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composite resin. All but one restoration was

evaluated every 12 months during a 5-year

period using modified United States Public

Health Service criteria by two independent

evaluators. No failures were reported and

alpha scores were recorded for all param-

eters except color stability (Alpha: 10; Bra-

vo: 14; Charlie: 1). ANOVA showed a signif-

icant shade change between baseline

(mean = 14.13) and 2 weeks (mean = 1.6),

2 years (mean = 2.8), and 5 years (mean =

3.4), P < .0001. A post hoc test showed a

significant shade change between a 2-

week and 5-year follow up (P = .001).

Shade rebound was reported for 15 out

of 25 non-vital teeth, but was limited to a

maximum of 6 shades; direct anterior com-

posite restorations demonstrated outstand-

ing clinical performance after 5 years.

(Eur J Esthet Dent 2008;3:xxx–xxx.)

Abstract

The purpose of this study was to evaluate

the efficacy of non-vital bleaching and clin-

ical performance of direct composite

restorations when used to reconstruct mul-

ti-surface restorations on endodontically

bleached teeth. Twenty-one patients 18

years or older were included in this clinical

trial. Twenty-six endo-bleached maxillary

and mandibular teeth were restored using

a microhybrid composite resin. A Vita

shade guide arranged by value order was

used to record the shade for each patient.

Temporary or existing restorations were re-

moved along with 1mm of gutta-percha

below the cementoenamel junction and a

resin-modified glass ionomer barrier was

placed. Bleaching treatment was per-

formed in the office and at home. Two

weeks after the completion of bleaching,

teeth were restored using a combination of

a filled adhesive system and microhybrid
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ite resin barrier at the CEJ is mandatory to

reduce the chance of cervical resorption.
3,8

Power bleaching (chairside) efficacy is

considered unpredictable and limited by

the short application time of the bleaching

agent (usually 30 to 38% oxygen peroxide

in a gel form).
4

The inside/outside bleaching technique

is based on the application of a carbamide

peroxide filled tray into the mouth, keeping

the prepared tooth open during the bleach-

ing phase.
8,9

The bleaching takes place

within the tooth and on the outside of the

tooth simultaneously. This technique is ide-

al for patients that desire tooth whitening for

not only the endodontically stained nonvi-

tal tooth but for the adjacent vital teeth as

well.
10

It works quickly because patients can

apply a fresh solution of carbamide perox-

ide gel every day. Patient compliance is key

to achieve a satisfactory result; they need

to be instructed on how to clean the canal

and prevent food from being compacted

into the pulpal chamber. 

Since the introduction of the inside/out-

side nonvital tooth-bleaching technique in

19978, some case reports have been pub-

lished.
11,12

The clinical evaluation of the re-

sults of this technique is limited to a 2-year

follow-up period.
13

Long-term clinical re-

ports are available for the conventional

walking bleaching and thermocatalityc

technique.
14,15

Interestingly, the major part of

these studies failed to evaluate the clinical

performance of direct composite restora-

tions used to replace the missing tooth

structure of non-vital teeth. Direct restora-

tions may influence both the stability of

bleaching effect
4

and the root canal treat-

ment outcome.
16,17

This is the first study to determine the

chromatic stability of 25 non-vital discol-

ored teeth subjected to the inside/outside

In recent years, an increasing trend to pro-

vide esthetic treatments has been devel-

oped in dental practices. Tooth whitening is

one of the fastest growing areas in cosmet-

ic and restorative dentistry; it is the most

conservative treatment for discolored teeth,

compared with composite resin, porcelain

veneers, and crowns.

Discoloration of endodontically treated

teeth is usually associated with trauma or

destructive carious processes. Bleaching

of non-vital teeth dates back to 1850.
1
Dif-

ferent protocols have been proposed to

bleach non-vital teeth over the years:

� the walking bleach technique
2–4

� the thermocatalytic technique
3,5

� the combined technique of the walking

and thermocatalytic techniques
6

� the power (chairside) nonvital bleaching

technique
4

� the modified home bleaching technique

also known as inside/outside bleaching

technique.
7

The walking bleach technique is based on

the insertion of a 3–30% hydrogen perox-

ide and sodium perborate mixture into the

pulp chamber. The access opening is

sealed and the patient is dismissed for a

week while the tooth whitening process

takes place. The solution is changed week-

ly until a successful tooth color is achieved.

Conversely, a combination of 30% hydro-

gen peroxide and heat application into the

pulp chamber is adopted in the thermocat-

alytic technique. Increased risk of root re-

sorption was associated with this tech-

nique.
3

Root resorption is the result of

atypical healing following injury to the pe-

riodontal ligament cells, leading to an acti-

vation of bone resorption cells. Regardless

to the technique adopted, placement of a

resin-modified glass-ionomer or compos-
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trimmed and prepared for a custom stent;

a light-cured resin block-out material (LC

Block-out Resin, Ultradent Products, South

Jordan, UT) was placed on the facial 1 mm

from the gingival area. Trays were fabricat-

ed with a 0.035” thick, 

5”x5” soft tray material used in a

heat/vacuum tray-forming machine. Trays

were properly trimmed to perfectly fit each

model before trying in on each patient. Pa-

tients were instructed on their correct care

and use. Gutta-percha was removed 1 mm

below the crown prior to whitening and a

barrier was placed at the cementoenamel

junction (CEJ) using a resin-modified glass

ionomer (Vitrebond, 3M ESPE, St. Paul,

MN), which was light cured for 40 seconds.

Prior to the start of in-office bleaching,

teeth were pumiced and gingival tissues

isolation was performed using a light-

cured resin dam (OpalDam, Ultradent

Products, South Jordan, UT). A 35% hydro-

gen peroxide gel (OpalescenceXtra Ultra-

dent Products, South Jordan, UT) was ap-

plied into the pulp chamber and on the

facial enamel for thirty minutes. The in-of-

fice bleaching treatment was maintained

and reinforced using a 10% carbamide

peroxide at-home bleaching agent (Opale-

scence 10% PF Ultradent Products, South

Jordan, UT) according to the inside/outside

bleaching technique.
8
Shades were record-

ed 14 days after completing home bleach-

ing treatment and one week after the

restoration was completed. The endodon-

tic access was not sealed during the tooth

whitening procedures and the two weeks

waiting period following completion of non-

vital bleaching. 

A rubber dam was placed and cavity

preparation was completed rounding

sharp angles with #2 and #4 burs (Shofu

Dental corporation, San Marcos, CA) and

bleaching technique after a period of 5

years; it also evaluates the clinical outcome

of multi-surface anterior direct composite

restorations performed on the same

bleached non-vital teeth.

Method and materials

Twenty-one patients 18 years or older were

included in this clinical trial to bleach and

restore endodontically-treated maxillary

and mandibular anterior teeth. Patients with

severe internal and external discoloration

(tetracycline stains, fluorosis-stained teeth),

smokers, and pregnant or nursing women

were excluded from the study. Teeth having

previous bleaching treatments and with

complete loss of clinical crown were also

excluded, as well as teeth that had an endo-

dontic access opening only, without other

fillings. Informed consent was obtained pri-

or to commencement of the study.

Only patients having pulpless endodon-

tically-treated anterior teeth at least two

years earlier with A3 or darker shades were

included in the study. Only teeth having a

combination of endodontic access and

class III/IV cavities were included in the

study. In total, 16 out of 25 teeth had a com-

bination of a class IV and class III restora-

tions with endodontic access; the remain-

ing teeth had at least a class III restoration

along with endodontic access that needed

to be to be restored. All subjects received

a dental prophylaxis 2 weeks prior to the

start of bleaching. 

A Vita shade guide arranged by value

order (lightest to darkest) was used to

record the shade for each patient. 

An alginate impression of the maxillary

or mandibular arch was taken, poured with

dental stone and the resultant casts were
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(VIP Light-Bisco, Inc Schaumburg, IL). Vi-

talescence microhybrid composite resin

(Ultradent Products, South Jordan, UT) was

used to restore the teeth. Stratification was

started using 1–1.5mm triangular shaped

(wedge shaped), apico-occlusal placed

layers of WO Vitalescence shade. The un-

cured composite was then condensed and

sculptured against the palatal enamel wall

and each increment was pulse cured for 3

seconds at 200 mW/cm
2
to avoid microc-

rack formation.
9
Once the waiting period of

3 minutes was satisfied, polymerization of

composite increments was completed us-

ing a higher intensity and longer curing

time (Table 1). At this point, stratification of

the pulp chamber was started using

1–1.5mm dentin wedge shaped incre-

ments, which was strategically placed to a

single surface to decrease the C-factor ra-

tio.
9
Each dentin increment was cured us-

ing a progressive curing technique of 40

seconds at 300mW/cm
2
instead of a con-

ventional continuous irradiation mode of

20 seconds at 600mW/cm
2
. In order to

compensate for the increased polymeriza-

tion time, two different increments were

placed in the opposite cavity walls without

contacting each other. An enamel layer of

placing a 1mm bevel into the facial surface

with a #7104 bur (Shofu Dental corpora-

tion, San Marcos, CA). A total of twenty-five

restorations were evaluated at the 2-year

recall. Teeth restored with endodontic ac-

cess opening only were not included in the

study. A total of 16 out of 25 teeth had a

combination of a proximal surface and in-

cisal edge restoration (class III plus class

IV) along with endodontic access. Con-

versely, the remaining teeth had at least a

proximal surface restoration (class III)

along with endodontic access. The cavity

was disinfected for 60 seconds using a 2%

chlorexidine antibacterial solution (Con-

sepsis-Ultradent Products, South Jordan,

UT). The tooth was etched for 15 seconds

using a 35% phosphoric acid solution (Ul-

traEtch- Ultradent Products, South Jordan,

UT), the etchant was removed, and the cav-

ity was water sprayed for 30 seconds, be-

ing careful to maintain a moist surface. A

fifth generation 40% filled ethanol-based

adhesive system (PQ1- Ultradent Products,

South Jordan, UT) was placed in the pre-

paration, gently air thinned until the milky

appearance disappeared and light cured

for 20 seconds on facial and palatal as-

pects using a quartz tungsten halogen light

Table 1 Recommended photocuring times and intensities for enamel and dentin build

up in severely damaged endo-bleached teeth

Build up Composite shade
(Vitalescence)

Polymerization
technique

Intensity
(mW/cm2)

Time 
(seconds)

Palatal enamel OW pulse

progressive curing

200

300

3

40

Dentin A5-A4-A3.5-A3-

A2-A1

progressive curing 300 40

Facial enamel PF-TM-TF-TI pulse

final curing

200

600

3

10 (incisal)

10 (facial)

10 (palatal)
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Pearl Frost or Pearl Neutral was applied to

the final contour on the proximal and facial

enamel. This final layer was pulse cured for

3 seconds at 200mW/cm
2
. 

A waiting time of 3 minutes was respect-

ed to allow for stress relief, before a final

polymerization at a higher intensity (30 sec-

onds at 600mW/cm
2
) was started (Table 1).

Figs 1 and 2 show the pre-operative and

post-bleaching view of endodontically-

treated teeth before completing restorative

procedures; Figs 3 and 4 show the result

at the 2- and 5-year recall.

Three expert investigators were in-

volved. The first investigator bleached and

restored the teeth; the second and third in-

vestigators evaluated the restorations at 6

month recalls, and were pre-calibrated at

85% reliability. Disagreement was resolved

with consensus opinions. 

Fig 1 Preoperative retracted view of discol-

ored non-vital upper left central and lateral in-

cisors in need of restoration. The vital upper

right central incisor presented existing com-

posite resin restorations. Teeth were devital-

ized and restored with composite resin 10

years earlier.

Fig 2 Pre-restorative picture showing shade

change on both vital and non-vital teeth once

tooth whitening was completed. The vital up-

per right central incisor shows a lighter shade

than the adjacent teeth.

Fig 3 Post-operative appearance 2 years

following restoration demonstrates mainte-

nance of a good esthetic result on both non-

vital and vital teeth. 

Fig 4 Post-operative appearance at the 5-

year recall. The vital upper right central incisor

still shows a shade lighter than B1; an initial

bleaching relapse trend is notable on the left

central incisor.
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Results

All but one restoration was evaluated dur-

ing a 5-year period using modified United

States Public Health Service (USPHS) cri-

teria by two independent evaluators. Tooth

color stability criteria were first introduced

to evaluate tooth color modification over

time
13

(Table 2). Pictures were taken at

each recall. No restoration failed and alpha

scores were recorded for all parameters

except color stability (Alpha: 10; Bravo: 14;

Charlie: 1, Table 3 and Fig 5).

Statistical analysis was performed using

ANOVA; post hoc comparison was adopt-

ed to correct for type-I error, and an inde-

pendent sample t test was also used when

appropriate. Analysis was performed us-

ing the Statistical Package for Social Sci-

ence software (SPSS Inc., Chicago, IL).

ANOVA showed a significant tooth shade

change between baseline (mean = 14.13)

and 2-weeks (mean = 1.6), 2 years (mean

= 2.8) and 5 years (mean = 3.4), P < .0001.

Summary of the mean tooth shade

change is reported in Table 4. 

A post hoc test showed no significant

shade change between the 2-week and 2-

year follow-up (P > .05) and between the

2-year and 5-year follow-up (P > .05). A

significant shade change was reported

between the 2-week and 5-year follow-up

(P = .001). 

Discussion

The scientific literature reports few long-term

clinical data on the stability of color correc-

tion of non-vital tooth whitening achieved by

Table 2 Modified USPHS criteria used for direct clinical evaluation of the restorations

Score Alpha Bravo Charlie Delta

Tooth color stability No change Change of color com-

pared to the 2-week fol-

low-up (up to 4 shades)

Change of color com-

pared to the 2-week

follow-up (up to 8

shades)

Change of color

compared to the

2-week follow-up

(more than 8

shades)

Surface texture Sound Rough

Anatomical form Sound Slight loss of material

(chipping, clefts), 

superficial

Strong loss of 

material (chipping,

clefts), profound

Total or partial loss

of the buld

Marginal integrity

(enamel)

Sound Positive step, removable

by finishing

Slight negative step

not removable, 

localized

Strong negative

step in major parts

of the margin, not

removable

Marginal discol-

oration (enamel)

None Slight discoloration, 

removable by finishing

Discoloration, local-

ized not removable

Strong discolora-

tion in major parts

of the margin not

removable

Secondary caries None Caries present

Gingival 

inflammation

None Slight Moderate Severe

Restoration color

stability

No change Change of color 

compared to baseline

condition
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Table 3 Shade record at baseline, 2 weeks after completing the restorations (in paren-

thesis the number of shade change) and at the 2- and 5-year follow-up (in parenthesis

the number of shade rebound).

Patient Baseline 2 weeks 2-year recall 5-year recall

1 A4 B1 (14) B1 (0) B1 (0)

2 A4 B1 (14) A1 (+1) D2 (+3)

3 D3 B1 (9) A1 (+1) A1 (+1)

4 C4 A1 (14) A2 (+2) A2 (+2)

5 A3.5 A1 (10) A1 (0) A1 (0)

6 C4 A1 (14) A2 (+2) C1 (+3)

7 C4

C4

B1 (15)

B1 (15)

B2 (+2)

B1 (0)

A2 (+4)

B1 (0)

8 C4 A1 (14) A1 (0) B2 (+1)

9 A3.5

A3.5

A1 (10)

A1 (10)

A1 (0)

D2 (+2)

A1 (0)

D2 (+2)

10 C4

A4

A4

B1 (15)

B1 (14)

B1 (14)

B1 (0)

B1 (0)

B1 (0)

B1 (0)

A1 (+1)

B1 (0)

11 D3

C3

B1 (8)

B1 (13)

A1 (+1)

B1 (0)

A2 (+4)

B1 (0)

12 C4 A1 (14) A2 (+3) A2 (+3)

13 C4 D2 (12) C1 (+2) C2 (+3)

14 A4 B1 (14) B2 (+2) A2 (+4)

15 A4 B1 (14) B1 (0) B1 (0)

16 A3.5 A1 (10) A2 (+3) A2 (+3)

17 A4 A1 (13) A1 (0) A1 (0)

18 C3 A1 (12) A1 (0) A1 (0)

19 C4 B1 (15) A2 (+4) C2 (+6)

20 C4 A1 (14) A2 (+3) A2 (+3)

Fig 5 The graph shows the aver-

age tooth color modification after

completing the bleaching treatment

versus baseline and at the 2- and

5-year recall.
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the walking bleach and thermocatalytic

technique. These clinical studies reported a

relapse of discoloration incidence varying

from 10–40% with a severity increasing pro-

portionally to the follow-up period.
14,18,19

Am-

ato et al
20

reported a 63% tooth color main-

tenance after a 16-year evaluation period

using a combined walking bleach and ther-

mocatalytic technique. According to Fei-

glin,
15

chemical bleaching of discolored

teeth gives a 45% rate of success after 6

years. The author also used the combined

technique; he did not consider bleaching as

a permanent treatment in adult teeth.

There is no comparative study regarding

the in vivo efficacy and stability of the col-

or correction achieved by the inside/ out-

side method versus the classic walking

bleach technique.

Whenever non-vital tooth bleaching is

performed, there is always the concern that

bleaching relapse occurs and tooth discol-

oration returns. A significant shade change

between baseline and 2 weeks, and base-

line and 5 years was notable in this study.

Although a significant shade change was

reported between the 2-week and 5-year

follow-up, no shade rebound occurred for

10 out of 25 non-vital teeth and only one

tooth underwent to a severe shade relapse

(6 shades). Although some patients no-

ticed the tooth color change, no one asked

for further bleaching treatment. A previous

clinical report defined color relapse failure

as a color change of two or more shades;

however, patients did not seek further

bleaching treatment.
20

This means that cli-

nicians may consider a failure what pa-

tients may consider an acceptable tooth

color condition.

The exact mechanisms responsible for

the initial tooth discoloration and relapse

are not precisely known. The discoloration

is an intrinsic dentin stain that occurs be-

cause the trauma to the tooth causes a

hemorrhage of the pulp into the dentinal

tubules. The blood products remain in the

dentinal tubules and discolor over time,

leaving the tooth with a darkened, usually

yellow-brown appearance.
7

According to Dietschi,
4

it is not clear

whether the reoccurrence of the discol-

oration is the result of the progressive

transformation of hemoglobin and pulp

remnants or caused by the penetration of

new pigments from the oral cavity. The use

of staining root canal cements may also fa-

vor the relapse phenomenon. Presently,

no ideal protocol can be proposed to over-

come tooth relapse of non-vital bleaching.

However, as for vital teeth, tooth re-lighten-

ing may be easily recovered with a period-

ic application of 10% carbamide peroxide

gel using the same bleaching tray worn for

the initial tooth whitening treatment. This

procedure was omitted in the present

study to allow for an analysis of tooth col-

or relapse.

Table 4 Summary of the mean shade change and the percent change from baseline

Mean (± SD) Percent change from baseline

Baseline shade 14.4 (± 1.9)

2 weeks after treatment 1.6 (± 0.7) 89%

2-year follow-up 2.8 (± 1.7) 81%

5-year follow-up 3.4 (± 2.0) 77%

SD = standard deviation
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Endodontically treated teeth can be-

come fragile due to the aggressive tooth

preparation required for adequate en-

dodontic treatment; in many cases, these

teeth have significant loss of tooth structure

due to caries and/or trauma. Increased

composite restoration success in recent

years is a result of not only improved

restorative materials and bonding systems

but of increased clinician expertise. 

In the present study, multi-surface ante-

rior direct composite restorations were

completed using a total-etch technique

with a single component adhesive and a

microhybrid composite. The restorations

were placed in an ideal controlled clinical

environment using rubber dam isolation

and an innovative yet sound incremental

composite placement technique shown to

reduce the effect of polymerization shrink-

age.
21,22

Lately, the use of direct adhesive com-

posite restorations has been stretched to

the extreme with promising results. In the

present study, endodontically treated teeth

were restored using a conservative adhe-

sive resin technique without the need for

posts and/or full coverage restorations.

Previous reports support the restoration of

non-vital teeth avoiding post insertion into

the root canal.
23–25

Teeth with thin remain-

ing enamel walls were restored based on

the principle that bonded restorations re-

inforce weakened teeth helping to pre-

serve tooth structure.
22,26

In addition, the

study limited the patient population to

those without parafunctional habits. Mar-

ginal integrity and anatomical form were

preserved over a 5 year follow-up period.

No marginal discoloration, recurrent de-

cay, chipping, or composite clefts were de-

tected. Although texture was considered

sound, polishing was sometimes required

to improve composite shining. As matter of

fact, the overwhelming success of the

restorations placed in this study may in

part be a result of favorable occlusion of

the study patients.

The longevity of composite restorations

has been a topic of discussion for many

years. The main reasons for replacement of

anterior composite restorations are typical-

ly surface discoloration, secondary caries,

and/or fracture of the restoration.
27,28

How-

ever, the available literature does not lead

to a consensus among authors regarding

the longevity of anterior composite restora-

tions.
29

Indeed, no previous study reported

data on the clinical performance of en-

dodontically treated teeth with multi-sur-

face defects. Many variables affect longevi-

ty of composite restorations including

location and size of restoration and vari-

ability of the bonding substrate. The com-

mon belief that the more complex the

restoration, the shorter its lifespan seems to

be contradicted by the results of the pres-

ent study. Devitalized dentin is deprived of

its odontoblastic process and collagen lay-

er and may be modified by the use of con-

ventional endodontic irrigants. A different

hybrid layer may be created due to ab-

sence or reduced concentration of resin-

impregnated collagen fibrils.
13

Further clinical evaluation is required to

assess the durability of the composite

bond to both enamel and dentin over time

in a similar scenario. This consideration is

valid for both direct and indirect restora-

tions that require an adhesive cementation

protocol.
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