistry



Sustainability has interested me for some time!

Dental Update 1998

Amalgam
Poor biodegradability of latex 

gloves
Ditto polyvinylsiloxane
Disposable single-use items 

used in the surgery
Bags of dental surgery waste
Chemicals used in developing 

radiographs
Paper



circa 1997



Now, thanks to recent work, we have a better 

understanding of sustainability

 Patients usually come by car
 NHS accounts for 3.5% of all UK 

road traffic
 Dentistry responsible for 8% of all 

NHS travel
 Significant amount of carbon 

emissions come from (staff & 
patient) travel

 Short procedures have a 
disproportionally higher carbon 
emissions rate



Now, thanks to recent work, we have a better 

understanding of sustainability

 Choose practice energy source with 

lowest emissions

 Lighting can use a lot of power

 Dental suction only uses £7 per year

 Autoclaves and washer disinfectors 

use £180 to £240 energy per year

 Energy efficient hard drives should 

be considered



Now, thanks to recent work, we have a better 

understanding of sustainability

 Practical & patient-centred prevention 
(reduced disease = fewer 
appointments, less travel, less 
materials’ use and SUPs, less 
packaging)

 High quality operative care (= durable 
treatment with fewer repairs and 
replacements)

 Integrated care (active participation of 
all stakeholders, combining managed 
treatment appointments, shared family 
appointments)

 Ownership of care

N Martin & S.Mulligan

Should staff travel be included?



 Patient A: Good oral health, no 

active disease 

   = 

 LOW Environmental impact

N Martin & S.Mulligan

 Patient B: Failing dentition, new and 
recurrent disease, tooth loss 

   = 
 HIGH Environmental impact:

Due to failure to manage disease, 
repetitive interventive care, labaratory 

services, multiple appointments, high use 
of materials, sundries and PPE

A review of papers on sustainable dentistry has found few 
mentions of the environmental impact of restoration replacement



A brief look at 

restoration 

replacement, because 

placing and replacing 

restorations has an 

environmental cost



Research 

on marginal 

ditching & 

staining



Research on marginal ditching

Patients who required replacement restorations were included.

A total of 330 sites on 175 teeth in 118 patients were measured for marginal gaps 
(<0.4mm or >0.4mm)

Each restoration removed using a turbine drill and sterile bur: a sample of dentine 
was removed from the enamel-dentine junction beneath the site and this was 
processed microbiologically. 

Mutans streptococci colonies were counted on agar plates, with lactobacilli and 
yeasts also being identified.  

RESULTS: The narrow ditch (<0.4mm) did not have significantly more bacteria than 
an intact margin. However, the wider ditch (>0.4mm) presented a different story –
there were significantly more micro-organisms present beneath the wider marginal 
gaps, with a greater proportion of these being lactobacilli

MESSAGE: “It might be prudent to replace restorations where 
marginal gaps exceeded 0.4mm”. They added that colour 
change adjacent to an amalgam restoration should not trigger its 
replacement. 

Kidd EAM, Joyston-Bechal S, Beighton D. Marginal ditching and staining as a predictor of secondary 

caries around amalgam restorations: A clinical and microbiological study. J.Dent.Res.1995:74:1206-1211.



Research on marginal staining
197 discrete sites in 72 patients with tooth-coloured restorations requiring 

replacement.

30 sites (12 on enamel and 18 on dentine) were carious and 167 sites were 
clinically non-carious. Margin sites selected for microbiological sampling. 

The colour of the margin was noted and the tip of an LA needle used for the 
removal of plaque from the tooth-restoration interface 

Restoration then removed using an air turbine and sterile bur. Sample of dentine 
was taken for microbiological testing. 

RESULTS: More bacteria in samples from carious than from non-carious sites: Not 
a surprise! But, more bacteria found in dentine beneath stained margins. Only 
margins >0.4mm yielded more micro-organisms in dentine. 

MESSAGE: “where the margin is not frankly carious, no clinical criteria 
(not even margin staining) will predict the presence of soft dentine”. 
Therefore, in the absence of patient concern about a discoloured 
margin around a tooth-coloured restoration, there is no indication from 
a caries viewpoint to replace a tooth-coloured restoration which has a 
stained margin. 

Kidd EAM, Beighton D. Prediction of secondary caries around tooth-coloured restorations: A clinical 

and microbiological study. J.Dent.Res.1996:75:1942-1946. 



Should this 

restoration be 

replaced? 

(Easy ones to 

start with!)



Should this restoration 

be replaced? 

0.5mm marginal gap



On the basis of this 

research, how many 

restorations have I 

replaced 

erroneously ?



Bulk staining is solely an aesthetic decision 

(for patient/dentist), related to the material 

and unrelated to caries



Drilling isn’t great for teeth!!



This can often be done with no tooth 

preparation, other than cleaning

Blum IR. The management of failing direct composite restorations: replace or repair? 

in: Lynch CD, Brunton PA, Wilson NHF, editors. successful posterior composites. London: Quintessence; 2008;101-113. 

Blum IR, lynch CD, Wilson NHF. Factors influencing repair of dental restorations with resin composite. 

Clin Cosmet Investig Dent. 2014; 17;6:81-88.

Blum IR, Schriever A, Heidemann D, Mjör IA, Wilson NHF The repair of direct composite restorations: 

an international survey of the teaching of operative techniques and materials. Eur J Dent Educ. 2003;7:41-48. 

Gordan VV, Mjör IA, Blum IR, Wilson NHF. Teaching students the repair of resin based composite restorations: 

a survey of North American dental schools. J.Am.Dent.Assoc. 2003;134:317-323.  

Therefore, 

repair should be 

considered



The evidence base 

for repair is building

Blum and Ozcan stated unequivocally that “restoration replacement should be 

considered as the last resort when there are no other viable alternatives”. 

“The literature on survival of repaired restorations concluded that numerous 

longitudinal clinical studies have shown that restoration repairs in permanent teeth 

are able to significantly increase the lifetime of restorations and the restored tooth unit”.



Repair of restorations is no longer considered 

to be “dodgy”

Hickel  R.et al. Repair of 

restorations. Dent.Mater.

2012:



Repair of restorations is no longer considered 

to be “dodgy”

Hickel  R.et al. Repair of restorations. Dent.Mater.2012:



Handling of imperfect restorations 
(Hickel et al., Dent.Mater.2012)

No treatment (monitor)

Refurbishment (removal of overhangs, removal of 

discolouration, smoothing or glazing of the surface)

Repair of localised failures, with or without preparation in 

the restoration or dental hard tissues

Replacement – if repair is not feasible or reasonable



Advantages of repair (Blum IR et al., J.South African 

Dent.Assoc.2011:66:114-118)

 Less loss of tooth substance

 Reduced harm to the dental pulp

Often, no need for LA

 Less risk of iatrogenic damage to adjacent 
teeth

 Reduced treatment time

 Reduced cost to the patient

Good patient acceptance

 Improved longevity of the restoration



Conditions amenable to repair
 Large marginal opening

 Severe localised marginal staining

 Secondary caries

Margin fracture of restorative material

 Chipping fracture

 Erosive/abrasive loss of tooth structure at 
restoration margin

Wear of restoration

Minor cusp fracture



Longevity of repaired restorations
Opdam NJM et al., J.Dent.2012:40:829-835

RESULTS

➢ 61% of repaired restorations still in service at 

5 years

➢ Annual failure rates of repaired amalgams 

was 9.3%, for composites 5.7%

➢ Restorations which failed due to fracture had 

a lower survival than those which were 

repaired because of caries



Longevity of repaired restorations
Opdam NJM et al., J.Dent.2012:40:829-835

CONCLUSION

➢ Repairs may enhance the longevity of 

restorations “considerably”

➢ Repairs on restorations which failed due to 

caries had a better prognosis than repairs on 

restorations which failed due to fracture 



Longevity of repaired restorations
…covered in Dental Update

Rationale for restoration repair

➢ Preservation of tooth structure

➢ Enhanced restoration longevity

➢ Reduction in harmful effects on the 

pulp

➢ Reduced treatment time

➢ Reduced cost to the patient

➢ Good patient acceptance

➢ No need for LA in majority of repairs

➢ Reduced risk of iatrogenic damage ;;



The 5Rs!A must read paper

Dent.Update 2015:42:413-426

Reviewing
Resealing

Refurbishment
Repair

and, where 
necessary, 

Replacement
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The durability of conservative restorations
Allan DN. Br.Dent.J.1969: 126:172-177.  



Robinson’s Rules
Br.Dent.J.1971:130:206-208

Records of 80 patients who attended a suburban 

London practice in 1948, still attending in 1969

Patients who had sought treatment elsewhere 

were “eliminated”, as were patients who had a gap 

in treatment of < 2 years 

This left 43 patients aged 13y 57y. Only amalgam 

and silicate fillings were studied.

For each patient, a note was made of the fillings 

done in the first year.

Detailed examination of the records of the 

following 20 years



Robinson’s Rules
Br.Dent.J.1971:130:206-208

“As there is bound to be some ambiguity about dental 

records, the following criteria were adopted:”



Robinson’s Rules
Br.Dent.J.1971:130:206-208



Robinson’s Rules
Br.Dent.J.1971:130:206-208



Robinson’s Rules
Br.Dent.J.1971:130:206-208



A longitudinal study of dental restorations
Allan DN. Br.Dent.J.1977:143:87-89.

Records from a practice in NE England were 

made available

Records of 47 patients followed from 1951 to 

1971 & 31 patients from 1954 to 1969. 



A longitudinal study of dental restorations
Allan DN. Br.Dent.J.1977:143:87-89.

“Given that these patients were regular attenders, one might assume 

that they were “better” patients than casual attenders”.

“A filling was deemed to have failed because it was replaced”



Onwards and upwards



Paterson N. The longevity of restorations
Br.Dent.J.1984:157:23-25

Practice in NE England, where the author worked

Records of 200 patients who had attended regularly

were selected “alphabetically”. 

Followed for the period 1967 to 1983.

This yielded 2,344 amalgam, 546 silicate, & 130 

composite restorations. Mean patient age = 29 years.

Patients were regular attenders (defined as annual

attendance for the past 10 years)

“Robinson’s correction” followed for occlusal 

restorations in upper molars and lower 1st premolars

All data obtained from examination of patient records



Paterson N. The longevity of restorations
Br.Dent.J.1984:157:23-25



Paterson N. The longevity of restorations
Br.Dent.J.1984:157:23-25



“it is unrealistic to 

expect controlled 

longitudinal studies

to last more 

than ten years”
Mjor et al, 1990



Therefore, large scale 

administrative 

databases are of 

value

The big numbers game!

But some things are lost



Large scale administrative databases
Elderton RJ. Br.Dent.J.1983:155:91-96

Patients were part of the Scottish cohort of the 1978 
Adult Dental Health Survey (i.e. baseline data)

1,420 asked: 720 allowed their NHS dental records to 
be monitored.



Large scale administrative databases
Elderton RJ. Br.Dent.J.1983:155:91-96

No significant difference in survival of 1-, 2- and 3- 
surface amalgams.

50% survival of “routine” amalgam & synthetic 
restorations = 4.5 – 5.0 years



The work of Richard Elderton challenged views 

on traditional cavity designs



Twenty-two years on, I rediscovered those papers! 



Results from a 

large Public Dental 

Service database 

in Finland



Large scale administrative databases
Gilthorpe MS et al. Community Dent.Health.2002:19:3-11.

Gilthorpe et al. analysed amalgam restorations 
in 200 RAF personnel at 16 yrs.

Higher risk of failure associated with molars 
compared with premolars, large restorations cf 
small, presence of root fillings or pins.
Patients who had seen different dentists had more 
restoration failures.
Patients with high DMFT subsequently experienced 
increased risk of failure.
Successive restorations fare worse than previous 
ones.

4,712 restorations in 200 subjects (24 
restorations per subject!)

Cox Regression models used



Systematic reviews & meta-analyses

RCCTs

Prospective clinical trials

Retrospective clinical trials

Case report

Clinical experience

In vitro experiments

Animal experiments, in vivo

The hierarchy of evidence in dental research





Not only should the 

research be sound, 

but it should also be 

based in the real 

world of dental 

practice



What is practice-based 

research?
“A strategy for conducting clinical 

dental research using general 
dental practitioners as 

investigators, and their practices

      as laboratories to investigate 
questions related to 

general dental practice”

Tom Hilton, IADR, 2006 



“Research should be 

considered not only as the 

silent partner in dental 

practice, but should be the 

very scaffolding on which a 

dental practice is built and 

sustained”

Mandel ID. Clinical research – the silent partner 

in dental practice. 

Quintessence Int.1993:24:453-463



Advantages

• Uncontrolled

• Real life - real 
dentists, real 
patients

• Big numbers

• Enhanced patient 
image

• Dentist interest

Disadvantages

• Uncontrolled -

lack of calibration

• Time costs

• ? Lack of training

Trevor’s view

Advantages > Disadvantages

Practice based research: Summary



✓For the dental practitioner -
pushing back the comfort zone

✓Potentially uncontrolled nature of 
the research

✓Different “angle” from academics

✓Additional interest for the staff in 
the practice

More plus points for practice- 

based research



I’ve been banging 

this drum for a long 

time! 



Burke F.J.T. and McCord J.F

Research in general dental 

practice –

Problems and solutions.

Br.Dent.J.1993:175; 396-398.

Burke F.J.T., Crisp R.J. McCord J.F. 

Research in dental practice:SWOT 

analysis. Dent.Update 2002:29:80-87.

Dental Update:1997



Well-designed cohort 

studies from general 

dental practice can 

provide good evidence 

for survival of 

restorations.

Trevor’s view:
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The choice 

of dental 

materials

is vast



…but choosing 

a material is a 

fundamentally 

important 

decision, 

and should be 

evidence based



Cost
Materials’ costs in an average practice are 

5% to 7% of total expenses

Always speak to a sales rep before 

purchasing a material from a major 

manufacturer, as they know the deals

While there is variety in pricing, the only 

materials that are significantly cheaper are 

the “Own Label” brands



You can 

save £40 by 

buying  a 

5ml bottle of 

“own label”

bonding 

agent, 

but……



ZERO evidence base for “own 

label” resin-based materials 



There is no 

evidence 

base for 

“own label” 

Glass 

Ionomer

materials



Some own label materials performed as well in 

testing as those from manufacturers in the field

However, greater batch to batch variation in 

several mechanical & physical properties of the 

own-label materials was noted



Two own brand label (OBL) materials tested 

against 3M Z250



The 

“evidence” 

for Own 

Label 

Brands



Evidence for materials in posterior teeth



Do you want 

to read 

more?

Dent.Update.

2019:46:

523-535

144 studies 

identified, 24 

included



Posterior composites 

perform as well as 

amalgams, but cannot be 

cost effective because 

they take longer to place 

at present. Perhaps bulk 

fills are the answer.

Trevor’s view:



Dent.Update.1989:

16.114-116

And, don’t forget 

that patients 

seem to like 

tooth-coloured 

restorations in 

their back teeth!



Once a patient has 

received one tooth-

coloured restoration in  a 

back tooth, they are 

unlikely to return to 

amalgam.

Trevor’s view:



…there is now some 

new, positive 

information on GICs 

in posterior teeth



Two-year evaluation of 

108 extended-size class II 

restorations (width of the 

proximal box not 

interfering with the peak of 

the cusps and the 

proximal box in occlusion) 

in 37 patients.

Half of the restorations 

were restored with EQUIA 

Forte, the others with 

composite.

Two independent 

examiners



At 2 years, 90 restorations in 

32 patients examined (recall 

86.5%). Four glass hybrid 

restorations were “missing”, 

three due to bulk fractures and 

one due to proximal fracture, 

but no significant differences 

were noted between the two 

materials. 

CONCLUSION “although the 

glass hybrid materials showed 

a significant mismatch in 

colour, both materials exhibited 

successful performance for the 

restoration of large class II 

cavities at 24 months”. 

Despite this conclusion, four of the restorations, 

of 90, had fractured.

WARNING! large interproximal box widths 

employed in this study may be best avoided and 

the manufacturer’s indications for use should be 

followed. The other message might be – use a 

resin composite for such wide boxes.



A recent 4-year 

research abstract 

from the same 

study

(i.e. not peer 

reviewed)
AUTHORS’ CONCLUSION
Although glass hybrid restorations showed a 
mismatch in colour, these materials (EQUIA Forte 
vs composite) could be considered as permanent 
restorative materials for the restoration of large 
class II cavities after 48 months.



 Well-constructed, independent randomised trial in 

Egypt.

 Three high-viscosity glass ionomer materials in small 

class II cavities after five years. Ketac Universal 

Applicap (3M), EQUIA Forte (GC) and Riva self-cure 

(SDI), vs a hybrid resin composite system, Filtek Z250 

(3M), as control. 

 Patients were between 20 and 40 years of age, with 

each needing four or more restorations. 

 160 restorations in 40 patients. Isthmus width of the 

cavities was not more than 1/3 of the intercuspal 

distance

 Isolation by cotton rolls & high-volume saliva ejector. 

Restorations examined by two independent examiners, 

epoxy resin replicas of the restorations observed. 



 39 patients examined at five years

 100% success for the resin composite restorations, 

 5 failed class II glass ionomer restorations (one Ketac 

Universal (2.6% failure), two EQUIA Forte (5.1%), and 

two Riva HV (5.1%). 

AFR of 0.5% for Ketac Universal and 1% for both 

EQUIA Forte and Riva HV groups. 

 Reason for failure - fracture of class II glass ionomer 

restorations, while one Riva HV restoration failed 

because of “partial looseness in situ”. 

 CONCLUSION: Although differences in surface lustre 

and colour match at 5 years, the three high-viscosity 

glass ionomer materials provided successful clinical 

performance in small to medium class II cavities. 



Trevor’s view:

EQUIA Forte seems to 

hold promise. Results 

good for class I 

restorations. Use a 

cautious approach in 

class II until more 

research appears. 



Trevor’s view:

The study by Wafaie et 

al also indicated good 

results at 5 years for 

Ketac Universal (3M), 

which doesn’t need a 

coating or a cavity 

conditioner.



Read the paper for 

complete information! 

Dent.Update 

2023:50:437-443



For anterior teeth…

• Resin composite 

• Resin composite

• Resin composite

• Resin composite

• Resin composite

• Resin composite

…is the outright winner:

Aesthetically good

Can be used in a minimally 

invasive manner

Physical properties excellent

Bonding agents have 

improved



Conclusion from 

this publication:

New Universal 

bonding agents are 

an advance in 

bonding

Dent.Update.2017:44:328-340



More recently!
10 laboratory studies & 11 

clinical studies included

Dent.Update.2021: 620-631



More recently!
Conclusions

Dent.Update.2021:

620-631



Universal bonding 

agents generally 

represent improved ease 

of use compared with 

previous bonding agents

Trevor’s view:



Scotchbond Universal Plus: What’s different?

It bonds to caries affected dentine

Improved silane

Does everything that SBU did, 

but better bond (manufacturer’s data)

BPA free

The gamechanger



Is it a layer of bond? 

Or is it caries?

A longstanding 

question

SB Universal Plus SB Universal

Filtek Universal Pink Opaque



Amalgam

V 

RBC

In terms of 

“sustainability”
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Dentist factors relating to restoration longevity

Correct diagnosis, correct 

choice of technique /material

Optimum technique

This can only be 

achieved by keeping 

up to date, using the 

literature to indicate 

what works where

Lord Moynihan (1928), President of the Royal College of Surgeons: 

“Give me the surgeon who does the right operation competently, rather 

than the surgeon who does the wrong operation beautifully”.



Dentist factors relating to restoration longevity

Correct diagnosis, correct 

choice of technique /material

Optimum technique

For materials, 

follow the 

instructions, 

handle correctly

Obtain good 

isolation (rubber 

dam if necessary)

Take time



The literature: 

Are dentists consistent in their treatment planning?



Variation among dentists in planning 

treatment 

Elderton RJ,Nuttall NM. 

Br.Dent.J.1983:154:201-206.

The nature of restorative dental 

treatment decisions 

Nuttall NM, Elderton RJ. 

Br.Dent.J.1983:154:363-365

An in vitro study of restorative dental 

treatment decisions Merrett MCW, 

Elderton RJ. Br.Dent.J.1984:157:128-

133.

Relationship between epidemiologic 

coronal caries assessments and 

practitioners’ treatment 

recommendations in adults. 

Bader JD, Shugars DA, Rozier RG. 

Community Dent.Oral 

Epidemiol.1993:21:96-101

Factors influencing variation in dentist service rates  

Grembowski D, Milgrom P, Fiset L. J.Public Health 

Dent.1990:50:244-250 

Understanding dentists’ restorative treatment decisions. Bader 

JD, Shugars DA. J.Public Health Dent.1992:52:102-110.

Bader JD, Shugars DA. Agreement among dentists’ 

recommendations for restorative treatment. J.Dent.Res. 

1993:72:891-896.

Variation in dentists’ clinical decisions. Bader JD, Shugars DA. 

J.Public Health Dent.1995:55:181-188

Cost implications of differences in dentists’ restorative treatment 

decisions 

Shugars DA, Bader JD J.Pub.Health Dent.1996:56:219-222.



Factors influencing the likelihood of successful 

decisions to treat dentin caries from bitewing 

radiographs. Community Dent.Oral 

Epidemiol.1992:20:175-180.

Dentists’ stated restorative treatment thresholds 

& their restorative and caries depth decisions 

Lewis DW, Kay EJ, et al. J.Public Health 

Dent.1996:56:176-181.

Dentists’ variability in restorative decisions, 

microscopic & radiographic caries depth 

Lewis DW, Kay EJ, et al. Community Dent.Oral 

Epidemiol.1996:24:106-111.



The literature: Are dentists consistent in their treatment planning?



Variation among dentists in planning treatment 
Elderton & Nuttall Br.Dent.J.1983:154:201-206.

18 1st year dental students

7 gdps and 8 hospital dentists

The dentists examined the 18 “patients” and 
recorded proposed treatment over a period of 5 
months

Number of tooth surfaces planned for restoration 
varied from 20 to 153

Treatment of 184 tooth surfaces resulted from 
only 2 dentists



Variation among dentists in planning treatment 
Elderton & Nuttall Br.Dent.J.1983:154:201-206.

Only 41% of treatment decisions were agreed 
upon by more than half of the dentists

Dentists who worked in the GDS planned more 
restorative treatment than dentists who worked 
in the hospital

But… there was greater agreement among GDS 
dentists as to which surfaces needed treatment



Factors influencing variation in dentist service rates 

 Grembowski D, Milgrom P, Fiset L. J.Public Health Dent.1990:50:244-250

Dental claims from the Washington Education 
Association (Insurance scheme for teachers) 
examined

200 dentists in Washington State, USA

Rates calculated for diagnostic, preventive, 
restorative and prosthodontic, endodontic 
treatment

Compared with 8 practice variables such as 
practice busyness, practice size, age of practice 
etc.  



Factors influencing variation in dentist service rates 

 Grembowski D, Milgrom P, Fiset L. J.Public Health Dent.1990:50:244-250

RESULTS

Non-price competition (e.g. practice amenities, office 
waiting time) influenced treatment given to patients

More restorative treatment provided for patients in 
busy practices

Practice characteristics such as practice age were 
related to variation

As dentists and their practices aged, fewer services 
were provided per patient

Services and expenditure per patient were largest in 
big practices with high fees

Wide variation detected across dental practices



Agreement among dentists’ recommendations for restorative treatment 
 Relationship between epidemiologic coronal caries assessments and practitioners’ treatment recommendations in adults. 

Bader JD, Shugars DA, Rozier RG. Community Dent.Oral Epidemiol.1993:21:96-101

283 patient examinations – 51 dentists and 43 patients

Perfect agreement obtained for 59% of teeth

Among restored teeth, reliability of dentists’ 
recommendations for treatment was little better than 
poor

CONCLUSIONS

“it is easy to criticise dentists for failing to achieve 
perfect agreement on 4 of every 10 teeth examined”

 “in the absence of clearly defined, widely accepted 
criteria for recommending treatment, this level of 
agreement may represent a reasonable performance”

Therefore: Should we have clearly defined criteria for 

every dental transaction (like the airline industry?)



The literature:

Are dentists consistent in 

diagnosis & 

planning treatment?

Not very!

The literature:

Are dentists consistent in 

diagnosis & 

planning treatment?



What I plan to talk about

Sustainability and dental restorations

History of restoration survival research in the UK

Factors influencing restoration survival 

(materials, dentists, patients)

A brief Kaplan Meier statistical analysis lesson

Applying that to clinical decision making



First, a brief lesson in Kaplan 

Meier

The goal is to estimate a population 

survival curve from a sample. 

If every patient is followed until death, the 

curve may be estimated simply by 

computing the fraction surviving at each 

time. 

However, in most studies patients tend to 

drop out, become lost to follow up, move 

away, etc.  

A Kaplan-Meier analysis allows estimation 

of survival over time, even when patients 

drop out or are studied for different 

periods of time.



First, a brief lesson in Kaplan 

Meier
For restorations, the observation time 

starts at time 0 in the graph. 

Restorations that fail result in a drop in 

the graph.

Restorations that have not failed by the 

end of the study are called censored 

observations and these are included for 

only as long as they are observed.

Since information of both failed and non-

failed restorations is used, the Kaplan 

Meier method is considered the gold 

standard in longevity assessment.



Kaplan Meier statistical analysis

Vertical axis represents estimated probability of survival 

for a hypothetical cohort, not actual % surviving.

n=10 hypothetically
n

=
1
0

time10 2 5 6



Figure 5 Survival of porcelain veneers by patient annual gross fees spent on treatment

  

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 1 2 3 4 5 6 7 8 9 10

Time in years from placement to re-intervention

P
ro

p
o

rt
io

n
 o

f 
te

e
th

 w
it
h

o
u

t 
re

-i
n

te
rv

e
n

ti
o

n
 

Mean Annual Fees under £30

£30 to £79.99

£80 or more



Experts in the field consider Kaplan Meier to be the 

method of choice for assessing restoration survival 

If you don’t believe 
Trevor!



Eastbourne, home of The Dental Practice 

Board: now, The Dental Services Division of the 

Business Services Authority (Newcastle)



Dr.Steve Lucarotti



 SN7024, available from UKDataService.ac.uk, 
contains anonymized longitudinal data on a large 
sample of patients (chosen by random date of birth 
within each possible year of birth) attending the 
General Dental Services in England and Wales (UK)

 Over three million different patients

 Over 25 million courses of treatment, between 1990 
& 2006

Modified version of Kaplan-Meier methodology used 
to plot survival curves for different sub-groups 

….later: the database



Because of the vast size of the dataset, we can 

now look at the effect of the restoration on 

survival of the tooth



It’s a big dataset!!

Survival (%) at

Type of Treatment 1 year 5 years 10 years 15 years n

Amalgam 91 66 51 41 7,292,564       

Composite Resin 87 59 43 34 3,504,225       

Glass-ionomer 84 53 37 28 1,592,566       

Crown 93 77 63 53 1,202,005       

Inlay 90 67 49 37 86,189            

Veneer 90 69 52 42 66,509            

Multiple types 88 59 41 30 151,990          

All Restorations 89 64 48 39 13,896,048     

I can give you lots of tables & figures! 

a total of 13,896,048 tooth restorations



Direct placement 

restorations:

amalgam

7,425,049 amalgam cases 

included, of which 2,537,331, 

of which had a re-intervention



Amalgam Restoration Survival by 

Type of Cavity
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We  can also determine survival of direct 

restorations according to dentist gender
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We can also determine restoration 

survival according to dentist age
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There are a number of 

dentist variables which 

influence restoration 

survival

Trevor’s view:



What I plan to talk about

Sustainability and dental restorations

History of restoration survival research in the UK

Factors influencing restoration survival 

(materials, dentists, patients)

A brief Kaplan Meier statistical analysis lesson

Applying that to clinical decision making



Patient factors relating to restoration longevity

Diet

Oral health awareness, oral 

hygiene

Smoker or not

These will all affect 

the success/survival 

of restorations



Patient factors relating to restoration longevity

Diet

Oral health awareness, oral 

hygiene

Smoker or not, perio disease or 

not

Patient pays for treatment or not

Age

The literature is clear 

with respect to the 

adverse effects of 

smoking on 

periodontal and 

implant health



Patient factors relating to restoration longevity

Diet

Oral health awareness, oral 
hygiene

Smoker or not

Patient pays for treatment, or 
not

Age



There are two different proxies for the 
patient’s state of oral health: 

the annual average cost of GDS dental 

treatment for the patient, and,

the median interval between courses of 

treatment for the patient.



The effect of patient treatment 

volume/need on survival of the tooth

We must therefore be careful what we 

promise to a patient with history of high 

treatment need!



Confirmed by further analysis

Future treatment need is closely correlated 

with past treatment need



Patient factors relating to restoration longevity

Diet

Oral health awareness, oral 
hygiene

Smoker or not

Patient pays for treatment, or 
not

Age



The effect of patient age on 

survival of restorations

Restorations in older patients perform less 

well than those in younger patients

We must be careful what we promise 

when restoring teeth for older patients



The effect of patient age on survival of restored 

teeth: other factors

 Younger patients’ teeth are less likely to be 

weakened by previous restorations. 

 Younger patients will potentially be more dextrous 

than older patients when it comes to oral 

healthcare maintenance

 Younger patients may be less likely to be on the 

multiple medications, with some of these potentially 

reducing salivary flow 

 Some teeth may be lost in older patients because 

of periodontal disease: the dataset is unable to 

ascertain the reason for loss of a tooth



There is a wide range of 

patient variables which 

may influence restoration 

survival

Trevor’s view:



…also



Patients care more than we suspected!



CONCLUSIONS:

Patients feel that materials should have a 

robust evidence base, produced by 

manufacturers with experience in the field

Patients care about the materials that we use

Almost half did not wish “own label” materials 

to be used in their mouths

One third expressed anxieties regarding the 

use of amalgam in their teeth



What I plan to talk about

Sustainability and dental restorations

History of restoration survival research in the UK

Factors influencing restoration survival 

(materials, dentists, patients)

A brief Kaplan Meier statistical analysis lesson

Applying that to clinical decision making

Survival of restorations in the dental literature



Longevity of restorations in the 

“aesthetic zone”

If you are looking 

for actual figures, 

don’t go away! 

The most powerful “evidence” is the survival of a 
clinician’s restorations on their practice computer



Cohort studies generally use criteria such as: 



Anterior teeth (results from 13m dataset)

34% of Class III composite restorations survived at 15 

years, Class IV 7% less

48% of crowns survived at 15 years

BUT, when we look at time to extraction, crowns do 

not provide as good a time to extraction as direct 

resin composite restorations



Anterior teeth (results from systematic reviews 

and cohort studies)

Demarco and colleagues carried out a systematic review 

of the survival of anterior composite restorations in 2015, 

eventually including 17 studies and 1,821 restorations

AFRs of class III restorations 0 to 4.1% at 3 years

Results mainly from dental hospitals



Anterior teeth (results from systematic reviews 

and cohort studies)

Heintze et al. carried out the first meta-analysis on resin 

composite restorations in anterior teeth.They included 21 

prospective clinical trials.

Median success rate for class III resin composite 

restorations was 95% at 10 years and, for class IV 

restorations, 90%.



Anterior teeth (results from systematic reviews 

and cohort studies)
Smales and Berekally, retrospective study, resin composite 

restorations were placed for 17 patients and metal-ceramic 
crowns for eight patients, with the mean age of the patients 
being 64.9 years. Results indicated that 58.9% of resin 
composite restorations survived for ten years, compared with 
70.3% of crowns in anterior teeth, with the authors stating that 
the resin composite restorations were “usually replaced or 
repaired”, while the crowned teeth “often required root canal 
treatment or extraction”.



Anterior teeth (Indirect  restorations)

SUMMARY FROM SEVEN STUDIES

Lithium disilicate crowns perform well in anterior teeth

The improving aesthetics that can be achieved using
modern zirconia materials means that, if occlusal
demands on the restoration are high, this may be a viable
alternative.



Anterior teeth (Indirect  restorations)

SUMMARY

 Directly-placed resin composite restorations may provide satisfactory clinical service
and do not challenge the survival of the restored tooth in the same way as a full
coverage crown.

 This therefore represents the challenge for the clinician of “keeping anterior teeth
going” with direct placement resin composite restorations rather than a crown if
survival of the tooth is the key criterion.

 If that is not the case (e.g. for a patient who does not want repeated interventions on
a failing direct-placement restoration in an anterior tooth), then a full coverage
restoration in lithium disilicate may provide good aesthetics, or zirconia for those
patients with a “heavy occlusion” or a bruxist habit.



Anterior teeth (Indirect  restorations)
POORER PERFORANCE OF CROWNS

Reduced volume of tooth substance following crown
preparation (which Edelhoff and Sorensen estimated as the
removal of around 70% of coronal tooth structure)

Or, the potential for pulp death, given that Bergenholtz has
considered that “iatrogenic dentistogenic” injury to the dental
pulp during crown preparation to be “not an insignificant
problem in clinical dentistry”



Resin composite 

restorations perform well 

in anterior teeth. If a 

tooth needs a crown, 

lithium disilicate performs 

well, but.. Use zirconia if 

high occlusal load or on 

posterior teeth

Trevor’s view:



What does all of this 

mean?



Nothing lasts forever, therefore, prevention is important

Have firm rules for replacement of restorations

Consider repair rather than replacement

A variety of dentist factors & patient factors influence 

    restoration survival

Correct choice of material and technique influences 

    restoration survival

Crowning a tooth reduces survival of the tooth, therefore 

    avoid if possible

Resin composite restorations provide good survival in 

    anterior teeth



Patient –centred care will remain important



..more of this and we won’t 

have a dental profession



Hopefully we will 

continue to be healthcare 

professionals rather than

beauticians



The biggest threat to 
dentistry in         and 

beyond?
Dentists 

who are only 

in it for the money

2023



Burke FJT, Kelleher MGD J.Esthet.Restor.Dent.2009:21:143-145



Similar advice from 2000 years ago.



“Whatsoever you would that men should 

do to you, do ye even so onto them”

The Bible: Matthew chap 7 verse 11 

“In everything, 

do unto others what you 

would have them do to you.”

New International Version, 

1980, New York Int. Bible Society



The best treatment

is the simplest

treatment that 

adequately meets

the patient’s needs

Adhesive 

dentistry 

can do this!



That’s 
measuring 
restoration 
longevity



It’s easier to talk rubbish

 than to listen to it!
Oscar Wilde, 1895



Thank you for listening



50 years of evidence-based publishing

50 years of Dental Update
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