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Table 1. The mean and standard deviation of experimental measurements (N=20)

RXot=7| AES R0 WEh 47

Investigator
Tooth A B C
1 2 3  MeantSD 1 2 3 MeanESD 1 2 3 Mean®SD
Maxillary
Central incisor 875 848 864 8621070 887 87/ 883 882+t067 878 882 881  881%068
Lateral incisor 724 737 725 729053 742 748 748 746067 740 7390 743 7411056
Canine 804 800 800 801+041 822 821 811 8I8%049 812 813 816  814%042
First premolar 765 767 761 7641060 777 777 778 177056 166 768 767  T67%053
Second premolar 765 778 776 773¥058 77 784 775 778%062 764 766 773 7681058
First molar 1172 1183 1187 1181+068 1177 1179 1183 11.79£070 1178 11.80 1188 11.82+0.74
Mandibular
Central incisor ~ 572 569 556 566t044 571 576 571 573t044 568 570 567 568%043
Lateral incisor 624 623 621 6231037 630 632 636 639E051 631 630 629 630040
Canine 712 712 698 707044 721 723 729 724045 712 717 710 713044
First premolar 772 783 794 78L047 787 790 78 78046 18 792 78  T87E045
Second premolar 728 730 733 7304048 726 733 730 730045 715 721 724 7201045
First molar 1123 1120 1129 11.24+071 1095 1094 1092 1094F060 1043 1069 10.77 1063+0.82
Investigator
Tooth D E Mean+SD
1 2 3 Mean*SD 1 2 Mean=SD
Maxillary
Central incisor ~ 892 893 881 839+066 882 88 883 883L067 8.7910.66
Lateral incisor 742 750 735 742+057 744 T4l 743 1431057 740056
Canine 819 808 79 808f044 809 804 806 807X043 809042
First premolar 779 771 774 7751059 763 756 766 7621053 769£055
Second premolar 783 790 7.9 784*065 750 752 759 7541061 771057
First molar 1200 1203 11.82 11.95£081 1144 1151 1153 11.49%067 117772067
Mandibular
Central incisor 578 581 565 575063 564 561 564 5631040 5691043
Lateral incisor 636 631 636 6341044 623 633 623 6261042 6.31+0.38
Canine 725 720 709 718*t045 705 703 710 7.06X0.39 714+041
First premolar 796 798 788 794047 775 174 U6 775X046 7861043
Second premolar 743 732 727 7341056 704 704 709 7061040 7247043
First molar 1101 1065 1077 1081£071 1070 1065 1063 1066=0.63 10.836£0.63
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Table II. P-values as the result of the F-test for
three measurements made by the same
investigator

CHXImEA 29A 45, 19994

Table TI. Intraclass correlation coefficients(Rs) of
three measurements made by the same
investigator

Investigator

A B C D E

Tooth

Investigator

A B C D E

Tooth

Maxillary

Central incisor 0489 0904 0934 0821 09%
Lateral incisor 067 0952 0974 0718 0983
Canine 0948 0776 0941 0218 0935
First premolar 0959 0997 09% 0909 0839
Second premolar  0.736 0863 0837 0870 087
First molar 0766 0963 0912 0680 0909
Mandbular

Central incisor 0494 0924 0981 0684 0976
Lateral incisor 092 0502 0974 0910 0666
Canine 0514 0852 083% 0512 0853
First premolar 0322 0937 084 079 098
Second premolar 0940 0906 0830 0659 0898

Maxillary
Central incisor 0793 088 0973 0932 0973
Lateral incisor 0807 0852 0977 0922 0973
Canine 0877 085 09% 0845 0979
First premolar 0858 092 0979 08% 0918
Second premolar 0834 0943 0940 0648 0933
First molar 0834 0909 0946 096 0917
Mandbular
Central incisor 0.736 0898 0979 0530 0931
Lateral incisor 0790 0641 09% 0710 0680
Canine 080 0911 095 0831 0887
First premolar 0728 08% 0917 087 095

Second premolar 0923 0903 0935 0.713 0724

First molar 0920 0993 0408 0271 0938 First molar 0859 0932 0701 0728 08%
Lk X020 =& ST 25t A2 A D 2YF SHAY 21 HL2 YF=
setatr] fldtel REXEY AA FHT B4} &
23 AL EEA%e] Aol %ﬁ—% %—7& A S BEE 44 +, -2 ZAS A,
A7, ZARAME T3 X opbd ol z TEI AT} J%JJF 2o e T

< ZAAEZ ¥ WA QA ol VJ }—*V}
L 041 mmolx 7F Fe zARe] @ N HETFL 036
mmo|°}4], 0.05 mm®] ABE T Aol & Er}. X|o}
HE et dA FEE AR oM e F43,
stetol e F8R], S, AA A 015 mm o]}
2 AA JEger stet AlgFRoA 1.06 mmE
748 A Jehg, AubR o2 AXA PR 2 D
2 Agrrl Wolxle FdS EHtHTable IV). X
of=7] AZeat Al AL ApolE YolHy|
Azt Xopdz FAHAS Aldg A7 Aot 24
218 Al FA A a]a et A1dFR A F
9|3k 2ol 7t et o] & Aol A o3 B H =

o M AR Ael7t ge & 4 UlH
(Table V).

494

AR 339%S AT EE A4 B DE &
ﬁl 01] Hlate] A A= A7 Bken, 2A A,
Ex A Ae 4%2 Jehigith 53] A<t Ee
Efﬂxlﬂl A A 4TS BaeH, Aoz
A Ae B B AS & F YT Aopdz
23RS A9 B A3 g 3A, ek A
A AFE deidided 59 A2aTA 9 Ald
FR A 2 Fgol FEHAA YeEbtHTable VD).
opd FAAF AolE FAAE AR 4
ate] Z xjofzkoll x -testE AAIF A} A A2k
FA G AlRTA = ZE G Aot F 7 Aol
vehdlo] ZA A Aol 4TS ¢ 5 AT
gt M= A2aTA g AIRTFAZ} HE BE il
ofs} fol g Aol g vretio] AA Ae Bl F
AL & 7 Ao At o g Aotof wpE M



Vol. 29, No. 4, 1999. Korea. J. Orthod.

R|ota7] AZLxtol Lt 6

Table IV. The standard measurements and the mean difference in absolute value between standard and experi-
mental measurements (mm)

Investigator
Tooth Standard B C
1 2 3  Mean*SD 1 2 3 MeantSD 1 2 3 Mean*SD
Maxillary
Central incisor 88 016 039 022 026%031 010 017 011 013017 013 010 010 0.11+0.12
Lateral incisor 746 026 026 029 027+023 018 016 024 0197022 019 020 018 019%0.19
Canine 814 019 017 021 019%*0.15 016 016 016 0167020 011 009 013 0111009
First premolar 78 036 036 029 034*026 029 026 032 029019 027 030 028 028%0.21
Second premolar  7.28 047 054 051 051%0.33 052 057 052 0541037 045 052 049 049+0.31
First molar 1108 064 075 080 0731041 068 071 076 0727040 070 074 080 0751033
Subtotal 0.38+0.34 0.34+0.35 0.32+0.32
Mandibular
Central incisor 566 018 020 014 017%0.19 010 013 010 011+0¢15 010 010 007 009%0.10
Lateral incisor 634 013 017 014 015021 020 007 012 013+025 007 007 007 007011
Canine 717 016 018 020 0.18%0.14 012 011 015 0.12%013 012 010 009 0.10+0.09
First premolar 764 034 036 041 0371025 039 039 036 038L027 035 038 03 036%0.27
Second premolar 780 054 054 053 054£0.35 057 057 052 0551035 065 059 057 0611037
First molar 1191 068 071 062 067036 09 097 099 097032 148 122 114 1281052
Subtotal L 0351033 0.33+0.40 0421052
Total 0361034 0.36£0.38 0.3770.43
Investigator
Tooth Standard D E Mean*SD
1 2 3  MeantSD 1 2 3 Mean*SD
Maxillary
Central incisor 88 015 014 013 014%010 014 003 008 010£010 0.15£0.06
Lateral incisor 746 024 020 018 021£018 021 017 016 018%0.15 0211004
Canine 814 017 012 021 016*x015 0I11 013 011 012*+0.09 0.15+0.03
First premolar 78 03l 027 036 032+022 035 034 030 033£022 0.310.02
Second premolar 728 063 068 057 0621047 040 042 041 041+0.30 0.51+0.08
First molar 11.08 092 095 08 091+047 037 043 047 0427029 0.70+0.18
Subtotal 0.38+0.41 0.26£0.25
Mandibular
Central incisor 566 015 028 013 019£044 011 013 011 012010 0.1410.04
Lateral incisor 634 018 018 014 016%020 019 015 017 017024 0.1470.04
Canine 717 018 014 013 0156=013 015 022 014 017*018 0.1570.03
First premolar 764 039 045 040 041031 034 037 038 036+025 0.3870.02
Second premolar - 730 060 052 057 056%039 076 05 070 074%045 0.6010.08
First molar 1191 097 126 116 113%043 121 126 128 125%040 1.0610.25
Subtotal 0.4310.48 0471050
Total 0.4110.45 036041
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Table V. Results of the F-test regarding the compa-
rison of mean difference among investiga-
tors(ANOVA)

Tooth F-value p-value

Maxillary

Central incisor 6.80 0.001™
Lateral incisor 0.84 0.506
Canine 207 0.090
First premolar 031 0.868
Second premolar 1.21 0.313
First molar - 5.19 0.008™
Subtotal 343 0.009™
Mandibular

Central incisor 1.32 0.266
Lateral incisor 145 0.223
Canine 2.23 0.071
First premolar 0.14 0.965
Second premolar 1.03 0.39
First molar 10.89 0.001™
Subtotal 150 0.200
Total 0.90 - 0463

™ p<0.01, ™ p<0.001.
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Table VI. The direction of difference between experimental and standard measurement

tol 2rgt =3+

Tooth Investigator Total
A C D E
Mavxillary
Central incisor 6 B4 27 -33 24 -36 +31 29 +23 =37 +113 -187
Lateral incisor 49 bl +27 33 26 -3 +20 40 +23 =37 +100 -19%
Canine +13 47 +33 =27 +32 28 +21 -39 +16 -4 +115 -18
First premolar +16 -4 +20 40 +17 43 +25  -3H +15  -45 +95 -205
Second premolar +53 -7 4 -6 +51 -9 +54 -6 +43  -17 +255 -45
First molar +56 -4 58 -2 +57 -3 +56 -4 +57 -3 +284 -16
Subtotal +153  -207 +219 -141 +207  -153 +207  -153 +177  -183 +967 -833
Mandibular
Central incisor 25 -3 43 17 +37 23 +3H 2D 29 31 +169 -131
Lateral incisor +14 46 32 28 +24  -36 34 26 +21 -39 +125 -175
Canine +22 -3 +39 21 25 -B +29 31 17 43 +132 -163
First premolar 40 -20 +39 21 +39 21 +46  -14 +33 27 +197 -103
Second premolar 6 M +10  -50 6 B +9 -5l +1 =59 +32 -268
First molar 0 60 +0  -60 +H) -60 +4 -6 0 60 +4 -296
Subtotal +107 253 +163 -197 +131 229  +157 203 +101  -259 +609  -l14l
Total +261 459  +382 -338 +338 382  +365 -3H5 279 -441 +1626 -1974
+ indicates that experimental measurement is larger than control measurement, - indicates vice versa.
Table VI. Comparison of the direction of the difference according to the tooth
Maxillary Mandibular
Central Lateral . First Second First Central Lateral First  Second
Canine

incisor  incisor premolar premolar molar incisor  incisor © premolar premolar

Maxillay

Lateral incisor 0.497

Canine 0.866 0397

First premolar 0123 0386 0.087

Second premolar sk . Kok Hksk

First molar *kx sk sk ks o
Mandibular

Central incisor Kkx ki %% sk Kk 5ok

Lateral incisor 0317  0.093 0.405 * ok ok Kok

Canine 0.115 * 0.158 *k ook sk ®k 0564

First premolar sk Rkx k% *kk skk k% ® #3kK %%

First molar ok sk TS *k% ®hx *xx KK xkx *kx EEE K%k

Data notes p-value as the result of x*test.
" p<0.05, ™ p<00L, ™ p<0.001.
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Table VI. Comparison of the direction of the differ-
ence according to the investigator

A B C

KKk

seskok *%

*Hk 0.357 0.155

KkK Kk L2 24

B
C
D
E 0.327

Data notes p-value as the result of x “test.
* p<0.01, ™ p<0.001.

e 43T o 2A A
Hol7l 9 ALR dAHEY o 2
Aeta 22 % AckFig. D).
Al o] AHR 9} o] F&=
F% 1/3 5 Aol wet E}
o 314 2w 2117
A4 AEsE Mgl
Fe AL u$ olele Yotk &, 97 S
98 A48 ASE A4 ArEY A WAS
e A B 18T ARE A4 Aok Brjuch
oz 2R Sk e, ol g 2ol & A3t
%— eATm e 4 AHFig. 2.
2 4727 Aoz oA FEE AWET
Aatel AR HNE FA Jeht skt A1) 73]
AN 7V A Jelg dndez AxeA 72
252 AYErt olAe FAE BT ol& AR
FolEtt FRFAA QA RIete] HEH o] Yo
294 23 eat el 7bsAe] X R =
7l JEQ Aoz AeHT £ YD B¢

T A7l et e
294 2359
Aoke] Ao}
TP 13014
a3 FH A
A=l 8L
2 %3]
= 29

T3k
L6
FE AL
1251943

],

1__

9{_/\
D:
o

_;

s X
o
] A
=

7t 2840
2UAESS

L mlru

oEFN:ELmN ri

} o

A RAA 294 45, 19994

Fig. 1. Occlusal views of anterior(A) and posterior
(B) testh showing the difference of contact
area between anteriors and posteriors.

Fig. 2. Two types of measuring method.
A. Use of caliper tips for external diameter
B. Use of caliper tips for internal diameter

A AAE APASe AZo| Alehd Aelsz
T ANELLE T F gout APL 7
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92 AL 9 e ol ¥ BAR] L 240
A7k 47 dehd] Bee Ao A7Ee
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setalr] glste} Z2ApAE Aopdz TRl Hla
2AG A ZAAZOI Aolzte] FESZ Ho]7}
vehsith, AohdE H4FE AWE A% Pete

Table IX. Overall correlation between tooth irregularities and mean differences

Maxillary Mandibular
Central Lateral . First Second  First Central Lateral First  Second First
. o anine . .. Canine
incisor  incisor premolar premolar molar  incisor incisor premolar premolar molar
r -0299 028 -0251 -02% -0.339  -0.303 -0184 0591 -0.068 -0.204 0339 0108
D 0201 0223 028 0318 0.143 0.1% 0437 0.006" 077 0.388 0089 0651
Total r -0.175 0.059
Total p 0.055 0.523
™ p<001.
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Fig. 8. The shapes of occlusal surface of upper(A)
and lower(B) first molars. The dotted lines
show the distance when measuring tooth
size in the state of being cut individually
while the lines depict tooth size on the study
cast.
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- ABSTRACT -

A study on the error of tooth size measurements

Eun-Ju Sim, D.D.8., M.S.D..* Hyeon-Shik Hwang, D.D.S., M.S.D., Ph.D.?
Jai-Dong Moon, M.D., Ph.D.°

Department of Orthodontics, College of Dentistry, Chonnam National University
®Department of Occupational and Environmental Medicine, Chonnam University Medical School

Precise and accurate measuring of tooth size is essential procedure in orthodontic diagnosis. The purpose of this
study was to evaluate the reproducibility and accuracy of tooth size measurements with regard to tooth and
investigator.

Five investigators measured the size of one side of teeth, from central incisor to first molar, on 20 sets of casts
that show a moderate degree of crowding. Mesio—distal width was measured with digital vernier calipers in each
tooth and this procedure was repeated three times at two weeks interval. To obtain a standard measurement for
each tooth, dental casts were cut into individual tooth, and its width was measured with micrometer. The
difference between the measurement from dental cast and the standard measurement was defined as the
measurement error. Through various statistical analyses, following results were obtained.

1. The reproducibility did not show significant differences with regard to tooth or investigator.

2. The measurement error showed some difference with regard to tooth and investigator.

3. The magnitude of the measurement error showed increasing tendency from anterior to posterior teeth with
maximum value in the first molar.

4. While the measurements obtained on study casts generally showed smaller number compared to standard
measurements, the direction of the difference showed variability according to tooth or investigator.

5. The measurement errors did not show significant correlations with the degree of crowding.

The results of the present study indicate that the possibility of tooth size measurement error should be taken
into consideration when diagnosing an orthodontic case.

KOREA. J. ORTHOD. 1999 ; 29 : 491-501

% Key words : tooth size, reproducibility, accuracy, measurement error
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