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Statistical methods for accessing agreement between repeated measurements in
dental research

BK21 PLUS Project, Institute for Dental Education, Yonsei University College of Dentistry
Ki-Yeol Kim, Ph.D.

The comparison of the repeated measurements is often needed to see whether they agree sufficiently, when a measurement is
repeated under identical conditions by different raters. Such investigations are often analyzed inappropriately, by using correlation
coefficient. The purpose of this study is to introduce statistical methods for accessing the agreement of the repeated measurements,
which include Bland-Altman plot, intra class correlation, Passing-Bablok regression and Cohen’s kappa coefficient, and to show
how to execute them using examples.
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(Intra—class correlation coefficient)2t
Passing & Bablok regression = AH-a 4= Qlct
Y AST AR R AR Aolle 7Ht 4

o2 ARESE 4= Qlth Cohen(1960)0] AL2o02 F=

U= SPSS 9F 2 2|98} Fofo| A= AREAL &

7FHL 9l R & olg3tint,
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A k=t 285k,

[ClolEl 1] 3D CBCTE ©]85te] BoNT-AE &t
H injection®t 15} F+ ¥ injectiondt ZFoA
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¥ 1. Injection I} injection Z0f 5 HO| HIZX7} HIESt bone volume

ID vol__pre vol__pre2 vol__post vol__post?2
1 2333 2308 2423 2423
2 2575 2503 2597 2337
3 1924 2248 1866 1959
4 4506 4333 4422 4218
5 3661 3757 3665 3681
6 3660 3644 3621 3637
1 2092 2257 2053 2032
8 1809 2052 1758 1935
9 1819 1697 1878 1674
10 2976 2952 3010 2959
11 1996 1990 1811 1898
12 2051 1774 2026 1671
13 3172 3283 3019 3225
14 2208 2086 2205 2063
15 3033 2484 2827 2354
16 6687 6631 6575 6092
17 4531 4222 4507 4196
18 1553 1515 1518 1515
19 3403 3130 3388 3092
20 2667 2512 2592 2495

vol__pre 2} vol__pre2 = injection 0fl F 2| HEA7} H|ZE bone volume O[O, vol__post 2 vol__post2 = injection 0| & He| ASA7t
HZ5t bone volume O|Ch.

I 2. 85 BHXLO| liver lesion THAIE F WAM QAP TUISH A2

radiologistA radiologistB frequency
normal normal 21
normal benign 12
normal suspected 0
normal cancer 0
benign normal 4
benign benign 17
benign suspected 1
benign cancer 0
suspected normal 3
suspected benign 9
suspected suspected 15
suspected cancer 2
cancer normal 0
cancer benign 0
cancer suspected 0
cancer cancer 1
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1. Bland-Altman plot" Bland & Altman plotZ + ASA& ”]ﬂﬂ% x
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7] Sl A AR HEL e T 5 WE
<= PRI
- 312} 7F Hs(between patient variation)

- 32} Y] ¥%(within patient variation)

A Y s 2 3 ERbell A AT 2
Zfo] B2t 7t WE 2 SRS 1 AST 3 Aol
o, ICC & °| = 2219] Bl&of s ALFETHL
g 3).

T+ ASAZE S48 ghol AgstA dx|Rithd, 2
A M52 0 o] HaLlICC & 1°
(1994) &= ICC 9] sfj4lof dislf 3£ 3 2} o] 7to|=
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3. Passing—Bablok regression?

5 AZAT AZT G V=X HAl0] AFEAE

A (linear regression analysis)& %8510 U]

dols 4= UTHH 4). 22d, A SAHEA
< dlo]Ee} @afof| T3t 7S WSSk Aol A
|5 4= St dlolgof W3k 7S g A g
Alo]ojof gtk Zlo|ar, et ek 7 @Ak
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Passing & Bablok regression & th22] 74
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- FASA S g AR o JHAE 2

Patient 1 H
I Between patient
Patient 2 variation
B""lWL_'E"' paten Within-patient 1€C = -
variation Patient 3 variation =
Within Between
Patient +  Patient
Patient 4 : Variation Variation
AFFL  AHEAR2
T2 3 BR W HED BX 2 HECRRH (05 HMSHe THE BoiFE 12l
E 3. Iccel 37|0f ok A (Cicchetti, 1994)
ICC interpretation
Less than 0.40 Poor
Between 0.40 and 0.59 Fair
Between 0.60 and 0.74 Good
Between 0.75 and 1.00 Excellent
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_ Po-Fc
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Po="_1 :
? % i
Pc= —I- ZI" AB
FEA L gk AABHE Alo] ohjet Alg)

T7Hconfidence interval)e 3| AASk= Z0]
AR 220 =3 oo e AEY #2204t
(standard error) e+ AlZG7he thaa} o) 41gh
4= Utk ol FAlollA ¢ = FELAE YERdTh

[ Po(1-Po)

“] N(1-PcP
95% Confidence intervals = k£ 1.96 X 8k
99% Confidence intervals = x+ 2.58 X 8k
k 9 37| tigt 3|42 ICC ¢F 2 7tol=gtel
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IV. SPSS 2 RZ O[89t 9

1. Bland—Altman plot

[SPSS] Ol 2fet

HHo L Sl o}
o] dloje= e Ask= 7497 Bt
5 =
SPSS oAl o] A4 HloleE Hef & F H
H 5 qxq o Y2 HalE HolE
Rater B Total
1 2 = q
Rater A 1 Nn N2 - Nig A
2 Nz N2 - Nzg A
q Ngi N2 - Ngq A
Total B B. - Ba N
ID H vol_pre || vol_pre2 I diff h mmean I_

1.0 23330 2308.0 25.00 232050
20 2575.0 2503.0 72.00 2539.00
3.0 1924.0 2248.0 -324.00 2086.00
40 4506.0 4333.0 173.00 4419.50
5.0 3661.0 3757.0 -96.00 3708.00
6.0 3660.0 3644.0 16.00 3652.00
7.0 20920 22570 -165.00 2174.50
8.0 1808.0 2052.0 -243.00 1930.50
9.0 1819.0 1697.0 122.00 1758.00
100 2976.0 2952.0 24.00 2964.00
11.0 1996.0 1980.0 6.00 1993.00
12.0 2051.0 1774.0 277.00 1912.50
13.0 31720 32830 -111.00 3227.50
14.0 2208.0 2086.0 122.00 2147.00
15.0 3033.0 24840 549.00 2758.50
5. SPSS Ol AM= H2|E HO|EIE =2i2 =, diff 2 mmean 2 A/ttt 2
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2. ICC(intra class correlation)
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B 5 o] A ARESl = Hot Aesial e (O]AAHE) 0= B & (A&,

RS AR&3}o] Bland Altman plotS ZHJSH uf ERRD & EeA B4 Aek(1d 11)

o= Huy FZHUAE AT Favt gl ad Ab= thaat 2ol vepdth(1¥ 12)

10). ©] gt Altsl= 2Hgo] Bland Altman plot A= T ol A&xte] A& 98.8% YA|TH
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install.packages("BlandAltmanLeh")
library(BlandAltmanlLeh)

bland.altman.plot{vol_prevol_pre2, two=1.96, xlab="Mean value of vol_pre and vol_pre2",
ylab="vol_pre and vol_pre2")

o
=4 -
- S §reTemeTsssssssszessesasessssemerssesssranenns
o (-]
9 S °o ° @
:‘ 8 i © o - o :
> ~ o L=
o L]
2 IR S . ST S ——— -
@ o - o 0% o o
g g l°e oo o 8
g oo 0 ©
=
P
o
L I T 1 1
2000 3000 4000 5000 6000
Mean value of vol_pre and vol_pre2

J2110. R 2 ZM43H Bland_Altman plot
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£ o wol_pre SEED) @ AZAEW
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@ [ S2EHR) © Cochran FHIH B(H)
(7] Tukey2l JH44 200
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T2l 11. SPSS Of|A] IcCE HlAtsl= 2t
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HAC =N
Cronbach2]
20 HE g
988 2
Su A
95% &Pt M ETEEHELE
Sy st | stz et 2 dft df2 fosg
FEETS 277" 956 988 | 85001 39 39 000
WE S .a88° 978 994 | 85001 39 39 000
NE ST HSESH0|D 5F 50 18 S40 AF 0 8251 DAL

45T S TR N0 =22 STSLIOH
b 27 (BT 2 BLHE MNEGE FECY SUY 22N 22 24U A ARIELICH

¢ 0| FFdeE ZSFE S0 2ACHs Ob3 SHol A ELICH 2O W2 HH2SEE SJET 5 210
M= LI

T2l 12. SPSS £ 0|&wst0] Icc & Altkst Bt

(9 g&=0.000). B#5%E= Cronbach’'s  agreement)E B7Iok= gHo|BR o] & djAgitt

alpha gt &3}, (19 13).
[R] OllAf 242t 3. Passing—Bablok regression
RoflA&= th&at 2] ICC & AARRIT,
R A8 Ak oot 32 Algshed], ICC2k += Passing—Bablok regression < 7|-&7]=1, &
two-way random effects (absolute HE 00 & sh= H|H4A 3] EAo]x|qt SPSS 9

install.packages("psych")
library(psych)

ICC(data.frame(vol_pre,vol_pre2))

> ICC(data.frame(vol_pre,vol_pre2))
Call: ICC(x = data.frame(vol_pre, vol_pre2))

Intraclass correlation coefficients

type ICC F dfl df2 p lower bound upper bound
Single_raters absolute ICCl 0.98 80 3% 40 0 0.95 0.99
Single_random_raters IccZ 0.98 85 3% 39 0 0.95 0.99
Single_fixed raters Icc3 0.98 85 39 39 0 0.96 0.99
Average_ raters_absolute ICClk 0.99 80 39 40 0 0.98 0.99
Average_random_raters ICC2k 0.99 85 39 39 0 0.98 0.99
Average fixed raters IcC3k 0.99 85 39 390 0.98 0.99

Number of subjects = 40 Number of Judges = 2

T2l 13. RS 0|235}0f ICCE AH|AtsH A1t
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= Passing—Bablok regression ©| A3J=|A] &
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g L 2A — 3IEM — MY
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T2 sk Flok, 7]&7)ek Aol gk £4
W Zy A58 95% AlEHtgto] 03 12 =g
2(-100.742~312.625, 0.870~1.003) F 7
A7F A% e YA e wrhar & 4= 9l
SPSS 9f+= Passing—Bablok regression &
Ao] gteE]o] Qx| grovt 27t A ARz o
AoA AT 4= e WS Avigt, Ao

XLSTAT 2He BES 2718l 20001714 9] &

i

Ol

A

oba] AA|EHH thait 22 SpHol LERaL Ao

NZ& vl XLSTAT o] F7kgl Aol Holtk(L
2 15).

dlo[E7} Q= A EOfA] T3} o] Adgshd
et

Hi#H © Advanced Method
validation — Passing and Bablok
regression

features —

A} 7]&719] 95% A=k
o2 (-144,599~266.714,
0.874~1.038) F ASAY YA == =rhl & 4=
Qth1d 16).

Ao A XLSTAT & AM83
e} o2 A Yehts olf=

w42 g7 Yol

5t Av}rl SPSS o 24
L PSS & oubAE 3]

Ba@
Ea- | [ & vol_prez |
gﬂ—p’e E%mmm@«— =
& mmean | OIE LIS ()
S2E0)
& vol_pre
|
1 =T R v|i
Heig)
=]
ol w2 (g
& |
WLS ZHS2HH)
& |
(=2 J(zowe|( naze | s: ) =sz |
A=
HI H 2 8 H = HES M= BOIl CHEt 05.0% & 22
=R B HEDH} Hl EF t FUES ok ekt L etk
1 (k=) 105,942 102.096 1.038 308 =100.742 312,625
vol_pre 937 033 978 28,663 000 870 1.003

a EEHavol_pre2
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XLSTAT
-

)tk !

ffou can use the trial version during 30 days

¥ Proceed with the trial version
" Enter a license key

FAIN™ I R R £8 BM1 - Microsoft Excal
E 42 HOAAOGE su  GOE  HE 27| sA7E | KSTAT
/8 I .
Gh® xFE 2 A + o w6 ¥ >

-
Preparing Describing Visualizing Analyzing N‘r;‘deling Machine  Correlation/Association Parametric Nonparametric Testing for Advanced xLSTAT-3DPlot  XLSTAT-LG = Tools | XLSTAT
data = data = data + data+  data+ learning - S tests = tests « outliers = | features = - . = x

&

Discover, explain and predict

Test a hypothesis
534 v b
A B = D E F G H 1 J K [ M N
L '
2
3

T2l 15 AMoj| LXSTAT 2 MXR[EH 349

Model coefficients:

Value Lower bound 95% (Mean) Upper bound 95% (Mean)
Intercept 43.856 -144.599

266.714
Slope coe’ 0.957 0.874 1.038

Regression of vol_pre2 by vol_pre

val_pre2
:
»'

2000 .

3000 000

vol_pre

2! 16. AMI0j|A| Passing and Bablok regression £ Alg#st Z 1t
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install.packages("MethComp")
library(MethComp)

fit=PBreg(data.frame(vol_pre,vol_pre2), conf.level=0.05)
plot(fit, s=1)

Intercept = 43.86 [-144.6 - 266.7] o4
Slope = 0.9568 [0.8736 - 1.038] A
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SPSS Mg} Avtelch. WA Spxe] WaAT A8 4 qeh,
£ et 71 yepdei (19 20).
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19] 2% 7HA?, Cicchetti et al.(1994) &) 7]& RolA th59] S A3shd 7hnrt Ao
of 2J3}H 0,473 9] 7Hik= fair agreement 2 3 229).
radiologistA * radiologistB ul Tt ¥
=Ty
radialogistB
narmal benign suspected cancer Pl |
radiologistd  normal 21 12 0 0 33
henign 4 17 1 0 22
suspacted 3 ] 15 2 24
cancer a 0 0 1 1
P | 28 38 16 3 a5
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install.packages("fmsb") I
library(fmsb) N
JH

KappaData=matrix(frequency, ncol=4) r;_
Kappa.test(KappaData) H
1o

> Kappa.test (KappaData) el
SResult >
H1

Estimate Cohen's kappa statistics and test the null hypothesis that Q%

the extent of agreement is same as random (kappa=0) 0K

i3

data: KappaData

Z = 6.53, p-value = 3.288e-11
95 percent confidence interval:
0.3248650 0.6207132

sample estimates:

[1] 0.4727891

$Judgement
[1] "Moderate agreement”

J2l 22 R 2 0|25t BMZT} Jiut= 0472, 95% A2/ T7H2 0.324~0.621 O|CH.
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