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Oral health condition according to
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and amount of periodontopathic bacteria in the saliva were analyzed using real-time PCR. Pocket
depth and clinical attachment loss were examined to evaluate the oral conditions of the subjects.
Patients who had at least one tooth surface involved, with a pocket depth =4 mm or clinical attach-
ment loss 25 mm were classified as having periodontal disease.

Corresponding Author: Youn-Hee Choi Results: The detection rates of most bacteria in the orange and green complexes were more than
Department of Preventive Dentistry, 90%, while those of P. gingivalis and T. forsythia in the red complex were 58.6% and 61.7%, re—
spectively. The number of bacteria in the red complex positively correlated with each other. There
were no significant differences in the number of types of red complex bacteria in the saliva and
the distribution of residual number of teeth and periodontal disease (P>0.05). On the other hand,
the number of remaining teeth in subjects with higher bacterial density were more than those with
lesser bacterial density. In addition, the occurrence of dental disease differed significantly depend-
i ing on the number of P. gingivalis and T. forsythia.

E-mail: cyh1001@knu.ac.kr Conclusions: The relative amount of periodontopathic bacteria is important in the occurrence of
https://orcid.org/0000-0001-5712-8097 periodontal disease, and the number of these bacteria positively correlated with each other.
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AFARE HAQ] 13EE F ofuhe A4, WA 2 2G99} X2 Aot AHAlEollA  Aaleks I A7 Al
L FZ4AQ AAET 8, WY Sa 42 HAAQl R} BN, & OF Porphyromonas gingivalis (P. gingivalis), Aggregatibacter
ZFo} -2 B4 A 0] QQIEQ] Ao ARE-0 2 HME|o] X 29] g X actinomycetemcomitans (A. actinomycetemcomitans), Tanerella
Z2229] 117 9 285 52 o3, 322 9usl=tF  forsythia (T, forsythia), Treponema denticola (T, denticola), Pre-
&3t QRIE 5 50| AEAFY T A2 G0 ERjok= AltE9 ¥ votella intermedia (P. intermedia), Fusobacterium nucleatum (F.
=3 F4e A3 Ae0] 272l YoR AR Y. (WA nucleatum) 501 Y.
FeRS A= Al oF 7000] & ol4fo] HuE 1 9lom® A Socransky 578 2- 2915} A HAF U] Aldo] Y4 4= oAk
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2 Z7Fold 2gto] it B UehA "ol Barsigle
o, A=) A, AN, M4 QARE J2 A8 59 &
A& vpgo g XeAst AHAFY el MFS red, orange, yel-
low, green, purple complex®} Zo] 57} 2 E751t}. 5| red
complexE FJok= P. gingivalis, T. forsythia, T. denticola 52
A|52gke] A4 2] 1o} 73et IAE 7Tl o9t o] 2t Al
=9 T4 59 Wol7|-E A7 1L, interleukin (ID)-6, IL-
1B, metalloproteinase (MMP), tumor necrosis factor-alpha (TNF-
o) 5 BSEEES B/cto] Aol 22| 08 EEHo g A5
2 AP, whabA 273 Yol ZA5KE AEATe] F5
2 ERo A S FAok= 22 A A% e A 59 o ¢
a4 = W gairta 3t 4 ok

A|F280] YRIH-S AARH= g #A Q] v o 7= u|AE- vljok
i} 538 A AR (Polymerase chain reaction, PCR)T} 2
2 FABEE 7% 5ol dou ABA FAEA AHRRS-Z Al
o A 55 B7FD = QAN AR EJ—?% E7rse

o] o], A= tFEAAITE FHAA A7 (Multiplex real-
time polymerase chain reaction, real—time PCR)o] Ho| ARE-F] 1L
et o] WL ujEe] DNATC 2% Sllo] 7Fs3}, Eo|Ax} 7l
/g0l Lottt Bk Q7] EHE'O]EP’ 7, olaf3t BAS 945}1
AR 2 FAS Al AH Fae 7]1E Asolids diE= A
=95}k A HE ol &5l o, Tefollis A2 AHQ B -rr—%
AR PrhE|w QoY B3] Bt 73] ofe] R0l faf
Sk Al thefshA Zastal Q7] wizoll AFske 4ol w4
7L golsHA vehe &= Sl AWAl R o= 4 W AFAlY
IS Bt FEolA HT 4= A= B5F oflzt g50] 1 w=
Ch= 4L 7HA1 3L Y.

AA7HA] o]t BAHE o83t XA URlte] ek =9
A o EARE, SjolA B 9= Aot AES
2 o|Fojx Aot gk X
Alet-S vl EAsEAY 7\]-r?‘1§ AT AFATS F= vt A%

ojr, £4& flaf -2 AHAF IS € ),
olof] o]l Aol A= BfHEES o]-gsto] AT ojghgo] &
O

2 491 9 1:919] 77 o) XFAS A BYA ) 2x 3 A

2 BAslol, S M08 Az 9 ool Bt Bk
ALY 2 e

1. &

o] A7 sk AbolA A% i S et A 2
ol Folopr|2 Flgt Tt 60A] oM =91 16282 thifo=2 519
ot A Al A AEHS A9 Y] SIS Wttt
(KNUH 2015-07-007-001).

2. UM
SRl 7 AEE BRI $istel AatolAt 19lo]
ATz oAje} Qg Solq A3 XFAL ol8ste] A3

] EA]

JerdZlo](Probing pocket depth, PD), A2E|&(Gingival reces-
sion, GR), /44522244 (Clinical attachment loss, CAL}& £
Abstltt. A= BE Aok 7] AHE HAFCR stgi o, 2|5
7017} 4 mm o<l A|Ho] 17] 01**0171% WA FAA| 2 440]
5 mm °PRl AW 17] o] 4Rl A5 AFE 0 = ERoIGIH.

3. MZF

qgAlA chewing waxE 127t #1451 5tof 2574 EHY
< AFster, o] & 2 mlo ASA 'S AR 24 GA
(Periogen, &HIo]AZ20]2, Korea)oll A A5t 72 A7} &3ts}o]
A A7 Y EBsI A

4, X|FM= 2N

Bt A 8= WHAE & @rto]ZE0] 2 HIo] QLAY PerioGen

of BUjA theAAt SERAAHTSTIHS ARt AFAs

3 o] okl IR 117 4= P. gingivalis®} T. forsythia, T.
denticola, P. intermedia, F. nucleatum, P. micra, C. rectus, E.
nodatum, A. actinomycetemconitans®} P. nigrescens, E. cor-
rodens®] B30} $Z Socransky 5°9] 50l wheh 57X 2 -85}
o} BAsIgith

Z2r0] Nt AES Y8l Y34+ Exgene Clinic SV mini Kit
(GeneAll, Korea)E o]-&5to] 73| AES DNAE &35 &,
functional gene (Rgp B, Waa, gtf) © X specific primers 7\1]&
310}, oF 200 bp 2]2] DNA ©#& ABI 7500 Fast Real-Time
PCR System (Applied Biosystems, CA, USA)S o]-8-sto] 2z &
sl9lom, FZFF9] genomic DNAZ 108)42 3)45t] AJE

EE24 hejstel 24 Ale] S8 HFBL
5. SA2

BE BAEA SPSS version 25.0 (IBM Co., Armonk, NY,
USAYE ol83t9loH, o4 A5 froles 0.05% ITos o
3tk Red complex©] o= Al 7F9] A4S Pearson’s cor-
relations ARESFo] BASH L, AFAl] TE 7 AEl= one-
way ANOVA, independent t-test, Chi-squared testS AAIoFTY.

o7 9

1. G EXL YBHY £9

AT 804 ol/dol 7278(44.8%), 80Al wlgte] 907
(55.29%)°14L, FA7F 53%(32.7%), 2AA7F 10978(67.3%)°1 At &
A@E veARt A AFShe BT 103%(03.6%) = 7FE B
AL, AR BT 4078(24.7%), 7153 A ATk 73971 19
H(11.7% 2% Hebdth. A 163 A 7S W23 Aol e 44
= 618B7.7%)°02 1A & B 10178(62.3%)9] it 0]
Ao, X A2 St 971 74H(45.7%), RS 2R 2 7
T 88(54.3%) 2= HeERKT. ZFoiRlof = 2170 oVl 7397+
80%8(49.4%) L& 7P Wokar, 11-207H 37'8(22.8%), 1-107H 3078



(18.5%), 07} 158(9.3%) =22 eI tHTable 1).

2. AR 1 W XML E3i8

AT IAZY] B E A ERITE AFA Y] EFE2 Fig.
13} 2t} Red complex®l| sldok= P. gingivalis®t T. forsythia,
T. denticola= Z¥Z+ 58.6%, 61.7%, 92.6%2] t3AolA AEE U
11, orange complex®l s@sk= P. intermedia, F. nucleatum, P.
micra, C. rectus, E. nodatum, P. nigrescens= 22+ 99.4%, 100%,
96.3%, 99.4%, 78.4%, 82.7%2] ddAolA HE= o] red complex
of sfgeh= #F=0l Hldf B =2 HEES UETE Green com-

Table 1. General characteristics of the study participants

Variables N %)
Total 162 (100)
Age
<80 90 (55.2)
>80 72 (44.8)
Gender
Male 53 (32.7)
Female 109 (67.3)
Living arragement
Alone 40 (24.7)
With spouse 103 (63.6)
With family 19(11.7)
Visiting dental clinic during past 1 year
No 101 (62.3)
Yes 61(37.7)
Usage of denture
No 88 (54.3)
Yes 74 (45.7)
Number of remaining teeth
0 1509.3)
1-10 30(18.5)
11-20 37(22.8)
>21 80 (49.4)
P. gingivalis M 586
Rcec()jmplex T. forsythia I 617
T. denticola I O 6
P. intermedia I oo 4
F. nucliatum I 100
Ocrgr?wgp?ex P micra I o5 .3
C. rectus I 004
E. nodatum I 75 4
P. nigrescens I s
oo lex| E. corrodens I o
Etc. |A actionomy- “_ 80.2

cetemcomitans —H— T T T T
0 60 70 80 90 100
Prevalence (%)

Fig. 1. Prevalence of periodontopathic bacteria in study participants by
multiplex real-time PCR.
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plex9]l 31335= E. corrodens®] 7-9- 95.1%2] tAAIEAIA &l
%917, o] Q9| A. actinomycetemcomitans= 80.2%2] TR Al
A AE= AT

3. AFLHERL £ W F2 X|FHHe 22X

AT IAFES] 4 W AFAIEY] B-RY = Table 29 2t} A
A AFAFY B3 2.5%10°£2.2x 10°0]91.0H, A. actinomy-
cetemcomitans=6.7x 10°+2.7x 10° 0.8 7} 22 ok Bolrh 714
10 okS: HO] FFL orange complex?) P, intermedia® 2.2x 10°+
6.0x10°8 HR319.2H, F nucleatum?} 9.7x10°+2.3x 10°C.2
1 5 o]l Orange complex® P. micra, C. rectus, E. nodatum,
P. nigrescens= Zt7F 2.2x10°43.7x 10", 5.2x10'+1.9x10°, 3.8x
10°+£1.4x10°, 3.5x10°£6.6x 1002 H|$3t £28 HYo,
Red complex®l| 31951= P. gingivalis®} T. forsythia, T. denticola
£ 47 38x10°+1.1x10°, 44x10°£1.0x10°, 7.1x10°£2.7x
10°2.& P. gingivalis7} 7% 23t} Green complex©] sjg5H=E.
corrodens=1.7x10°£3.1x 10° 0.2 YERstT,
4. Red complex0l s{Edl= MiS2| 2%

Red Complexoﬂ dGs= P. gingivalis, T. forsythia, T. dentic-

U AEE

olat= 55 G| AEHAIE HYH}. 3] P. gingivalise= T. forsythia
Sl 70“1’} G} AHEATE A2 (r=0.552, P<0.001), T. den-

ticola (r=0.457, P<0.001)2}= 7ot A A S B ALt T forsythia
9} T. denticola GAl FO] AHHA7E AR Hr=0.384, P<0.001)
(Fig. 2).

5. FQ XFMz HR0 ME LZAE
Red complex©ll af3sl= Mat-=(P. gingivalis, T. forsythia, T.
denticola)?] B0l W2 YRS £A45 A BRolk= Al

Table 2. Amount of periodontopathic bacteria in study participants by
multiplex real-time PCR (Mean+S.D.)

Average Ct value Average copy number

Red Complex
P. gingivalis 17.88+1534  3.8x10°+£1.1x10°
T. forsythia 20.07+£16.02  4.4x10°+1.0x10°
T. denticola 30.55+9.04 7.1x10°42.7x10°
Orange Complex
P. intermedia 27.2144.61 2.1x10°+6.0x 10°
F. nucleatum 25.38+2.28 9.7x10°+2.3x10°
P. micra 27.62+6.40 2.2x10'+3.7x 10
C. rectus 31.7343.62 5.2x10*+1.9x10°
P. nigrescens 24.79+12.01  3.8x10°+1.4x10°
E. nodatum 21.09£11.73  3.5%x10°4£6.6x10°
Green Complex
E. corrodens 27.70+7.16 1.7x10°+3.1x10°
Ftc.
A. actinomycetemcomitans 27.07+13.73 6.7x10°+2.7x10"
Total 19.64+1.97 2.5x10°42.2x10°
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TSRS A Ul &l Aolgrt Floke S EAoU 5
AR CE {ogt Alol= fI%eH(P>0.05), Efschke w52 4% A
FAS 5] WA GA| {3 Aol §IUTHTable 3).

Red complex©] dFol= Alde2 Hat o Bfole v 3
t "R BR6k 02 Uro] SIS BAIRE At Al 7HA]
T L5 Hato o] AlehE BE-Re o] Hn|ho R B3t o] H
3f) k2 o7} B WOITHP<0.05, Table 4). A58 WA} 2|5
Alat9] s=0] B 5 A3t Ao A= P, gingivalis®} T. forsythia2)
7} 22T o] JATHP<0.05, Table 4).

o o

A48 g u)AFEo] oo == ok A4 ekt
+ OEA bRt T7Y Aol B4 0= 2R8sto] WAl wet
A AFAe 8 Aol it B 9 A4 42 A58 6%
9 27|30, aHARl &g Yo Dedolztal T 4= k. wEhA
o[ ol A= X|FAS o]gheo] =2 60A| ol A% & Q19
74 W AFES GIARe Bxel ArE BA slgon BAS
Qloh et MES A Folo] tha At FEBAANHS7HS T8

A B
8 -
- r=0.552
8_’ ~ 6 g *P<0.001
= 2 )
o =
o ®©
2 S 4+
5 2
© kS
= [
2 -
0 T T T 1
0 2 4 6 8
P. gingivalis (log,,)
C D
84 8 -
o r=0457 o
~ 67 *P<0.001 64
o 0° °% ° o ° ooog ° s Qo r=0.384
S oo S ® 000088820 *P<0.001
© © o &
E E 47 e E 08 c§di>o°
% % % ° o 90 ° 06’0
S S o g ° °
- =
0 T T T T 1 0 T T T T 1
0 2 4 6 8 0 2 4 6 8
P. gingivalis (log,,) T. forsythia (log,,)
Fig. 2. Correlation of red complex bacteria. *P-value was analyzed by Pearson’s correlation.
Table 3. Oral health status according to red complex bacteria species
Number of Periodontiti
The number of strains N %) Hmbero o e
remaining teeth No Yes
0 7 (4.3) 14.29+7.59 13.2) 6(5.3)
1 42(25.9) 15.21£10.77 8(25.8) 27 (23.7)
2 36 (22.2) 18.67£10.97 8(25.8) 23(20.2)
3 77 (47.5) 19.08+8.47 14 (45.2) 58 (50.9)
Total 162 (100) 17.78+9.74 31 (100) 114 (100)
P-value 0.139* 0.855"

*P-value was analyzed by one-way ANOVA. "P-value was analyzed by Chi-squared test.
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Table 4. Oral health status according to the number of red complex bacteria

The number
Division N (%)
of bacteria
P. gingivalis
<3.8x10° 133 (82.1)
>3.8x10° 29(17.9)
P-value
T. forsythia
<4.4x10° 126 (77.8)
>4.4x10" 36(22.2)
P-value
T. denticola
<7.1x10" 134 (82.7)
>7.1x10" 28(17.3)
P-value

The number of Periodontitis
remaining teeth No Yes
16.91+10.13 29(93.5) 88(77.2)
21.76£6.50 2(6.5) 26(22.8)
0.002* 0.0417
16.67£10.18 28(19.3) 82(71.9)
21.64+6.84 309.7) 32(28.1)
0.001* 0.034"
17.10£10.07 27 87.1) 91 (79.8)
21.00£7.32 4(12.9 23(20.2)
0.021* 0.356"

*P-value was analyzed by independent t-test. "P-value was analyzed by Chi-squared test. "Edentulous subjects were excluded from the analysis.

skolck

A+ YARES 4ol A= orange complex®} green com-
plexol| 3Fot= #FE2] tekr7h 90% oS =& 2dE= H
t}. Orange complex®} green compledl| &= tit:9] #5=
7SS 71 tdi/gAtol A £6] 1% wF=0lH, F. nucleatum
o} P. intermedias= A154%0| ofgHe RE tAAE0AA EHE
ok ST, o]¥l AL A tAES] 78.6%7F YFE R
244(CAL)0] 5 o141 AHo] 17] o)do] A X517 ol(PD)7} 4
mm °PFRl Ao 17 o0&, thrfg=r} A5 gof| o]ghE]of §l
o] 712 AFEY} uRIAE orange complex®} green complex
oA =2 238 Hol Aog Holr} WA, red complex?] P.
gingivalis®t T. forsythiax= 27} 58.6%%} 61.7%2.2 A 4F5
= 7P I 98-S YeHY. P. gingivalis® T. forsythiat® /3
QIS0lAA &o] TAYok= WA FHoNA E5] TAE= 2eE &
HA lor® B3] utuly XA 9 APA 2FAe} 3t
AL 7 WYFe R HuEy gova” By AR
S2A(CADO] 5 o13Rl 55 A1FEee] £37119.8%<1 oW At
S0l = B 5ol Bls) &d RlErt WA YEhd 08 B
]t

A ZAYEL} P, gingivalisY] BAZ B715F Kawada 529 Bl
of oJstd 2Fde] Zol7F 1 mm F7FE Alt] 47t 108 5
7¥okal, Z1L SolX % P. gingivalis®] A & S7HE EQITkl 513
o, Asai 5% T. denticola®} AF32] Zol7} Aol 922
ST webA A4 B7E Al 2] A4 Bt opd 2t A
ARl 2 Z7gol= Ao| Fasith. of AtolA= A actinomy-
cetemcomitans’t 7F& AQ0H, P. intermedia®t F. nucleatum
7} 71wttt QUbE 0 & A actinomycetemcomitans= - E
Aot AT X|FAeA 71 BarE T glo R 60
Al ol o= g o]l dFollA= 7P A2 G Hl Ao
e

Suzuki 577 |59t O0] AFE0|A 77

F50] A2

73 AIAE 7Tl BAT5HGIH: o] Ao A E X FEe &
g 7FsAdo] &=kl A red complexdl iP5l P. gingivalis,
T. forsythia, T. denticola®) 4B AE 45 23t Al ¢ ZF
¥ AHIAE 7= A gRlstglon, oj2fgt At ol o
F7F B 02 A8e AL (34 7S w4 740l
UL 74 = Slet. AA|R ol 59 B2Vt 174 AdHoll vIA|
= JFS Il & 23}, BHfolks #5Y ot AFEs Y B
£ A0z (o3t Aol& Kol Ukt Kawada 579 F
At o] EA Alate] 28 fFE S85HANE ol AlTte] AdthE
Ql o] F 8t E HRoh= Al FHFUCEE T3t A%
FE2] Aol & &I 4 YIH AL = ket WEbA red com-
plex©l Y= P. gingivalis, T. forsythia, T. denticola®] =0l @
£ 3 BEHE Bl A Al 7HA] 5 B gl ek B
gF o] Htu|gto 2 HR3h wfofl Hlsl K& X|okr} o] Wikt o]
22t Aik= A FAE FEsks Alate] §714 Aldtolehs AME
n] o] ¥ uff 2joje} 72 FEo] W2 79 gto] T4 4= A=
S FES| USAIA & 5 | 2o E 24T 4= lrk ESHP.
gingivalis 9 T. forsythia®] <=of whzt A48 Aol F-2J35t 2
0]& 2o Kawada 579] 43} 22 232 Z{rk.

o] Aytg T Bt o, A5E HAS g W Bf
ok Alete] ARl ol 8351, E5] P. gingivalis 9 T. for-
sythia®] 47+ A Tofstal Qltk= A RIS 4= QAoich 12y
o[ A9 thAES T8 XY A= ThEA|TE o] X
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ol Aol A= 2|52 o]ehgo] ﬁ% 60*1] ol 4 ‘ﬂ LS|
16279 4 W 7‘]1111 A
Oq ]4“-14' 71—0 73 04

1. Orange complexﬂ- green complex®] ot A5 90%
o9 =2 £3E&S B ¥, red complex®] P. gingivalis Y
T. forsythmﬂ-A actinomycetemcomitans+< Z¥Z} 58.6%, 61.7%,
80.2%°] =8&Z LIEFRITH

2. 74 W Mlite] = A. actinomycetemcomitans’t 7V A

Rom, P. intermedia® F. nucleatum?} 7F 2kt

3. Red complex®l| a@ok= P. gingivalis, T. forsythia, T.
denticolat= 5 Fo] AHHAS HALY.

4. et red complex Alat 5579 59} 712 Aol
A A EE = O3 Aol 7} glHP>0.05).

5. Red complex AldE H ol B-foke diidAE B+ Iy
og HRSF tiAte] vl ZE Ko7t B Wokom(P<0.05),
| P. gingivalis, T. forsythia®) <=°| wtg} X523} ghajo] §-oJsk
21o] 2 HHTHP<0.05).

oliFe] A¥E FotH Aol Qlof 7 W Al
A FR-ETE ARl ol B 5851, ZH A0l A= 4
B 7= AZ AT 5 ASiH

— A= = s

%A

N

l Jlm (6=

ol

>~I

X223

e rlo
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