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Abstract

Analysis of Seven Etiologic Factors of Permanent
Teeth Extraction in Koreans

Byun, Jae-Joon, D.D.S
Advisor : Prof. Lee, Gyeong-Je, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

This study aimed to analyze the etiologic factors of permanent teeth
extraction in Koreans. Using the data from the electronic medical record
(EMR) in the past 10 years, the study targeted 25182 adults whose teeth
were diagnosed as hopeless and needing extraction. Oral diseases that
cause the extraction of permanent teeth were classified into seven
categories. The relationship between oral diseases and permanent tooth
extraction was analyzed. Male patients had a higher tendency to need the
extraction of permanent teeth than female patients. In male patients, the
three major etiology for extracting permanent teeth were periodontal
disease (34.4%), dental caries (27.7%), and impacted teeth (21.8%). In
younger patients aged 21-30 years, impacted tooth (58.0%) and dental
caries (40.3%) were the main cause for extraction, whereas in older
patients 51-60 years of age, periodontal disease (28.0%) was the main
cause. Upper third molars (76.7%) and lower third molar (63.2%) were
extracted mainly due to dental caries. Lower second molars (26.1%) and
upper third molars (22.9%) were the most affected teeth by periodontal
disease. The study showed that extractions from periodontal disease occur
at a higher rate than extractions from dental caries. During the 10 years
that the study tracked, periodontal disease and dental caries showed a
slight decrease in occurrence.

_Vi_

Collection @ chosun



gelel Aok B4 FRE 09 fA7 EAGoR WESA v W 64
FYRE A7 gstel GTAR ADHA Gk GTAE RA% A%

A AR A AA A e FheaL vk 20501 ofrlekdle] e
201033} walsksl s W E4be Sk aERle] AP E AAaR [l 23%
TS o dFsta Y. W] dar SAA Y FHAFFA Al g2
Aol g 20199FH F4bE AR AL FAolR T Wolx = Q1T
To] AAFATE AAEALL, m@RAT HE e SUFR AL ZFESE AL Sl 65
Al R AdEE 2017 138%00 A w27 S7kske] 20251 ol = 20%, 20519
o= 40%E 3 Aelty. AR E A9 FARI= 2050 1541~6441] €] H]E-0]
ZolE5a 664 o9 ATt 39.8%% St oz o FHP

st Ao ® ‘Oral-health -related quality of life (OHRQoL) ©] ¢ %] A& <

TA A R AR dE uF AFNA AdiH o A ks e

_1_

Collection @ chosun



<
—_ % o
> o = X x “
X ' I
= mm . ~ 5 = W
ohy _W x Z % o W bt o
S 5 ® ® 2 o i SO
I o T w oo &7 A 5 4w
7 i KO ~ - _ X B o E m
L= XY Bo w 70 o K 5 K 0 _ Gl
& N A ™ el o = - " Ho= 0D ° B T GO
» S 233 TS 7 G Lo
o = 7o B! T o N > o 9 M/l - T < o o 2 L
. I T o N of < =T o %P g TS
E —_ 1:1_ = ,DI e ] o} mmE ‘Dl . T o Jl o _L
) Mlﬂ ~ M nH 4 =% TE : X . o’ BR e ‘m Ml w " B £ Ay
W Y = K o T o = I w = B X v ol S T
EE o 1 I 0 —_ ™o 0 =o ‘D| s HL i o
i o TomoX 5 T I+ ) T o g
e W T T = oo i <~ B g < o B
® 2w o P i e @ o+ = » 2
s ° o o ) - w2 x W o o - N F G
o s T T & W ® 5 ), oo e T
o D T X - o X 3 N
o © % m T w N oy o I R - 2 X ™ f
o X g o ow 2 i 5 = B - W9 o g T = =
) = el ME oo 3 ) S o m W o .W mw o WOE = M_,ﬂ =
~ T wor o T = v x X o oo =
oy i oL T o x X T e o T ox ® 2
gmﬂMm;a%gw@ DR ?m1m;im
) 2 5 o3 2oz g IR w m B0 « w2 ol o
z Y L F v = T L X L om ® o WO
o o P S T oo o i) @ F R 3
= o KR wr . TH o o X i) B K
o W NN oy = s < ° e B W
© & e = & & B %o N wo < > a <% = o g M ﬂt
— < = IF ™ N w ~ = I ]
Hfu_d;ﬂq;%A
= T ; o 1 o 2
%&ﬁﬂxiomlﬁwgm%g ﬁa_m,rogi@@mo
o = o o = 5 ° e o — i~ X o H o% 9 | AR
bl < w0 W g N o) 5 T o N Y _® R w7
I — . —_ - 0 g - p—
) X L) o 7o 5 3 IF ACT e W i NI 2
4%% a%:m&a@ﬁﬂx.:wgu@ﬂﬂ@
T OB gy T4 A Jo o X = % T oo X ° wo o 2 B
o T - X E.o X Jl 2 O# A < = uy N ~ 0 P ﬂo
ooy X oe ¥ o O T W iX
i N X o J) o T T —~ e - i
T 2 o B kI N .
o 7o o — o B SO = hi
o o R < ~ - el B
S oF 5 2 ) (- =
O# b ‘Nﬂ _70 ﬂ <
o o ®OX X B T TR
ﬂL ~ iy °
Jl _= o 7o En_ ot
~ =0
< NI
o) m-

Q(;i]jyl.l415

] it 20101/:1]:]

= 77957-]_0/] >
- J E=] b

E71 7] =0

Collecti
ollection @ chosun



Htgo e FAAS A 2

o) 4 A7 Arg wgoz

EiE @] gl thek 4 S

Collection @ chosun



A 5 2] 9] 9 3] (Institutional Review Board,

IRB)¢] A& 714 $<9 F AUk IH S CUDHIRB-2003-001).

1. d79%

(e =

20101 149 445¥ 2020 49 2597bA Addiste A L g T

A 2} o] 5 7] 2 (Electronic  Medical Record, Dentopinformation Technology Co.,
Seoul, Korea)’doll 4% Wx&=2 7|=49 267954 A5t
1) AAR7+
(1) 7k 184 o]de] A<l 3=}
I A e

2) TA=NAF]-HA, EA=AF]-74 R A [IAT]-FEA
k=

T(U4412, U4413, U4414, U4415, U4416, U4417)= 7] =4 3

Ak

Collection @ chosun



o

"K

=)

B!

ox
—_
fie)

olo
T

]
1?10

Tor

)

Al
2

b

°©

Al

Al
=

(ANOVA)=

|2 7k 18AIel Al H AL 99

S|
o

B
| AR

A

A

O
5

5t

9

3

[

} A cH(Table 1).

[e)

26,7957 & 25,1829 9]
SPSS v.26.0(SPSS Inc., Chicago, I, USA)S o] &3} th

o

=

H =2
HOR LT

-

L

2

(Two-way ANOVA)S A

=~

S|

33,4277 ] tH(Table 2).
Al A2

o

=

4540w

1

I 43.15+19)% A 144799, oA 10,7039 o2 A ¥ i th(Table 2).

2l

E|

71ERe] T7HA]

5
I
2+ 5.9
|44 (Chi-square test)S A] 3

ol

= At
_O/]

Al

Collection @ chosun



Table 1. Categorization of oral diseases by diagnosis

Reason Diagnosis

Chronic periodontitis

Acute periodontitis

Chronic simplex periodontitis
Periodontal disease Chroinc complex periodontitis

Unspecified chronic periodontitis

Extraction or local periodontal disease

Pericoronitis

Caries of dentin

Dental caries Caries of cementum
Caries with pulp exposure
Unspecified dental caries

Impacted tooth Impacted teeth

Retained dental root

Fracture or loss of dental prosthetic device

Extraction for prosthodontic treatment

Crowding of tooth
Malposition of tooth

Extraction for orthodontic treatment

Intrusion or extrusion of tooth
Subluxation of tooth

Luxation of tooth

Fracture of crown of tooth with pulpal

Tooth fracture

mvolvement

Fracture of crown with root of tooth

Pulpitis
Others Apical periodontitis
Acute apical periodontitis of pulpal origin
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Table 2. Number and proportion of patients according to age and gender

Gender
Age Total
Male Female

N 1,172 1,397 2,569
18~20

% 8.10 13.10 10.20

N 4,133 3,065 7,198
21~30

% 28.50 28.60 28.60

N 1,619 906 2,525
31~40

% 11.20 8.50% 10.00

N 2,038 1,105 3,143
41~50

% 14.10 10.30 12.50

N 2,438 1,550 3,988
51~60

% 16.80 14.50 15.80

N 1,817 1,268 3,085
61~70

% 12.50 11.80 12.30

N 994 1,018 2,012
71~80

% 6.90 9.50 8.00

N 253 368 621
81~90

% 1.70 3.40 2.50

N 15 26 41
91~99

% 0.10 0.20 0.20

N 14,480 10,703 25,182
Total

% 100.00 100.00 100.00

N: number of patients, %: proportion of male and female
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Table 3. Proportion of permanent teeth extraction factors and mean number of
permanent teeth extraction according to extraction factors

Mean(SD) number of

Reason N %
extracted teeth
Periodontal disease 8,673 34.4 1.47(£1.20)
Dental caries 6,975 2717 1.24(0.72)
Impacted tooth 5,490 21.8 1.08(£0.32)
Extraction for prosthodontic treatment 2,907 115 1.63(x1.14)
Extraction for orthodontic treatment 218 0.9 1.17(+0.37)
Tooth fracture 773 31 1.14(x0.47)
Others 146 0.6 1.15(+0.44)
Total 25,182 100 1.33(x0.93)

N: number of patients, %: proportion of each reason
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Fig 1. Proportion of permanent teeth extraction due to oral disease in male

" "

PD: periodontal disease, DC: dental caries, IT: impacted tooth, Pros: extraction for prosthodontic
treatment, Ortho: extraction for orthodontic treatment, Fx: tooth fracture
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Fig 2. Proportion of permanent teeth extraction due to oral disease in female
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treatment, Ortho: extraction for orthodontic treatment, Fx: tooth fracture

N
i)
ot
|o
fru
i
o,
3L

JCHTable 4).

_10_

Collection @ chosun



Table 4. Comparison of permanent teeth extraction in male and female by reason

Gender
Reason Total
Male Female
Periodontal disease % 61.00 39.00 100.00
Dental caries % 56.10 43.90 100.00
Impacted tooth % 55.60 44.40 100.00
Extraction for prosthodontic treatment % 52.20 47.80 100.00
Extraction for orthodontic treatment % 47.70 52.30 100.00
Tooth fracture % 66.50 33.50 100.00
Others % 56.20 43.80 100.00
P-value 0.000
“Chi square test: p<.001.
3. 43} A% TR BA) U FEAE
QT WA Ev Ao HEAE AHE FAsks] 98] o ARARA
(Two-Way ANOVA)S Al&stsict. 4 A3+ p<0.0012 ‘A J5-% A
= Aol wel Aozt dpetal & o gltk(Table 5).
Table 5. Relationship between gender and age for teeth extraction
SS DF MS F P-value
Age 1086.787 6 181.131 220.551 0.000"
Gender 0.294 1 0.294 0.358 0.55
Age * Gender 22.454 6 3.742 4.557 0.000"
Total 66173 25182

SS: sum of squares, DF: degree of freedom, MS: mean square, F: freedom

“Two-Way ANOVA test: p<.001
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Fig 3. Comparison of permanent teeth extraction according to age and gender
Gender
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Table 6. Proportion of teeth extraction for three reasons by age

Age

Gender Reason 18 21 31 41 51 61 Total

71+
~20 ~30 ~40 ~50 ~60 ~70

Periodontal
% 22 9.1 92 21.8 280 190 108 100.0

disease

Male  Dental caries % 109 403 145 101 109 79 55 100.0

Impacted

% 180 580 120 63 33 19 06 100.0
tooth
Periodontal

% 54 110 59 148 254 19.7 179 100.0
disease

Female  pental caries % 153 381 116 98 97 73 83 1000

Impacted tooth % 261 557 96 41 28 12 05 1000

Total 145 326 89 101 138 103 98 100.0

P-value 0.000"

%: proportion of patients
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“Chi square test: p<.001.

giol AFaglol AFA gl ok B W=rF 50~60417FA F7Fek o o] %
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Fig. 4. Comparison of permanent teeth extraction according to age and reasons

Reason

4,000 === Periodontal disease

=== Dental caires
=== |mpacted tooth

3,000

2,000

Sum of extracted teeth

1,000

S —

18~20 21-30 31~40 41~50 51~60 G61~70 11+

Age

A
potat stelol A MAR ATAS FE F 3342702 Aot A 20,7967,

ol
O
2

oAM= 12631707F EAHAG. A TolA= et AISH31(50.84%) 9
A3 A (38.29%)7F EA W&ol 7 &

o
O
2

2

i, A FolAE et A2aTA
(6.66%)9k ket A224771(7.12%)7F EA W=7F A4 yebsta JAFE FaAA =

Aol - *](5.14%), 3t 4 2(6.18%)7F =& HIEZ WA A (Table 7).
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Table 7. Number and proportion of teeth extraction by tooth type

Number of

extracted Proportion of tooth
Tooth type

permanent extraction(%)
teeth
3 Molar 10,572 50.84
2" Molar 2,556 12.29
1% Molar 2,362 11.36
2" Premolar 1,384 6.66
Upper 15t Premolar 1,151 5.53
Canine 819 3.94
Lateral incisor 884 4.25
Central incisor 1,068 5.14
Total 20,796 100.00
3 Molar 4,836 38.29
2nd Molar 2,528 20.01
1% Molar 1,805 14.29
2" Premolar 899 7.12
Lower 1* Premolar 640 5.07
Canine 521 4.12
Lateral incisor 621 4.92
Central incisor 781 6.18
Total 12,631 100.0
Total 33,427 100.0
Ao} g1Ae] W w golvte] pAl BA A Fete F-179.020, p-0.0002.2

e AL, shete F=58.340, p=0.00014 {4 0.001& 7w TA4SRE

oSk ol “detat setel A WA 23t Hokg Ao wel WA Mmool s}
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rot

A= 18238 02 vEbgrh Aehe slotrt A7 o wol wAHE

¢

dotell A AR GTAe] Hat JNFTE 1.23(20.71) 70, SFeh At 1.25(+0.76) 7N
2 A b =2 ARE Bt REARE g F7A dAE e A
1.54(+1.03)70, 3kt Ht 145(x0.90) /M= HA =HJon, xFHdgoz ot 3
T 1.39(+094)70, shebe Wit 1.35(x092)717F A = Atk AR R (Scheffe's
Test) A3} Aot} &fof mFoa AFAY HEASE 93 dA gtd= &4
HoR fFoud o]lE Holx ekl Aopg-AFol o3 WAL Aot Wi
1.13(x0.51) 70, 8FetS Ht 1.15(x058) 7] 2 LFEFSEEH(Table 8).

Table 8 Numbers and proportion of teeth extraction based on tooth type and reason in

the upper and lower jaws

Number Mean(SD)
Jaw Reason of number of scheffe
. value
patients extracted teeth
Periodontal disease® 5,257 1.39(x£0.94)
Dental caries” 4,896 1.13(x0.51)
Impacted tooth® 4,266 1.04(£0.20)
U Extraction for prosthodontic 1790 154(+1.03) d>bf
, o4(£1. a e
bbet treatment? 0.000* &
Extraction for orthodontic
168 1.07(+0.25)
treatment®
Tooth fracture! 466 1.13(x0.41)
Others® 80 1.10(£0.30)
Total 16,923 1.23(+0.71)
Periodontal disease? 4,069 1.35(+0.92)
Dental caries” 2,732 1.15(x0.58)
Impacted tooth® 1,450 1.04(x0.25)
Extraction for prosthodontic
q 1,368 1.45(+0.90) . ad>bfge
Lower treatment 0.000
Extraction for orthodontic ¢
74 1.00(+0.00)
treatment®
Tooth fracture! 319 1.11(x0.48)
Others® 71 1.13(x0.41)
Total 10,083 1.25(+0.76)
*One-Way ANOVA test: p<.001
- 'I 6 -
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Table 9. Relationship between gender and tooth type in the upper jaw

Gender(%)
Upper jaw
Male Female
3" Molar 50.40 51.40
2" Molar 12.80 11.70
1** Molar 15.1 14.3
2" Premolar 6.80 6.50
1 Premolar 5.30 5.90
Canine 3.50 4.60
Lateral incisor 4.00 4.60
Central incisor 5.20 5.00
Total 100 100
P-value 0.000"

*Chi square test: p<.001.
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shefol A KolslAd A WA e gelat st FAe Al 30T
355%, Al 247 66%, U 60% WA M&e BAD olge A 3YTA
38.3%, Al 2472 71%, 542 62%° HA H&S Bt stetelA Al 3thA
2 AN A% A 2TAL AT oY BFEAA B gl A ebgv
(Table 10).

Table 10. Relationship between gender and tooth type in the lower jaw

Gender(%)
Lower jaw
Male Female

3 Molar 355 383
2" Molar 239 20.0
1" Molar 15.1 14.3
2" Premolar 6.6 7.1
1% Premolar 4.8 51
Canine 3.6 4.1
Lateral incisor 4.6 4.9
Central incisor 6.0 6.2
Total 100 100

P-value 0.000"

*Chi square test: p<.001.
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Fig. 5. Comparison of permanent teeth extraction according to tooth type by gender in upper jaw
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Fig. 6. Comparison of permanent teeth extraction according to tooth type by gender in

lower jaw
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of ola dA7F A=

Fig. 7. Comparison of the proportion of permanent teeth extraction according to oral

disease by tooth type in the upper jaw

PD: periodontal disease, DC: dental caries, IT: impacted tooth, Pros: extraction for
prosthodontic treatment, M3: 3 molar, M2: 2" molar, M1: 1% molar, PM2: 2" premolar,

PM1: 1% premolar, C: canine, LI: lateral incisor, CI: central incisor
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disease by tooth type in the lower jaw.

Fig. 8. Comparison of the proportion of permanent teeth extraction according to oral
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PD: periodontal disease, DC: dental caries, IT: impacted tooth, Pros: extraction for

prosthodontic treatment, M3: 3™ molar, M2: 2" molar, M1: 1% molar, PM2: 2" premolar,
Aysper

x| =

ktH(Tables 11, 12).

PM1: 1% premolar, C: canine, LI: lateral incisor, CI: central incisor
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Table 11. Relationship between tooth type and reason for permanent teeth extraction in
the upper jaw

Reason(%)
Upper
jaw
PD DC IT Pros Ortho Fx Others
M3 229 76.7 96.5 75 33.3 5.1 125
M2 224 6.8 1.3 139 5 15.2 14.8
M1 194 59 05 16.7 1.7 21.7 28.4
PM2 95 3.1 0.6 14.2 1.7 14.8 239
PM1 3 2.3 0.2 129 3.3 116 114
C 4.7 1.6 0.2 13.3 0.6 2.1 34
LI 59 1.9 0.2 104 1.1 9.1 2.3
CI 7.2 1.8 05 11.1 3.3 20.3 34
Total 100 100 100 100 100 100 100
P-value 0.000"

PD: periodontal disease, DC: dental caries, IT: impacted tooth, Pros: extraction for
prosthodontic treatment, M3: 3 molar, M2: 2" molar, M1: 1%' molar, PM2: 2" premolar,
PMI1: 1% premolar, C: canine, LI: lateral incisor, CI: central incisor

“Chi square test: p<.001
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Table 12. Relationship between tooth type and reason for permanent teeth extraction in
the lower jaw

Lower Reason(%)
jaw
PD DC IT Pros Ortho Fx Others
M3 23.1 63.2 33.9 10.8 81.1 6.2 2715
M2 26.1 13.7 99 18.1 6.8 38.3 175
M1 15.2 10.6 34 22.6 6.8 30.4 33.8
PM2 7.8 4.1 1.2 145 4.1 7.0 125
PM1 55 3.1 05 10.8 14 39 3.8
C 4.6 1.9 0.2 9.6 0.0 3.1 25
LI 74 1.6 0.3 74 0.0 3.1 0.0
CI 10.2 1.8 0.6 6.2 0.0 79 25
Total 100 100 100 100 100 100 100
p— value 0.000x

PD: periodontal disease, DC: dental caries, IT: impacted tooth, Pros: extraction for
prosthodontic treatment, M3: 3 molar, M2: 2" molar, M1: 1*' molar, PM2: 2" premolar,
PMI1: 1% premolar, C: canine, LI: lateral incisor, CI: central incisor

“Chi square test: p<.001
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6. AFAFH Aok Fe] Ax

0109 3E 2020974 NF Q@A Al SHFOR FTAE AT BA £F
Mag A3, x=128563, p<0.0010.2 FAHoZ frolvst Ass wglon ‘o
W AFART HobsAFe] GTA WA Fol7h Adrken & & ek 1047
AxARon JTAE WA AAL s73Y0lL, AckgAFon WAP BAL
69757 o] t}. (Table 13).

Table 13. Proportion of periodontal disease and dental caries in the past decade

Reason(N(%))

Year

Periodontal disease Dental caries
2010 1,083(51.1%) 1,036(48.9%)
2011 907(50.0%) 906(50.0%)
2012 814(53.4%) 710(46.6%)
2013 821(52.5%) 744(47.5%)
2014 789(53.6%) 682(46.4%)
2015 902(57.5%) 666(42.5%)
2016 885(61.4%) 556(38.6%)
2017 798(61.1%) 507(38.9%)
2018 743(54.2%) 627(45.8%)
2019 731(64.5%) 403(35.5%)
2020 200(59.2%) 138(40.8%)
Total 8,673 6,975

p 0.000"
*Chi square test: p<.001
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Table 14. Results of previous

studies of reasons for permanent teeth extraction.

Number
Authors Year Nation Patients Ages Conclusions

of teeth
Reichet E.# 1993 Germany 382 1,215 7~88  Dental caries(20.7%) < Periodontitis(27.3%)
Murrary H. 1995 Canada 6,143 1,710 1~60  Dental caries(28.9%) < Periodontitis(35.9%)
Chrysanthakopoulos NA® 2010 Greece 509 1,231 18~44 Dental caries(32.2%) < Periodontitis(34.4%6)
Aida J? 2006 Japan 7,499 9,115 5~96  Dental caries(32.7%) < Periodontitis(41.8%)
Ong G." 1995  Singapore 1,276 2172 15~55 Dental caries(35.4%) = Periodontitis(35.8%)
Da‘ameh D.* 2005 Afghanistan 1,123 184 9~62  Dental caries(59.2%) > Periodontitis(35.3%)
Haseed M.% 2012  Parkistan 1,026 1,178 46.6  Dental caries(63.1%) > Periodontitis(26.2%)
Chestnutt IG.* 1999 Scotland 613 917 0~70  Dental caries(51%) > Periodontitis(21%)
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Montandon AAB.® 2012 Brazil 439 800 35~64 Dental caries(38.4%) > Periodontitis(32.3%)
Silveira RCJ.* 2005 Brazil 466 - 18~76 Dental caries(63.3%) > Periodontitis(13.1%5)
Ali SM.B 2019  Malaysia - 1,036 6782  Dental caries(53.4%) > Periodontitis(20.9%)
Taiwo AO.* 2017 Nigeria 084 1,167  18~107 Dental caries(54.19) > Periodontitis(16.5%)
South
Richards W.* 2005 417 558 - Dental caries(59%) > Periodontitis(29.126)
Wales
Lee CY.® 2015 Taiwan 4811 4958 596  Dental caries(55.3%) > Periodontitis(22.1%)
Taani DSMQ.* 2003 Jordan 893 1,098 20~60 Dental caries(56.4%) > Periodontitis(23.4%)
Ahmad FA.Y 2019 Sadi Arabia 385 895 6~59 Dental caries(58%) > Periodontitis(21%)
- 28 -
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