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Review (#5%)

The role of bone formation inhibitory BMPs in bone metabolism
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T803-8580 @Rt M/ Bt K EEE2-6-1

To date, approximately 20 types of bone morphogenetic
proteins (BMPs) have been identified. Not all of them have
osteogenic potential, and in particular BMP3 and BMP3b do
not show osteogenic potential. BMP3 was discovered in 1988
and subsequently BMP3b was identified as a similar protein
with high homology to BMP3. Because they fall between the
BMP/ growth and differentiation factor (GDF) and transforming
growth factor B (TGF) /Activin subgroups within the TGFf3
superfamily, their function has not been fully elucidated.
However, recent studies have analyzed bone tissue in
conventional knockout mouse models of BMP3Db. It was found
that BMP3 and BMP3b act as antagonists of the BMP
receptor and negatively regulate bone mass by inhibiting
osteoblast differentiation. In this review, we discuss the latest
findings on the functions and regulatory mechanisms of
BMP3 and BMP3b, focusing on future research topics and
potential applications in bone regeneration medicine.
Keywords: Bone regeneration, BMP3, BMP3b, BMP, TGF38

BEETIC, BFK % /Y7 E; Bone Morphogenetic
Protein (BMP) 1220 PRIEES N TWD. chbeT
PEHTKEEEDHITTIEAE L, HIIBMP3H L U
BMP3bli &R EE 2 78 & & \). BMP3IX1988F ICH R
S h, ZDOEBMP3bA»BMPI3EESWHEIE2F$ 558

Yo LTRES A Zh 5 ETransforming
Growth Factor 8 (TGFB) X—/X—773XIU—-RNT
BMP/ Growth and Differentiation Factor (GDF) & TGF
B/ActivinD Y T 7 I —TBICET D2 NS, Zh
¥ CHEERRIT P+ ICiThh T2 hadr -7/ LHL, &
FEOMEIZLWBMP3bD I N3 F IV v TT Y
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BUE £ TISR20MHOBMP 2 EE ST %28, £
DT RTHEEREEE F DD T3, BMP3& & U
BMP3bidz OMMFITH 5. FH 5132012 D JR4F1Z
BMP3»i5 a1t z il 4 % 2 1 = X L & i L,
ZORREWE Lz, 2 UCTL2R5020244F, [H U< R
12, EEIZ S BMP3bOBEHIC I 1 5 % ENZBIT 2
7R & Fe kT SR 21572

ARHTIE, A& EHHI4 2BMPT & 5 BMP3#%
K UBMP3bAEUHHZ R 2T HENZDONT, 2D
WM OREM 2 B2 L L 61, Tho6D¥ A4 FAA v
A=y b & LBRICHOWREMEIZ DWW Tilkind 5.

2. BMP&EBMPY JFJL

19604-1%, KE# YV 7 4 b =7 M OEIEIEHEUrist
X, BB A TIANR R MR ST IC T A Z &
THEEPFEINZBREZBIE L2, 612, KL
RIENICEEND & VOSBRI T B Z OFEE S
ZeEWEMIZL, ZOETF % ['BEKE T (Bone
Morphogenetic Protein, BMP) | & @i# L7=1. D,
BMPOFEEUI A KO WS THED 57, Z DK+
#330kDan* 5 15kDad FiPHIZ (i § 2 # D 2 v 328
BEPORERENTNBEZER, ZThEDH 51128
TR RIEER S 5 Z E BRI X OO b - 7.

KE~HF 2 —t v VINDGenetics Institutethd
Wozney & Rosen® (2, 7 ¥ OFIE » & BMPHEE % +5
O EREICHEEL 7205, BMP1, BMP2A,
BMP2B, #LXUBMP3D2su—=>ZIsRILE?. =
DWFZEIZ & 0, BMPAActivin® Transforming Growth

Lefty B Lefty A
Inhibin o

Myostatin (GDF8)

ActpA

ActpB

Ecipc HeEP

Factor 8 (TGF B) &L 3IZTGFRA—/3—T7 731 —
BT 22 &R LI - 7Y, & 512, Genetics
Institutettd 7L — FIZBMP & V280 DRIOD T 5 2 2 3
¥ OB T OMENEZE & & 122 Dt BMP OB
BE T+ A 2 a9 —=1v 2 LY BMPIiZGrowth and
Differentiation Factor (GDF) &3 7L —7h5
DWE R H D, BUE0MIFE DT Ao TS,

TGFB X — /¥ =7 v 3V — &, TGF g /Activin/
Myostatin¥ 7 7' )L — 7 & BMP/GDF¥ 7 7L —7® 2
DI 5. BMP3EBMP3biZ, ZOTGEFB % —
=T 73 =DHT, Th6E2DD% T —T D
M af@Eicd2Exn3”(X1). TGFR 2 —/%—
T73IN =BT B9 A b A UAFEETEL S
3, HESER ) v/ AL RS- ERREKENL
TrEIN 3., ZORERICET IO 2 FEA &
0, TNZNEL ZHHEEHDY. BMPY 7 FIUEEIC
BG4 TR KL, ZhETcic 3MENHEE SR T
W 5. ALK3 (BMPRIA) &BMPIiZ ff Z 2 A L,
ALK6 (BMPRIB) iZBMPH U913 2 5 —FH LTV
(AMH) i %54, ALK2(ACVR1) iZBMP & Activin% 72
W s, —J, M2 AEKICIZBMPH#A 2 BMPRII,
BMP & Activin® W /5 % 78 #% 9 2ACVR2Ak & U
ACVR2B% % %7,

BMP#% 4 4 FIIZERICKEET 2 L, 24 TIZEK
BY vgfbEh, ZhiCkD 24 TIZERTTHRO
TN FEEEET 5. 2 oK TIZERK, JNK,
p38%k & D F F — ¥ IZM A, FFIZSMAD1E & U
SMADSHEE TH 5. SMAD1 & SMADSIE, CR IS

Figure 1: Phylogenetic tree
of TGFB superfamily. BMP3b
is an intermediate between the
TGFB/activin/myostatin and
BMP/GDF subgroups in TGFf
superfamily. Act; Actvin, MIS;
BMP5 Muellerian Inhibiting
Substance. This diagram was
BMP7 modified from reference 5 °.

GDF7
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» % Ser-X-SertF — 7Dt ) VIERIEABMPZAERKIC
XoTy Vgt h, U Vgt Xh=SMAD1H LT
SMAD5IZSMAD4E~F U " RikE KT 5. ZOH
A I3IdL, 1d2, 1d37% & OBMPIGE EIA T DnE % i
P L, AR B 2 /3L % 54 5 52,

—77, TGF B R Activin® ¥ 7" F IMRE Tl ¥ 5T
BLUOIZARLIBEL NS, ZhbDRZERICE
WTHEMEL X =Dz EkIESMAD2% & 'SMAD3 %
) UEELL, ) VIER{IESMAD2% K U'SMAD3IZSMADA4
CHEERATER LT VP EEET 27 (X 2).

INeDY T FIMEREEIE AT v T TEREINTI
Ko THBEIZHIM XN Tl D, ZOHEEMIcEIZ
7 AR PRRSBE IR RE IS B O CH B AR E 2 R LT B,
LIF, ¥RIZBMPY 7 F L # GICHIEIT 5 2 & Al X
N T BBMP3% K UBMP3bIZ i A4 T, DR
& IR 2 D 3 5.

3. BMP3

BMP3i%, BMP2% & & & & IZig#lic[dlsE & h7zBMP
TH3Y. BIKEHTBMP3Id R g MEICHIEL, B
BMP# D965 % % i 3. ¥ OWI%E T, flio
BMP & [A#kICBMP33 8K #5584 288 1 # D &
ZiohTnz=sY BMP3/ v 2 7% (KO ™ Z)
DFEFT T PRI U TEEENNT 2 RBA AR
7= MC3T3-El¥k & O'P19##i i #k % F v 723TPL
K=& =7 vt 4 DERD 5, BMP3DcDNA % 5t ] 7§
HXE7CHOMBED 2 Y F 4 v a =V AT 4 7LD,
ALK4# X WPACVRII% 4 L CTGF B /Activiny 7' F

TGFp, Activin, Nodal
(<I>

Type |
1 receptor

<P

N EWEELT 2 Z L THEEIIEIL T0 2 e R
XN X5, TTUAYAHFINERWCEEET
i&, BMP34'Activind &K O'BMP > & )L Ot /5 % P
TEZEIREN, TINS5 2D0DY 7 FIEEREIRIZ I
WD L =y FRAFBEET SRR Sz, £
D 1%, BMP34 3l IR 2 5K T & 5 ACVR2BIZ
HLTHERT 2 Z el 0k ko721,

20094 1Cik, a5 —»r vy Tux—4 —%HHNT
BMP3& @ RIIEEZ2 b7y 2V 2=y v 2 (Tg
v A) BMERE N, BIFHIIIC B 2 BMP3DHRE
MR L 77, 2o~y 2 TR AREER %
EEIT»EESh, ZOREE LT, &t K U%H
HERA R M O 7 (LRSI & 2 BB OIEEAL & K
LEDET AR T 5N 72, ACVR2BEZAEIKKO~
w7 2O T Y, BMP3Tg~ ™ A & [AlAkIC % Bk i K
BLOHIKILICEENER SNz, ZhoDTF — 413,
BMP323 kil ds L Ik 1 ACVR2BA T L
VP REARSTE LT, BOAKILEBEE
PR 2382 R7-LTHWBZEERBLTNSY.

BMP3 KO®Tgv v ZBKEDORIIIHS iz h
TW3800, BRENCET 22D e T A =X
LHEIRE L TAHT D - 72. ZOREISHALT 5729
bhbhidv—rva—rvy7q4 vrFiizflHL T,
BMP3&{z 1Mz LacZE&Is T % %A L, BMP3-LacZ
Iy AV AEEEIL. 2T Tua—-FI2kD,
BMP3 KO~ v 2 OF&EM & iid: L 2D, BMP3¥ B
oz EOICHETE S LDk -7 TORE, i
B A E b E BE e TIEBMP3O B BLIZR Y 5 h

Figure 2: Canonical signal

BMP2, 4, 7, MIS transduction of TGFp
superfamily members. BMPs

Type| and TGFB/Activin induces

SR SMAD1/5 and SMAD2/3 signaling

respectively. MIS; Muellerian

Type Il
receptor 7

Type ll W~
receptor

;

Inhibiting Substance.

- | « o
s MAD1/5[P)
SMADd —_— 1
SMAD4 SMAD4
é‘

%@n—’

ld17& &
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¥, BICHEMRE T TORBSHER I X5
(2, B TR A W 20-17H1 B & B v 22 B A 6,
BMP3»ACVR2BZ EMRIZ{/EH L, BMP2X°BMP4!Z
Ko THE SN 55l bz M35 Z L 86 »
12755721,

WIZ, bIbIUIBMP3O FEBURIHEIA 1 2 R L 7-.
BMP3IZBIZ/FET 2 3 S BMPTH 0, HIK
CHRARICHIET S Z & a6, BMP3D B A& ik 4
AN =X LERFETENL, BRORD P EHFBRIED
RSP TZ 2 aEMA2 & 5. WNTIZBMP & Ak
B, BT 22, BITEE, SEEK A ElE S 5
FA L HA Y THDY, WNTY 7 F )L 4 858 X & 54
27 vaZF HRISEREERE S LTHE-A STy
5. ZOWNTY &7 5L 238 Mg 2RI v T
BMP3DOREHAZBIJIZFHEEL /2. X 5IZWNTY 27+
MR E N~ 2 T3, BMP3O BB &N E A > 72,
2F0, Pixrrvax2FUHKOEEIZENTY,
BMP3ORBENFE SN TSRS &0 5,
WNT 7+ s K 2BMP3FEE A R cx 4L, &b
SR 2 RGRIER R A R T E 2208 L,

wRIS, ZOBEEMMDS K BI2H7-0, BMP3 & 5HEA
MZRE L OBIRIZDO W Tl 72\, 4q2UEMEREIE, L
RREE NG R E DOLLE & & @ | Z BRI O FERE R 4R
FTHRETH S, ZOEMBHORIE X H = X L1121,
BMP3#{5 ¥ & 7213 Z O3z 3 2 DNAFS DO/ NR K
A LTS AR X T 3. 4 EFR
TH A H I D (Canis lupus familiaris) IZJE L T
0, RFEIZZOHD X ISP WEREIZYS 725, [ U
MO TZHUTE BT E R IMIBZ L L, Kif
TR O %, MK E < Bk B OIRIER ITHE
RI)TH 5. 62KFEST6IHD 4 X DMEIE T & FN, B
FE R P (AR Tidfth o RFRIC IR TBMP3D & 1(%
TN AL BB D B b5tz TOERIT
BMP3DOHEREA 5D 5 & DTH D, FEIEFEEA DD
BEDOL BFEKD—DEELLNBEY. X512, ¥7 7
74 v ¥ aDfE, BMP3OKRE & bt 54 5 E
T TP S &, HOFENIEEICHEL AN L
nbhbro? ZoZ Ers, BMP3IZfaE» 5 b
B5F T, EHAFECHOE DL 5720 IC HE 2 1%H]
EREZLTOHSHREREWEEZL OGNS,

4. BMP3b (GDF10)

BMP3b (GDF'10) &, [E 7 fifE &0 1 >~ &% — 128 ¥
LTWZzHARANZEE, HEMESIZL-STT vy POk

B k2 S0 THRR SR 722, ZORRLIE,
BMP3bO/EFERREIZ DWW T, B OBEERIZRY, g
M D 3L ) 7 U CTREA DO MR & 5 7=,
BMP3bo & F & & A EHEEERHH S M2 X TE 7=
X 512, BMP3b2 €™, fiiv 2 b a7 4 =2 i
DAL 20 & OWSREEBORFLZ oW T e EHE A%
HoTWBZEDPRBIN TS,

BMP3bIZEHMETHRO» 578D THEI b Y
R, BRENC I BT A T b T & 2. BEEE
HifE A& W 722882 5, BMP3bo 8 &3 S e 25
bk gicmmL 2=, CeC12MfakkizBMP Y » - v
A7 A B A 23 (L4 %°Y. BMP3bDcDNA % it 5
HE X ZCHOMBEO I Y F 4 v a =V AT 4 9 A4
&, TGF B R ActivinlZ 8% 4% 7’ v € — & — M 21
H U7z &7, BMP2iZ X D §fE s h =BMPIB &4 7
v E — 4 — 3G, BMP3bALERIZ L D AREICHIHl S h
7= X512, BMP3bix, BMP2, 4, 6, 7iZ&k > (i
&N 7zRunt-related ranscription factor 2 (Runx2), #*
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#BMP3bg {23 L, BMPY 7 L b4+ 52 & T
BMP Y 27 F )L s & NS 2 AUz g & fe < BN 1L %
M2 L%z 507",

FRED & 512, in vitrofffZE s 5 BMP3bA &l 75
LA 619 2 aTEe Pt R X 7z 28, AERNOE BN
B 2BMP3bOFEHINAHDOKEIZ R iz, 22
Thbhvbhid, BMP3b KOvw 242 AF L, ‘Bl
fEFTIZHL D #LA 72. BMP3b KO AER D3t~ 2
U TR ICE B A 2ITGED S - 72, HlE
EFHE B KO~ 4 2 aCTTRMIi L 7z & Z A, BMP3b
KOv o 2 Cl3BEBXUOEEENAREICHEMNL T2
ZEBHENE R 572, BMP3b KO~¥ w7 2 DE#ikT
&, BB FORBAS LR L ThBE 5T
BRI HEE S T ORBUIZEL L Tk o2 Th
&—3L ¢, BMP3bid & iRl T BBl L Tu
7o, BEEMRICIT 2 ORBUIIZ LA LR L 5T
Z Z27C, BRI 5 S AR D IR O g A k0
7-. F % &, BMP3b KO~ v Z %5 ff R A g,
BOLRESTEL Th D, AIERERET S Z LA 6
I 7% > 72, HEK293 g (IZBMP3bDcDNA % 5 il 7
Blxw 2 &, BMP2, 443584 % Smadl/50 ") 1L
AP X 7=, 512, NanoBiT &2 w7z v s2 8
MIFHEAER 7 v 2412k b, BMP3b»BMP4 & BMP %
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A TIREFEROMEE EHAMICHEST 5 Z &6 2
Tol. Ihe MR, BMP3bAABMPZAEKRT v &
T=Z2 FELTEITAZE CHRAHEETS Z &4
LT3,

5. BMP3&£BMP3b

BMP3&BMP3bid & & 12H 4 a3 {12 d5 0 ¢
BMPZAEKRO 7 v 2T =2 & LTl X, FifHEl
BMPO#RE#HIHI4 22T, BRAZHFEHIL WL Z
EhbhrOOH %, LiLhkss, BMP3, BMP3bt»
THhEEHMEOKOY Y 2 & H W2 E > T
5. WFREBLSOMBRIC RS 5 Z L2 6% (X
3), & DM 2BMP3EBMP3bD K % fi# W4 % 7-
WIZiE, MERAEEFRY KO~ w7 2 % W 72 @ A L 5
Th5.

BMP3&BMP3bigE HAEIEAG L, UV H Y FRAA
VTI82% DT I AL TWEY, 72, BMPS3,
BMP3b¥ & (Zin vitrolZ ¥ 2 fERIZ LA 3R IZ &
BbH 67, FRhENROKO~Y Y ZDin vivolZI T 3/ D
EBMMR AL ETH BT LiE, Bl CBMP3
EBMP3b2 s B ICHREZ B L T2 Z & IR
207 % Ly, BMP3EBMP3bd # 7 LKO~ ¥ Z
DR D= 5.

BMP3, BMP3b& & (ZfEHI§ 2 Ml & © KIS A
Y7 5 A EEME AN . MC3T3-E1 & P19l #ki-BMP3
e X225 ETGEF B /Activiny 7+ L & iEHAL L 7=
— 77 T, C2C 12 Ha bk L W20-1740 fa #k 1= % L T,
BMP3#L# % L T & TGF B /Activiny 7' F L % 4
3 Z ki3 572 BMP3bg BT, C2C124 1 1=
BMP3b% fEfH & & 3 £ TGF B /Activiny 7' F L & 3%
PEALT 2%, Ui Lk s, STk HEK 2934
¥RIZ 5 ¢, BMP3biz &K WBMPY 27+ b, TGF R/
Activin¥ Z P L OWTNEFET LI L3 AL, TV
AT=Z b E LTV BY,

BMP3&BMP3biffZeic bW Chsan 2 Lk, dilio
Ihs)aveFrybrurg v OEMEMENETH
3. bbb iZBMP3, BMP3bDcDNA % 4% % 5 il

HlEE AL 720, cDNA Z @ F 3 & & 72 CHOM
o vF 4y am v AF L ERHLEZD LT
72y, IS FEICKSMTICIZRAE H D, BEE D
kW, K-> T5%BMP3, BMP3bfiff7t & 5 < &
T 72012, Ehzvaver v -7us4 VoM
FNBETDHB.

6. ihEmEFREE

WA T 132002 ~ 20074F- D [#12340,251481 ¢, & FE
HENZBMPAEKISH EhTnw3a® . HATIEZBMP%
i 728I3HKR I N TES T, F I v o7 h-5.

—HT, YA, Ty, UHFEEDT >HIHTIHE
h [E%1E5 868 2/R9BMP2i%, BATOH A
AHESHFE LT, KNS h T It b 6 7,
b TE T AEIRPBOATOEVDORHIRTH 5.
ZORHELT, b EEOREEHTIEBMPY 7 5L
ORI BTN B 720 EEZ 5N TVWBEY,
Z O A H = x4 %#BMP3 & BMP3baMH > T3 1]
BEMED 1012 & 5. BMP3 & BMP3bigli st < < +
A MHAYTHD, ThoOMBERERH G FEMEBMP
CX B EFERBOM O E 2508 Lk FRig,
BMP3 KO® 5 kDR U BAK IS 350 TE LI Wi
BERBMMRENTHANWIETH S Y, 20D,
BMP33# 72 FIERAT 52 &h 56, 8MoagRH
FERRISXT S B AI3ED & — 7y MSET AR S 5.

WORAEIZAT T, £ T7VKOT ™ OB, LD
FEAH e B AERIE 2 o = X 4 &I L, BMP3&
BMP3b% #5Ei) & U7z AR E AR L Qo 720,

I

2011ASBMR Young Investigator Annual Meeting
Travel Award, Harvard School of Dental Medicine
Dean’s Scholar Award 2011-2012, 2012-2013, HA
AR AR EL 2 R R TS B By B AT 2R (C)
18K09524,  [E] 3 [AlAF 5 I ask o < (16 B AL [R] wF 22 5 b
(B)) 22KK0141, AFITCAHFEREA KR ERZEWESE T

KEE& HEF

(&) ) KERE BEER BE MEAE KB B OKBR M DB R O OBR  BR  BR
BMP3 + +++ ++ + + - - - + ++ - - + ++ -
BMP3b ++ +++ + + + ++ + +++++  ++ - - - - + +

Figure 3: Expression patterns of BMP3 and BMP3b messenger RNA in various tissues of rat. This table is modified from the reference®”.



MR ERMERS ). Kyushu Dent. Soc. 79(1) RV00007, 2025

6/8

SRR E SR 7 5 ICB IR T a T A 4 =
Y 2ty g —RERIH - RGOS R L R &

T, ARG U TR REFGMHEITH D 1
A

51 A3k
1) Urist MR: Bone: Formation by autoinduction. Science.

10)

150(3698):893-899,1965.
https://doi.org/10.1126/science.150.3698.893

Wozney JM, Rosen V, Celeste AJ, Mitsock LM,
Whitters MJ, Kriz RW, Hewick RM and Wang EA:
Novel regulators of bone formation: Molecular clones
and activities. Science. 242(4885):1528-1534,1988.
https://doi.org/10.1126/science.3201241

Bragdon B, Moseychuk O, Saldanha S, King D, Julian
J and Nohe A: Bone morphogenetic proteins: A critical
review. Cell Signal.23(4):609-620,2011.
https://doi.org/10.1016/j.cellsig.2010.10.003

Celeste AJ, Iannazzi JA, Taylor RC, Hewick RM,
Rosen V, Wang EA and Wozney JM: Identification of
transforming growth factor beta family members
present in bone-inductive protein purified from bovine
bone. Proc Natl Acad Sci U S A. 87(24):9843-
9847,1990. https://doi.org/10.1073/pnas.87.24.9843
Hinck AP: Structural studies of the tgf-betas and
their receptors - insights into evolution of the tgf-beta
superfamily. FEBS Lett. 586(14):1860-1870,2012.
https://doi.org/10.1016/j.febslet.2012.05.028

Miyazono K, Maeda S and Imamura T: Bmp receptor
signaling: Transcriptional targets, regulation of
signals, and signaling cross-talk. Cytokine Growth
Factor Rev. 16(3):251-263,2005.
https://doi.org/10.1016/j.cytogfr.2005.01.009
Massague J, Seoane J and Wotton D: Smad
transcription factors. Genes Dev. 19(23):2783-
2810,2005. https://doi.org/10.1101/gad.1350705
Hoodless PA, Haerry T, Abdollah S, Stapleton M,
O'Connor MB, Attisano L. and Wrana JL.: Madrl, a
mad-related protein that functions in bmp2 signaling
pathways. Cell. 85(4):489-500,1996.
https://doi.org/10.1016/s0092-8674(00)81250-7
Nishimura R, Kato Y, Chen D, Harris SE, Mundy GR
and Yoneda T: Smad5 and dpc4 are key molecules in
mediating bmp-2-induced osteoblastic differentiation
of the pluripotent mesenchymal precursor cell line
c2cl12. J Biol Chem. 273(4):1872-1879,1998.
https://doi.org/10.1074/jbc.273.4.1872

Lopez-Rovira T, Chalaux E, Massague J, Rosa JL. and
Ventura F: Direct binding of smadl and smad4 to two
distinct motifs mediates bone morphogenetic protein-

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

specific transcriptional activation of idl gene. J Biol
Chem. 277(5):3176-3185,2002.
https://doi.org/10.1074/jbc.M106826200

Liu CJ, Ding B, Wang H and Lengyel P: The myod-
inducible p204 protein overcomes the inhibition of
myoblast differentiation by id proteins. Mol Cell Biol.
22(9):2893-2905,2002.
https://doi.org/10.1128/MCB.22.9.2893-2905.2002
Katagiri T, Imada M, Yanai T, Suda T, Takahashi N
and Kamijo R: Identification of a bmp-responsive
element in id1, the gene for inhibition of myogenesis.
Genes Cells. 7(9):949-960,2002.
https://doi.org/10.1046/j.1365-2443.2002.00573.x
Luyten FP, Cunningham NS, Ma S, Muthukumaran N,
Hammonds RG, Nevins WB, Woods WI and Reddi AH:
Purification and partial amino acid sequence of
osteogenin, a protein initiating bone differentiation. J
Biol Chem. 264(23):13377-13380,1989.

Luyten FP, Yu YM, Yanagishita M, Vukicevic S,
Hammonds RG and Reddi AH: Natural bovine
osteogenin and recombinant human bone morphogenetic
protein-2b are equipotent in the maintenance of
proteoglycans in bovine articular cartilage explant
cultures. J Biol Chem. 267(6):3691-3695,1992.

Daluiski A, Engstrand T, Bahamonde ME, Gamer LW,
Agius E, Stevenson SL, Cox K, Rosen V and Lyons
KM: Bone morphogenetic protein-3 is a negative
regulator of bone density. Nat Genet. 27(1):84-88,2001.
https://doi.org/10.1038/83810

Gamer LW and Wright CV: Autonomous endodermal
determination in xenopus: Regulation of expression of
the pancreatic gene xlhbox 8. Dev Biol. 171(1):240-
251,1995. https://doi.org/10.1006/dbi0.1995.1275
Gamer LW, Cox K, Carlo JM and Rosen V:
Overexpression of bmp3 in the developing skeleton
alters endochondral bone formation resulting in
spontaneous rib fractures. Dev Dyn. 238(9):2374-
2381,2009. https://doi.org/10.1002/dvdy.22048

Kokabu S, Gamer L, Cox K, Lowery J, Tsuji K, Raz R,
Economides A, Katagiri T and Rosen V: Bmp3
suppresses osteoblast differentiation of bone marrow
stromal cells via interaction with acvr2b. Mol
Endocrinol. 26(1):87-94,2012.
https://doi.org/10.1210/me.2011-1168

Baron R and Kneissel M: Wnt signaling in bone
homeostasis and disease: From human mutations to
treatments. Nat Med. 19(2):179-192,2013.
https://doi.org/10.1038/nm.3074

Bonnet C, Andrieux J, Beri-Dexheimer M, Leheup B,
Boute O, Manouvrier S, Delobel B, Copin H, Receveur
A, Mathieu M, Thiriez G, Le Caignec C, David A, de
Blois MC, Malan V, Philippe A, Cormier-Daire V,
Colleaux L, Flori E, Dollfus H, Pelletier V, Thauvin-


https://doi.org/10.1126/science.150.3698.893
https://doi.org/10.1126/science.3201241
https://doi.org/10.1016/j.cellsig.2010.10.003
https://doi.org/10.1073/pnas.87.24.9843
https://doi.org/10.1016/j.febslet.2012.05.028
https://doi.org/10.1016/j.cytogfr.2005.01.009
https://doi.org/10.1101/gad.1350705
https://doi.org/10.1016/s0092-8674(00)81250-7
https://doi.org/10.1074/jbc.273.4.1872
https://doi.org/10.1074/jbc.M106826200
https://doi.org/10.1128/MCB.22.9.2893-2905.2002
https://doi.org/10.1046/j.1365-2443.2002.00573.x
https://doi.org/10.1038/83810
https://doi.org/10.1006/dbio.1995.1275
https://doi.org/10.1002/dvdy.22048
https://doi.org/10.1210/me.2011-1168
https://doi.org/10.1038/nm.3074

MR ERMERS ). Kyushu Dent. Soc. 79(1) RV00007, 2025

7/8

21)

22)

23)

24)

25)

26)

27)

28)

Robinet C, Masurel-Paulet A, Faivre L, Tardieu M,
Bahi-Buisson N, Callier P, Mugneret F, Edery P,
Jonveaux P and Sanlaville D: Microdeletion at
chromosome 4q21 defines a new emerging syndrome
with marked growth restriction, mental retardation
and absent or severely delayed speech. J Med Genet.
47(6):377-384,2010.
https://doi.org/10.1136/jmg.2009.071902

Schoenebeck JJ, Hutchinson SA, Byers A, Beale HC,
Carrington B, Faden DL, Rimbault M, Decker B, Kidd
JM, Sood R, Boyko AR, Fondon JW, 3rd, Wayne RK,
Bustamante CD, Ciruna B and Ostrander EA:
Variation of bmp3 contributes to dog breed skull
diversity. PLoS Genet. 8(8):1002849,2012.
https://doi.org/10.1371/journal.pgen.1002849

Takao M, Hino J, Takeshita N, Konno Y, Nishizawa T,
Matsuo H and Kangawa K: Identification of rat bone
morphogenetic protein-3b (bmp-3b), a new member of
bmp-3. Biochem Biophys Res Commun. 219(2):656-
662,1996. https://doi.org/10.1006/bbrc.1996.0289

Hino J, Nishimatsu S, Nagai T, Matsuo H, Kangawa K
and Nohno T: Coordination of bmp-3b and cerberus is
required for head formation of xenopus embryos. Dev
Biol. 260(1):138-157,2003.
https://doi.org/10.1016/s0012-1606(03)00223-9

Hino J, Miyazawa T, Miyazato M and Kangawa K:
Bone morphogenetic protein-3b (bmp-3b) is expressed
in adipocytes and inhibits adipogenesis as a unique
complex. Int J Obes (LLond). 36(5):725-734,2012.
https://doi.org/10.1038/1j0.2011.124

Hino J, Nakatani M, Arai Y, Tsuchida K, Shirai M,
Miyazato M and Kangawa K: Overexpression of bone
morphogenetic protein-3b (bmp-3b) in adipose tissues
protects against high-fat diet-induced obesity. Int J
Obes (LLond). 41(4):483-488,2017.
https://doi.org/10.1038/1j0.2017.15

Uezumi A, Ikemoto-Uezumi M, Zhou H, Kurosawa T,
Yoshimoto Y, Nakatani M, Hitachi K, Yamaguchi H,
Wakatsuki S, Araki T, Morita M, Yamada H, Toyoda
M, Kanazawa N, Nakazawa T, Hino J, Fukada SI and
Tsuchida K: Mesenchymal bmp3b expression maintains
skeletal muscle integrity and decreases in age-related
sarcopenia. J Clin Invest. 131(1):e139617,2021.
https://doi.org/10.1172/JCI139617

Ogawa Y, Tsuji M, Tanaka E, Miyazato M and Hino J:
Bone morphogenetic protein (bmp)-3b gene depletion
causes high mortality in a mouse model of neonatal
hypoxic-ischemic encephalopathy. Front Neurol.
9:397,2018.

https://doi.org/10.3389/fneur.2018.00397

Camps J, Breuls N, Sifrim A, Giarratana N, Corvelyn
M, Danti L, Grosemans H, Vanuytven S, Thiry I,
Belicchi M, Meregalli M, Platko K, MacDonald ME,

29)

30)

31)

32)

33)

34)

35)

36)

Austin RC, Gijsbers R, Cossu G, Torrente Y, Voet T
and Sampaolesi M: Interstitial cell remodeling
promotes aberrant adipogenesis in dystrophic muscles.
Cell Rep. 31(5):107597,2020.
https://doi.org/10.1016/].celrep.2020.107597

Suzuki A, Sakamoto K, Nakahara Y, Enomoto A, Hino
J, Ando A, Inoue M, Shiraki Y, Omote N, Kusaka M,
Fukihara J and Hashimoto N: Bmp3b is a novel
antifibrotic molecule regulated by meflin in lung
fibroblasts. Am J Respir Cell Mol Biol. 67(4):446-
458,2022. https://doi.org/10.1165/recmb.2021-04840C
Hino J, Matsuo H and Kangawa K: Bone morphogenetic
protein-3b (bmp-3b) gene expression is correlated with
differentiation in rat calvarial osteoblasts. Biochem
Biophys Res Commun. 256(2):419-424,1999.
https://doi.org/10.1006/bbrc.1999.0341

Katagiri T, Yamaguchi A, Komaki M, Abe E,
Takahashi N, Ikeda T, Rosen V, Wozney JM,
Fujisawa-Sehara A and Suda T: Bone morphogenetic
protein-2 converts the differentiation pathway of c2¢12
myoblasts into the osteoblast lineage. J Cell Biol.
127(6 Pt 1):1755-1766,1994.
https://doi.org/10.1083/jcb.127.6.1755

Matsumoto Y, Otsuka F, Hino J, Miyoshi T, Takano M,
Miyazato M, Makino H and Kangawa K: Bone
morphogenetic protein-3b (bmp-3b) inhibits osteoblast
differentiation via smad2/3 pathway by counteracting
smad1/5/8 signaling. Mol Cell Endocrinol. 350(1):78-
86,2012, https://doi.org/10.1016/j.mce.2011.11.023
Kodama N, Matsubara T, Yoshimura A, Nagano K,
Hino J, Tsuji K, Tkedo A, Imai Y, Yaginuma T, Yuan
Q, Morikawa K, Ono Y, Shirakawa T, Addison WN,
Yoshioka I and Kokabu S: Bmp3b regulates bone mass
by inhibiting bmp signaling. Bone. 190:117303,2025.
https://doi.org/10.1016/j.bone.2024.117303

Hino J, Kangawa K, Matsuo H, Nohno T and
Nishimatsu S: Bone morphogenetic protein-3 family
members and their biological functions. Front Biosci.
9:1520-1529, 2004. https://doi.org/10.2741/1355

Ong KL, Villarraga ML, Lau E, Carreon LY, Kurtz
SM and Glassman SD: Off-label use of bone
morphogenetic proteins in the united states using
administrative data. Spine (Phila Pa 1976). 35(19):
1794-1800,2010.
https://doi.org/10.1097/BRS.0b013e3181ecf6ed

Seto I, Asahina I, Oda M and Enomoto S:
Reconstruction of the primate mandible with a
combination graft of recombinant human bone
morphogenetic protein-2 and bone marrow. J Oral
Maxillofac Surg. 59(1):53-61,2001.
https://doi.org/10.1053/joms.2001.19286


https://doi.org/10.1136/jmg.2009.071902
https://doi.org/10.1371/journal.pgen.1002849
https://doi.org/10.1006/bbrc.1996.0289
https://doi.org/10.1016/s0012-1606(03)00223-9
https://doi.org/10.1038/ijo.2011.124
https://doi.org/10.1038/ijo.2017.15
https://doi.org/10.1172/JCI139617
https://doi.org/10.3389/fneur.2018.00397
https://doi.org/10.1016/j.celrep.2020.107597
https://doi.org/10.1165/rcmb.2021-0484OC
https://doi.org/10.1006/bbrc.1999.0341
https://doi.org/10.1083/jcb.127.6.1755
https://doi.org/10.1016/j.mce.2011.11.023
https://doi.org/10.1016/j.bone.2024.117303
https://doi.org/10.2741/1355
https://doi.org/10.1097/BRS.0b013e3181ecf6e4
https://doi.org/10.1053/joms.2001.19286

8/8
MR ERMERS ). Kyushu Dent. Soc. 79(1) RV00007, 2025

EREE

BRARZRE - 3 KRR A KB (2010
). IRFAEE .

B [t (PR57) 20104

B 5 - BEERMLRO ML




1/5

MR ERMERS ). Kyushu Dent. Soc. 79(1) RV00008, 2025

Review (#5%)

Potential of bioactive compound controls the activation of low
molecular weight G-proteins as a new method of diabetes prevention
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As diabetes progresses, it can lead to serious diabetic
complications such as gangrene of the lower limbs, blindness,
and kidney, brain and cardiovascular disease. The number of
people with diabetes worldwide is expected to increase to
more than 700 million by 2025, and the number of people with
diabetes is also increasing in emerging nations, so there is a
strong need for safe and affordable treatments and prevention
methods. Geranylgeraniol (GGOH) is a type of isoprenoid
and a natural food constituent found in rice and fruits. Recent
research suggests that GGOH may increase the expression
of peroxisome proliferator-activated receptors, which are
associated with anti-diabetic effects, and may contribute to the
maintenance of skeletal muscle mass, which is one of the
organs that consumes the most sugar. In other words,
consumption of GGOH may be useful in the prevention of
diabetes.

Keywords: Diabetes, Skeletal muscle, Mevalonic Acid,
Geranylgeraniol, Low molecular weight G protein

PERRTRIGETT 5 E TERORE. kBB, B - & - DM
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Figure 1: Structural formula of geranylgeraniol
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The purpose of this study is to analyze how new students at
the Department of Dentistry, Faculty of Dentistry, Kyushu
Dental University (hereinafter referred to as “the Department”)
became aware of the Department, why they chose it, and
how they decided to apply. By analyzing the results of a
questionnaire survey conducted with new students, the study
aims to provide insights that can contribute to improving the
Department’s admissions publicity efforts. The survey targeted
284 new students enrolled between 2021 and 2023. Through
a self-administered questionnaire, students were asked about
the proportion of current students and repeaters, gender

distribution, the presence of healthcare professionals among
close relatives, how they learned about the Department,
reasons for their application, and their home prefectures. The
responses were analyzed and compared across categories.
The results showed that the proportion of repeaters was
higher than that of current students, and the number of male
students was significantly higher than female students. A large
proportion of new students reported having healthcare
professionals among their close relatives, with many of them
working in dentistry. The most common ways students
learned about the Department were the “department’s
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website” “teachers at cram or preparatory schools” and
“parents” The most frequently cited reason for choosing the
Department was the “high pass rate of the national exam” In
terms of home prefectures, the largest number of students
came from Fukuoka Prefecture. This study provides valuable
insights into the profiles of new students, which can help
improve future admissions publicity activities.

Keywords: Questionnaire survey, National examination pass
rate, Profiles of new students, Admissions Publicity,
Department of Dental Sciences
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Figure 1: Proportion of current students and repeaters.
Among all new students, 44.2% were current students, while 55.8%
were repeaters, indicating that the number of repeaters was higher
than that of current students.
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Figure 2: Gender ratio.

Among all new students, 43.7%
were female, while 56.3% were
male, with the proportion of
male students being significantly
higher than that of female
students (p < 0.05). This trend
was even more pronounced
among current students (p <
0.01).
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Figure 3: Presence of
healthcare professionals
among family or relatives.
Among the new students, 69.4%
reported having healthcare
professionals among their close
relatives, 30.6% reported having
none. Overall, the proportion of
new students with healthcare
professionals among their
relatives was high, with dental
healthcare professionals
accounting for 33.0% of the
total.
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Figure 4: How students
learned about the department.
Among all new students, many
learned about the department
through the "department's
website," "cram school or
preparatory school teachers," or
"parents." On the other hand,
fewer students became aware of
the department through
informational sessions, open
campus events, or promotional
magazines.

Figure 5: Reasons for
choosing this department.
Among all new students, the most
common reason was "the high
national exam pass rate." This
was followed by "the appropriate
academic difficulty level" and "the
appeal of the curriculum."
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Figure 6: Origin area of new students. (A) By prefecture. (B) By eight regions. By prefecture, the highest number of students came
from Fukuoka Prefecture, accounting for 24.6% (70 students), followed by Hyogo Prefecture with 7.4% (21 students), Osaka
Prefecture with 5.6% (16 students), Hiroshima Prefecture with 5.3% (15 students), and Yamaguchi Prefecture with 4.2% (12 students)
(A).By regional division, the Kyushu region had the highest proportion with 39.1% (111 students), followed by the Kinki region with
20.8% (59 students), the Chugoku region with 13.4% (38 students), the Chubu region with 9.5% (27 students), the Kanto region with
7.0% (20 students), the Shikoku region with 6.3% (18 students), the Hokkaido region with 2.8% (8 students), and the Tohoku region
with 1.1% (3 students) (B).
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The objective of this study is to investigate the perception of
“beautiful” and “white” teeth crown color, and the perception of
aesthetic teeth crown color in harmony with skin color and
wrinkles/ flabbiness around the Lips, and to establish a basis
for clarifying the influence of skin color and wrinkles/
flabbiness around the Lips on the esthetics of teeth crown
color.

Seventy-eight second-year dental students at Kyushu Dental
University were included. To clarify the perception of “beautiful”
and “white” teeth crown color, a survey was conducted using
VITA classical shade (VITA) arranged by lightness. The results
were then used to process skin color, wrinkles/ flabbiness
around the Lips and teeth crown color using Al images. In
order to clarify the perception of teeth crown color in harmony
with skin color and wrinkles/ flabbiness around the Lips, a
study was conducted using processed perioral images.

In the survey using VITA, the top responses for “beautiful”

teeth crown color were “B1”, “C1”, and “A1”. On the other
hand, the majority of responses for “white” teeth crown color
were “B1”. Additionally, the perception of “B1” or “C1” as a
“peautiful” teeth crown color did not mean that the teeth crown
color was harmonious with any skin color or wrinkles/
flabbiness around the Lips.

The results suggest that “white” teeth crown color is not
always a “beautiful” teeth crown color and that “skin color and
wrinkles/ flabbiness around the Lips” are important factors in
the choice of aesthetic teeth crown color.

Keywords: teeth crown color, skin color, wrinkles flabby,
harmony
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Figure 1: VITA classical shade arranged by lightness.

Figure 2: Images of
relationship between skin
color and teeth color.

Upper and lower images show
equivalent to “C1”and “B1”
crown color, respectively. (A)
Light skin color. (B) Standard
skin color. (C) Dark skin color.

| A Light | B. Standard | C. Dark|

el € ‘L@

[C1] crown color . .
i gD

Equivalent - o
sl m

=h b &
[C1] crown color

=h= lLﬂL‘ﬂk*:d
[B1] cmwn color

Figure 3: Images of relationship between wrinkles/ flabbiness around the Lips and teeth color. Skin color shows “Light”. Upper
and lower images show equivalent to “C1”and “B1” crown color, respectively. (A) Class 1. Very few wrinkles/ flabbiness around the
Lips. (B) Class 2. Few wrinkles around the lip. (C) Class 3. Slightly more wrinkles/ flabbiness around the Lips. (D) Class 4. More
wrinkles/ flabbiness around the Lips.

Skin color: Light
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"White" teeth color
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(Figure 5)
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BT, TOFhEHABHN TOEW] 254 (6.4%)
THo7-.

%7-,[Cl] & [Bl] o/s—v v 5F—VKA Vb E,
B 5] DL T11.6%pt, [F54E | AILE T42.3%pt, [

A\ |
=

0 20 40 B0 BO
Number of responses (people)

"Beautiful" testh
color

oB1 oAl oB2 eDZ2 mAZ maC1 =C2 mA3

Figure 4: Result of “The most beautiful teeth crown color”
and “White teeth crown color” surveys.
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Ratio of responsed (%)

¥ 5 EXRAAE (Figure 6)
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23 B EE ORI, Class 143424 (53.8%), Class
273544, (69.2%) , Class 3733644 (46.2%), Class 47321
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[B1] &FHFIAER TS HPERBOY /400 2

100
" 11.6 %pt
0 42.3 %pt
60
40
20
1.3 %pt 3.8 %pt
0 ) - —
A B C D
Image No.

oC1 mB1

Figure 5: Result of “Relationship between skin color and
teeth color” survey. The horizontal axis “A”, “B”, and “C” indicates
Figure 2 (A), (B), and (C), respectively. The “D” indicates that “None
of them are well harmony”. “%pt” indicates each percentage point.

Ratio of responsed (%)

100

s 8%t

42.3 %pt

60

40

20

1.3 %pt 3.8 %pt
0 ] — —i -
A B & D
Image No.

oC1 Bl

Figure 6: Result of “Relationship between wrinkles/ flabbiness
around the Lips and teeth color” survey. The horizontal axis “A”,

"B

", “C”, and “D” indicates Figure 3 (A), (B), (C), and (D), respectively.

The “E” indicates that “None of them are well harmony”. “%pt” indicates
each percentage point.
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A

ssen oo NN
C1/Skin color I&\\\\\\\\\\\\\\\\\\N

0 5 10 15 20
Number of responses (people)
oAll images are in harmony. =Some images are in harmony.

mNot all images are in harmony.

B

1 cdr NN
SEEEINNNNNNNNNNNNNWWY

oAll images are in harmony. oSome images are in harmony.

oNot all images are in harmony.

Figure 7: (A) Responses of 20 participants who selected “C1”
as the most “beautiful” teeth crown color in the VITA classical
shade, in a survey on the harmony between "C1" or “B1” and
skin color. (B) Responses of 29 participants who selected “B1” as the
most “beautiful” teeth crown color in the VITA classical shade, in a
survey on the harmony between "B1" or “C1” and skin color.

7A). VITA classical shade T, [B1] % [ZEL ]
Mt e UCRIRL 7229405 5, [Bll &AlE
EOHFMOFALETOMEE, [WIhd FAILHL
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T 11 4(3.4%)TdH - 7= (Figure 7B).
(2)OERABED> 7/4IV 3 (Figure 8)

VITA classical shade, [C1] # [ZE L]
PR e U ORIRL 2220805 5, [CL] &Mk
JA D > v/ 20 I L OO TOmIE I,
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NThan] 1£34(15%)TH - 7z (Figure 8A).

VITA classical shadeT, [B1] % [3ELw]

A

AN
RN

0 5 10 15 20
Number of responses (people)

oAll images are in harmony. o Some images are in harmony.

mNot all images are in harmony.

B

C1/wrinkles - flabby -m\\\m
o1rinkes - fecy | NN ]

0 5 10 15 20 25
Number of responses (people)

oAll images are in harmony. & Some images are in harmony.

aNot all images are in harmony.

Figure 8: (A) Responses of 20 participants who selected “C1”
as the most “beautiful” teeth crown color in the VITA classical
shade, in a survey on the harmony between "C1" or “B1”and
wrinkles/ flabbiness around the Lips. (B) Responses of 29
participants who selected “B1” as the most “beautiful” teeth crown color
in the VITA classical shade, in a survey on the harmony between "B1"
or “C1”and wrinkles/ flabbiness around the Lips.
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Relationship between the Qualities (Ability to Think, Attitude, and
Experience), Attendance Rate, and Grade Point Average
in Third-Year Students in the School of Oral Health Sciences,
Kyushu Dental University
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In dental training programs, it is important to analyze factors
that affect students’ learning outcome and academic
performance to improve education efficiently. In this study, we
measured the factors related to the qualities of “ability to
think,” “attitude,” and “experience” using the GPS-Academic
assessment test. The sample included third-year students
attending the School of Oral Health Sciences at Kyushu
Dental University, Japan. In addition, we examined the

correlations between these factors, attendance rate, and fiscal
year grade point average (GPA). “Attitudes” were measured
as resilience, leadership, and collaboration, while “experience”
was measured in terms of comprehensive experience and
related factors such as self-management, interpersonal
relationships, and planning and execution. We also examined
the correlations between the ability to think, resilience,
leadership, collaboration, comprehensive experience,
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attendance rate, and fiscal year GPA. Our findings show
positive correlations between leadership and fiscal year GPA,
and between comprehensive experience and attendance
rate. We also examined correlations between attendance rate
and experience-related items, such as self-management,
interpersonal relationships, and planning and execution, and
found a positive correlation between attendance rate and
planning and execution. Collectively, these results show that
comprehensive experience and planning and execution
among the third-year students’ qualities affected their
attendance rate.

Keywords: ability to think, attitude, experience, attendance
rate, GPA
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Figure 1: Correlations between attendance rate and experience related items.
A Correlation between attendance rate and comprehensive experience (r=0.489), B Correlation between attendance rate and self-
management (r=0.33), C Correlation between attendance rate and personal relationships (r=0.393), D Correlation between attendance

rate and planning and execution (r=0.412).
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Operational Insights of the Scan Center
at Kyushu Dental University Hospital: Evolving Trends
in Health Imaging Information Requests and Utilization
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This study aimed to understand the provision of dental images
at a newly established scan center of Kyushu Dental
University Hospital, covering from April 2017 to the end of
March 2023. Data analysis with Qlik Sense® and statistical
methods in Python revealed applications rising from about
400 in 2017 to over 1000 in 2021 and 2023. The most
frequent purpose was providing information to other medical
and dental institutions; however, requests for certified dentists
and educational use increased markedly, alongside gradual

growth in disclosure requests and second opinions. By
department, oral surgery and oral medicine consistently
showed high numbers, whereas oral implantology, and
orthodontics expanded significantly after 2021. In terms of
image types, although CT and panoramic imaging
predominate, dental x-ray and MRI use also rose. As a single-
facility retrospective study, potential bias from application form
content or staff input cannot be ruled out. Nevertheless, these
findings provide valuable baseline data for enhancing
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operational systems and promoting the use of imaging
information. Moreover, with shifts in educational curricula and
expanding regional medical and dental collaboration, demand
for such information is expected to keep growing, highlighting
the need for further system improvements. Finally, these
results may contribute to higher-quality dental care and a
safer information-sharing framework.

Keywords: Medical Image, Regional Medical Cooperation,
Educational Use
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Table 1: Temporal Trends in Applications for Scan Center and
Statistical Analysis Using Negative Binomial Regression
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Table 3: Departmental Analysis of Applications for Scan Center: Chi-square Test Results and Negative Binomial Regression
by Clinical Department
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Table 4: Temporal Trends in Medical Image Type Utilization: Annual Distribution and Cochran-Armitage Trend Analysis
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Table 5: Association Between Usage Purpose and Image Type: Cross-Tabulation and Multiple Logistic Regression Analysis

Based on the Total Number of Applications During the Research Period

A

mnm | BERE | Tof | mX- | Em | Br | tofl | BEES | TAF
BERRREGL | (BEN) | EERR FIH G (BE4t) ki S =R

cT 1,653 886 219 217 42 26 20 14
)T ) AR 948 278 290 666 73 37 507 11
WRAONET | 288 302 164 704 47 39 310 0
MR 49 77 45 354 10 13 6 0
MR 752 40 33 30 16 9 g 10
€7 70T 96 41 26 24 7 5 43 1
[ 142 8 5 11 12 6 0 1
PET 80 5 4 1 0 1 0 2
W 7 A 10 5 1 6 12 4 0 1
r—p—2 23 0 1 0 1 0 0 0
BB Sy Z AR 7 0 0 0 14 5 0 0
o AR 5 2 4 10 1 1 1 0
W MR % 1 0 0 4 2 0 0
HiR = £ —ACT 4 0 0 0 1 0 0 0
W= 7 1 1 0 0 3 0 0 0
FABR R AR FRE pfE Bonferroniffi 1IE# D pfi

il = e B it W= — ACT 0.06 €0.001 <0.001

R 1 PSR A 0.68 <0.001 <0.001

. ABAER 0.62 <€0.001 <0.001

B A )T A 0.43 <0.001 <0.001

AT AR 0.09 €0.001 <0.001

)T A 0.77 <0.001 <0.001

BEEEHRE R 1 PR A 0.77 <0.001 <0.001

€7 rEs T 0.26 <0.001 <0.001

MR 0.62 <0.001 <0.001

Gh 0.43 <0.001 <0.001

R PET 0.34 <0.001 <0.001

Wil 7 A 0.20 <0.001 <0.001

Wit 7 0.14 <0.001 <0.001

RS /5~ T 7 AR 0.26 <€0.001 <0.001

Wit 7 0.16 <€0.001 <0.001

_ TT— 0.14 <0.001 <0.001

B7REHR Wi ) R 0.13 <0.001 <0.001

Wt o 7B 0.12 <0.001 <0.001
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cT 0.79 <0.001 <0.001
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/<5~ ) 2B 0.26 <0.001 <0.001

Wi 7 0.19 <0.001 <0.001

Z DAt (FEA) ATy 7 A 0.15 <0.001 <0.001

AR 0.12 <€0.001 <0.001

PET 0.10 <0.001 <0.001

W/ A8 0.08 €0.001 <0.001

T 0.07 <€0.001 <0.001

iR AR 0.06 <€0.001 <0.001
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Kyushu Dental University has incorporated a “Laboratory
Assignment” into its curriculum since 2006 to foster a research
mindset in undergraduate students. This paper reviews the
history of the program, outlines its current status, and
identifies remaining challenges. The study examined the
procedures for student placement, the duration of
assignments, the implementation of presentation sessions,
and the results of an online questionnaire. Although issues
such as a shortage of research topics and an imbalance in
the number of students accepted per laboratory persist, the
student-led management of presentation sessions helped
invigorate discussions. The questionnaire revealed that most
students viewed the program positively and rated the
participating faculty highly. In the future, further revisions will
be necessary to enhance learning outcomes, including an
examination of the appropriateness of implementing this
program for second-year students.
Key words: Laboratory Assignment, Dental Education,
Student Evaluation
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Figure 1: Ballots in the first round announcement (Upper :
For students ; Lower : For faculty)
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Figure 2: Rubric table used to evaluate the second round presentation
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Table 1: Questionnaire items for faculty (extract)
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