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TE S ik BAZ 0|88 YHO V=2
A0l CiSt| = }Ch 60H0| X XF=
iitoz HEAEZS BASts A2 fT7|ete
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AotEn fHEEHES FAS= A0l Clearfil
Bond System-F (Kuraray)l| H&=2 3IA %
AAZICED 23FCEH Ol HE2Z "Total
etching" 7HE0| 7H&E He=, AOotEl o4t
2A0| X|H =522 YEHHZS THAIZIC
0 ghESh Zo|ct

1982, Nobuo Nakabayashi ¢7El2 Ao}
ZZ 10% citric acid-3% ferric chloride (10:3 &
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“demineralization-resistant zone"&
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ot X2 K YWEE|E= decalcification BHS2
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HELE HOLE MM HAel & F7IX| Hek

7|&5tH stCt. Etch-and-rinse EEAE 2

oM El decalcification’ Z2E
E& YA, 10-methacryloxy decyl hydrogen
phosphate [10-MDP] 2t Z2 self-etching &
AM+E (pH = 2) & ‘adhesion’ ZE2E 2L}
Jd2{Lt self-etch EEA ot O{TS| D[ZQ
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(macrofilled resin)OlA 13 (microfilled resin)
Heetld g™ Qo] FI|HeE IHAHDE §

= A0| FL2]

3. MEl Y O ¥yE F= 8a
¥e| 9 ots GopNiet Cfd EW 2o
MBRBO o5ty MU 22 1Y ol
FE, 37), BY, LOoH, 24 FE 59
Chgst SMIF ZEol o) ¥Ee we 4
At EP Hg Ao 8, £ 5 X8

gdotxel  d== 7129
CHERSHOF 28X 0l Fale Aot7t Zhsoi TCt
Aotrel dE=et B 29|

HlmstHE, — &R0E
—

BEHC}

[30)
O

E 19

Z=s

7|1 &9
S A0 E
(aluminum oxide), &2 ZHIO|= (silicone
carbide), C}O|OI2 E (diamond)= 2% 2| Z10]|
His§ A& CHotest 228 EQI0 (& 1 - 2]
m2tA 7[e] AOMX= Chket AHOFZ| 0| A

T2 ot dE2=2M d2| AR8EL Urh
oHE, Ol=2 H¥ZE o3, AHEZY
HISiME =7t M7| 20, S0k Al oS

[ 1] CYot AOe] 4=

Mohs Knoop Vickers
Hardness ~ Hardness Hardness
(kg/mmz2) (kg/mm2)
Talc 1 = =
Gypsum 2 = 12
Rouge 5-6 = =
Pumice 6-7 460-560
Tripoli 6 = =
Garnet 8-9 1,350 &
Tin oxide 6-7 = =
Sand 7 = =
Zirconium 7.5 = =
silicate
Tungsten 9.8 1,900
carbide
Aluminum 9 2,100 1,200
oxide
Silicon carbide 9-10 2,500
(Carborundum)
Diamond 10 7,000~ 10,200

10,000

[# 2] Ciet 7|2 #HO| 3k

Mohs Knoop Vickers
Hardness Hardness Hardness
(kg/mm2) (kg/mm2)
Enamel S 340-431 294-408
Dentin 3-4 70 57-60
Cementum o 40 =
Type III gold 3 E 155-250
alloy
Type IV gold 4 220 248-280
alloy
Amalgam 4-5 90 120
Glass ceramics 5-6 360 =
Microfilled 5-7 30 37-160
composite
Hybrid 5-7 55 61-159
composite
Titanium < = 210
Porcelain fused = = 35
to metal
Zirconia 1,160-1,300
SHAIEE  Z2 BFRe d0mEt StHEE

Aorxjel 370 e ME CHE AN 28,
#H EH4Z EO|A ECt Ol= 7t coarse,

medium, fine, superfine 52| CO|OFEEH 7}

b

YAz OfEA CHEXE H=dl®H € +
ULE.
(2) dopr|1tel R
o7tk 7|7+& 3A =2F £, high
hand piece 2=+ diamond / carbide /
stone burt  XF  AMEEICE Low hand
piece&22&= Ot HESO0 U=,

silicone / rubber / polymer 52 baseZ }0],
aluminum oxide / silicone carbide / diamond
s= ZYAZIL, olF HE Fo
UE S cup / cone (point) / disc or wheel /
brush / strip HEE HZ HEFS0| AlEED
RACE 0|20 hand instrument, polishing paste,
liquid polish system S0| &0 &&8E =+
UL,

(3) M8 Azt

M2l Y Qo AlZte JHEE 5E9
Qafets ol  FAXD, o= FE
O|NOIAE Batel HE st 3% oDz MR
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T35 A=H, =7 &= HAME 10,000
rom O|LHE, &7 & EHAO|AM+= 30,000 rpm
OlLfz XY Z0| AFEC Lot & A2
Sof-Lex diamond  polishing
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1

superfine?]

™ system=

IS 0|83l S8 =Hdt= 7 Bot
geet =22 OEX[E, el BF low

hand piece Z|C{f =2 0| 30,000 rpm FXZ0|7|

10

M=ol =|ch

ESEEDR

Hol  1/2-2/3  Ol3t=E
g Z0|Ct Low hand
= O[StoM= F7t

DO, O|2fst 2R &its
S EXXL7L 3-way syringeE

£ A0 FAcH

=
wao| e
A, A =

aro

piece 0|8 A,
zog

X g
oot g
=]

I
O|gstq o

orL

Dk F
LS

=42 9
(6) 0ol A|7| - ZAHO}, X|¢n}
Aot Thet OfF7HX| Ol F ofL

oiotE el x| 1 AIEO

Sxjolct Yy

|

—_

i
™N 1ot

>
e
>

[0 HI Y
[0 oot ©

W
Ho © 4 H

=B

0
m

resin2|
ALE ALt O X
A oM =
ELRE

microfilled

oo o >
o Ry
rot

=

S35t
=

> Tlot

e
e
=]
i

S
>
Jfot
rlo
>

Moy

=2
Hr o>
10
J
=2
R

+

sto| ¢iOrE
= HYargoXM
O HaE WHA|7|Z,
27 oM L7 HO
fZ I, CH2E microfilled

oo e

EZ0

)
0!
il
n
o

L Of
- -

4w
w1 ooz rir
oo 4C
o

rE
e e

%

o
=
o
nat

=2
x

Mo
1]

X
o

7]

o 2
nA

1z
mfn

=
ot
=

qr 0

#59

ok
1
=

HT

AL

(8) =AMLHZ Ct Mof &7f?
3-4 CHA BEE MEtE0l Us
THA0M 2F HESt=
Az =8E 2705 ¢
THAE dUFl=E A0l st
=7|&= ottt 2L Ankel Zf
TAZ OASHALE =

229l Zungts E0FER 4
7+

Sef7t ojmals

kN
Ly
mun
o

o]d

n o o
rr

mn
]
rir
_lTl_
ajo

wx rr
ot
=

Rt

0|

0 0x £9

2L} BHo



celluloid stripg Ar2%H 4

?,) H oY 7EHS
UCHo

g2l7k Eestx]  RCHE,  gEf F2|0f
MEE[= =7 BA 7|17 45 7tSOH.
oj¢el U&= dalof =ctd g2l
Aotel g2 AMZITet Y M=o
ofgi7tx| Ego Jgs =en, Aok
AlZt2 EAZZ 10=0M 30= FEo Al
¢ e ¢ar HAEet £X (10,000-

=]
30,000 rpm, M Z=AF X[AlOf [M2hE, F= S},

ted dUFX @R FEHZ A0}
st
4. YUY Hg
gelet  doks d¥Esl YddHo|n
HHHQ  SHo|l22 Aottt MZshE
7|l FF, ME /Y0 &0 Aoty &
YHOUME Y HE /0 w2, 2219
d=0 e RH 7tX 28 oM 2715t axt
SFLY.
Desired anatomy Blemish free
8-12 fluted and margins smooth surface Luster and gloss
2100pm 12-16 fluted 18-30 fluted 8-20um
30-100um 20um
Bulk Finishing Polishing
reduction
O

(28 1] g2 A ool

ol
=}

z

od mi

(1

A &
(=]

4 N~

rlo o

B0

2

g 1t O|ZH CHAE=Z O|RO0X|HA
o (23 1] MEXoZ  HXE  bulk
CHAO| M= 8-12 fluted carbide bur,
100 um O|&2| YUXE 7t%l coarse diamond
burE O|&3%t0f FAMZHQ Rmzs ZEH.

Contouring THAIOAM = 12-16 fluted carbide

J

i oo

reduction

bur 22 30-100um diamond bur, coarse
abrasive-coated discE 0|23} HE{E

11

ChEa SflFotd HEHE FOSHCL Finishing
CHAO| M= 30-fluted carbide bur, extra-fine
diamond bur, white stone (aluminum oxide),
to fine abrasive-coated discE
0|83t EMO| A3efX[E Sloj “Fe|otct.
Polishing THANM= ZBHL=Z, fine, extra-

fine polishing paste

medium

(aluminum oxide or

diamond), extra-fine abrasive-coated disc,
silicon carbide impregnated brush, diamond-

impregnated rubber polishing disc, cup, point

9| of2{7tx| Aot 7|FE 0|85t HEHZ
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Non-vital Bleaching on Traumatized, Discoloured Maxillary Central Incisor

: Utilization of Ultrasound Doppler Flowmetry for Diagnosis

Sung Young Lee*, Yooseok Shin

Department of Conservative Dentistry, Yonsei University College of Dentistry, Seoul,

Republic of Korea

E-mail: densys@yuhs.ac

Abstract

Tooth discolouration may occur as a result of
tooth trauma, which may cause pulp necrosis.
If the pulp becomes necrotic after trauma, the
severity of resulting discoloration is time
dependent; the outcome of non-vital bleaching
(NVB) may be affected by the duration of
discolouration and trauma. On the other hand,
the possibility of recovery of discolouration and
the temporary loss of sensibility during post-
traumatic pulpal healing must be considered
before performing root canal treatment (RCT)
and NVB in traumatized, discoloured teeth.

In this case, Ultrasound Doppler flowmetry

(UDF) was utilised in conjunction with
conventional pulp sensibility tests, which
allowed for more accurate diagnosis of
traumatized, discoloured teeth. Thus,

unnecessary treatment on tooth #12 was
avoided by not hastily diagnosing it as pulp
necrosis, and necessary, timely treatment on

tooth #11 was able to be performed, resulting

in both endodontically and aesthetically
satisfactory outcome.

Key words: Anterior Esthetics, Trauma,
Ultrasound Doppler  flowmetry,  Tooth

discolouration, Non-vital bleaching, Pulp vitality

test
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Introduction

Tooth discolouration is one of the aesthetic
concerns of patients visiting dental clinic, as it
may affect their appearance negatively, and
thereby influencing their psychosocial well-
being. It is of greater impact if the
discolouration is limited to a single anterior
tooth as the different colour stands out in
contrast to adjacent teeth.

Tooth discolouration may occur following the
event of tooth trauma. When the pulp becomes
ischemic after trauma, vascular permeability
increases to compensate, causing hemorrhage,
blood

resulting in discolouration. Pulp necrosis may

producing degradation  products,
also result in the production of blood and
protein degradation products. It is well known
that discolouration is usually time-dependent;
the longer discolouration products are present,
the more severe the discolouration. Moreover,
the outcome of bleaching treatment is related
to the length of time the tooth has been
discoloured; more appointments are needed for
patients with older trauma and older
discoloration. Thus, timely endodontic and
bleaching treatments may be required to
achieve satisfactory outcome in discoloured
teeth. However, accurate diagnosis of the
pulpal status must be made beforehand, which
is often difficult in traumatized teeth as

temporary loss of the sensory response in teeth



may be caused by injury, inflammation,
pressure, or tension on the nerve fibers in the
apical area.

In this case, endodontic treatment and non-
vital bleaching were performed on traumatized,
discoloured maxillary central incisor, which was
diagnosed with Ultrasound Doppler flowmetry

(UDF) in conjunction with pulp sensibility tests.

Case
A 14-year-old boy presented to the
Department of Conservative Dentistry of Yonsei
chief
complaint that he bumped his upper lip and

University Dental Hospital with a
teeth while hanging on the bar four days ago.
On the day of trauma, he had visited the
Emergency clinic of Kyungpook University
Dental Hospital due to upper anterior teeth
mobility, and resin wire splint on his upper
anterior teeth was performed. There was no
contributing

medical history

present.

Figure 1: Initial radiograph.

On intraoral examination, teeth #11 and 12

showed no response to thermal and electric
pulp tests. On radiographic investigation, a
periapical radiolucent shadow was seen
associated with tooth #11 (Figure 1). This
radiolucency and negative response to pulp
sensibility test were assumed as initial response
to traumatic injury. Thus, periodic clinical
follow-up with pulp status testing was planned.

Two weeks after trauma, the RWS was
removed, and thermal and electric pulp tests
showed negative responses on teeth #11 and
12. These teeth continued to give negative
response to thermal and electric pulp tests two
months and three months after trauma. Thus,
additional pulp test, UDF, was carried out three
months after trauma. As it was possible to
identify small sound on teeth #11 and #12,
one-month follow-up was

months after trauma, teeth #11 and #12

planned. Four

showed noticeable discolouration and negative
responses on thermal and electric pulp tests
(Figure 2A). However, pulp vitality test using
Ultrasound Doppler Flowmetry (UDF) showed a
pulsed waveform & sound, indicating vital
pulpal blood flow (Figure 2B). Thus, endodontic
treatment were

treatment and bleaching

postponed at this stage.

Figure 2. Four months after trauma
A) Clinical image showing slight discolouration
on tooth #11.



B) UDF image of teeth #11, 12 showing pulsed
waveform.

About one year after the traumatic event,
tooth #12 showed positive responses on both
pulp sensibility and vitality test. However, for
tooth #11, discolouration became more severe,
pulp sensibility test showed negative responses
as it did for one year, and pulp vitality test using
UDF also showed negative response, allowing
for the diagnosis of tooth #11 as pulp necrosis
(Figure 3). Hence, RCT and non-vital bleaching

were planned and carried out.

Figure 3. One year after trauma
A)

discolouration on tooth #11.

Clinical image showing noticeable
B) UDF image of teeth #12 showing pulsed
waveform.
B) UDF image of teeth #11 showing a linear,
non-pulsed waveform (a negative UDF result)
Root canal treatment was performed on
tooth #11 (Figure 4A). On the next visit, a
portion of Gutta-percha was removed down to
2mm beyond the cementoenamel junction,
providing space for resin modified glass
ionomer (RMGI) base. Bleaching paste (powder
of sodium perborate mixed with distilled water)

was placed in the pulp chamber, and the cavity
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was sealed with RMGI cement. Two weeks after
the bleaching procedure, the tooth #11 reached
the colour of the adjacent teeth and the
bleaching agent was removed from the pulp
chamber (Figure 4B). As the desired result was
achieved, the palatal cavity was restored with
composite resin (Premisa, Kerr Co,. Orange, CA,
USA), and the patient was scheduled for follow-
up appointments. Three months after the
treatment, the colour and shade of tooth #11
remained stable, without any sign of recurrence
of discolouration. (Figure 4D). The tooth #12
showed positive response on thermal and

electric pulp tests.
e

—

‘ N

5

" &S

Figure 4. Clinical images

A) Pre-operative image (after RCT) showing



severe discolouration on tooth #11.

B) 2 weeks after the first session of NVB: similar
shade to the adjacent teeth

C) After resin core

D) Follow-up after three months

Discussion

If the pulp becomes necrotic, the

discolouration persists and usually becomes
more severe with time. Moreover, Gupta SK et
al. (2014) reported that significantly greater
number of appointments were needed for
patients with older trauma and older
discolouration. Thus, when pulp necrosis or
discolouration occur after trauma, it appears
advantageous to begin treatments quickly to
effect and

achieve satisfactory bleaching

minimize complications related to pulp necrosis.

However, the discoloured tooth may return to
its original shade and translucency when the
tooth vitality is preserved. Considering tooth
vitality in traumatized teeth, a temporary loss
of sensibility was a frequent finding during
post-traumatic pulpal healing, especially after
luxation injuries. Thus, rapid intervention after
trauma may result in unnecessary RCT and
bleaching treatment rather than effective
treatment.

In this regard, accurate diagnosis of pulpal
status is essential as false negative response
may result in unnecessary treatments, while
delayed diagnosis and treatment may lead to
severe complications. Thermal tests and electric
pulp testing (EPT) are common pulp sensibility
tests used in clinic. However, as these indirect
methods rely on the subjective sensitivity of
patients, and do not assess the pulpal blood

flow, the precise status of the pulp cannot be
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determined based on these methods alone,
especially in traumatized teeth. On the other
hand, pulp vitality tests such as UDF directly
detect and assess pulpal blood flow, accurately
determining pulpal status, even in traumatized
teeth.

Ahn et al. (2018) demonstrated that the pulp
survival rate of the UDF group (EPT+EDF) was
significantly higher than the EPT group, and
that RCT was performed hastily in the EPT
group, whereas pulp necrosis was diagnosed
more cautiously with the use of UDF.

In this case, UDF was used in addition to the
pulp sensibility test, and the pulpal status was
determined through repeated, comprehensive
testing and follow-up. Thus, it was possible to
avoid unnecessary treatment on tooth #12 by
not hastily diagnosing it as pulp necrosis, and
was able to provide necessary treatment on

tooth #11 by cautious, accurate diagnosis.

Conclusion
and NVB

traumatized, discoloured teeth, the possibility

Before performing RCT in
of recovery of discolouration and the temporary
loss of sensibility during post-traumatic pulpal
healing must be considered. UDF can be used
effectively in determining the pulpal status of
traumatized teeth; when used along with
conventional pulp sensibility tests, unnecessary

RCT and bleaching treatments may be avoided.
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