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Clinical Performance 
of Nanofilled and 
Microhybrid Direct 
Composite Restorations on 
Endodontically Treated Teeth

ABSTRACT
This study evaluated the clinical performance of direct restorations made of nanofilled 

and microhybrid resin composites in endodontically treated teeth. Twenty patients (11 
males, 9 females; mean age: 34.2±10) that met the inclusion criteria received a total 
of 48 restorations. After employing etch-and-rinse adhesive system, one dentist placed 
all restorations using either a nanofilled (Filtek Ultimate) or microhybrid (Filtek Z250) 
resin composite. The restorations were clinically reviewed at baseline, 6 months, and 
up to 2 years using the modified United States Public Health Service (USPHS) criteria. 
The changes were analyzed using the McNemar test and marginal homogeneity tests 
(p<0.05). The mean observation period was 17.4 months. With respect to color match, 
marginal adaptation, secondary caries, and surface texture, no significant differences 
were found between the two restorative materials (p>0.05). Most restorations yielded 
alpha or bravo scores with respect to the evaluation criteria. Five restorations failed due 
to chipping up to 2 years (1 microhybrid at 6 m, and 3 at 2 years; 1 nanofilled at 2 y) and 
were repaired. One complete replacement and one extraction due to endodontic compli-
cations were needed for 2 microhybrid resin group at 2 years.

INTRODUCTION
The selection of direct versus indirect restorations involves aesthetic, eco-

nomic, mechanical, and anatomical considerations with respect to the restor-
ative materials and the amount of remaining tooth structure.1 The process 
of choosing the most suitable restoration for endodontically treated teeth is 
important as such teeth are highly susceptible to fractures.2 Endodontically 
treated teeth are weak due to loss of structure and as a consequence of re-
storative and endodontic procedures and/or caries.3 Helfer et al. reported 
that endodontic treatment causes biological changes, rendering treated teeth 
more susceptible to failure.4 However, other studies found no significant dif-
ference in moisture content and claimed that endodontic procedures do not 
impair tooth strength.5,6 Current adhesive technologies enable restorations 
without posts in many clinical situations that do not further weaken endodon-
tically treated teeth.2 

The loss of tooth vitality and structure after endodontic treatment has been 
viewed as an issue for crown placement.7,8 Today, direct restorations are pre-
ferred as a basic treatment protocol for the replacement of lost tooth structure. 
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Composite resins are good alternatives to amalgam as they ad-
here to tooth structure and thereby increase fracture resistance.9 
The elastic modulus of resin composites is similar to that of dentin 
and bear occlusal loads comparable to dentin.10 However, direct 
adhesive restorative techniques still present clinical challenges 
such as difficulty in obtaining proximal contacts. Moreover, such 
materials lead to high polymerization shrinkage stress.11,12 

The introduction and development of adhesive technologies 
has resulted in a variety of restorative materials, including 
hybrid and nano-filled resin composites decreasing polym-
erization shrinkage and increasing wear resistance13,14 Na-
nocomposites contain a unique combination of two types of 
nanofillers (5-75 nm) and nano-clusters that are discrete non-
agglomerated and nonaggregated particles, 20-75 nm in size. 
The agglomerates act as a single unit enabling high-filler load-
ing and high strength. As a result of the reduced dimension of 
the particles and wide-size distribution, increased filler load 
can be achieved with the consequence of reducing polym-
erization shrinkage and increasing the mechanical properties 
such as tensile strength, compressive strength to fracture and 
better polishability compared to microfilled or hybrid ones.16-18 
Nanohybrid resin composites also demonstrate enamel-like 
wear behaviour.15 However, unambiguously improved clinical 
results have not yet been reported.

The objective of this clinical study therefore was to investi-
gate microhybrid and nanofilled resin composites to restore 
endodontically treated teeth. The hypothesis tested was na-
nofilled resin composite would present better clinical perfor-
mance compared to microhybrid composite.

MATERIALS AND METHOD

Study design
The brands, manufacturers, chemical composition and batch 

numbers of the materials used in this study are listed in Table 1. 

Ethical committee of Istanbul Medipol University approved 
this clinical study (100840098-63). Patients were given written 
informed consent to participate the study before treatment and 
to enrol a recall program at baseline (1 week), 6 months, and 
thereafter annually. 

Inclusion and exclusion criteria
Patients having at least two premolar or molar teeth in need 

of endodontic treatment were recruited to this study. Exclusion 
criteria included presence of teeth with severe periodontal prob-
lems and patients with systemic diseases.

Operative procedures
One operator with experience in adhesive dentistry, more 

than 10 years since graduation, made the cavity preparations 
and placed the posterior class II restorations (N=48) in the max-
illa or mandible in a total of 20 patients (11 males, 9 females; 
mean age: 34.2±10 years) at the university staff clinics. To allow 
for an intra-individual comparison, one of the teeth for each pa-
tient was restored with a nanofilled resin composite (Filtek Ulti-
mate, 3M ESPE, St, Paul, MN, USA) (n=24) whereas the other was 
restored with a microhybrid (Filtek Z250, 3M ESPE) one (n=24). 
Sixteen patients received 1 pair of restorations whereas 4 pa-
tients received two pairs. The choice of material was randomly 

Table 1. Brands, types, chemical compositions and manufacturers of the main materials used in this study.

Brand Type Manufacturer Chemical Composition

Filtek 
Ultimate Flow

Flowable resin composite 3M ESPE, St. 
Paul, MN, USA

Resin matrix: bis-GMA, TEGDMA, Procrylate
Filler type: ytterbium trifluoride, silica 

Filtek Z2550
Photo-polymerized 
microhybrid resin 

composite, universal
3M ESPE

Resin matrix: : bis-GMA, bis-EMA, UDMA, TEGDMA
Filler type: Zirconia, silica

Filtek 
Ultimate

Photo-polymerized nanofilled 
resin composite, universal 3M ESPE

Resin matrix: : bis-GMA, bis-EMA, UDMA, TEGDMA
Filler type: Zirconia, silica

Single Bond 2 Two-step etch and 
rinse adhesive 3M ESPE

2-HEMA, bis-GMA, di-methacrylates, 
amines, methacrylate functional co-

polymer of polyaacrylic and polyitaconic 
acid, ethanol, water, photoinitiator
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determined by coin toss. Considering the history and frequency 
of former incipient caries lesions, the operator determined the 
caries risk for each patient.

Endodontic treatment and restorative 
procedures
Root canal treatments were performed under local anesthesia 

by one endodontics specialist at the Endodontics Department of 
the same university. After endodontic access was achieved on 
the pulp chamber wall, canals were prepared using the rotary 
system (Pro-Taper Ni-Ti Rotary System, Dentsply Maillefer, Bal-
laigues, Switzerland) and root canals were filled with gutta-per-
cha points (Pro-Taper F3 gutta-percha points, Dentsply Maillefer) 
and sealer (AH-Plus Sealer, Dentsply Maillefer) within the same 
session. All teeth received a temporary restoration (Clip, Voco, 
Cuxhaven Germany). The patients were then scheduled for per-

manent restorations 1 week after the endodontic treatment. 
The temporary restoration was removed, the metal matrix band 
(Adapt SuperCap Matrices, Kerr Corp., CA, USA) and wooden 
wedge were placed. Subsequently, conditioning was performed 
with a phosphoric etching gel (3M Etching gel, 3M ESP) for 30 s, 
followed by through rinsing with water and gentle air drying. The 
adhesive bottle (Single Bond, 3M ESPE) was shaken and two or 
three drops of adhesive resin were placed in a clean well. Adhe-
sive was then applied with a disposable brush to dentin surfaces 
in scrubbing motions for 20 s. This application was repeated with 
a new drop of adhesive, with a 20 s waiting period between each 
coat. The surfaces were dried with gentle air blowing for at least 
5 s and photo-polymerized for 20 s using an LED polymerization 
device (Elipar Free Light, 3M ESPE) with output of ≥ 400 mW/cm2 
according to the manufacturer’s protocol. A 1-mm thick flowable 
composite (Filtek Ultimate Flow, 3M ESPE) was applied to the cav-
ity floor close the orifices of the canals. Both restoration types 

Table 2. Distribution of cavity characteristics and tooth location.

Attributes Filtek Z250 Filtek Ultimate

Cavity characteristics and tooth location Baseline
6 

month
Final 

Recall
Baseline 6 month

Final 
Recall

Maxillary Premolar
 
 

OM/OD 1 1 1 1 1 1

MOD 2 2 2 3 3 3

Mandibular Premolar
 

OM/OD 2 2 2 1 1 1

MOD 1 1 1 - - -

Maxillary Molar
 

OM/OD 7 7 6 9 9 9

MOD 2 2 2 3 3 3

Mandibular Molar
 

OM/OD 9 9 8 5 5 4

MOD - - - 2 2 2

Tooth
Location 

contact 
 

present 21 21 20 22 22 21

absent 2 2 2 2 2 2

porcelain 1 1 - - - -

antagonist

present 18 18 17 19 19 18

absent 2 2 2 2 2 2

porcelain 4 4 3 3 3 3
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were built up incrementally in 2 mm thick layers and polymer-
ized according to the manufacturer’s instructions. Occlusal ad-
justment was controlled using carbon paper and interproximal 
contacts were checked using dental floss. The restorations were 
finished under water-cooling with finishing burs; polishing was 
performed with polishing discs (Opti Disc, Kerr Corp, Orange, 
CA, USA) and rubbers (HiLuster PLUS Polishing, Kerr Corp). Pa-
tients were instructed to call upon any kind of complaint.

RESULTS
The distribution of 28 restored teeth and restoration types in 

the maxilla and mandible are presented in Table 2. Description 
of evaluation criteria are listed in Table 3 and 4.19

The drop-out rate of patients at final recall was 4.2%. One pa-
tient with one pair of restorations could not be evaluated at the 
final recall as he moved to another city. The mean observation 
period was 17.4 months. The overall success rate was 95.8% and 

Table 3. List of modified United States Public Health Service (USPHS) criteria used for the clinical evaluations of the restorations.19

Category Scoring characteristics

Anatomical form

A: Restoration’s contour is continuous with existing anatomical form and margins.
B: Restoration is slightly over contoured or under contoured.

C: Marginal overhang or tooth structure (dentin or enamel) is exposed.
D: Restoration is missing, traumatic occlusion or restoration causes pain in tooth or adjacent tissue.

Secondary caries
A: No visible caries.

C: Caries continuous with the margin of the restoration.

Color match

A: No mismatch in color, shade or translucency between restoration and adjacent tooth structure. 
B: Mismatch between restoration and tooth structure within the normal range of tooth.

C: Mismatch between restoration and tooth structure outside the normal range of tooth.
D: Esthetically displeasing color, shade and translucency.

Retention
A: Present.

B: Partial loss. 
C: Absent.

Marginal adaptation

A: Excellent continuity at resin-enamel interface; no ledge formation, no discoloration. 
B: Slight discoloration at resin-enamel interface; ledge at interface.

C: Moderate discoloration at resin-enamel interface measuring 1 mm or greater.
D: Recurrent decay at margin.

Polishability

A: Smooth and highly shiny, similar to enamel. 
B: Smooth and satin, highly reflective.

C: Rough and shiny, satin, somewhat reflective. 
D: Rough and dull or satin, not reflective.

Surface staining
A: Absent. 
C: Present.

Soft tissue health
A: Excellent response-no inflammation.
B: Slight inflammation of gingival tissue.

C: Moderate to severe gingival inflammation.

Proximal contact points
A: Present. 
C: Absent.

A,:Alpha; B: Bravo; C: Charlie; D: Delta.
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100% observed at the 6-month recall and 78.3% and 95.7% at 
final recalls for the microhybrid and nano-filled resin composite, 
respectively. Most restorations received alpha or bravo scores 
with respect to the evaluation criteria. Five restorations failed 
due to chipping up to 2 years (1 microhybrid at 6 m, and 3 at 2 
years; 1 nanofilled at 2 years) and were repaired. Restorations 
underwent repair procedures due to chipping and missing proxi-
mal contacts (Table 5). Repaired restorations were not consid-
ered as complete failures as they were functional. 

One complete replacement and one extraction due to endo-
dontic complications were needed for 2 microhybrid resin group 
at 2 years. 

All restorations in both groups received alpha (A) scores at the 
baseline assessment; at the 6 month recall, as regards for sec-
ondary caries, retention, surface polish, staining and proximal 
contact. One restoration in each group was scored with bravo (B) 
for anatomical form. One restoration in the microhybrid group 
and three in the nano-filled group received bravo scores for color 
match and for soft tissue health which were repolished (Table 6).

Only one restoration needed to be restored due to caries that 
occurred independent from the restoration at the 2-year recall. 
Secondary caries was not observed in any of the restored teeth 
at the final recall.

Between the two resin composite groups, the evaluated resto-
rations showed no statistically significant difference with respect 
to any of the criteria over the observation period (p>0.05). 

DISCUSSION
In this clinical study, clinical performance of microhybrid 

and nanofilled resin composites on endodontically treated 
teeth were compared. When USPHS criteria outcome were 
considered, the two material types showed no significant dif-
ference. Thus, the hypothesis could be rejected.

Since in most endodontically treated teeth, there is missing 
tooth structure caused by caries or endodontic access prepa-
ration,20 the remaining tooth tissue and the restorative ma-
terial chosen may have a significant effect on tooth survival. 
Due to the small sample of 48 restorations in 20 patients, 
this study could be considered as observational trial. In this 
study, restorations that could be repaired were categorized 
as functionally present based on a report of Palaniappan et 
al.21 whereas those that were completely replaced were con-
sidered as real failures. According to our observations, resto-
rations were deemed to have failed whenever they were com-
pletely retreated or judged as delta due to material-related 
factors. In cases needing intervention, the observer and oper-
ator decided on repair or on partial or complete replacement. 
In this regard, microhybrid and nano-filled resin materials 
showed similar performance providing that microhybrid ones 
required 4 repair actions and 1 replacement. On the other 
hand, only one restoration with nanohybrid needed a repair 
at 2 year follow up. 

Subjective decision-making to assess restoration failures 
such as staining may be graded as charlie and a complete ab-
sence as alpha, without a bravo score according to the modi-
fied USPHS criteria. This limitation in scoring for some criteria, 
such as staining and proximal contacts, has forced investiga-
tors to assign a charlie score for limited surface staining. Sub-
jectively, restorations scored charlie were not always consid-
ered to be failures in our study; extrinsic surface staining was 
removed through prophylactic measures. 

The type of cavity in endodontically treated teeth plays a sig-
nificant role on the prognosis of resin composite restorations. 
For instance for amalgam restorations, MO/OD cavity prepa-
rations were considered more favorable as opposed to MOD 
preparations in endodontically treated teeth.20 On the contra-
ry, the type of cavity preparations, be it MO/OD or MOD, did 
not affect the clinical survival of resin composite materials.21 

Table 4. Definitions for clinically acceptable, functionally present and failed restorations.

Clinically acceptable Functionally present Clinically unacceptable/failed

Restorations with Alfa and Bravo scores

If the tooth with the 
restoration received crown 

for reasons purely unrelated 
to materials. e.g. cracked 
tooth pathology, trauma

Restorations with Delta scores

Restorations in need of simple maintenance 
treatments (prophylaxis and polishing) to 
upgrade their scores back to Alfa or Bravo

If the tooth with the 
restoration received a new 
direct restoration adjacent 
to the existing restoration.

If the tooth with the restoration received 
additional treatment (endodontic, 
crown) purely related to materials.

Repaired restorations due 
to chipping defects.

Complete replacement of restoration 
due to fracture/loss, serious color 
mismatch and allergic side-effects 
and evaluator-detected secondary 
caries, fracture, periodontal side 

effects and marginal degradation.
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When clinical studies are evaluated, endodontically treated 
premolars with limited tooth structure restored with a fiber 
post and a direct resin composite restoration, with or without 
complete crown coverage, showed similar success rates after 
3 years with no fracture or tooth loss.22 In a different study, 
Nagasiri et al.8 evaluated the survival rate for endodontically 
treated molars without crown coverage and concluded that 
the amount of remaining tooth structure and type of restora-
tive material significantly affected the longevity of endodonti-

cally treated molars without prosthetic restorative treatment. 
In our study, two failures were observed due to fracture of 
the restoration and the tooth itself and as a result of endo-
dontic complications. The only fractured and failed tooth was 
a mandibular premolar with an MOD cavity. This tooth was re-
stored with a new restoration with fiber post. One retrospec-
tive clinical study also reported more incidence of fractures in 
premolars.23

Table 5. Categories of clinical status and distribution of results up to 2 years of clinical service.

Category

Filtek Z250 Filtek Ultimate

Baseline
n (%)

6 months
n (%)

Final Recall
n (%)

Baseline
n (%)

6 months
n (%)

Final Recall
n (%)

Clinically 
acceptable

24 (100)  23 (95.8) 18 (78.3) 24 (100) 24 (100)  22 (95.7)

Without 
maintenance  24 (100) 21 (83.3)  11 (47.8) 24 (100)  21 (87.5)  14 (60.9) 

With 
maintenance -  3 (12.5)  7 (30.4) -  3 (12.5) 8 (34.8)

Maintained 
criteria -

Marginal adaptation, 
soft tissue health, 

color match

Marginal 
adaptation, soft 

tissue health, color 
match, proximal 

contact, retention

-

Marginal 
adaptation, soft 

tissue health, 
color match

Marginal 
adaptation, soft 

tissue health, 
color match, 

proximal contact, 
retention

Functionally 
present

-  1 (4.2)  3 (13.4) 1 (4.3) 

Repaired -  3 (13.4) - - 1 (4.3)

Nature 
of repair/
additional 
treatment

-

Restorations were 
repaired due to 
chipping defect 
and to achieve 

proximal contact

- -

Restorations were 
repaired due to 
chipping defect 
and to achieve 

proximal contact

Failed - -  2 (8.7) - - -

Reason

Tooth extraction 
due to periapical 

inflammation 
New direct 

restoration with 
fiber post due 
to the loss of 
restoration
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Table 6. Summaries of USPHS scores and percentages for nanofilled (Filtek Ultimate) and microhybrid composite (FiltekZ250) 
materials at baseline and final follow-up up to 2 years

USPHS criteria

FiltekZ250 Filtek Ultimate

Baseline
n (%)

6 months
n (%)

Final Recall
n (%)

Baseline
n (%)

6 months
n (%)

Final Recall
n (%)

Anatomical 
form

A 24 (100) 23 (95.83) 21 (95.5) 24 (100) 23 (95.8) 22 (95.7)

B 0 (0) 1 (4.17) 1 (4.6) 0 (0) 1 (4.2) 1 (4.6)

C 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

D 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Secondary 
caries

A 24 (100) 24 (100) 22 (100) 24 (100) 24 (100) 23 (100)

B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Color match

A 24 (100) 23 (95.8) 14 (63.6) 24 (100) 21 (87.5) 15 (65.2)

B 0 (0) 1 (4.17) 8 (36.4) 0 (0) 3 (12.5) 8 (34.8)

C 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

D 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Retention

A 24 (100) 24 (100) 19 (86.4) 24 (100) 24 (100) 21 (91.3)

B 0 (0) 0 (0) 2 (9.01) 0 (0) 0 (0) 2 (8.7)

C 0 (0) 0 (0) 1 (4.6) 0 (0) 0 (0) 0 (0)

Marginal 
adaptation

A 24 (100) 21 (87.5) 11 (50) 24 (100) 23 (95.8) 12 (52.2)

B 0 (0) 2 (8.3) 10 (45.5) 0 (0) 1 (4.2) 11 (47.8)

C 0 (0) 1 (41.7) 1 (4.6) 0 (0) 0 (0) 0 (0)

D 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Polishability

A 24 (100) 24 (100) 17 (77.3) 24 (100) 24 (100) 17 (73.9)

B 0 (0) 0 (0) 5 (22.7) 0 (0) 0 (0) 6 (26)

C 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

D 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Surface 
staining

A 24 (100) 24 (100) 21 (95.5) 24 (100) 24 (100) 21 (91.3)

C 0 (0) 0 (0) 1 (4.6) 0 (0) 0 (0) 2 (8.7)

Soft tissue 
health

A 24 (100) 23 (95.83) 21 (95.5) 24 (100) 22 (91.7) 22 (95.7)

B 0 (0) 1 (4.17) 1 (4.6) 0 (0) 2 (8.3) 1 (4.4)

C 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Proximal 
contact 
points

A 24 (100) 24 (100) 21 (95.5) 24 (100) 24 (100) 22 (95.7)

C 0 (0) 0 (0) 1 (4.6) 0 (0) 0 (0) 1 (4.4)
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In another previous clinical study, the success rate of 39 Class 
II restorations in endodontically treated teeth, with the same 
microhybrid material used in this study without any post pre-
sented similar results with our clinical study.24 In that study, 
at the 2-year recall only marginal discoloration exhibited a 
significant change, decreasing from alpha to bravo scores. In 
this study, three restorations at 6 months and 21 restorations 
at final recall received bravo scores for marginal adaptation. 
While marginal defects were observed for both materials, 
only limited number of restorations showed marginal discol-
oration with both materials. Marginal defects are attributed 
to the fractures of thin flashes of resin composite, extended 
on non-prepared enamel surfaces adjacent to the restoration 
margins.25 Interestingly, regardless of the variations in the fill-
er content of the two materials tested in this study, marginal 
adaptation scores were similar at 2 year follow up. Similarly, 
colour match and polishability, surface staining parameters 
were almost identical with the two materials, Thus, when 2 
year clinical scores are considered, no big differences were 
observed between the two materials tested. These results are 
contradictory with some other studies26,27 where significantly 
better polishability for nano-filled composite resins were re-
ported compared to microhybrid ones.26,27 The benefits of the 
exclusive incorporation of nanofillers are generally related to 
the translucency and the polishability of the material26,38 but 
apparently, under function, this advantage may not be per-
sistent.

In the literature, assessing the clinical outcome of direct pos-
terior resin composite restorations, evaluation periods vary 
between 1 and 17 years with an annual failure rate ranging 
between 0 and 45%.29,30 In this study, four ‘functionally pre-
sent’ restorations were not considered as failures. Because 
failure rates generally increase with longer evaluation peri-
ods,31 the relatively short period of our clinical investigation 
could be considered as limitation of this observational trial 
and the results should be confirmed with long-term analysis 
on a larger sample with more operators in a randomized con-
trolled clinical trial.

CONCLUSIONS
From this study, the following could be concluded:

1.	The clinical performance of nanofilled and microhybrid 
resin composites applied for restoring endodontically 
treated teeth were similar up to 2 years in function with 
respect to color match, marginal adaptation, surface tex-
ture and secondary caries.

2.	The incidence of repairs and replacement were more com-
mon in microhybrid resin composite compared to nano-
filled one but except for one all of them were repairable.
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