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A B S T R A C T   

Objectives:  To evaluate the 5.5-year performance of direct resin composite restorations, prescribed for patients 
with severe tooth wear, requiring full-mouth rehabilitation. 
Methods:  A convenience sample of 34 patients were recruited to a prospective trial between December 2010 and 
June 2013. The participants were provided 1269 full-mouth direct resin composite restorations (Clearfil AP-X) by 
5 experienced operators, using the DSO-technique. Treatment resulted in an increase in the vertical dimension of 
occlusion (VDO). Failure was assessed at three levels. Frequencies of failure were analysed using Kaplan Meier 
survival curves and the effects of the relevant variables calculated with a multifactorial Cox regression (p <
0.05). 
Results:  Annual failure rates (for all levels of failure, ‘Level 3- ‘) of ≤ 2.2% and ≤ 2.9% were respectively reported 
for the anterior and posterior restorations with a mean observation time of 62.4 months. The completion of an 
anterior restoration with the need for further appointments resulted in significantly more Level 2- & 3- failures. 
An evaluation of the performance of the premolar and posterior maxillary restorations showed significantly 
lowered risks of certain types of failures, compared to the molar and posterior mandibular restorations. 
Conclusions:  At 5.5 years, 2.3% of the overall restorations displayed catastrophic, (Level 1) failures. Molar 
restorations, posterior mandibular restorations and the anterior restorations requiring two further sessions for 
completion, were associated with significantly higher risks for failure. 
Clinical significance:  Direct resin composite can offer an acceptable medium-term option for the treatment of 
severe, generalized tooth wear; molar restorations may require higher maintenance.   

1. Introduction 

The term ‘severe tooth wear’ has been used to describe the presence 
of tooth wear with the substantial loss of tooth structure, with dentine 
exposure, and significant loss (≥1/3) of the clinical crown [1]. The 
condition of ‘pathological tooth wear’ is, however, used to refer to tooth 
wear that is atypical for the age of the patient, causing pain, discomfort, 
functional problems, or the deterioration of aesthetic appearance, 
which, if progresses, may give rise to undesirable complications of 

increasing complexity [1]. For all patients with pathological tooth wear, 
an appropriate preventive plan must be prescribed, with periodic 
monitoring [1-3]. When the level of tooth wear is a concern for the 
patient and/ or the clinician, restorative intervention may be indicated. 
Where possible, restoration of the worn dentition should be undertaken 
in an ‘additive,’ minimally invasive manner; this approach may also help 
to facilitate contingency planning [1]. With an additive approach, 
restoration of the occluding surfaces of worn-down teeth may be 
accompanied by a resultant increase in the vertical dimension of 
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occlusion (VDO) [4-6]. 
Presently, there is the lack of clear evidence to favour the prescrip-

tion of any given treatment option for the restorative management of 
generalized tooth wear [7]. Several studies have reported on the clinical 
performance of direct composite restorations for the restoration of the 
worn dentition, [6,8-20] however, the data has often been limited by the 
application of short-term recall periods, the presence of relatively small 
samples sizes (with two exceptions, [6,19] ranging from 19 to 332 res-
torations) and the application of differing protocols for treatment 
execution and means for assessing treatment outcomes. The types of 
restorative failure commonly observed with the prescription of direct 
resin composite for the treatment of severe tooth wear have been re-
ported by two systematic reviews, [21,22]. 

It is not uncommon amongst the available clinical studies to distin-
guish between the placement of either anterior or posterior direct resin 
composite restorations for tooth wear treatment [21]. A previous study 
reported a median survival time of 5.8 years for 283 anterior 
resin-bonded composite restorations placed at an increased VDO (a type 
of fixed ‘Dahl’ appliance) for the management of localized anterior tooth 
wear, however, over 90% of the restorations displayed minor or major 
failure over the preceding ten years [12]. Later, a study by a different 
group, reported a survival rate of 53% amongst 107 direct composite 
restorations for the treatment of the worn mandibular anterior dentition 
at the 7-year follow up, where the restorations were also placed at an 
increased VDO [13]. Limited data is available on the performance of 
resin composite restorations for the treatment of localized posterior 
tooth wear. However, based on the results of a 3-year randomized 
clinical study comparing the performance of indirect and direct resin 
composite for the restoration of worn posterior teeth, the use of such 
materials for the given application was contraindicated [9]. Available 
data on the effect of the jaw on direct resin composite restoration per-
formance for the treatment of tooth wear, is also sparse [19]. 

The aim of this study is to report on the medium-term, 5.5 years, 
clinical performance of a larger number of directly bonded resin com-
posite restorations, prescribed for patients with severe, pathological 
tooth wear needing full mouth rehabilitation, where an increase in the 
VDO was also planned. Given the reported differences in the perfor-
mance of direct resin composite by region of placement (anterior or 
posterior), survival data for each region was to be evaluated separately. 
The clinical performance of these restorations has been previously re-
ported at a mean observation time of 39.7 months [6]. As a secondary 
aim of this investigation, differences in the survival of the direct resin 
composite restorations by jaw type were also evaluated. 

2. Methods and materials 

2.1. Study design, participant selection and baseline investigations 

The participants included in this prospective trial were patients 
referred by their general dental practitioners to the Department of 
Dentistry, Radboudumc, Nijmegen, The Netherlands, as part of the 
Radboud Tooth Wear Project [3]. The sample comprised 25 males and 9 
females. Each participant had expressed a clear desire for restorative 
treatment due to functional and/ or aesthetic concerns, and/or with 
symptoms of discomfort. Restorative dental treatment for the partici-
pants consisted of the prescription of direct, full mouth resin composite 
restorations. Five dental Operators, experienced with the practice of 
adhesive restorative dental procedures, provided the restorative treat-
ments. Prior to the commencement of the investigation, the Operators 
received training to ensure calibration with the treatment protocols used 
in this investigation. The intention was for the participants to be 
randomly and equally distributed between the Operators. The study was 
conducted in accordance with the Declaration of Helsinki (1964), and 
ethical approval had been attained from the METC (CMO 
Arnhem-Nijmegen file nr. NL30346.091.10). Written informed consent 
was attained from each participant. The participants were recruited 

between December 2010 and June 2013 and were required to satisfy the 
following inclusion criteria:  

• Adult dental patients aged ≥18 years.  
• The need for a full mouth reconstruction of their natural dentition.  
• The presence of generalized moderate to severe tooth wear (Tooth 

Wear Index, TWI ≥ 2) [23], with dentine tissue exposure at the 
premolar and molar teeth.  

• Complete dental arches, however, a single edentulous space from one 
missing posterior tooth was permitted.  

• A perceived estimated need for an increase in VDO post-treatment by 
at least 3 mm in the first molar region. 

Potential participants were excluded in the presence of i) restricted 
mouth opening (< 3.5 cm), ii) a diagnosis of Temporomandibular joint 
dysfunction (to include a history of this condition), advanced peri-
odontitis, deep caries lesions, or multiple endodontic problems, and/ or, 
iii) any local, or systemic factors that may contra-indicate the pre-
scription of the planned dental procedures. However, potential subjects 
presenting with risk factors for tooth wear, such as parafunctional habits 
of grinding/clenching, or patients with GERD (Gastro-oesophageal 
Reflux Disease) were not excluded. 

A baseline intra-oral examination was performed for each partici-
pant, including the taking of clinical photographs, full-arch stone cast 
models (mounted on an Artex articulator in the maximum intercuspal 
position - MIP), a set of bitewing radiographs, and a dental panoramic 
radiograph. Digital intra-oral scans were also recorded. 

2.2. Restorative procedures 

The Direct Shaping by Occlusion technique (DSO) protocol was used 
to provide all teeth with direct resin composite restorations [6,24]. The 
initial increase in the VDO for all cases was planned by a single dental 
operator that was not involved with the execution of the restorative 
protocol. Planning was carried out using the pre-treatment mounted 
study casts [6]. The new VDO was based on an estimation of the inter-
occlusal space necessary to permit the restoration of the anatomical 
forms of the teeth that were to be treated using direct resin composite. 
This information was transferred from the mounted gypsum casts to the 
patient’s oral cavity, using two bilateral polyvinyl silicone bite stops 
(Star VPS, Danville Material, USA). These were fabricated at the pre-
molar areas. The stops were to serve as supports during the restorative 
phase to enable the direct resin composite restorations to be placed at 
the new VDO. The overall aim was to attain an acceptable aesthetic 
outcome and a fully supported occlusion (with even centric stops in the 
MIP), with the ideal of a canine guided occlusal scheme and shared 
anterior occlusal contacts during mandibular protrusion. 

To help plan the aesthetic prescription, an intra-oral mock-up was 
performed applying established concepts in smile design, the so called 
“lip-generated smile design” [25]. With the bite stops in situ, direct 
composite was placed (without any adhesive bonding) at all the 
maxillary incisor and canine teeth, to help determine the patient’s 
aesthetic needs. On approval of the shape and shade of the proposed 
restorations, photographic records were made of the mock-up. Using a 
Williams probe, the incisal-gingival length of the anterior maxillary 
mock-ups was measured, and an assessment undertaken of the 
intra-occlusal space in the anterior region, ensuring the presence of 
sufficient space for the restoration of the lower anterior teeth. The 
mock-up was subsequently removed. The anterior maxillary teeth length 
measurements were applied for the fabrication of the definitive resto-
rations. In the presence of insufficient intra-occlusal clearance, the VDO 
was adjusted, and the mock-up repeated. Prior to undertaking the 
restorative treatment, any existing amalgam restorations were replaced 
with composite resin restorations and any unreliable composite resin 
restorations fully or partially replaced. This was done using the mate-
rials and treatment protocols described below. 
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The definitive addition of resin composite material commenced with 
the restoration of the mandibular anterior teeth, followed by the 
maxillary anterior teeth, using the bite blocks as occlusal stops. The 
lingual/palatal, incisal, and buccal/facial surfaces were built-up. The 
lower anterior teeth were restored by undertaking an estimation of the 
desired anatomical form, concomitantly ensuring adequate inter- 
occlusal clearance for the restoration of the antagonistic surfaces. For 
the reconstruction of the maxillary anterior teeth, the mock-up was used 
as a guide for the restoration of the buccal/facial and incisal surfaces (as 
well as the available inter-occlusal space), followed using the DSO 
technique for the restoration of the palatal surfaces to attain occlusal 
contact in the anterior sextant. The buccal/ facial and incisal surfaces 
were restored using incisal, enamel, and dentine shades of the nano-
hybrid composite IPS Empress Direct (Ivoclar Vivadent, Schaan, 
Liechtenstein). The palatal/lingual surfaces were restored using Clearfil 
AP-X (Kuraray, Japan) - a micro-hybrid, highly filled resin composite 
material. 

The mandibular first premolar teeth were subsequently restored at 
the newly established occlusal position by estimating the proper 
anatomical form concomitantly ensuring sufficient inter-occlusal space 
for the antagonistic restoration. The resin composite materials used 
were the same as for the anterior teeth, however, where possible, the use 
of IPS Empress Direct was limited to the aesthetically demanding sur-
faces. The maxillary first premolar teeth were then restored using the 
DSO technique. The remaining posterior teeth were built up in a similar 
manner, in occluding pairs, and for practical reasons, the upper teeth 
were restored after the opposing lower teeth. Further to the application 
of resin composite material at all teeth, the restorations were finished 
and polished. Between 3 to 5, 3-hour treatment sessions, with 1-to-2- 
week intervals between the appointments were required to complete 
the full restorative protocol. The time taken in each case was dependant 
on, patient, operator, and other factors. Post-operative occlusal acrylic 
splints were not prescribed at the outset, however, where failure was 
subsequently reported due to fracture or wear because of bruxist ten-
dencies, a night guard was subsequently advised. 

All materials used were applied in accordance with the manufac-
turer’s instructions. A 3-step adhesive protocol was used, including 37% 
phosphoric acid (DMG, Hamburg, Germany), followed by Clearfil SA 
Primer and Clearfil Photobond (Kuraray, Japan). A Bluephase 16i 
(Ivoclar Vivadent, Lichtenstein; maximum output of 1.600 mW/cm2) 
light curing unit was used. To facilitate the contouring of the restora-
tions at the gingival and interproximal surfaces, metal matrices (Tof-
flemire nr.11, KerrHawe, Switzerland) supported by wooden interdental 
wedges (Directa, Sweden) were used. Where there was the need to use 
the DSO technique, the portion of the matrix band that interfered with 
the antagonist occlusal surface was removed. With some of the resto-
rations, where there was a need to improve the adaptation of the ma-
terial, a thin layer of flowable composite (Clearfil Majesty Flow, 
Kuraray) was also placed using the Snow-Plough technique [26], and 
this was left uncured before the addition of further composite-based 
material. 

Where further refinement of the aesthetic outcome was indicated, or 
due to the schedule of appointments, the buccal/facial or palatal/lingual 
surface veneering of the restorations was performed on a separate 
appointment; at times, this took place over the course of more than one 
extra appointment. Accordingly, the palatal/lingual and/or buccal/ 
facial tooth surfaces were roughened with a bur and air-abrased (CoJet, 
3 M, ESPE, USA and MicroEtcher CD, Danville Materials), and a silane 
coupling agent (Clearfil Porcelain Activator, Kuraray) was subsequently 
placed onto the adhesive surfaces. This protocol was also used to pre- 
condition teeth with existing resin composite restorations that 
received build-ups. 

2.3. Follow-up and scoring 

Recall appointments were scheduled at 1 month and 1-, 3-, and 5- 

years after treatment. The recall registrations were carried out by four 
Observers. Scoring was undertaken by the Observers by clinical assess-
ment and with the use of intra-oral photographs. Three levels of failure 
were recorded at tooth surface level, hence; ‘Level 1 failure’ = a resto-
ration with a severe deficiency, that required restoration replacement 
(to include the need for endodontic treatment, or a dental extraction); 
‘Level 2 failure’ = a restoration with localized deficiencies, that were 
repaired, and ‘Level 3 failure’ = a restoration with small material chips 
(that received either refurbishment by polishing or needed no further 
intervention). The ‘survival’ of a restoration was considered when no 
failures were seen during the observation period. Where interventions 
such as the polishing of an anterior labial veneer restoration may have 
been indicated due to extrinsic staining or for the management of any 
local surface roughness, these were considered as part of the required 
refurbishment and were not registered as ‘failures.’ Given that all pa-
tients visited their general dental practitioners to receive routine dental 
examinations during the observation period, these dentists were also 
contacted to attain information about any interventions that may have 
been performed on the restorations prescribed. The type, date, and 
reason for intervention (fracture, caries, roughness, discoloration, 
extraction) were recorded, as were the details of the remedial actions 
(polishing, repair, or replacement of the restoration). 

2.4. Statistical analyses 

With the reported differences in the failure behaviour of anterior and 
posterior resin composite restorations for tooth wear management [6, 
8-20], all survival analyses were performed separately for the anterior 
and posterior restorations. For those patients where a follow-up of more 
than 5.5 years was available, the analysis was clipped using performance 
data for the first 5.5 years only. For the restorations provided, Kaplan 
Meier survival curves and the frequencies of failures have been pre-
sented. The survival rates and the mean Annual Failure Rates (AFR’s) of 
the restorations provided over 5.5 years were calculated. Mean AFR’s 
were calculated according to the formula: AFR = 1 -

̅̅̅
S5.5

√
where ‘S’ 

represented the level of restorations not meeting the failure criteria. In 
all counts and analyses referring to a certain level of failure, if present, 
these were also inclusive of the more serious levels of failure. Hence, the 
following descriptions were applied, ‘Level 1 failure,’ used to refer to the 
presence of a ‘catastrophic’ Level 1 failure; ‘Level 2- failure,’ used to 
refer to the presence of the combined Level 1 and 2 failures; and ‘Level 3- 
failure,’ used to refer to all Levels of failures collectively. Using this 
information, three levels of survival, were also described. 

Multivariable Cox regression models were used to adjust for the ef-
fect of the relevant independent variables on restoration survival, such 
as, jaw, tooth type. For the anterior teeth, we differentiated between, 
non-veneer restorations, the placement of buccal/facial and lingual/ 
palatal veneer restorations in one session and the placement of these 
veneers in two sessions. For both the anterior and posterior data, it was 
tested whether an interaction between the jaw type and the other in-
dependent variables were a significant improvement, with a Chi-Square 
test on the difference of deviances. To adjust for the dependency of data 
with multiple restorations in one patient, the Cox models were provided 
with a frailty term to adjust variance estimates for the clustering of 
restorations within patients. Survival analyses were done using the li-
brary survival within the R software (v 3.6.2) [27]. 

3. Results 

The 34 participants included in this prospective trial at the time of 
commencing restorative treatment had a mean age of 35.3 ± 8.4 years 
(range 20.5 to 54.5 years). A total of 1269 direct resin composite res-
torations were placed, including, 454 incisor restorations, 222 canine 
restorations, 340 premolar restorations and 253 molar restorations. Of 
these restorations, 700 were provided at the maxillary arch, and 569, at 
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the mandibular arch. A mean number of 36 ± 7 restorations (range of 20 
to 48 restorations) were provided, per patient. The follow-up time was 
clipped at 5.5 years. Two participants had a follow-up shorter than 5 
years, being 2.8 and 3.7 years, respectively. These were included in the 
analyses, with appropriate censoring. The mean maximum pre- 
treatment TWI-score of the participants was 2.1 ± 0.4 [6]. 

Table 1 provides an overview of the observations of the three levels 
of failure by the type of tooth restored, separated by the jaw of place-
ment. As seen by Table 1, the overall percentage survival rates at 5.5 
years were, 97.7% (Level 1), 90.4% (Level 2-) and 88.6% (Level 3-). The 
overall (full mouth) mean and maximum number of failures per patient 
were, Level 1 (0.8; 11), Level 2- (3.5; 12) and Level 3- (4.1;13). 

For the anterior restorations, the percentage survival rates at 5.5 
years were, 97.2% (Level 1), 91.4% (Level 2-) and 89.3% (Level 3-). The 
accompanying AFR’s were, 0.6% (Level 1), 1.7% (Level 2-) and 2.2% 
(Level 3-). The mean and maximum number of anterior restoration 
failures per patient were, Level 1 (0.5;11), Level 2- (1.7; 11) and Level 3- 
(2.1;13). 

For the posterior restorations, the survival percentages at 5.5 years 
were, 98.3% (Level 1), 89.2% (Level 2-) and 87.7% (Level 3-). The 
accompanying AFR’s were, 0.4% (Level 1), 2.6% (Level 2-), and 2.9% 
(Level 3-). The mean and maximum number of posterior restoration 
failures per patient were, Level 1 (0.3; 4), Level 2- (1.8; 12) and Level 3- 
(2.1;12). Molar tooth restorations demonstrated the lowest rates of 
survival, as seen by the Kaplan Meier graphs, (Figs. 1 and 2) - showing 
the survival curves and annual failure rates for the restorations placed by 
tooth type (anterior and posterior) per jaw. 

Table 2 includes an overview of the incidence of failure based on the 
placement of a veneer restoration at an anterior tooth. The highest 
proportion of failures were reported when two appointments were 
required for anterior veneer application. The Kaplan Meier graph 
(Fig. 1) shows the time related survival curves for the anterior restora-
tions by jaw type. 

The Cox-regression model in this investigation, included, ‘jaw type’, 
‘tooth type’ and the ‘type of restoration.’ Hazard ratios (HR) and p 
values for the Hazard ratios were determined, as was the p value for test 
for proportionality assumption. Table 3 includes details of the Cox- 
regression analysis. For the anterior restorations at Level 1, a simple 
regression model was fitted, as only a small number of events were 
observed to consider interactions with the variable of the jaw type. At 
Level 2 and Level 3, a model was fitted that specified the effect of 
treatment procedure per jaw type separately. For the other two levels of 
failure, significantly lower failure rates were seen at the maxillary arch 
when no veneer restorations were placed, versus a veneer restoration 
placed over one appointment for both, Level 2-, and Level 3- failures, 
(HR ≤ 0.16, p ≤ 0.008). Higher failure rates were reported when the 
mandibular arch veneer restorations were fabricated over 2 appoint-
ments compared to a single appointment placement, for both Level 2- 
and Level 3- failures, (HR ≥ 8, p ≤ 0.05). There were no significant 
associations between the survival of the restorations placed at either an 

incisor or canine tooth (p > 0.9). 
For the posterior restorations, the Cox-regression analysis (Table 3) 

revealed significantly lower failure rates with the premolar tooth res-
torations compared to molar tooth restorations, for both, Level 2-, and 
Level 3- failures, (HR ≤ 0.47 p ≤ 0.001) respectively. Significantly lower 
Level 2- failures were also seen at the maxillary posterior restorations, 
versus the mandibular posterior restorations (HR = 0.65, p = 0.04). 

4. Discussion 

The present investigation is the 5.5-year follow-up of the full-mouth 
restorative rehabilitation of severely worn dentitions amongst a sample 
of 34 adult participants, where resin composite restorations were pre-
scribed at an increased VDO. At a mean observation time of 39.7 
months, these restorations had previously been reported to have per-
formed ‘well’, with an AFR of 1.1 - 2.9% [6]. Based on the available 
literature, the current study sample included the largest number of 
direct resin composite restorations for the treatment of severe tooth 
wear [22]. At a mean observation time of 62.4 months, favourable ‘Level 
3- ‘AFR’s (all three levels of failure) of ≤ 2.2% (anterior region) and ≤
2.9% (posterior region) were reported. A low number of overall ‘cata-
strophic’ (Level 1) failures, (2.3%) were also observed. The results of 
this investigation support the application of directly applied resin 
composite materials for the medium-term, minimally invasive man-
agement of severe, generalized tooth wear. 

Most of the reported failures in the current investigation were of the 
‘non-catastrophic’ variety and were amenable to repair or refurbishment 
(Levels 2 and 3 respectively). The presence of a restoration with local-
ized deficiency that was repairable (Level 2 failure) was the most 
frequent cause of the overall, total failures, 93/1269 (7.3%). At 5.5 
years, 145/1269 (88.6%) of the overall restorations were free of any 
failure, compared to 94.8%, reported at 3.5 years. The need for regular 
intervention (refurbishment and repair) with direct resin composite 
restorations for the treatment of tooth wear, has also been frequently 
reported [21,22]. Patients should be made aware of these maintenance 
needs, as part of the overall pre-treatment discussions. However, as 
longer-term performance data for indirect restorations (crowns and 
onlays) with the treatment of tooth wear (especially for higher risk pa-
tients with severe tooth wear), is still lacking, the results of this inves-
tigation may provide a higher level of confidence when discussing the 
likely prognosis of direct restorations, compared to the prescription of 
indirect restorations. 

Several factors have been previously described that may be associ-
ated with an increased risk of failure of resin composite restorations for 
the treatment of tooth wear, to include, ongoing erosive wear (that may 
culminate in the breakdown of the marginal integrity of the dental 

Table 1 
Overview of the incidence of failure by type tooth type and jaw  

Maxillary arch Total Level 1 failures Level 2- failures Level 3- failures 

Incisor 270 3.7% (10) 11.1% (30) 14.1% (38) 
Canine 133 3.0% (4) 9.8% (13) 12.0% (16) 
Premolar 177 0.6% (1) 6.8% (12) 7.3% (13) 
Molar 120 0.8% (1) 10.8% (13) 15.8% (19) 
Total 700 2.3% (16) 9.7% (68) 12.3% (86)  

Mandibular arch Total Level 1 failures Level 2- failures Level 3- failures 

Incisor 184 2.2% (4) 4.9% (9) 6.0% (11) 
Canine 89 1.1% (1) 6.7% (6) 7.9% (7) 
Premolar 163 2.5% (4) 8.0% (13) 8.6% (14) 
Molar 133 3.0% (4) 19.5% (26) 20.3% (27) 
Total 569 2.3% (13) 9.5% (54) 10.4% (59)  

Table 2 
Overview of the incidence of failure placement of an anterior tooth veneer and 
jaw.  

Maxillary arch Total Level 1 
failures 

Level 2- 
failures 

Level 3- 
failures 

No veneer 222 0.0% (0) 1.8% (4) 3.2% (7) 
One session veneer 

placement 
104 10.6% (11) 16.3% (17) 19.2% (20) 

Two session veneer 
placement 

77 3.9% (3) 28.6% (22) 35.1% (27) 

Total 403 3.5% (14) 10.7% (43) 13.4% (54)  

Mandibular arch Total Level 1 
failures 

Level 2- 
failures 

Level 3- 
failures 

No veneer 149 3.4% (5) 4.7% (7) 4.7% (7) 
One session veneer 

placement 
112 0.0% (0) 3.6% (4) 6.2% (7) 

Two session veneer 
placement 

12 0.0% (0) 33.3% (4) 33.3% (4) 

Total 273 1.8% (5) 5.5% (15) 6.6% (18)  
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restorations) and the lack of sufficient fracture resistance against forces 
applied during parafunctional habits [6]. Although the patients in this 
study could all be considered high-risk, through their pre-existent severe 
tooth wear, there was still a very skewed distribution of failures within 
the sample. Out of the 29 Level 1 failures, 11 occurred in one single 
patient. Approximately half of the reported failures in this study 
occurred in three ‘extremely high risk’ patients. Future work to accu-
rately determine the risk factors that may affect the performance of resin 
composite restorations for the treatment of worn-down teeth, may help 
with the attainment of more predictable treatment outcomes. 

Amongst the anterior restorations, at 5.5 years, a low Level 1 AFR of 
0.6% and the absence of any observed failure (Survival rate, Level 3-) 
amongst 628/700 (89.3%) restorations, were reported. favourable 
medium-term survival rates for direct resin composite restorations for 
the treatment of localized anterior tooth wear (maxillary and 

mandibular teeth) have also been previously documented [12,13]. 
However, in each of the latter clinical investigations, the restorations 
were localized to the anterior sextants and placed in supra-occlusion 
(according to the ‘Dahl concept,’ [28]), with a mean duration of estab-
lishing posterior tooth contacts of 7 and 6.2 months respectively [12, 
13]. The absence of posterior tooth contact may potentially increase risk 
for the application of higher occlusal loads at the restored, functional 
anterior dentition, and to some extent, this may have accounted for the 
relatively higher risks of failure reported in the latter studies. In the 
present investigation, the anterior restorations were initially placed, 
followed by an interval of only 2–4 weeks prior to the fabrication of the 
posterior restorations; comparatively fewer anterior restoration failures 
were observed. The lack of posterior support (defined by the absence of 
6 or more pairs of posterior teeth) was also reported to significantly 
reduce the survival of anterior direct resin composite restorations for the 

Fig. 1. Kaplan Meier graph to show the time related survival curves (all Levels of failure) for the anterior restorations by jaw type.  

Table 3 
Results of the Cox regressions for three Levels of failure.   

Level 1 Level 2- Level 3- 
Anterior HR CI lower CI upper p HR CI lower CI upper p HR CI lower CI upper p 

Maxillary arch vs mandibular arch, 1 session 2.256 0.149 34.21 0.558 4.813 0.986 23.48 0.052 3.253 0.855 12.38 0.084 
Canine vs Incisor 0.741 0.294 1.867 0.525 1.022 0.538 1.94 0.947 1.002 0.543 1.848 0.994 
No veneer vs 1 session veneer, maxillary arch  Not estimated  0.11 0.022 0.561 0.008 0.161 0.039 0.675 0.012 
No veneer vs 1 session veneer, mandibular arch  Not estimated  1.385 0.256 7.491 0.705 0.779 0.157 3.867 0.76 
Two sessions vs 1 session veneer, maxillary arch  Not estimated  2.073 0.611 7.04 0.242 2.211 0.765 6.39 0.143 
Two sessions vs 1 session veneer, mandibular 

arch  
Not estimated  15.02 2.223 101.43 0.005 8.049 1.232 52.57 0.029 

No veneer vs 1 session veneer 0.265 0.019 3.752 0.326  Not estimated   Not estimated  
Two sessions vs 1 session veneer 0.601 0.041 8.91 0.711  Not estimated   Not estimated               

Posterior HR CI lower CI upper p HR CI lower CI upper p HR CI lower CI upper p 
Maxillary arch vs mandibular arch 0.249 0.051 1.212 0.085 0.652 0.431 0.985 0.042 0.804 0.538 1.201 0.286 
Premolar vs molar 0.788 0.122 5.106 0.802 0.465 0.298 0.724 0.001 0.419 0.268 0.654 <0.001 

- Looking at Level 1 failures only, the number of events (observed failures) were very low. Therefore, it was necessary to remove the interaction between type of 
restoration (other than veneer, veneer in one session, veneer in two sessions) and jaw from the model. So here, the HR does not depend of jaw. 
- ‘session’ refers to the number of additional appointments used for the completion of an anterior veneer application. 
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treatment of severe tooth wear [19]. In the present investigation, pos-
terior restorations were consistently provided; patients presenting with 
the lack of complete dental arches (excepting the absence of one missing 
posterior tooth), were excluded from entry into the study. The observed 
anterior survival rate may to some extent also have been attributable to 
ensuring adequate restoration thickness/ bulk, where a deliberate 
attempt was made to ensure the presence of voluminous restorations 
(whilst concomitantly respecting the presenting functional, biological, 
and aesthetic constraints) which may help increase the resistance to 
fracture of the resin composite-based material [6,29]. 

The direct application of resin composite for the treatment of 
generalized tooth wear, is a time-consuming process. Often, there is the 
need for follow-up appointments to enable treatment completion. In the 
current study protocol, 89 anterior restorations were placed in two 
different appointments, with the placement of the palatal/lingual veneer 
in the first appointment followed by the placement of buccal/facial 
veneer in a second clinical appointment. Buccal/ facial surface veneers 
were applied when there was the agreed need to lengthen teeth, pri-
marily, for aesthetic merit. These follow-up appointments took place at 
least 1–2 weeks after the initial placement of restorative material. When 
the additional mandibular anterior veneer restorations were applied 
over the course of 2 treatment sessions, this was significantly associated 
with the risk of failure, with an 8 to 15-fold increased risk of Level 3- and 
Level 2- failures, respectively. To improve the predictability of the ad-
hesive bonding of the new resin composite to the ‘older’ resin-based 
material, an established treatment protocol for the intra-oral repair of 
direct resin restorations to include mechanical roughening by air abra-
sion and surface treatment by silanization, was applied [30]. The pro-
tocols for the bonding of ‘new’ composite to existing material, did not 
offer the same levels of restoration performance, compared to bonding 
directly to tooth tissue substrate. The results of this study would support 
the complete application of the resin-composite material for the resto-
ration of a worn tooth to take place within a single appointment, and 
where possible, to take extra precaution when embarking upon the 
lengthening anterior restorations. 

As per the reported Hazard ratios, the premolar restorations in this 
study were 2.2 times less likely to fail than the molar restorations. This 
effect is seen by the Kaplan Meier graph, Fig. 2.. Differences in the 
performance between the premolar and molar restorations may be 
explained by the latter tooth type being closer to the jaw joint (the 
fulcrum). With the third-class lever design of the human jaw and with 
occlusal forces during clenching and grinding reported to reach 1100 N 
to 1200 N, [31,32] coupled with the placement of restorations at 
increased vertical height, the molar restorations were more likely to be 
exposed to higher mechanical loads. The latter may increase the risk of 
molar restoration failure, however, only a small number of catastrophic 
failures were reported amongst the molar restorations, 5/253 (2.0%). 
The presence of localized deficiencies where repair was indicated (Level 
2 failure) was the most common cause of posterior restoration failure, 
with 34/253 (13.4%) Level 2 molar restoration failures, recorded at 5.5 
years. A previous study into the performance of direct (micro-filled) 
resin composite restorations for the treatment of worn posterior teeth 
placed at an increased vertical height, reported a 56% failure rate over a 
3-year period [9]. Based on the outcomes of the current investigation, 
patients may need to be advised of the higher maintenance needs at the 
molar restorations, however very few catastrophic failures were seen 
with the use of a micro-hybrid type of resin composite-based material. 

The posterior restorations placed at the maxillary arch in this study 
were reported to be at a significantly lower risk of a Level 2- failure than 
at the mandibular arch. The latter could be attributed to variations in the 
pre-treatment crown heights, the available volume of enamel tissue, 
[22] and the presenting dynamic occlusal relationships, however, the 
exact reason for the observed variations is unknown. Milosevic and 
Burnside, [19] also reported higher failure rates in their overall lower 
arch restorations (9.6%) compared to the upper arch restorations (6%), 
however, the difference was not significant, (n = 1010). 

Indirect restorations used for the restorative rehabilitation of severe 
tooth wear may have lower maintenance requirements compared to the 
use of direct resin composite [5,33]. However, the available perfor-
mance data for indirect restorations, is limited [5,34]. A previous study 

Fig. 2. Kaplan Meier graph to show the time related survival curves (all Levels of survival) for the posterior restorations by jaw type.  
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reported the survival of 161 zirconia-based crowns prescribed for the 
restorations of severely worn anterior teeth; at 84 months, 15.5% had 
failed and the failures were not repairable [34]. The use of direct resin 
composite offers a minimally invasive, aesthetically acceptable, and 
cost-effective alternative to indirect restorations for tooth wear man-
agement, with the additional opportunity to undertake intra-oral 
adjustment (by the addition or subtraction of materials) - a process 
that may also be used to help validate the patient’s acceptance of 
(complex) planned occlusal and aesthetic changes [5,34]. There is also 
some evidence to support improvements in the oral health related 
quality of life, following the prescription of full mouth rehabilitation 
with resin composite restorations [35]. As a limitation of the current 
study, no comparative controls were included, such as the use of a 
different dental material, or treatment technique; this would have 
required further participants and resources, which were not readily 
available. Nonetheless, it is important to discuss the risks, the benefits, 
and the likely prognosis of the reasonable treatment options, as part of 
attaining informed consent. 

In summary, the favourable survival rates of the direct composite 
restorations reported at 5.5 years in this study, support the application 
of this approach for the medium-term management of patients with 
generalized severe tooth wear, where full mouth rehabilitation is indi-
cated with a planned increase in the VDO. The presence of localized 
deficiencies that were amenable to repair (Level 2 failure) was the most 
frequently observed cause for restoration failure. Some risk factors were 
also identified that may serve as predictors for treatment failure. These 
factors may be taken into consideration when planning and executing 
such forms of intervention. 

5. Conclusion 

For patients with severe tooth wear, where full mouth rehabilitation 
was undertaken by the placement of direct resin composite restorations 
at an increased OVD, at 5.5 years, 2.3% of the overall restorations dis-
played catastrophic, (Level 1) failures. Molar restorations, posterior 
mandibular restorations and the anterior restorations requiring two 
sessions for completion, were associated with significantly higher risks 
for failure. 
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