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Introduction

Especially among younger generations, more 
people are tending to keep their teeth for 
life, resulting in teeth having to function for 
80  years and more. As a result, tooth wear 
may pose new challenges to the dental profes-
sion1 as it seems to become more and more 
common and is considered increasingly as 
a concern in oral health, especially among 
younger people.2–4 However, while prevalence 
of erosive tooth wear of permanent teeth in 
children and adolescents is reported to be 
30%5,6 the consequences, and especially severe 
wear, for maintaining a dentition during 
lifetime is not yet clear. Therefore, in 2012 the 
‘Radboud Tooth Wear Project’ was started at 
the dental school of the Radboud University 
Medical Center in Nijmegen, the Netherlands, 
aiming to answer several questions:
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• Is tooth wear a continuous or episodic 
process?

• Is the stage of wear a predictor for future 
wear and related to quality of oral health 
problems?

• Which aetiological factors are responsi-
ble for those cases of tooth wear that are 
threading for a lifelong maintenance of 
quality of oral health?

• If tooth wear needs restorative intervention, 
which restorative strategies are optimal for 
these patients.

In this paper we will address these questions 
and explain the Radboud philosophy on the 
management of severe tooth wear from moni-
toring and counselling to a full rehabilitation 
based on principles of ‘conservative, pragmatic 
and minimally invasive interventions’.

Guideline for the management  
of severe tooth wear

To help the general practitioner in the decision-
making process on the management of severe 
wear cases, a decision flow chart was developed 
in a recent European Consensus Meeting 

This paper explains a conservative, pragmatic and minimally invasive intervention concept for the treatment of severe tooth 

wear patients based on the Radboud Tooth Wear Project in the Netherlands. Guidelines and flowcharts for management 

of severe tooth wear patients and rehabilitation in increased vertical dimension of occlusion are presented. We concluded 

that: (a) Restorative treatment is not always indicated, even for patients with severe tooth wear. (b) If the patient has no 

complaints, counselling and monitoring is probably the best option. (c) Minimally invasive and adhesive restorative strategies 

are preferred when severe tooth wear patients are to be treated in increased vertical dimension, especially when young 

patients are involved. (d) Clinical evidence for a suitable restorative treatment protocol is limited to five-year follow up for 

direct composites. This material seems to be suitable for rehabilitation in increased vertical dimension on the middle long 

term. Clinical results for indirect techniques are not available yet. (e) Restorations, including those that are considered 

‘definitive’ may prove to have a limited lifetime in patients with severe tooth wear due to bruxism and erosion. Explanation 

of the possible treatment options and expected complications should be included in the informed consent.

(Fig. 1).7 The aim of this flowchart might help 
the clinician to make the appropriate decision 
and give treatment advice, from counselling 
and monitoring towards restorative treatment.

Diagnosis of severe tooth wear
Tooth wear is often mentioned as ‘erosion‘, 
indicating that it is the main responsible 
factor. A more suitable term would be ‘erosive 
tooth wear’ or just ‘tooth wear’, meaning that 
also mechanical factors like attrition and 
abrasion are important aetiological factors 
contributing to tooth wear. Especially in 
cases of severe and pathological wear the 
aetiology will be multifactorial in most cases.8 
For diagnosis, one has to realise that tooth 
wear is a physiological process, while caries 
is a pathological process in itself. As a result, 
a diversity of tooth wear stages may be 
observed in patients that can be considered 
as expressions of physiological wear. In indi-
vidual cases, also among younger patients, 
tooth wear may become severe or pathologi-
cal. ‘Severe tooth wear’ is defined as ‘tooth 
wear with substantial loss of tooth structure, 
with dentin exposure and significant loss 
(≥1/3) of the clinical crown’.7 However, this 
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Provides an overview of the philosophy and 
the management of the Radboud Tooth Wear 
Project from monitoring and counselling to a full 
rehabilitation.

Emphasises the need of counselling and monitoring 
to objectively evaluate the progression of tooth wear 
over time and determine the patients’ commitment 
for a possible restorative rehabilitation.

Illustrates several minimally invasive and adhesive 
restorative strategies for the treatment of severe 
tooth wear patients.
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does not imply that all cases of severe wear 
can be considered as pathological, especially 
among the highly aged where severe wear 
can be considered as normal in many cases. 
Meanwhile, pathological tooth wear is defined 
as ‘tooth wear which is atypical to the age of 
the patient, causing pain or discomfort, func-
tional problems, or deteriorations in aesthetic 
appearance, which, if progressing, may give 
rise to undesirable complications of increas-
ing complexity’.7 As a consequence, painful 
occlusal cusps with exposed dentin due to 
active erosive wear among adolescents can be 
considered as pathological while such a state 
of wear is not severe per se. The diversity of 
stages of wear related to the age of the patient 
should always play a role in diagnosis.

Counselling and monitoring:  
the first option
If the amount of wear is physiological (typical 
for the age of the patient), no treatment will be 
needed. In cases where the wear is pathologi-
cal, further diagnostics are needed to determine 
the best management of the tooth wear. Even if 
wear can be defined as pathological or severe, 
people may be functioning with their worn 
dentition to their satisfaction for years. The 
advice to start an, often complex, rehabilitation 
in patients that have no functional problems and 
have not made a request for help is high risk.
Especially in these patients, who have shown 
to destruct their own dentition in the past, 
defects at restorations as wear and fractures 
are likely to occur.  Moreover, compliance for a 

long, complex and expensive treatment will be 
limited among patients that have no demand for 
help. Therefore, a non-restorative intervention 
with counselling and monitoring is advised for 
patients with severe or pathological wear, but 
who have not requested treatment. ‘Counselling’ 
includes giving information to the patient about 
their tooth wear and establishes an individual 
preventive programme, whereas ‘monitor-
ing’ includes the objective measurement of 
the amount of wear and its progression over 
time. Counselling starts with identifying risk 
factors; this being the basis for the assessment 
of preventive measurements that should be 
discussed with the patient, such as prescribing 
a night guard in case of bruxism, giving dietary 
advice, discussing drinking and eating habits, 
or referring the patient to a gastroenterolo-
gist in case of suspicion of gastro-oesophageal 
reflux disease (GORD). Dietary advice includes 
reducing the amount and frequency of intake of 
acidic drinks, changing drinking habits (such as 
‘swishing’ or ‘sipping’) and advising safer food 
alternatives, such as calcium-enriched (sports) 
drinks and foods, or water and milk.3 However, 
there is limited evidence for the efficacy of intra 
oral splints (night guards) to reduce wear in case 
of bruxism or for changing diets for patients that 
suffer from erosion.9

Additionally, it is possible to use specific 
protective products or materials, such as tooth-
pastes or mouth rinses containing stannous 
fluoride or stannous chloride which have the 
potential for slowing the progression of erosive 
tooth wear.10

Moreover, little evidence is available on the 
reduction of tooth wear when using proton 
pomp inhibitors (PPI) over a longer period 
of time.11 As severe tooth wear patients often 
suffer from multifactorial aetiological factors, 
preventive measurements can be increasingly 
complex as gastric acid may have a worsening 
effect when retained inside a night guard 
during the night. Therefore, in severe tooth 
wear cases, the prognosis of the treatment and 
effect of specific preventive measurements is 
often difficult to determine as diagnoses are 
often ‘best guesses’ and evidence for preventive 
measurements is still scarce or absent.

Monitoring has the aim to objectively 
determine the amount of tooth wear and 
evaluate the progression of wear over time. 
The severity of tooth wear can be determined 
by using an index score using, for example, 
Tooth Wear Index (TWI), Basic Erosive Wear 
Examination (BEWE), or the Tooth Wear 
Evaluation System (TWES).12–14 Together with 

Pathological

Yes

Establish prevention programme 
with periodic re-enforcement, 
counselling and monitoring

Risk assess, consider etiological 
factors, document amount 

of tooth wear 

Is tooth wear cause for concern 
for patient and/or clinician?

Yes

Formulate treatment plan 
with options and establish 

infomed consent

Restorative 
intervention

No

Physiological

Yes

No treatment
demand

For the age of the patient 
the tooth wear is 

Fig. 1  Flowchart for the management of a patient with severe tooth wear
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Fig. 2  Monitoring a severe tooth wear patient (female, 33 years old). Almost no progression occurred in a follow-up period of 3.5 years

Fig. 3  Monitoring a severe tooth wear patient (female, 50 years old). A pathological progression is visible already after a period of 1.5 years. 
Aetiological factors seem to be mainly related to erosion, but so far it is unclear where the erosive challenge is coming from
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the shared decision-making outcomes and the 
actions taken, it has to be added to the clinical 
records of the patient, otherwise, the general 
practitioner may be accused of supervised 
neglect. Monitoring can be performed by 
using a series of ‘traditional’ casts or digital 
3D datasets/scans of teeth obtained over a 
period of several months or years. These casts 
or digital 3D datasets are also a valuable aid 
to elucidate the aetiology of the process and 
explain the nature and severity of the condition 
to the patients.7 When satisfied that wear is 
not progressive on a pathological level and 
that no functional or aesthetical problems 
are present, new registrations can be made 
at intervals of approximately three years. It is 
remarkable that even in younger patients with 
advanced stages of (pathological) tooth wear, 
often no progression of wear is found between 
those intervals. In Figure 2 a female patient 
(33 years old) is presented with moderate to 
severe tooth wear. As there were no aesthetical 
or functional problems, the patient consented 
to a counselling and monitoring programme. 
Over a period of 3.5 years no pathological wear 
was observed and it was decided to continue 
monitoring and recall at another three years 
(Fig. 2). In another case, a 50-year-old female 
patient presented with severe tooth wear at 
intake. No functional problems were present 
and the main aetiological factors could not 
be determined, although likely related to 
erosion. The patient consented to monitoring 
as the first treatment strategy. After a period 

of 1.5 years wear had progressed pathologi-
cally, and still no reason for the progression 
could be assessed, such as symptoms of reflux 
(for example, GORD) or abnormal dietary or 
drinking habits. Moreover, external staining 
was present due to smoking, which is not in 
accordance with progressive erosion. Despite 
the progressive wear, still no commitment 
was present for a restorative rehabilitation 
and it was decided to shorten the monitoring 
interval to one year (Fig. 3). These remark-
able interindividual differences were also 
found in the study of Rodriguez et al.,15 in 
which 63 subjects with severe tooth wear 
were monitored, concluding that tooth wear 
may be cyclical and inactive in the majority 
of participants.

If the procedure of monitoring reveals that 
the wear process is progressive, it should signal 
the need for further preventive measures, such 
as a referral for investigating reflux disease. 
It may also help to motivate the patient and 
increase compliance for a more complex 
restorative treatment.

In cases where tooth wear has progressed 
so far that retention of possible restorations 
will become a risk, like when crown height is 
reduced more than two thirds, we advise the 
patient to start with rehabilitation even when 
the patient is satisfied with the situation. 
However, one should realise that a predict-
able and successful restorative intervention 
is always dependent on full commitment 
and informed consent. Patients with extreme 

levels of tooth wear might have a particularly 
high risk of restoration failure due to certain 
destructive habits. In Figure 4 a male (52 years 
old) is presented with severe erosive tooth 
wear, without any functional problems, but 
complaining about his aesthetic appearance. 
He consumed many acidic beverages during 
the day and was aware of bruxism (heavy 
grinding and clenching during day and 
night). Furthermore, his working environment 
was highly abrasive due to (fine) dust from 
demolition work. From the intake pictures it 
is obvious that retention of restorations was 
reduced on his lower and upper anterior teeth. 
Despite this complicating factor, a full reha-
bilitation with direct composite restorations 
was performed. After 2.5 years most posterior 
restorations were performing well, but patho-
logical wear was found on the lower anterior 
teeth and several fractures had occurred on the 
upper anterior teeth illustrating the high risk 
profile of this patient (Fig. 4). A recent study 
by Bartlett et al.16 also addresses the need for 
maintenance and repair in severe tooth wear 
rehabilitations with composite resin.

Restorative intervention

To postpone the start of the restorative cycle,17 
the process of counselling and monitoring wear 
can be continued as long as possible. However, 
it seems realistic that at a certain moment in 
time restorative rehabilitation has to start. At 
the moment patient and dentist come to the 

Fig. 4  Male patient (52 years old) with severe erosive tooth wear in combination with heavy grinding. At intake almost no retention for the 
restorations was available. A full rehabilitation with direct composite restorations was performed. After 5.5 years most restorations were 
performing well, however, a pathological wear was found at the lower anterior teeth and several fractures are seen at the upper anterior 
teeth. Despite the high risk of fracture, patient did not want to wear a night guard
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consensus that a restorative treatment has to be 
started; a treatment plan including all possible 
options and informed consent on the chosen 
option has to be established.

A diversity of techniques is available for reha-
bilitation of patients suffering from severe wear. 
A recent systematic review on the treatment of 
severe tooth wear was inconclusive regarding 
whether direct or indirect techniques are to 
be preferred for these rehabilitations,18 but 
consensus exists on the recommendation to 
use minimally invasive treatment options when 
possible.7 Therefore, the Radboud Tooth Wear 
Project includes preferably minimally invasive 
techniques, as tooth wear patients are in need 
of additive restorations to compensate for tooth 
substance loss. However, it has to be empha-
sised that this approach tends to be as complex 
and demanding as conventional treatments.

The limited available evidence from 
clinical studies shows that direct composite 
resin restorations perform adequately in 

rehabilitation of patients with severe tooth 
wear,19–22 although one study showed high 
failure rates for composite restorations.23 
Indirect techniques are also recommended 
for treatment of severe tooth wear cases, 
but clinical trials are limited to a study on 
indirect composites (with unfavourable 
outcome),23 while no information is available 
on crowns or onlays. Therefore, we included 
these techniques in the Radboud Tooth Wear 
Project including indirect composites and 3D 
CAD-CAM fabricated resin nanoceramics.

Determination of increased vertical 
dimension of occlusion
In advance, the optimal intermaxillary position 
(habitual occlusion or centric relation) in 
which the patient is going to be rehabilitated 
has to be determined. In the Radboud Tooth 
Wear Project patients are treated in centric 
relation unless clear signs indicate that a pre-
dictable and stable intermaxillary position can 

only be achieved in habitual relation. To obtain 
space for the restorations the new desired 
vertical dimension of occlusion (VDO) has to 
be determined at the start of the rehabilitation. 
A flowchart is used in the Radboud Tooth Wear 
Project which starts with the analysis of cast 
models (Fig. 5).

Using cast models (mounted either in 
habitual occlusion or centric relation) and 
based on original anatomical form, the loss of 
vertical tooth substance at location of the first 
molar can be estimated, related to the original 
anatomic form of teeth. The first molar often 
presents the most wear,15 but in case other 
posterior or anterior teeth present more wear, 
the estimation of lost vertical tooth height 
may be adjusted. Moreover, as a rehabilitation 
preferably includes a fully supported occlusion 
and cuspal guidance, it must be decided if and 
how lower and/or upper anterior teeth need 
to be lengthened, which is also determined 
by the preferred aesthetic appearance (smile 

Are there complicating factors?

Estimation of increased VDO:
1. Using cast models and based on original anatomical form, the loss of 
vertical tooth substance at location of the first molar can be estimated
2. Is tooth wear at other locations more severe?
3. What is best intermaxillary relation (habitual occlusion or centric relation)?
4. Is it necessary and possible to lengthen upper/and or lower anterior teeth?

Preliminary determination 
of increase in VDO

Clinical try-in session:
- Mock-up on teeth #13 til #23 with direct composite
- Checking smile design (lip-generated)
- Approval of the patient (Informed consent)

Adjustment necessary

Adjust for complicating factors:
- Overjet (Angle Class II/1)
- End-to-end anterior relation
- Anterior open bite
- Other...

If correct: Final determination of increased VDO

Restorative 
intervention

Yes

No

Fig. 5  Flowchart for the restorative treatment and determination of the increased vertical dimension of occlusion (VDO) 
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design). Complicating factors such as overbite, 
open bite and end-to-end relation tend to 
limit possibilities and can force the clinician 
to certain compromises. For example an Angle 
Class II/1 relation in increased VDO can make 
it impossible to create anterior contact. Also in 
the situation of an end-to-end anterior contact 
or a vertical open bite, one must realise that 
an increase of VDO in the posterior area 
will either lead to loss of anterior contact or 
increased open bite unless compensated by 
(probably aesthetically undesired) lengthening 
of anterior teeth. When a necessary increase 
of VDO is not possible to obtain, orthodon-
tic pre-treatment may be considered before 
rehabilitation starts.

Using the increased VDO as assessed from 
the mounted castings, a clinical try-in session 
is performed to test the VDO clinically, and 
for making a mock-up for testing the aesthetic 

appearance by unbonded direct composite 
build-ups on teeth 13 to 23. The aesthetics of 
length and width of teeth is evaluated using 
lip-generated smile design in rest and during 
speaking and laughing.24 After approval of 
the patient, this ‘analogue’ smile design is 
recorded with intra-oral photographs or, in 
case CAD-CAM restorations are made, by 
a digital 3D scan. Additionally, two silicon 
stops are made in the posterior area in the 
mounted castings which are transferred to test 
the desired increased VDO intra-orally, after 
which the mock-up is removed. Alternatively, 
a wax-up can be made and a try-in can be 
applied using a mould. When the patient 
has given informed consent, the restorative 
procedure can start.

In the minimally invasive treatment 
protocols used in the Radboud Tooth 
Wear Project the use of direct composite 

resin restorations is preferred. The applied 
technique for building up follows a protocol 
starting with lower anterior teeth, followed 
by upper anterior teeth, lower posterior 
teeth and upper posterior teeth in which the 
increase of VDO is transferred intra-orally 
using the silicon stops made at the mock-up 
procedure. The technique preferably used for 
this is the DSO technique (direct shaping by 
occlusion) which is described elsewhere.25,26 
A typical case in which this technique was 
used is shown in Figure 6. The preoperative 
situation as well as the situation directly 
after placement and at five years is shown. 
No interventions were needed during this 
follow-up interval and the patient is function-
ing well and satisfied with the result.

Also indirect restorations made of ceramic, 
resin ceramics or composite, can be used to 
rehabilitate worn dentitions. In the Radboud 

Fig. 6  Male patient (22 years old) with severe erosive tooth wear and functional problems (pain). A full rehabilitation with direct composite 
restorations was performed using the DSO technique. No interventions were needed in the period of observation
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Tooth Wear Project, these restorations are 
designed as an additive ‘uplay or tabletop’ 
and can be fabricated manually by the dental 
technician or can be digitally designed and 
manufactured (for example, 3D CAD-CAM). 
If this indirect technique is only used on a 
selected amount of teeth, the remaining teeth 
are restored with a direct composite restora-
tion (so called hybrid technique). Accordingly, 
already existing direct restorations are either 
left in place or replaced if necessary, and 
comparable to the ‘deep margin elevation’ 
technique,27,28 proximal surfaces have direct 
composite at the surface.

In Figure 7 an example is shown of a patient 
fully treated with 3D CAD-CAM restorations 
of nanoceramics (LAVA Ultimate, 3M) at 
intake, directly after placement and at one 
year recall (Fig. 7). All posterior teeth and the 
palatal side of the upper and lower anterior 

teeth were made of indirect manufactured 
restorations, the buccal veneer restorations on 
the upper and lower teeth were made of direct 
composite resin restorations.

Clinical performance of 
restorations

First preliminary findings show that reha-
bilitations after a mean observation time of 
3.5 years with direct composite show accept-
able clinical performance with annual failure 
rate of approximately 3%.8 In this study no 
exclusions were made on aetiological factors 
(for example, presence of bruxism or erosive 
challenges). Compared to other studies investi-
gating restorative rehabilitation of severe tooth 
wear patients, the first results of the Radboud 
Tooth Wear Project on restoration survival are 
comparable to studies by Hamburger et al.,20 

reporting an annual failure rate of 1.5% and 
Attin et al.19 reporting an annual failure rate 
0.3% survival at 5.5 years. Compared to the 
only randomised clinical trial treating this 
high-risk patient group, which was published 
in 2006 by Bartlett and Sundaram,23 our results 
are much better then in that study that showed 
50% failure after three years of molars restored 
in increased VDO with direct or indirect 
composite, resulting in an annual failure rate 
of 16.5%. Types of failures are mostly related to 
fracture, as can be explained by the inclusion 
of many severe bruxing patients in our studies. 
Despite the relatively low failure rate of the 
composite restorations, a factor which may 
be of interest is the amount of wear over time, 
whereas indirect composite restorations tend 
to show less wear but more fracture. However, 
we have to wait on further results to confirm 
these preliminary impressions.

Fig. 7  Male patient (40 years old) with severe erosive tooth wear and experiencing a lot of hypersensitivity of his teeth when drinking and 
eating acidic foods. The rehabilitation was performed based on 3D CAD-CAM technology using nanoceramic restorations (LAVA Ultimate, 
3M). Placement procedure was divided into 2 sessions: first all restorations of session 1 are placed, then in session 2 a new 3D scan and CAD-
CAM-design was made after which the final restorations were cemented
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Nevertheless, it can be expected that 
rehabilitations in increased VDO have to be 
retreated in the long term. In Figure 8 a case 
is shown of a 22-year-old male patient that 
suffered from severe and pathological tooth 
wear. Aetiology was established as multifac-
torial: clenching and high frequency of soft 
drinks as well as reflux symptoms appeared 
in the dental history at intake. The first reha-
bilitation using direct composite (Clearfil 
AP-X) in increased VDO as shown lasted 
15 years when increased failure occurred due 
to wear and fracture. Then a second rehabili-
tation with a new increased VDO was done. 
After six years, this rehabilitation is still in 
function, but increased levels of wear can be 
observed and it is expected that within five 
years a new retreatment in increased VDO 
will be necessary. However, the applied 
minimal invasive additive adhesive technique 
allows for repeated rehabilitations without 
increased risk for complications. It will take 
several years until these long term data will 
become available for the large amount of 
patients included in the Radboud Tooth 
Wear Project. Meanwhile there is increas-
ing evidence that for severe tooth wear a 

pragmatic, conservative and minimally 
invasive approach might the best choice and 
individual management strategies based on 
individual diagnosis are probably the most 
suitable way to go.

Conclusions

Restorative treatment is not always indicated 
for patients with tooth wear. Preventive 
measures should be advised and arrange-
ments made for counselling and monitoring, 
irrespective of the severity of the tooth wear.

If tooth wear is considered to be progressive, 
with a rate giving cause for concern, engage 
the patient in establishing the main aetiological 
factors and instituting a mutually agreed-upon 
programme of preventive measures:
• If the patient has no complaints: counsel-

ling and monitoring is probably the best 
option to test the efficacy of the preventive 
measures, preferably relying on (stone or 
digital) casts

• If the patient is concerned about her/his 
appearance or has complaints: (minimally 
invasive) restorative options should be criti-
cally reviewed with the patient.

Minimally invasive and adhesive restora-
tive strategies are preferred when severe tooth 
wear patients are to be treated in increased 
vertical dimension, especially when young 
patients are involved.

Clinical evidence for suitable restorative 
treatment protocol is limited to five-year follow 
up for direct composites. This material seems 
to be suitable for rehabilitation in increased 
vertical dimension on the middle long term.

Restorations, including composites and full 
veneer crowns, do not prevent wear processes; 
they merely modify the rate, location, and 
nature of the wear. Moreover, most restora-
tions that are considered ‘definitive’ may 
prove to have a limited lifetime in patients 
with severe tooth wear due to bruxism and 
erosion. Explanation of the possible treatment 
options and expected complications should be 
included in the informed consent.
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