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5, BRI o RE KRB IZHEICHRIT S 2 L
v, B 5T, HEEORRSTE Lo S fho
FHUT LB EEHS VDT, FHIFERSH L ZD7-
DFHMEAME (Fig 2).

2. BEERIIZFEAERW

ElhE Oz, B O, S sk s &
T4 OBITHEEIC X BTEEOETICMA, HE _dH bW
RS RFE ORI & 2 ez, B & OCRFME
FIRAGIC & % M PAZE LI O TR 1T & 2 FIRREE O

LR EMBHERPEC TS, 200, RE #H

T L TOEAZECICS L, BREERIZEA ER L

Fig. 1 A case of root surface caries

a. Large buccolingually spreading root
caries. Caries has progressed to the
incisal side (under the resin restoration).
b. After caries removal. Prior to caries
removal, the gingival portion of the res-
toration was removed.

Consent was obtained from the
patient for publication.
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Led W0,
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Wiz BITIIAR N & A O AN > T 554
%<, BENEPEEICRETHZ. 2ok, ik
DHEFTLZRE S o< 52 4 v b ELTIE, JHRERY
BEERLE LT 0 —F L RS2 2B 0T—X
2%\ (Fig. 3).

6. BRPVFERREBEPZV

EH 72 PR S Y Fic b 2 BB ICHAE LR
S, BHIXRINS L% 00T, BERH BV
FIERERERNAEE b T PR BRI AEE 2 £ 255
BB ERDbND, EIAR, ZHTREBEVESE, K
EEFICBLTIEA Y ZRY X7 2E L (BR), WD

Fig. 2 Changes in activity of root surface caries over a 10-year period (Cases in

which non-invasive treatment was not performed)

a. Baseline, b. After 8 years. c. After 10 years,

The occurrence and progression of root surface caries in central and lateral inci-

sors differ greatly (10-year follow-up). Root surface caries is difficult to detect in its

early stages and has very low predictability.
Reproduced from Fig. 3 on p.11 of the Clinical guidelines for root surface caries

(partially rearranged)
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Fig. 3 Multiple root surface caries

The progression of each caries varies. In
treatment, it is also necessary to consider
pre-existing systemic diseases, and the manage-
ment of dental caries, including improvement of
the oral environment, is extremely difficult.

Consent was obtained from the patient for
publication.
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Table 1 Diagnostic criteria for root surface caries proposed by ICDAS
(visual examination)

Code Diagnostic Criteria

Code E  No gingival recession, no visible root surface

Code 0 Substantial defects on the root surface not due to caries
(Tooth wear)

Code 1  Color changes limited to the root surface and CE junction are
observed, but substantial defects are up to 0.5 mm in depth™®

Code 2  Color changes limited to the root surface and CE junction are
observed, and substantial defects are 0.5 mm or more in depth*

% : The tip of the WHO (CPI) probe is used to measure the depth of
substantial defects.

Table 2 Diagnostic criteria for root surface caries using an explorer (palpation

H

Fig. 4 WHO (CPI) probe
The 0.5 mm diameter ball at the tip is
used to evaluate the depth of the defect of
the root surface caries by visual examina-
tion or the roughness or softness of the
surface of the root caries by palpation.

)3)

Condition of

Surface Characteristics Diagnostic Criteria .
Lesion
Soft Lesion Soft Easy insertion of explorer Active
Leathery Lesion Leathery Explorer insertable but Active
resistance in pulling out or
Non-active
Hard Lesion As hard as sound root Impossible insertion of Non-active
surfaces explorer Fig.5 Explorer

The sharp tip is inserted
into a root surface caries
lesion and its activity is diag-
nosed by its palpable charac-

teristics.
Table 3 Caries risk factors specific to older adults
Caries Risk Factor Indicator Points
Age Advancing age Root exposure (Brushing difficulties, High critical pH)
Saliva secretion Decrease Decreased ability to remove food residues

(Advancing age, Medicine, Reduced elimination of oral microorganisms

Radiation therapy, etc) Decrease in acid buffer capacity

Decreased remineralizing capacity

Systemic medical history Existence Use of saliva suppressing drugs

(Especially for dementia)  (Diuretic, Antihypertensive, Antihistamine, Antidepressant, etc)

Social life and Eating habits Irregular Decreased opportunity for oral activation (e.g., not talking)

Difficulty in brushing

Poor nutritional status

Bedridden, etc

Clinical Signs Clear, Many Presence of re

stored teeth

Mouth breathing
Use of dentures

Missing teeth,

Non-committal teeth, etc
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Fig. 6 A case of periodic non-invasive treatment with fluoride application and observation of

changes in root surface caries activity for 15 years

a. Baseline. b. After 5 years. c. After 20 years(15 years after the start of non-invasive treatment).

43 and 44 root surface caries (arrows) were diagnosed as active and non-invasive treatment was
about to be initiated, but the patient did not come to the clinic for his convenience (a). The patient
returned to the clinic 5 years later and had more active caries in 45 (arrow) than in 44. 43 and 45
root surface caries were diagnosed as “active” and routine non-invasive treatment was intiated

(b). Arrested state has been maintained for 15 years with regular oral hygiene management and

fluoride application to control progression (c).

Reproduced from Fig. 2 on p.11 of the Clinical guidelines for root surface caries? (partially rear-

ranged)
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Fig. 7 A case of non-invasive treatment for 10 years inhibited pro-

gression of root surface caries in a difficult-to-restore furca-
tion (4 applications of silver diamine fluoride over 10 years)

a. Baseline. b. After 1 year. c. After 10 years.

Active root surface caries in 47 furcation. Because of the difficulty
of restoration, it was decided to apply 38% silver diamine fluoride
(Saforide®) for non-invasive treatment (a). 1 year later. The lesion is
darkening, but progression is controlled (b). After 10 years. Saforide
was applied 3 times during this period. Caries is in an arrested state
(c).

Reproduced from Figure 4 on p.11 of the Clinical guidelines for root
surface caries? (partially rearranged)
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Fig. 8 A case of root surface caries resto-

rations utilizing ART

72-year-old female. Root surface caries on
the lingual to adjacent surfaces of teeth 31, 32,
41, and 42 were restored with glass-ionomer
cement (Fuji IXGP EXTRA, GC, Tokyo). For
root surface caries, which is extremely difficult
to remove, ART should be utilized to control
the progression of caries by the sustained
release of fluoride ions from glass-ionomer
cement, taking into consideration the residual
caries.

Consent was obtained from the patient for
publication.
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—Prospective from Education and Research of Clinical Cariology—
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Table 1 Patient Level and Intraoral Caries Risk Factors

Patient Level Caries Risk Factors
# Amount of plaque
# Diet (quality and frequency of snacking, quality and
frequency of beverages)
# Decreased saliva (drugs, stress, aging,
radiation therapy)
# Insufficient use of fluoride
# Experience with dental caries by caregivers
# Visiting the dentist only when symptomatic
(Radiotherapy of the head and neck should always be
considered high risk.)

Intraoral Caries Risk Factors

# Decreased saliva production

# Obvious xerostomia

# Guttation, ulcer, fistula, abscess

# Cariles experience

# Thickened plaque

# Retention of plaque on defective prostheses, restorations
# Root surface exposure

ies Management by Risk Assessment)®, Hbls <> e
B ICBIF S NI h A9 LA A RO Y X273y — v
THET 2t 6MR% %, ICCMS T, HH\ 2 i
V= VEIRETZOTIEARL, SV AT EELT A
BB L UOBREERE LT Table 1 FEOHEEZZEF, %
N EHTFMICHAAND K HHEEL T3,

Detect : 5 gl L §FifiCix, OBEOYRT 772
& — D2 5458 %, HilEH Determine TD 5 iU 2 7
HEHR2EB X UREICERT 2D TH D, Table 1
TEIZART Detect TD Y A7 1%, AERE CHhH» 2THH
EWVWHEBVWAH DI LICHFEHLE W,

Zo&Hi, fAD S Y 2 7 % Determine & Detect
OMEHZREWICHET L QRET 22 LItk 5,

e { M EAT T ORI TR, S MW ORI L L
TLLRBAIEN T WS ICDAS 2Mffibh T, £2ZT
B TD 3208 a—FichhrhTws,

#1:BE - v—5 v rDa—F

#2 @ Bt S Bl - AR S B ETTEE

#3 1 TEEE

Table 2 EBICRT LB D, WiE S BHOMETE X, 7
VEINF 2T —CHHEPREETE 2RNERE L7V
N=Ya TR 0~6DT7TEBOREICE>THE, —
77, BEHFELR EOLTREGZESH L WIRULTIE,
0, A, 3~6H50ix0, A, B, Cofffg -2 a T
DBIGH RN TE 5.

B S Bl O HEFTEE ik, faida— F 0, #0335 fhix
a—FA, Hr0iFa—F1¢2 FHEESEZa—F
B, $5wiga—F3L4 HESBIF=2-FC How
Za—R5L6 LI NTVwE, T2 TOWMS Al
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Table 2 International Caries Detection and Assessment
System (ICDAS)

Code Lesion Appearance on Individual Coronal and
Smooth Surfaces

No lesion

Visual change evident when dry (white spot)
Visual change seen when wet

Localized enamel breakdown involving dentin
(shadowing present)

Cavitation and dentin present

Obvious extensive caries

wN— o

Lesion Appearance on Individual Root Surfaces
Root surface not visible

No discoloration or defect visible

Obvious discoloration, but no cavitation
Obvious discoloration and cavitation

&
[\7»—*0['11% D O1

FUHITO=2 YA v FORNRER D, FEEB X UE
S BIIYIEINR E 72 % LR TE 5.

Ri, RS MOEITE D3 — F % Table 2 TEICR
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3FHOa—FIFSalFEkIcRdT2dbDTHS. S
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BEFRTH .
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Table 3
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ICCMS Caries Management Protocol

Low

Moderate

High

Fluoride distribution according
to the guidance of the dental
team (1,000 ppmF toothpaste
or more)

. Brushing twice a day

3. Interdental cleaning (dental
floss, interdental brush)

Home Care 1.

Do

1. Fluoride distribution according to
the guidance of the dental team
Dentifrice (more than 1,450
ppmF)

2. Brushing twice a day

3. Interdental cleaning (dental floss,
interdental brush)

4. Fluoride mouthwash

—

. Fluoride compounding according to

the guidance of the dental team
Dentifrice (1,450 ppmF or more,
if available 5,000 ppmF)
Brushing twice a day

. Interdental cleaning (dental floss,

interdental brush)

. Fluoride mouthwash

Professional 1. Motivational Initiatives : .

1. Motivational Initiatives : .

. Motivational Initiatives : .

Care Oral hygiene, including sugar Oral hygiene, including sugar Oral hygiene, including sugar
intake and frequency of intake intake and frequency of intake intake and frequency of intake
Talk with patients about ways Talk with patients about ways to Talk with patients about ways to
to improve improve improve
2. Sealant 2. Sealant
3. Fluoride-containing vanish, or 2%. 3. Fluoride-containing vanish, or 2%.
Fluoride gel (9,000 ppmF) Fluoride gel (9,000 ppmF)
2 times/year 4 times/year
4. Motivational Interviewing 4. Motivational Interviewing
5. One-on-one dietary guidance 5. One-on-one dietary guidance
6. Changes in drugs that decrease 6. Changes in drugs that decrease
salivary secretion salivary secretion
7. Topical application of fluoride,
counseling :
Reduce sugar intake and fre-
quency of intake
Recall The standard recall interval is The standard recall interval is 3 The standard recall interval is 3
6-12 months, but the dentist months, but the dentist will deter- months, but the dentist will decide
will use his/her judgment based mine the recall interval based on according to the patient’s risk.
on the patient’s risk. the risk of each patient.
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(Fig. 3).
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Table 1 Relationship between the item on dental hygienist activities and the degree of support/care need

TEER AR Sl o iR RIS IC 8 1) 2 sk 4 L3810 FEREFH A

levels of the patients

Support/ Tooth Denture Care of Oral Oral Functional ~Meal Feeding Function
Care Need Level Cleaning Management Mucosa Training Rounds Training
Support Need 1 0 0 0 0 0 0
Support Need 2 1020 44 0 0 0 0
Care Need 1 572 19 44b 15 0 0
Care Need 2 35 18° 21 6 0 0
Care Need 3 114P¢ 72t 96! 22 0 0
Care Need 4 183 79¢ 105 59 0 0
Care Need 5 98¢ 13dele 340 36’ 0 0
Total 497 205 300 156 0 0

Same superscript letters indicate significant difference (p<<0.05)

0 50 100 150 200 250 300 350 400 450
Support Need 1 IO
Support Need 2 1@1‘0
Care Need 1 mao
Care Need 2 (351821600

Care Need 3 | 114 | 72 96 2200

Care Need 4 | 183 Il 79 | 105 59 §0
Care Need 5 98 1334 36 §0

@ Tooth Cleaning @ Denture Management © Care of Oral Mucosa
Oral Functional Training 8 Meal Rounds @ Feeding Function Training

Fig. 1 Number of the items on dental hygienist activities for each degree of
the support/care need level

0 10 20 30 40 5 60 70 80 90 100

Support Need 1 'O

Support Need 2 | 10 | 4 J0
Care Need 1 | 57 19 44 15 Jo
Care Need 2 | 35 [ 18 ] 21 6 b0
Care Need 3 | 114 T2 9 270
Care Need 4 | 183 T79 105 59 Jo
Care Need 5 | 98 113 34 36 Mo

@ Tooth Cleaning @ Denture Management © Care of Oral Mucosa
Oral Functional Training & Meal Rounds o Feeding Function Training

Fig. 2 Composition of the items on dental hygienist activities for each degree of
the support/care need level (%)
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A Clinical Survey on Dental Hygienist Activity for the Elderly
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Abstract

Purpose: This study investigated the dental hygienist activities of caring for the elderly in a nursing facil-
ity and the relationship between dental hygienist activities and degree of support/level of care needed by
the patients.

Methods: Six nursing facilities for the elderly were selected in which the facilities were visited to perform
common dental treatments by the Department of Comprehensive Dental Support, Asahi University Medical
and Dental Center. A total of 384 patients (men: 123 and women: 261, mean age: 83.9 years) with certified
levels of long-term support/care needs were surveyed. The number of items of dental hygienist activities
(tooth cleaning, denture management, care of oral mucosa, oral functional training, meal rounds, and feeding
function training) was counted from the patients’ clinical records and dental hygienists’ daily work records.
The patients were categorized by degree of support (1 and 2) and level of care needed (1 to 5). The rela-
tionship between dental hygienist activities and degree of support/level of care needed was statistically ana-
lyzed using Pearson’s chi-squared test, Fisher’s exact test, and odds ratio with 5% significance level.

Results: Items, such as meal rounds and feeding function training, were not recorded. Dental hygienist
activities for the patients that needed only support were tooth cleaning and denture management, while oral
mucosa care and functional training were included in the group that needed care. Dental hygienist activities
tended to be performed more often for patients with level of care needed of =3.

Conclusion: The items of dental hygienist activities were influenced by the degree of support/level of care
needed by the patients.

Key words: dental hygienist, nursing facility, elderly
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Hiy @iz a<Fro TWwaAa ickbruvFr7 2BV 54 0 ERE, BEESEROESZ THE
T 5L CHENERTHREZET I L2, TEY 2T 4 7 ALhBBETREFGKEOTHRTH S, 2
TARIZE T, WEEBHLNICR> T e b ESEEE (human dental pulp stem cells : hDPSC) D431l
WRIZBIT BT LR 7a<F o722y EY T 4 D% ATAC-seq (Assay for Transposase-Acces-
sible Chromatin with high-throughput sequencing) IC X D23 L2 HWE T 5.

Mk X Ok - hDPSC % A JRAVEEER M © 12 HREEE L, FEERRIC ATAC-seq Y v 7L ofi#l %
fiole, WAFXA VT x=2T4 7 A@ITICKD, A—=T v ru~Fr =T, v 7V, avey
¥ Z DNA &5 (CDB) DFE, &Y —2 OB TICNT % Gene Ontology (GO) 217 - 72,

FERIEEOHHE 2HEHZBWTIERRA -y Iu~wFr¥—r%22NZ1 45493 1 & 45,370 1 [H &
L7z, oA —7rru<F =272 TEAD, RUNX, bZIP 7% ¥ 0#ER1# £ CTCF, Boris £ 5
fvvav—%— (Fiiza<vFroXYEZENT 2HT) OCDBAMBEL TEBL Tk, 51
CTCF-CDB nf5&E 1o GO fEfT T, BB 12 HHICB W T DA, TEAD I & » TEEEI{#H % 3Z1F % Hippo
signaling pathway 25 Efzic 5 > 2 &z, CTCF-CDB ¥4 ? Hippo signaling pathway 283 % & m T 1%
ACTB, ACTGI, AREG, APC, DLG2, DVL1, BMP2, BMPRIB, NF2, PARD6B, SMAD2 T&% b, BMP2
£ BMPRIB 7 AR Ic b H OB IR T 1 E EhTwiz, PLEk b, hDPSC 073 liEfRic 8¢,
F—TvruwFUoiEE, RSN S CDB oIz Rwb oD, CTCRIcL 2RFFzu~Fro
3D B&E AL A LI A G T REOE IR A — 7> 7 o< 5 A2 Bl &R T 2 L oofbigriEE o5
BEWFEEINDL I EPRBE NI,

#3m - hDPSC o fbici3 &7 u~F VHEBICB W TA v v a L —Y —PHSI ¥V 2 27 4 7 A BB T
FIHIHBEELTFAEL TB D, Z OMEHIENC & b hDPSC O%hFN 72 5 (LB ASHEN. T & 5 A g 23R
INnte.

¥—7— K :ATAC-seq, N F A > 7 %<5 4 27 Af#fr, TEAD-Hippo signaling pathway
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PhbhOBEDHIEICB VTS, JIERTF K LL37
DEWPUE Y & heparin 12 & 5 LL37 O EM: 2K
I & 4 72 LL37-heparin BAKDY, RALERIGHE ¥
v 82 T® % dentin phosphoprotein DALz & >3
7 % F v 7 BE G AL ERES L PIRRERN R 1Ic o » T
SHHLPIZLTE .,

EXA M3 u~vFrOERERTHLEX I LA Y —
LEWRT LY v HTdHb, H2A, H2B, H3, H4
o BERA MU ETRF VL, AFuLl, Y
Vi, B/ 2EXF AR ESI IR IBMIN TS
b, ZhoBiic kb DNA & DA MR A2 T
LRz~ F UoEENIENT B EpHIENT
VW 3Y B RB S TR ES TR BT IS T
LEEEHIEERIC B T3 e X FroTeFfhid, K&
BFOXEBREMET s L ohTe2Y), EX by
H3 D72 Fuibix, E XA Ve 72 FVEEZMINT 3
7+t F VLS (histone acetyltransferase : HAT) & &
AP TRFNEEBHIELER N VBT 2F L
{#%3% (histone deacetylase : HDAC) D 35 ¥ 2T X
DEIF SN T B0 HAT ICH 4 2 BB 72 15 HEH
FLEEHEFES TV RWLA, HDAC IR 2 HEL A
3% < OFEFEHIHY - HESNTED, Ino»EH
Mot EiET 2 2 L), suwFr 7oy
BV T 4 Ol & 2 BEAREFEE OB IRF S h T
w53, EE, bhbho&fTifRicswe, Bfza~<
Froe R+ rEMiEHIET 5 NFKBIC D RIE< 7 R

7 o6t H3E

up

LBV TRES N 2 RAEEIE, RAFHNICB T2
MRS EE S v % a— F T 2 BETFHEOFRN A —
TrvruwF ALk TCEIERI SN D T EDHL
o Tw3Y, ok RhEE,P S, WE HEEOA
BinEEEL L CRELR KGR T EEZ BN E L
T, HDACHEA O BHM ~DIEHARES LTV
21 U Lksdss, HDAC BHEHAIA hDPSC o4tz
MIFTEEDARZ ST, ZOHEL 7% hDPSC 4t
BT BET ) MUk u<F URBEE (=2u<F
Y77 EY T 4 OZAL) KOV TIEMENI T
INTWiw,

Z T CARBIZE T, hDPSC % A A% 3% 555 b o 8 5
L, A= vru~F v/ Z2RENICRAETE 3
Assay for Transposase-Accessible Chromatin with
high-throughput sequencing (ATAC-seq) % MW TH;
#Biithorn<F 772U T4 BLERT ) LW
IR L, fbRpici¥E 4 2 B E#EK 72 FHET 5
LT, wmEEEEoE s ) LB b A BT L
FHWET 3,

MEE L VAE

1. HREE

hDPSC & Lonza (USA) 225 HEA L, 187E DFERERHY
(PT-3005) THESE =GR R b v 2 & L7z, hDPSC i3,
100 ug/mL DAL T b4 rBLI10% FBS ik
fnL 7242V 2 — 2 DMEM (Thermo Fisher Scientific,
USA) 20T, T 5% COE & UF 5% KESM T T
3TCTHEL, MRS T2 HEERICHL .
hDPSC ORI L EE I 1, BEALRRIE (s
EiH (7 2areE v (100pug/mL) 8L OFB-7"U %
oY v (10 mM) 2&E{%7 v a—Z DMEM) #%ff
AL, B3I Lol 72,

hDPSC % 1.6 % 10" /well i2 T 96-well plate (fffifizhs
EBTL—1, VIC-P%, 45 %®) IiBEL, BHA2H
FOHHELT, K30, 3, 6, 9, 12, 15, 18, 21 HH
i Alkaline phosphatase (ALP) 1&M:HIE (n=3)"7% 5
N2 MTT # (MTT Cell Count Kit, 23506-80 : Nacalai
Tesque) & & 2fifaodER (n=3) 21T- 7.
ALP 351X, hDPSC % PBS Ti¥iitkic = ¥ 7 — )L Cld
E LT, ZOBBEUK TR L 72RIc& Y Vi ALP
3 (0.1 M glycine (pH 104) with 1 mM MgCl, and
1 mM ZnCly) % 100uLiEAL, 37°CT3094 % =
N—F L7, Z0#H50uL ® NaOH # N T, KIME 1Lk
12 405 nm CTWSEERIE % 1T - 72. MTT HIZE X7 L
TEELZY 2 VvEBWZ, 100l © 10% MTT IS
10% FBS &H{&K 27V a—2X DMEM #F AL, 2 RfER
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Fig. 1 Odonto/osteogenic ability of hDPSC
(A) hDPSC were cultured in the mineralization-inducing medium for 21 days. ALP activities were

measured and cell numbers were enumerated by MTT every 3 days(n=3). (B) Alizarin red S staining

was performed on days 15, 18, 21, and 24 (n=3).

the last time point.

WE# I MTT 2nd solution % 100 uL M Z 7z, % D% 37°C
T 24 A v F 2 _—F L, 570 nm 8 £ ¥ 670 nm T
WHEZPE L, K24 LEA 2 FD ALPEED
B, & ALPHIEMEZ &S A LARA Y PRI 3
7 2 VO MTTHIEME TR L 72 ALP/MTT & cHE X
g z17 - 72

hDPSC # 22X 10°f/dish 12T 35 cm dish (flifEss s
74 v a2, VIC-D3N, ©4 5 %) cfEEL, FH%
BEOHHLELT, £#0, 12HHIC ATAC-Seq Kit
(#53150 Active Motif, USA) % fH\w> T ATAC-seq FHY
VINEFEL, N A A T x T 4 7 AT
FHEE R RN 21T 5 7o iz, ATAC-seq Y~ 7 Vi3
IALEA YV EBIUONY 7799 FRIBICBWTZ
N F 1 technical duplicates # FHE L 7z.

hDPSC % 5.7 x 104 /dish i T 24-well plate (HlfERs
#SL—b, VIC-P24, €45 %) IiBMEL, BHZH
FTOHHELTHFEL, 18, 21, 24 HHIC 7Y ¥ Y~
L v F Sl %4757 (n=3). hDPSC % PBS T 2 |1
Pt 70% =% 7 —)v T 10 rMEE L2, BEEL 72
ff & REEK T L, 1% 7 V¥ Y » Ly R S(pH 4.2)
R TR L 7o, BetafBIcEEK T 3RS L,
BAFEETo T2,

2. N AL TATT 17 REMN

ATAC-seq 94 79V —v—27 x> 212F illumina
NovaSeq 6000 # 7z, o577y FY—FIiC
%f L C Trimmomatic!® %2 H W T h U 2 v 7270,
FastQC (https://www.bioinformatics.babraham.ac.uk/

* 1 p<005; ** : p<0.01 ; significantly different from

projects/fastqc/) W& 2274V F4F v 7 DREIT,
Bowtie2!”Z H\wTt b7 AESI (hg38) 127 54 #
Y ERfTok, A=—Tvru~wF -, v 7
VI, HEHERTEGEF— 78R, fv—20
W& 712 xf 3 % Gene Ontology (GO) fEHTIC X
Homer® I o mergePeaks, annotatePeaks.pl 8 & O
findMotisGenompl 2= >~ FZ w7, {EXICIE R (ver-
sion 4.1.0) Zf#F L, heatmap O {ERIZ 1 deepTools2!
M D computerMatrix ¥ & O plotHeatmap 2~ >~ K & {#
HLU7z.

3. HeEtAER

HRENTH T 5 fe ALP IEMEEICN LT, Tukey-
Kramer D% E KK E 2 v, p<0.05 B & U p<0.01
TEREEHOL L L,

& R

1. hDPSC DO#E#KT K 2 LREFTAE

AEBIC AT 5 hDPSC D AE I (L B % 3141
T2 72 ®i2, hDPSC % AT 5 (L iEERE L TR oK
24 AE%E L, MTT I & 2 ileBrd @& & ALP TG
7V YLy FSHMEICX DR ¥ a—nTF
B MENT L 72, Fig 1A RS L8 0, MlaEE@&HNIC
s 2 EmEZED 2, —5T, ALPIEEIEE#EIHHE
o FEMEAZRL, BB I2HECIREZEIHBICRL
THEIKEY ALPIEEEZR L. 20k, K& 12HH
D HEEE 18 HH % TR ALP M2 flie L 7281, 3%
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Fig. 2 Classification of identified open chromatin
peaks

ATAC-seq was conducted to reveal all genomic
peaks of the open chromatin region at day 0 and
day 12. Among these peaks, 7,473 were identified
as unique at day 0 (day O-enriched peaks), 38,020
were identified as common peaks that possessed
equivalent read depths at day 0 and 12, and 7,350
were identified as unique at day 12 (day
12-enriched peaks). Classification of day
0O-enriched peaks, common peaks, and day
12-enriched peaks was confirmed using the histo-
grams and heatmaps.

#21 HHIC3E#E IS HHICX LT ALP iEMIZ(E T L
7o, ARAL 7 ¥ 2 — VBB EE 1S HH £ ClkEttT
BHoths, B# 21, 24 HEICH» I T/ ¥ 2 — VB ME
i L 7z (Fig. 1B).

2. NMAA LT H7T 17 XEHR

1) BB O0HH B 12HBICB Y 24— v u~

> FRI A

hDPSC O MUBRIC B 1T 54 — 7 v 7 b~ F 4K
DHEFRR 72 A E & LRI OSSO il 2175 72
2, Fig l ofiR %252 L LT, BEOHHS L O
BB bh i cd 2558 12 HHIC B W T ATAC-seq

He6E H3E
YU TNERE LA A VT < T 4 7 AT EITH
7z. Fig. 212273 & 512, Homer W® annotatePeaks.pl
awr FEHOCKRBEN? S, B5B0HBEE 12HBIRBY
TEERA—T v r7u<FrE—27%ZNnF 454931
EA5370MEEEL, 2D 5B 38020 IIR5E0 HE & 12
HEHIZBWTEY—2 DB X128 ) > 72 (common
peaks). —/T, 7473 O — 27 3B OHHICB W T
BMEILR2HHEHKKLTHWE =2 L LT (day0-
enriched peaks), 7,350 o v — 27 355&E 12 HHIcB W
THEBEOHHHELTEWE—2 £ LT (day 12-
enriched peaks) TN ZFNEEI N, F¥—27hiz
e L7y —2 2 X% 7D histogram 8 & U heat-
map Z{ER L7z & T %, 747318 D day 0-enriched peaks
iZBWT, BEOHHICHEBL 72 ATAC-seq ¥ v 7L
55507 tag (histogram IC B B 75 (fR) 23, B
12HBICHHEL 72 ATAC-seq ¥ v v 6/ 617 tag
(histogram IC BT 25 KDL L EBLTwE T L
WrENTz (Fig 2). 38020 ffd common peaks 12 \»
T, HEOHEHB X URE 12 HBICIRHE L 7z ATAC-
seq v 6B 6N tag BAREERB L Tz,
—7, 7350 il d day 12-enriched peaks IZ BT, %
FE12HBEICHBL 72 ATAC-seq V> IV bFohi
tag 28, W O HHICHEL L 72 ATAC-seq v Tvd 5
Bonltag kDL CEBL TSI ENREINT,
Z 415 histogram 8 & ¢f heatmap & b, Homer T& 5
N 7z day O-enriched peaks, common peaks, day 12-
enriched peaks D EY)TH 5 Z L BRI Nz,

2) A—=7vru<F rEEBGEFEEET O Gene

Ontology (GO) f&#T

T, K%—D20 & D®D open chromatin peak IZ
TR O IEHBICHEET 2 8BFHEE2T /) 7—Ya vl
7473 185> 5 72 3 day O-enriched peaks, 38,020 @2 5 7
% common peaks, 7,350 172> & 72 % day 12-enriched
peaks FE— 27 DEMICB WL T WA 3 il b o
& 7B miRNA, IncRNA % 2 — F L Cw» 3 EBET
HOrEEL w300 %, BETHEEZRBEEKE V7
F VAR ERICEEA T 728 2w = £ Wt T H 5 KEGG
% w7z GO T ic CREs L7 (Fig.3). GO f@fric
W, day O-enriched peaks Tl&, 1EHMIICEEES 3
)SA 7 = A4 & LT Hippo signaling pathway 7% Ef7ic 5
v 7 3, day 12-enriched peaks & Hippo signaling
pathway, Regulation of actin cytoskeleton 7 & @ Tem
W Ebiic o v &z, —J T, common peaks IZEB W
Tl%, Endocytosis, Ubiquitin mediated proteolysis 7% £
MERE DIREE % 72§ Term 25 BfLic T v 7 iz,
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Fig. 3 The upper rank of KEGG pathway of neighboring genes for day 0-enriched peaks, common

peaks, and day 12-enriched peaks

Hippo signaling pathway was enriched at day O peaks. Hippo signaling pathway, Regulation of

actin cytoskeleton, and Hippo signaling pathway-multiple species were enriched at day 12 peaks.

3) A—=TvruvF rHEBICERT 2GR T/
BHIBRT-a v+ v 2R EATY O BER

Wi\, day O-enriched peaks, common peaks, day
12-enriched peaks & ¥ — 7 BB W T W27z 5 EERH
F/EEHIERT- 0 3 vk v ZAESES (consensus
DNA binding domain : CDB) 2388 L T\ % 20 % T
L7- & Z % (Fig 4), day O-enriched peaks {2 5T,
basic region leucine-zipper FU¥EE KT (bZIP), BORIS
(brother of the regulator of imprinted sites), Runt-
related transcription factor 7 7 2 UV —#E RN T
(RUNX), TEA Domain Transcription Factor 7 7
) —#EE /T (TEAD) 45, common peaks IZ 8\ TiZ,
bZIP, RUNX, TEAD, SP2, CTCF 7%, day 12-enriched
peaks 128\ Tix, bZIP, FOXGI1 (Forkhead Box G1),
RUNX, CTCF (CCCTC-binding factor), BHLHA15
(Class B basic helix-loop-helix protein 15), TEAD 7%
Efricsvrahlk, 2hboofER X b, day0-
enriched peaks, common peaks, day 12-enriched peaks
WTFRIZBWT Y, AT 2EERT (bZIP, RUNX,
TEAD) ®#ié&d 2 BERIHKT (CTCF 8 & O CTCF
5 m 27 CH 5 BORIS) W@ L CHE IR EH
5, LETE CEICHKET 2 IEERT- L EERIHE 71X
RELBL R W—FTT, TNORFHNRL ST F—
T ruvF B LB I N TH A AEENR SN,

4) TEAD av 2% AfF26T 54 —7vonm
< F VORI E GO T

i, day O-enriched peaks, common peaks, day
12-enriched peaks 7» 5 Z 112+ TEAD #E&E 5% b D
v — 27 4£M (TEAD-day O-enriched peaks, TEAD-
common peaks, TEAD-day 12-enriched peaks) #%,
Homer N ® TEAD motif file % TEAD 2> & >4 2
Fl & LT L 7z annotatePeaks. pl @< > Fiz & b #h
HL7 (Fig.5). % TEAD a vt % 2ESz2HT %
A—=—Tvru~xFre—shREhLtLicy—rxy
2 % 7" ®D histogram 8 & O heatmap ZER L7z & Z 3,
Homer T# 5 717z TEAD-day O-enriched peaks,
TEAD-common peaks, TEAD-day 12-enriched peaks
DOPEHEPHWYITH 5 2 L RENZ, I 51, TEAD-
day O-enriched peaks ¥ & f TEAD-day 12-enriched
peaks l2%f L T KEGG & W72 GOk 24T -7 & & 5,
TEAD & Hippo signaling pathway QDGR T TH % /-
&, FHEE N EB DI Hippo signaling pathway 7%
TEAD-day O-enriched peaks 8 & &* TEAD-day 12-
enriched peaks T& b ic Efizic s v 7 &7 (Fig 6).
B R ZE Vv Z k12, Hippo signaling pathway & L T
TEAD-day O-enriched peaks £ & &* TEAD-day 12-
enriched peaks CHEE I N/TEEET D% L IF BT -
<BY (Fig7), mtiigct—7rvravF 475
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H & # #

day O-enriched

Motif p-value Motif name
1e-1776 bZIP
le-325 BORIS
1e-228 RUNX
le-224 TEAD

common

Motif p-value  Motif name
1e-5333 bZIP
le-1012 RUNX
1le-547 TEAD
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le-513 CTCF

day 12-enriched

Motif p-value  Motif name
le-642 bZIP
1e-310 FOXG1
le-223 RUNX
le-201 CTCF
le-131 BHLHAI5
le-104 TEAD

Fig. 4 The upper rank of the consensus
motif analysis for day O-enriched
peaks, common peaks, and day
12-enriched peaks

TEAD-day 0- TEAD- TEAD-day 12-
enriched common enriched
= ks ay 12 pea
2. . day (piéls 1\1 peak
o o
28%
£y 8 ,.L AN\
wa 0=
A -2 0 2 —2 () 2 —2 0 2 (kb)

Distance from peak center
with TEAD motifs

[ I

He6E H3E
Hippo signaling pathway &= T B2 % Z & T,
TEAD OEEMEBTFERPE L TwE T EPHL DI
2o 7z, 51, TEAD-day 12-enriched peaks IZ &\
Tli¥, TGF beta signaling pathway, Activin signaling
pathway % 28 Ehic s v 2 &n- 2 L5 (Fig6),
hDPSC @ fiEftic 8\, TEAD 252 v & 3{biga
M2 Y 24 OBETHEE BN E LT 2 A6k
WRENTZ,

5) bZIParv e v ¥ AESIEHET 24 -7 rm~

7 IS O i & GO BT

i\, day O-enriched peaks, common peaks, day
12-enriched peaks 7 5 Z 1L Z 1 bZIP #E& 05 %2 H >
v — 27 224 (bZIP-day O-enriched peaks, bZIP-common
peaks, bZIP-day 12-enriched peaks) %, Homer IN®
bZIP motif file & bZIP 2 v & ¥ AFH & LCEA L 72
annotatePeaks. pl 2= > Fic X b i L7z (Fig.8). %%
bZIPa vt v ¥ A= HT 24 —Tvrnun<F v
v—rditrdul b Ly —2 L 2% 27O histogram
& N heatmap Z2E L 72 & & A, Homer THE BN
bZIP-day O-enriched peaks, bZIP-common peaks,
bZIP-day 12-enriched peaks D JEASEYITH 5 Z £ B3
RENT. & 5HIZ, bZIP-day 0-enriched peaks 8 & &}
bZIP-day 12-enriched peaks i % L T KEGG % H w7z
GO f@#¥r %47 > 7= & Z %, Hippo signaling pathway 7%
bZIP-day O-enriched peaks icB W T Ffiic s v 7 &h
7z 25, TEAD %49 % Hippo signaling pathway
DIGHEALA D bZIP 1T & 2 R =AY 2 HlH ARk S 1
7 (Fig.9).

6) RUNX av e H2AES%2ET 24 -7 70

~ F UEE O & GO T

¥\, day O-enriched peaks, common peaks, day

12-enriched peaks 7» 5 Z 11 Z 1 RUNX FEAHY %2 B D

TEAD-day 0-
enriched

TEAD-
common

TEAD-day 12-
enriched

\é« > \é« &>
\%Q é}o@\»Q%w\ e

\e Q Q O
& 6 G & @ B NS

Distance to peak center with
TEAD motifs

\L @r&é’ 0(,\’6
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Fig. 5 Extraction of the peaks for the TEAD consensus motif
The open chromatin peaks having TEAD consensus sequences were extracted from day 0-enriched

peaks, common peaks, and day 12-enriched peaks. Classification of day 0O-enriched peaks, common

peaks, and day 12-enriched peaks having TEAD consensus sequences was confirmed using the histo-

grams and heatmaps.
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TEAD_an 12-enriched Fig. 7 Classification of neighboring genes of TEAD-
Adherens junction f—r——" i
Hippo signaling pathway f—o—— day O-enriched peaks and TEAD-day
TGF-beta signaling pathway fF—-—— 12-enriched peaks
Activin signaling f—o——
Arrhythmogenic right ventricular cardiomyopathy f—=—
Wnt signaling pathway —=—=
Signaling pathways regulating pluripotency of stem cells f—=-=
_ 1
0 logP 15
Fig. 6 The upper rank of KEGG pathway of neighbor-
ing genes for TEAD-day O-enriched peaks and
TEAD-day 12-enriched peaks
Hippo signaling pathway was enriched at day 0
peaks and day 12 peaks.
bZIP-day 0- bZIP- bZIP-day 12- bZIP-day 0- bZIP- bZIP-day 12-
enriched common enriched enriched common enriched
. & &
fé . day 0 peaks day 12 peaks “\\‘CQQQ\“ 0&\6 SLPQ@%v &"6 Q \? &"6
g8 8 16 \\Q NS q} \\“%@ \&c;} \\Q Q»
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(SRS \ /\ A
e / 7\ A\
BE L\ o4 o LA
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with bZIP motifs
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Fig. 8 Extraction of the peaks for the bZIP consensus motif
The open chromatin peaks having bZIP consensus sequences were extracted from day 0-enriched

peaks, common peaks, and day 12-enriched peaks. Classification of day O-enriched peaks, common

peaks, and day 12-enriched peaks having bZIP consensus sequences was confirmed using the histo-

grams and heatmaps.

v — 27 #£H (RUNX-day O-enriched peaks,

common peaks, RUNX-day 12-enriched

Homer M@ RUNX motif file 2 RUNX 2 v & v ¥ Z[id

peaks) %,

RUNX-

% & LTl L7 annotatePeaks.pl 2= > FiZ & b #iliy
L7z (Fig. 10). % RUNX a vt v 4 252 6T % 4 —
TrvruvwFrE—rhREfLE LY -0V RY
27" @ histogram ¥ & M heatmap ZEH L7z & C 5,

Homer T#& 5 1172 RUNX-day O-enriched peaks,

RUNX-common peaks, RUNX-day 12-enriched peaks
OTEMPWY)TH B Z EWTRINT, 51, RUNX-
day O-enriched peaks & ¥ RUNX-day 12-enriched
peaks 12X L TKEGG % w7 GOt 241 -7- &£ Z 3,
Hippo signaling pathway 2 RUNX-day 12-enriched

peaks KB W T Ehic o v 7 3ni-Z x5, TEAD %
43 % Hippo signaling pathway D&M~ D RUNX i<
& 2 IReHIRF R HH 2 R S /e (Fig 11). 51
¥, RUNX-day 12-enriched peaks IZ % \>T Hippo sig-
naling pathway & & % 2 Regulation of actin cytoskele-
ton, ECM-receptor interaction 72 &2 Efilic 7 v 7 X
N2 b, AAZHNY T F RN IEE Y &
F 02 R 7 EMEA R IC RUNX 2855 L Twb
FREMEDRB X N7z,

7) CTCF av e v ¥ RS2 6T 24 —7vrn<

F IO & GO T

Figdlcmd &b, RFFZ7a~<F v oXY b B2

L, Efidb0REEMNT AN —BL T T Ly
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Fig. 9 The upper rank of KEGG pathway of neighbor-
ing genes for bZIP-day O-enriched peaks and
bZIP-day 12-enriched peaks

Hippo signaling pathway was enriched at day 0
peaks.
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Fig. 11 The upper rank of KEGG pathway of neigh-

boring genes for RUNX-day O-enriched peaks
and RUNX-day 12-enriched peaks
Regulation of actin cytoskeleton, ECM-receptor
interaction, and Hippo signaling pathway were
enriched at day 12 peaks.

RUNX-day 0- RUNX-
enriched common
) >
A F » &‘6 N @{360&\6 Y @%0&"6
\\\}@’ \,;5} \\Q S & o “x“f ¢}
O & *o% B ?f&

| N N

Distance to peak center with
RUNX motifs

RUNX-day 12-
enriched

Fig. 10 Extraction of the peaks for the RUNX consensus motif
The open chromatin peaks having RUNX consensus sequences were extracted from day 0-enriched
peaks, common peaks, and day 12-enriched peaks. Classification of day 0O-enriched peaks, common
peaks, and day 12-enriched peaks having RUNX consensus sequences was confirmed using the histo-

grams and heatmaps.

Y —OHEHBARET 5 LT, BETHREAGIEHT
24022l —9—ThHbCICFEBELVZD T
T®H 5 BORIS® a2 v+ v ¥ A AN 2 day 0-
enriched peaks, common peaks, day 12-enriched peaks
FTRTIZBVWTHEE N, %I 7T, day O-enriched
peaks, common peaks, day 12-enriched peaks %> 5 %
NnZ1 CTCF &% b o v — 27 £ (CTCF-day 0-
enriched peaks, CTCF-common peaks, CTCF-day 12-
enriched peaks) %, Homer N ® CTCF motif file %
CTCF a v+t ¥ A% & LT L7 annotatePeaks.
pla~wr Fick b il 7 (Fig12). £CTCF av+
VYRR T A —F v ruvF v — ikt

DELZYy—2 T A% 7D histogram 8 & Of heatmap
ZER L7 E 2 A, Homer T8 5 17 CTCF-day 0-
enriched peaks, CTCF-common peaks, CTCF-day 12-
enriched peaks DI BEYITH 5 T LRSI iz, &
512, CTCF-day O-enriched peaks & & ¢f CTCF-day
12-enriched peaks iz xf L€ KEGG % v 7z GO f##r %
fT-7-& 2%, CTCF-day 12-enriched peaks I3 > T
Hippo signaling pathway 25 b v 75 v 7 &z dicxt
L T CTCF-day O-enriched peaks TldfiH I 772 -
7= (Fig.13). CTCF-day 12-enriched peaks FrEHIZ,

Hippo signaling pathway IZBE# T 2 T FH&EE T % T
THIZF$ % & ACTB, ACTGI, APC, AREG, BMP2,
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Fig. 12 Extraction of the peaks for the CTCF consensus motif
The open chromatin peaks having CTCF consensus sequences were extracted from day O-enriched
peaks, common peaks, and day 12-enriched peaks. Classification of day O-enriched peaks, common
peaks, and day 12-enriched peaks having CTCF consensus sequences was confirmed using the histo-

grams and heatmaps.
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Fig. 14 Extraction of the peaks for the BORIS consensus motif
The open chromatin peaks having BORIS consensus sequences were extracted from day
0-enriched peaks, common peaks, and day 12-enriched peaks. Classification of day O-enriched peaks,
common peaks, and day 12-enriched peaks having BORIS consensus sequences was confirmed using

the histograms and heatmaps.
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Chromatin Accessibility Analysis Reveals Functional Transcription Factors
and Regulators in Dental Pulp Stem Cell Differentiation

Suzukl Shigeki, HASEGAWA Ryu, SATO Akiko,
Daipouji Yoshino, NAGASAKI Karin, NEMOTO Eiji
and YAMADA Satoru

Division of Periodontology and Endodontology, Department of Ecological Dentistry,
Tohoku University Graduate School of Dentistry

Abstract

Purpose: An increase in chromatin accessibility arises from the stretched chromatin structure, which
enables the association of transcription complexes with local genomic DNA, and thus induces target mRNA
transcription. This is one of the main molecular frameworks for epigenetic regulation of gene expression. In
this study, the changes in whole-genomic chromatin accessibility that occur during induced differentiation of
human dental pulp stem cells (hDPSC) were analyzed by assay for transposase-accessible chromatin with
high-throughput sequencing (ATAC-seq).

Methods: hDPSC were cultured in a mineralization induction medium. ATAC-seq samples were prepared
before and after the 12-day culture. Bioinformatics analyses were conducted, involving open chromatin peak
extraction, sample comparison, consensus DNA binding (CDB) sequence identification, and gene ontology
(GO) analysis of neighboring genes for each peak.

Results: The bioinformatics analyses identified 45,493 and 45,370 open chromatin peaks at day 0 and day
12, respectively. The CDB sequences of transcription factors, including TEADs, bZIPs, and RUNXs, and insu-
lators, including CTCF and BORIS, were commonly enriched in these peaks. Furthermore, GO analysis of
neighboring genes of CTCF-CDB revealed an accumulation of the genes associated with the Hippo signaling
pathway, in which TEADs act as the essential transcription factors, at day 12 but not at day 0. Additionally,
the gene loci of the odonto/osteogenic genes, such as BMP2 and BMPRI1B, were identified as accessible chro-
matin regions controlled by CTCF-CDB at day 12 but not at day 0. From these results, the types of CDB in
the stretched chromatin region were not drastically changed before and after hDPSC differentiation. How-
ever, because CTCF participates in the dynamic genomic organization to regulate local chromatin accessibil-
ity and restrict the territory of distal enhancers and suppressors, CTCF aids TEADs in finding and associat-
ing with odonto/osteogenic gene loci, inducing odonto/osteogenic gene expression during differentiation.

Conclusion: Bioinformatics analysis indicated that local epigenetic alteration mediated by the insulators
may play pivotal roles in hDPSC differentiation, and therefore, chromatin accessibility modulation may have
therapeutic potential for inducing odontogenic differentiation of hDPSC.

Key words : ATAC-seq, bioinformatics analysis, TEAD-Hippo signaling pathway
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ol - AR, THEC SRR WS, 1A AIRE
Bk 0 ORENICER2 S 2 LD L7 -7, OBENBZE
Tk, FICHESICBELEI BN TE Y, LEMmHE
Mt o S REREB & OH FINARRIc#EEZRD
7o, BEICHTR2ERIRIZRD 5o 18, HEM O
S 5 6 mm 1 EEENARDENCEL 2B 72 (Fig.
1-b). HZICB W CEEORATNIC IEFIELED 2 X h
THED, SHUIRD LT, LIEEEREIZRIFT,
B IR R A RSN T, AR v M3
Smm MU T o7z, OWELY 7 ZAEED S, 3SREIC
KU CHERWRELRERES 2SR TB Y, JOEE
RE & COBERORREFIC T v 7 2B BGEHHER X
i (Fig.l-c, d). Bl E» 5, WKW SEE L TEEIZ
BERETRIE R B & CISHARRIRE L 2WT L, alAiEL
LU CHRETRIE, DE RS IRAYIRRM 2 it 5
EERBHL, BRAREBEERR L. kB, BHEIE
DF D REKE EOFEREFA Tk o208, BED
RS2y 7 AMEER X YISO ORNEL v
7 AMEED S, Al EEERE T v 7 ARSI
HELTEY, Wik LEERRSREbNT:.

AR

RGP IRRRIE, 53— LB T B & O R A
PAMSE (PROergo, Carl Zeiss, FA ) TicTfro 7.
BELEE (201912) i, WAHEIDO LY Y FIEB & OBE
HFREREM OBREE2T- 7. REREM ORETIZ,
AR (2 Fy 2 11W, 7948 ICEE LTy S
(SCHA v F4-17BELUSTH0) L3050 Y F7 7
AV H7740, v=—) ZHHLL RELRETZ
Uy 2717 — i TREEEB S LY U LR
WO(ERH T v AL s v, HARERERS) 2/, 1)
BRI KR A Lo DA (v Ry 2 20,
AR 2 L2, WEMERNY, EEL T
b L HlEICN L ClESRE2 AT 2 HN
T, WENEERE L LY, ok, KBS (v
Ehy, Vv =) 0 9RT7A4F 7w —8 XV b (R—
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Fig. 1 Preoperative intraoral photographs and radiographs

(a) Panoramic radiograph taken at the original dental clinic 4 months ago. (b) Intraoral photographs.
(c, d) Intraoral radiographs (straight on angulation, distal angulation).

2k Ay, WA Ik B EBREETo . (Protaper Gold, vV 754 vu¥) Z2FRICHAL, &
BE2EH (20202) KFEEZERL, RETHE REEHICF3 T ZET- 2. REVPRLSBHO %
7o 7z (Fig. 2-a). MEWHRIE NITIie—% V=771 b WHAEBRBICR L TR, FAK 7 74 Vichinz <k
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Fig. 2 Root canal retreatment

(a) Working length determination. (b) Cone fit. (¢c) Root canal filling. (d) Remaining sinus tract. (e, f) Pre- and

post-root canal filling.

IX2AHR—% (NEWO-K~vA27mxx2h, {gFH
TERT) 12 CIRERE ORISR 217, RARORBEILK
FHAE60FE Lz, /o, RERGFOBEMNE LT, B
WHEBEICEE L Fy 7 (BEEHAZZT7 77401
<= —) I THREHI OB E 30 BRITH 3 1, FAREIC
RNUTITo 7%, 20tk R 1IEHE L ERCKEBLD v
U LB & 2 IRERRE, KEEEL A VP ETTAT
A% ) =—k Ay N TOEREEZITo 7.

BE3EE (20202) TH OHEMOERAHEEL T
mipolale®d, AR L CTIRAYIRM S E T H
BT LEFHL, giRHa—> ¥ —L4LCT(BLF, CBCT,
Veraviewepocs 3Df, € VU & BUEF) OBEMBREZT->
72, ZOFER, OFROMAREFIC 8X6X6 mm BED
Iy o AMEEE, RAIC K B EEAEO%E, BXO
LSEAR RO IR 2 /38 L 72 (Fig. 3). %7z, TEMS #
75 T LZRBHRICH —VHNT v L — F2EHT R
$, EHHEIIOMREEEFAHICIT- 72, %8, dOHE
RO Ly 7 2 EBGIZOE RO S O LML TH
b, RO T 2 1A% O ZAR M © FE A8
FIWT U7z, &7z, AOVEIEIR IS SR B N R s h B &
72 586, W ORRYIBRM CRIGA A RE 72 72 ©, Bl
HCRHREBHEEZTOREBHE T2 L L.

RYIBRIG DA% AT o 721 BEH A CRoEMbED
2 h AMZE 7228, B4 FH (20204) I8 W THHH
MOMERIZHEL Twkh o7z (Fig 2-d). 2Dk,
BARVIBRMEHRD A v 74 —LF-arver 257k
ATHREREETO L E L, REZBELLE X

MIEERF U Y LAKICIZ CTEDTABWK (17%
EDTA U X v F, v btoryyr,8r) b HuTRER
HETY, REFTEICK LGN vy 28 —F v Dkl
fio7 (Fig.2-b). ZOBMENE R—r8—FKA » MiC
THERR L, RERIETIZOZRE DA MTA (BioMTA
EYY) T, BOWREIH Y I 8—Fr R L —
S— (=vh*x v FL—5—BG HAERHES) <
WEREZT- 72 (Fig. 2, e, f).

ML FedEL R AR R O RRYIERTIC ez, B L
72 CBCT @ DICOM & & * ESHiEFIM o STL 7 — %
R v 75 v ARG 7 v 275 L Blue Sky
Plan (BlueSkyBio, USA)iZA > &K — b+ L, #£& 4.0 mm,
EX120mmD L7 4= (FL 7 4 »3—1], Jota
AG, AAR) ZHRAILA VTSV DY A XTRE
L, OBEROBREN1/3HPRHTED LI =T h v
Fv 7L —bEHEF LK (Fig4). Zo&KEH% STL 7—
ZrLTEEHL, 3D 7Y % (Form 2 8 & U Dental
SG, Formlabs, USA) IcCTH—YALFr FL—1+%
ESLL 7z,

BH S5 EIH (20206) 12, (FRL Y —YANvT v T
L — % AT TEMS #1757z (Fig. 5-a). AFTEED
%, ORI —Y AL Ty 7L—F2EE L, FHic
LIS FIADLS P LT 4 v N—%FAL., 20D
B WIS s ECAT—E L 7 4 U N—%3R
W F UL EAZIROERE, RICBErL 74
VN=ZHALTCHELZEIEZ TRV IV IT52 L
T, OFRRELE TV v —RicfH Lz, 208, &
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Fig. 4 Computer-aided design for surgical template

(a) 40 mm diameter and 12.0 mm length were input as a custom implant (white arrow) for positioning of tre-
phine bur to approach the palatal lesion. (b) Relationship between trephine bur (white arrow) and surgical tem-

plate.

HHORHEE 22N HAEIER 1 mm - 2 mm D/
AT —=VIFAIR=—ZBIOCABIHT2L Y b (G
Hartzell & Son, USA) I CTEIEL, WRAEoTIWM%
Wiz T 2720 — A N— 0 CEIMYIYI L 72500, 4
HAERTHRE L., £, BHNICHERTE 2HRA
HbBEMTZL——F 2L v b+ (G Hartzell & Son)
ICTHEICL 72, UIMTENIC R & e RV 700 Z & % BEt
HFMEMES L CONED v 7 ARG EIRMIC THER
L7z, BERNIC LA - FETINMEE S F v 2R v
Y (AXRvEL, LTL77—<) ZFAL, S50
LA %4 L7z (Fig.5-b, d). L 7B
i, HZ I CRkEHE R L NEYRED 507 (Fig
5-c). Z OfFH U 72 #Hk1Z 10% T ifEfd AL~ U i T

FEE L, WEEMREZKEL 2. WA DR
M5, BERFREICH vV Y oBESHEZRE SN (Fig 6-
a, b). 7o, HEHL AT B RR & 7o 7o
FHAE S BN 2 AUBRIERAE b iR S v 7z (Fig 6-a,

c).

TEMS 25 1 EE%ICOENOME kA Z2T- 72

%, flite 1, 3, 6 HIcRBEEEIT- 7 (Fig7). #&
MO R TI&, 7S F v 7 Uk DI ARG I B
HERD S, SO ALEN D RO 5z, O
R ARG PR D FRMNIE R WIS e o 72, OAET v
7 AMBETIE, fBREEDICOBERBEL Y 7 25
WEROHEDPERSI N, £, FRERED A THIE
L7zi @ﬁﬂﬁ@*“ﬁllzﬁxﬁ%‘@%%$@ﬁ
D bR, BRI - 72, BITTHiE 6 A Bicik
¥ L7 CBCT %05, YIBR L 72 IZAR M P ARk 13 32 o

6%&#0&%@@,LEﬂF@éLB;OLEﬂﬁE
DIBEIFNE L T Wi, £/, VDOVEARORLE B
X OGRS TANCERD btz Ty 7 ZFEBGIMEN L
Twiz (Fig.8). &8, fiit26 HHORHR TEXAEEER
U BB OMESTESNTE D, 200 DT wE
BRI TN a7 799 v REEFESNEDT LT
HoTz.
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Fig. 5 Targeted endodontic microsurgery
(a) Surgical template and trephine bur. (b) Immediate postoperative palatal view. (c) Resected root apex.

(d) Immediate postoperative radiograph.

Zmm

Fig. 6 Histological examination

(a) Resected root apex. (b) Bacterial mass with candida infection (black arrow). (c) Abscess formation with

neutrophilic infiltration.

£ K

Y=V BT v T L— b E AR N EE R,
L, RARUVRKEOFEREEIPELEEHWTH - 72
2 2018 4E 12 Giacomino 5 1& TEMS ## L v Fik &
LTRIELTW2Y, TEMSEH—Y AT T L—h
THEFO RV Y v IofiESHaEZary bo—1$ 5
TR, BAREL L CRRICEEZED TR Y
VL ELIRARE EICHET ALV bDTH B,
COLEEFVY WA N—Z, BEREUHRF Y LR
AT T4 2R F e —MERD LT 4 =%
a2 EBMTeH s, 72, L7 4 v = IHER

TEIUBRT 2 RADEIRPAREEZERL T, ERB L
CE SN 2 028 RT3, NEFITIE, BTk
B4 Y75 v FHREREXE T 77 L LTy a
L—>arvd3ZET, WROELYKRTAIEIELT
RARE COEMEZSEICHE 40 mm, £ & 120 mm D
FL 74 vnN—%E R, 8, WEZOHDDOKE
XE2BEWL LTIV T 4 v N—DIMEETEIRT 2 LRI
OEBEBEIARE L b, BB L - mE O
BEPRFL—FE7ickoTLES., —HT, HRZY
brd 2iE - RE2EICL2BERER T, WE~NDT 2
A DRI 7x B AT REME RPN E D FRICIC KEfE 2320 2> 2 8
EWEZHNDD, AEFTIRIOEIE N D E A
ELRTL, av ey 7 oRHA v 2V X vk



198 H & & B &R & % #

up
&

o6t H3E

Y

Fig. 7 Postoperative intraoral photographs and radiographs
(a, d) 1-month follow-up. (b, e) 3-month follow-up. (c, ) 6-month follow-up.

THIEOSFIRE L HIBT L, YIBRT 2RLOES - KRS % H
WhL 74 v N—%ER L, £/, 2o7urI Lk
TDOYIalb—yariZi, CBCTIC& % DICOM &M
FENAX ¥ FH 5 0IEEINET D 55 AAA T STL
T = BNETH D, HiFED CBCT IZ & % DICOM i,
P—VhNT T L= 2RESEL-dic, B
DBRIIZIRD L -5 (Field of view : FOV) & 0 &5
& DIBREEFASLE L 725 2 EHH 5, KR AENIZS
BB »EEIN TS L CBCTHROEE Y —F
777 bKREL D, DICOM & STL 07 —% 2Eh
EOEBEERHBERELTIEDD DD, BHERY
AERELREE FOV 2RET 5. —HT, RNEFIT
B7—=F 7727 b REL D &I BRELHEEYOA VT
IV MEIFEELTESLT, FOV4X4dem TELET 6

(CBCT) images at 6-month follow-up

13 FolRGAERICANS Z LA TE 720, CBCT H
o 2o Aee 2 8% L T/ o FOV 12 € CBCT #itx
EEBLUZ, (BELEY—YH LT v L — it o
LEMICIE R <, UIERBA b Aoy S 21— a v
EHLCEBRTRETH b, RARVIBRM O HS i R
ELTCORMEDRI N, 7B, AREFITHW R
A7y PREEIESE T /I LE 7 U=V 7 b
Y27 TRHBH, BEWNIC3D T T4 v T B
I HERHE TRIASF A LT B, TEMS T & 2 ARAETERAT
TRY—Y AT v 7L — b OERRERNE U 7294
AD VT 4 vN=PRhEERD, ZhiCkD TR MIE
Bl L7 T sk,

WALIRMT T, T P A4 L0 B8R &, i@
ST R LR AN B A B AL A d 2710719 i e
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FIE T3 47%, B KEAETIZ 52% 28 TEMS OIS &
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FEEL W EHIWT L 72, BRI L TEIGD LD DB EIX
WHETH B0, AGEGIZE U T, FEKDITETILREE
ol B oRE2AIEE T2 TEMS & 574 51
DIRFICHFET 2 AR BNER L 725 2 EPRBE Tz,
KIEF I, FAREIGHE T RS 2 9° TEMS % #if
RICEBEE2ED L L L L ®, Mo OERE
1 MTA I TIRERIEZ T 72, ARIBTIZ MTA 13k}
HERM E L COHIZBESINTw 528, % O
W RFERIHR S - BERIFZEh 5, MTA IC & % W& 5
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22020 iz, MTA OEEBEAEDEHEED B S 135
CHHtiE N T w22 KEFlIC B TH, TEMS Hic
BLRoOMHEB L UOEROATHEEZEZZEEZHMWEL
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% BB IR SINEE & 72 5. TEMS ORI S
B HEFHR SR, TEMS ffiftf O WARE TR D E iz >
WTIE, ZOMRSHEIRE, SHBDE 5% 5Hm &K
HLPEEN S,

JEEALRR T ©I3, R L 2R B & O A S
B vV DEGEE X OW R oA B 51k
PR RIEASHEZR S Tz, T, FEH L 22 AR I
MHEBELTVE DV TORETRANAFT T4 VL ST
B0, BEOBREBETIRENEL WVIREBTH - .
R BB O EIRLEIEGIC > v TiE, BAEASAD N4 F
T4 NVLRBYRIEHBEINTWERY 20k 5%
FEGI OB E BFEROREIRFE CIIAREIC W6 LY B C
EHEEL L, SBHIENEEEZ R T 2 0E N H 5. K
FEGIZ 4 A HRNCHTE I CHREEEZZ T TC0w 550D
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2 5V VEAIR B & COERORREFEIC v 7 ZFE
WEDSHERI NS, 2070, T IIEREBEEIT-
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ot FAMMOMRE YL Tida vy e e v 2 odt
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FE G C AR RIS E N O lIRTIBR I T b e o Fo. 7272
L, HRALORFRECTHEOFENERICHE) S 2 54
&, HRVIBROMEZ L b EENICRET 2HENH
5. %72, DEOWKEERRD? GENE T 2RAFE T
BEABEVES, FHTAIL 74 0NN —2H—D AL
N=lZEL RS, EuwnN—%2ary o7 7 VIEEL
7254, WIBDIRICE>TiRary b7y LD~y
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Targeted Endodontic Microsurgery for
Palatal Root of Maxillary First Molar: A Case Report

TaNAKA Toshinori? YAHATA Yoshio' and SA1TO Masahiro!

Division of Operative Dentistry, Department of Ecological Dentistry, Tohoku University Graduate School of Dentistry
?Kawakatsu Oral Health Clinic, Kawakatsu Healthcare Institute

Abstract

Purpose: Root-end surgery has clinical limitations in terms of accessibility. To overcome this difficulty,
Targeted Endodontic Microsurgery (TEMS) has been proposed as one of the treatment options for surgical
intervention. We performed TEMS for a chronic apical abscess caused by the palatal root of the maxillary
first molar, which was not healed by nonsurgical root canal retreatment, and obtained favorable healing
progress.

Methods: A 45-year-old woman presented with recurrence of swelling on the palatal side after initial root
canal treatment of the maxillary left first molar. There was no percussion pain or tenderness on the tooth,
but there was a sinus tract near the apex on the palatal side. Radiographic examination revealed periapical
radiolucency on the mesiobuccal and palatal roots. The tooth was diagnosed as previously treated and with a
chronic apical abscess. Although non-surgical retreatment was performed, swelling remained on the palatal
side. Based on additional examination by dental cone-beam CT (CBCT), it was determined that the palatal
root was indicated for root-end surgery. Only the palatal root canal was filled with MTA, and the other root
canals were filled with gutta-percha and sealer. An impression of the maxillary dentition was taken to pre-
pare a surgical template. Prior to root-end surgery, the acquired digital data was incorporated into a dental
implant treatment planning support program, and a surgical template was designed so that approximately
one-third of the apex of the palatal root could be removed with a trephine bur, and 3D printing was per-
formed. Root-end surgery was performed by inserting a trephine bur from a predesigned position and drill-
ing to a set depth to remove the palatal apex. After resection, the granulation tissue inside the cavity was
scraped off, washed with saline, and then sutured.

Results: Follow-up was performed until 6 months after surgery. Periapical radiolucency of the palatal root
subjected to TEMS decreased over time. In addition, periapical radiolucency of the mesiobuccal root
decreased after the non-surgical root canal retreatment.

Conclusion: The palatal root of the maxillary first molar which did not respond to non-surgical root canal
retreatment was successfully treated with TEMS. When performing TEMS, it is necessary to consider the
cost and difficulties involved, but in applicable cases, it is less invasive and can be performed accurately in a
shorter operating time than conventional root-end surgery from the palatal side. It is suggested that TEMS
may be an option as a surgical endodontic technique.

Key words: root-end surgery, surgical template, targeted endodontic microsurgery
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