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An Acoustic Analysis of Diadochokinesis in Patients with Parkinson's Disease
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ABSTRACT

The acoustic analysis of diadochokinesis(DDK) has been used to evaluate dysarthria. However, there has not been an

automatic method to evaluate dysarthria. The aim of this study was to introduce a new automated program to measure DDK

tasks and to apply this to clinical patients with idiopathic Parkinson's disease(IPD). Fourty-seven patients with IPD and a

healthy control group of twenty participants were selected with every DDK task recorded three times. Twenty-five acoustic

parameters in the program were developed. The relevant parameters were times of DDK, pitch related parameters, intensity

parameters which were analyzed by 2-way ANOVA. Significant differences between the groups were found in the times of

DDK, pitch related parameters, and intensity parameters. The findings indicated that the pitch of control group was more

stable than that of the IPD. Even though the patients with IPD had a higher intensity value, this phenomenon was caused by

the weakness of the IPD group who could not control their speech with a breath.
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Table 1. Information of subject characteristics
A AT

AA () 20(8:12) 47(22:25)
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A - IPD(2F)

B H-YSA - 2.120.6

%+ UPDRS - 34.2+11.6

K-MMSE - 254+2.4

H-YTA : Hoehn-Yahr stage
UPDRS : United Parkinson Dis. Rating unit-IIl motor section
K-MMSE : Korea-Mini Mental State Examination
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Table 3. Statistics of DDK task
SMR AMRI1 AMR2 AMR3
Normal(mean+SD)
M 33.29+6.91 30.20+5.33 31.45+6.67 30.37+6.07
F 30.1342.58 24.44+5.05 24.334+3.94 24.27+4.34
T 31.40+4.89 26.75+5.80 27.1846.18 26.71+5.82
IPD(mean+SD)
M 24.82+6.23 18.84+5.00 19.91+6.09 18.75+6.89
F 24.16+4.95 18.59+6.22 18.9946.38 18.37+6.56
T 24.4745.53 18.71+£5.62 19.4246.20 18.54+6.19

M: male, F: female, T: total, unit: times
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[%= 1] DDK 3l59] 28%1 #4k24 Aas [F= 3] s=dEde] 2891 S AIHAMRI)
df F I AMRI df F »
SMR 1 0.73 039 X
Group* AMRI X 336 007 pitch_All 1 3338 0.073
Sex AMR2 1 3.67 0.06 pitchl 1 6.149 0.016*
AMR3 1 3.14 0.08
SMR 1 24.64 0.00%* pitch2 1 5.396 0.024*
AMRI 1 32.79 0.00%* )
itch3 1 5479 0.023*
Group AMR2 1 2727 0.00%+ P
AMR3 1 29.52 0.00%* pitch4 1 3.949 0.051
SMR 1 1.71 0.19 .
AMRI . 201 0.05% Group* pitchs 1 5811 0.019*
Sex ’ ’
AMR2 1 6.19 0.01* Sex pitch_All SD 1 0.007 0.935
AMR3 1 4.02 0.04*
§ two-way ANOVA **p<0.001, *p<0.05 pitchl_SD 1 0.001 0.982
pitch2_SD 1 0.518 0475
[FF 2] S=dHSFo 2881 BAHEAS AIHSMR) pitch3 SD 1 0.003 0.957
SMR df F P pitch4 SD 1 0.001 0.982
pitch_All 1 7.16 0.010%* pitch5_SD 1 0.298 0.587
itchl 1 5.17 0.026*
prie pitch_ All 1 3.593 0.063
pitch2 1 6.03 0.017*
pitch3 1 771 0.007%* pitchl 1 6373 0.014*
pitch4 1 771 0.007%* pitch2 | 6337 0.014*
Group* pitchS 1 4.73 0.033*
Sex pitch Al SD 1 0.927 0.339 pitch3 1 4733 0.033*
pitchl_SD 1 0.314 0.577 pitch4 1 4.614 0.036*
pitch2_SD 1 1.754 0.190
' pitchs 1 4919 0.030*
pitch3_SD 1 1.541 0219 Group
pitch4_SD 1 2.120 0.150 pitch_All SD 1 5.929 0.018*
pitch5_SD 1 1.294 0.260 pitchl_SD 1 1.561 0218
pitch_All 1 459 0.036* .
pitch2_SD 1 5.871 0.018*
pitchl 1 5.14 0.027*
pitch2 1 5.56 0.022* pitch3_SD 1 6.282 0.015%*
pitch3 ! 361 0.060 pitch4 SD 1 6.014 0.017*
pitch4 1 3.67 0.060
Group pitchs 1 2.63 0.110 pitchs_SD 1 1.306 0.258
pitch_All_SD 1 5.868 0.018*
pitchl SD { 2357 0.130 pitch_All 1 45268 0.000%*
pitch2 SD 1 4.614 0.036* pitchl 1 71.770 0.000%*
pitch3_SD 1 5.937 0.018*
pitch4_SD 1 5.670 0.020% pitch2 1 52.078 0.000%*
pitch5_SD 1 3.821 0.055 .
pitch_All 1 43.89 0.000%* pitch3 ! 52664 0.000%
pitchl 1 47.14 0.000** pitch4 1 47.309 0.000%*
pitch2 1 46.13 0.000%*
pitch3 1 33.55 0.000%* pitch5 1 48.049 0.000%**
. Sex
pitch4 1 40.68 0.000%* pitch_All_SD 1 0.716 0.401
pitchs 1 36.99 0.000%* )
S pitchl_SD 1 0.002 0.965
ex pitch_All_SD 1 0.742 0392
pitch SD | 3,003 0,088 pitch2_SD 1 0.039 0.845
pitch2_SD 1 0.053 0.818 pitch3_SD 1 0.832 0365
pitch3_SD ! 0.293 0.590 pitch4 SD 1 0.527 0471
pitch4_SD 1 0.044 0.835 .
pitchs_SD 1 0.097 0.756 pitchS_SD ! 2.267 0.137

§: two-way ANOVA **p<0.01, *p<0.05 §: two-way ANOVA **p<0.01, *p<0.05



mled i e 23nuise sagd 24
[F-5 4] =dEWse] 287 #4424 AIHAMR2) [F5 5] s=AEref 281 F4keA
AMR2 df F P AMR3 df F 7
pitch_All 1 6.381 0.014* pitch_All 1 6.026 0.017*
pitchl 1 6.682 0.012* pitchl 1 5513 0.022*
pitch2 1 5.554 0.022% pitch2 1 4.090 0.048*
pitch3 1 5.455 0.023* pitch3 1 5.106 0.027*
pitch4 1 4.909 0.030* pitch4 1 6.666 0.012*
Group* pitchs 1 7.288 0.009% Group* pitch5 1 5392 0.024*
Sex pitch All SD 1 0.395 0.532 Sex pitch_All SD 1 0.004 0.950
pitchl_SD 1 1.486 0.228 pitchl_SD 1 0.038 0.846
pitch2_SD 1 0.260 0.612 pitch2_SD 1 0.894 0.348
pitch3 SD 1 0.076 0.784 pitch3_SD 1 0.076 0.787
pitch4 SD 1 0.207 0.650 pitch4 SD 1 0.168 0.684
pitch5 SD 1 0.337 0.564 pitch5_SD 1 0.355 0.553
pitch_All 1 4.172 0.045* pitch_All 1 7.602 0.008**
pitchl 1 3.840 0.055 pitchl { 7417 0.008%*
pitch2 1 3.536 0.065 pitch2 | 9,526 0.003%*
pitch3 1 3.872 0.054 pitch3 1 3184 0.006%*
pitch4 1 3.653 0.061 pitchd 1 6.101 0.016*
pitchS 1 3.551 0.064 pitch5 4.820 0.032*
Group Group
pitch All SD 1 9.600 0.003* pitch All SD 1 0.342 0.561
pitchl SD 1 9.030 0.004* pitchl_SD 1 1.714 0.195
pitch2_SD 1 8.151 0.006* pitch2_SD 0.465 0.498
pitch3 SD 1 5.246 0.025* pitch3_SD 1 0.427 0.516
pitch4 SD 1 5.636 0.021* pitch4 SD 1 0.085 0.771
pitch5 SD 1 5.585 0.021* pitch5_SD 1 0.000 0.999
pitch_All 1 40.377 0.000%** pitch_All 1 34.793 0.000%*
pitchl 1 47.126 0.000%+* pitchl 1 32.535 0.000%*
pitch2 1 35337 0.000%* pitch2 1 38.209 0.000%*
pitch3 1 33.022 0.000%* pitch3 1 35.144 0.000%*
pitch4 1 35.264 0.000%* pitchd 1 30.647 0.000%*
pitchs 1 32.080 0.000%* pitchs 1 14.698 0.000%*
Sex Sex
pitch All SD 1 0.030 0.863 pitch_All_SD 1 0.629 0.431
pitchl SD 1 0.240 0.626 pitchl_SD 1 1.965 0.166
pitch2_SD 1 0.053 0.818 pitch2_SD 1 0.147 0.702
pitch3_SD 0.002 0.966 pitch3_SD 1 0.436 0.512
pitch4_SD 1 0.456 0.502 pitch4_SD 1 0.008 0.931
pitchS_SD 1 0.102 0.750 pitch5_SD 1 0.515 0.476
§: two-way ANOVA *%p<0.01, *p<0.05 §: two-way ANOVA **p<0.01, *p<0.05
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[F5 6] BATY ==3d Hg 7S AH
SMR AMRI AMR2 AMR3
bt Al M 161.40+31.74 162.17428.97 164.6532.22 1777843825
= F 2402433 41 24917433 84 252.47+39.96 263.92438.94
pichl M 1671843133 163.83428.68 165.60+32.06 181.15441.69
F 2442443168 251.9828.74 253.12436.92 263.54+37.99
et M 159.97+32.06 163.03+30.06 165.69433.66 179.38+39.10
F 2412733 .80 248.19+32.48 252.30+39.46 263.06+38.48
et M 159.95+31.75 161.92+29.57 165.76+31.46 176.63+35.91
F 239.20+34.63 249.33+34.05 252.88+40.58 264.11438.80
- M 158.29+30.50 162.77429.20 164.42432.54 175.97+39.72
F 237.83433.84 248.58+37.23 251.56:40.92 266.71-34.95
s M 162.1133.26 159.50+27.95 162.36430.76 175.16+39.47
F 237.38+35.62 244.61+4627 251.45+42.60 259.88+56.29
. M 327941463 18.59410.54 15.0948.83 52.07431.79
Pitch_All_SD F 33.51£13.86 23.50+17.33 21.64+17.61 45.73228.67
sl SD M 4137419.42 240541833 13.6448.26 42.68429.44
- F 26.60+10.69 241741711 18.79+7.90 33.17414.28
P SD M 21.79411.78 14.1341346.80 13.6849.58 41.71431.30
— F 31.83415.52 18.02414.99 16.10+13.16 31.18£19.29
Pl SD M 22.64410.17 10.5844.43 13.9348.93 44.09+32.90
— F 28.66+16.51 16.16+11.71 17.01417.62 35.09429.83
piehd SD M 18.72410.46 13.93£10.49 112145.93 421142604
- F 28.95+15.34 18.09+12.36 21.42422.4 45.46:41.52
pies SD M 238341934 14761989 14.53112.29 46.09+42.80
-~ F 307841441 26.19+24.39 211441891 44.89+30.58
M: male, F: female, unit: Hz
(32 7] B Sxdd We 7 SEA Y
SMR AMRI AMR2 AMR3

Al M 165.92+29.03 1614742622 169.4328.96 174.66+34.37
Pitoh F 1993943141 211.31247.80 207.29+40.94 210.17+39.90
pich1 M 1672542775 1634742572 171.39:28.76 1773143206
F 205.94£32.92 211.70£32.98 211.03437.05 211.65+40.23
- M 160.83+29.77 161.27-26.30 170.66:31.47 168.5329.62
e F 198.94+33.52 204.97+38.21 208.09::43.92 210.93+42.09
picha M 168.05:33.25 163.43:29.03 169.7331.00 170.2134.49
F 195.93434.71 208.20+37.44 206.49:47.07 2004144383
, M 165.77+31.06 161.22:28 23 167.67433.03 177.23+39.38
Pitch4 F 197.05+31.92 208.55441.51 207.45:44.71 210.24+45.16
pichs M 167.14£29.56 161.25426.53 171.0435.15 177.8840.09
F 202.75+35.46 202.44+32.95 200.62+42.58 198.44+56.61
, M 57.82435 56 31.91419.22 4553441 42 57.70£40.59

Pitch All SD
A F 43.90423.98 35.96422.36 41.80+26.70 50.26+23.55
‘ M 48.40+32.89 31.0422.74 434944071 54.53440.26
Pitchl_SD F 40.10£19.81 31.42421.56 31.42£16.93 41.94+21.03
o M 45.28130.89 27.47417.83 427344441 39.62433.88
Piich?_SD F 37.15422.62 252541559 36.34428.80 44.07427.60
, M 553044247 253842095 387444616 47.74141.02
Pitch3_SD F 38.9330.73 30.34227.15 36.49+36.13 44.03432.96
S M 52.00437.60 27.69423.30 36.77+41.66 494244433
Pitchd_SD F 36.54+31.87 31.6022.86 38.75433.89 442443354
pichs SD M 522144034 2417417.08 36.15434.96 510543936
- F 37.65428.97 2951423 18 342442535 39.00433.32

M: male, F: female, unit: Hz
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[F-5 8] A=Hd W49 2820 A4AHEA ZAIHSMR) [F5 9] A= W49 2820 E4HEA ZAI(AMRI)
SMR df F P SMR df F P
dB_All 1 0.147 0.703 dB_All 1 0.832 0.365
dBI 1 0.108 0.744 dB1 1 0.623 0.433
dB2 1 0.249 0.619 dB2 1 0.580 0.449
dB3 1 0.184 0.669 dB3 1 0.809 0372
dB4 1 0.045 0.833 dB4 1 0.682 0.412
Group* dB5 1 0.155 0.695 Group dB5 1 1.523 0.222
Sex dB_All SD 1 1.189 0.280 *Sex dB_All SD 1 0.002 0.961
dBI1 _SD 1 1.922 0.171 dB1_SD 1 0.129 0.721
dB2 SD 1.039 0312 dB2 SD 1 0.176 0.676
dB3 SD 1 1117 0.295 dB3 SD 1 0.005 0.944
dB4 SD 1 0.706 0.404 dB4 SD 1 0.049 0.825
dB5 SD 1 0.576 0.451 dB5 SD 1 0.015 0.904
dB_All 1 7414 0.008** dB_All 1 6.931 0.011*
dB1 1 8.907 0.004** dB1 1 9.961 0.002%*
dB2 1 7.451 0.008** dB2 1 7.531 0.008**
dB3 1 7.224 0.009%* dB3 1 6.382 0.014*
dB4 1 7.360 0.009** dB4 1 4616 0.036*
dB5 1 5.294 0.025% dBs5 1 5.701 0.020*
Group Group
dB_All SD 1 0.072 0.789 dB_All SD 1 0.129 0.721
dBI1 _SD 1 0.415 0.522 dB1 _SD 1 0.421 0.519
dB2 SD 1 0.074 0.787 dB2 SD 0.954 0.333
dB3 SD 1 0.431 0.514 dB3_SD 1 0.710 0.403
dB4 SD 1 0.961 0331 dB4 SD 1 0.996 0.322
dB5_SD 1 0.410 0.524 dB5 SD 1 0.580 0.449
dB_All 1 1.210 0.276 dB_All 1 1.165 0.285
dBI 1 1.690 0.199 dBI 1 1.142 0.290
dB2 1 1.356 0.249 dB2 1 0.991 0323
dB3 1 0.877 0.353 dB3 1 0.947 0.334
dB4 1 1.037 0312 dB4 1 1.251 0.268
dB5 1 1.030 0.314 dBs 1 1.699 0.197
Sex Sex
dB_All SD 1 8.128 0.006** dB_All SD 1 8.002 0.006**
dBI1_SD 1 9.614 0.003** dBl1 _SD 1 7.024 0.010%*
dB2 SD 1 10.855 0.002%* dB2 SD 1 6.270 0.015*
dB3 SD 1 8.671 0.005%* dB3 SD 1 6.436 0.014*
dB4 SD 1 6.575 0.013* dB4 SD 1 7.582 0.008**
dB5_SD 1 6.562 0.012% dB5 SD 1 4315 0.042%
§: two-way ANOVA **p<0.01, *p<0.05 §: two-way ANOVA **p<0.01, *p<0.05
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[F5 10] Z=dd¥e] 2820 E4HEA HIHAMR2) 5 11] ZA=dEdse] 2820 2A4HEA AIHAMR3)
SMR df F P SMR df F P
dB_All 1 0.928 0.339 dB_All 1 0.966 0.330
- | 0.961 0331 dBl 1 0.618 0435
dB2 1 0573 0452
dB2 1 0.877 0353
dB3 1 0.990 0.324
dB3 1 0.908 0344
dB4 1 1410 0.240
dB4 1 0.862 0357 Group* dBS | 1250 026
G *
roup dBs 1 1.162 0.285 Sex dB_All SD 1 0.172 0.679
Sex
dB_All SD 1 0.019 0.890 dB1 SD { 0.062 0.804
dB1_SD 1 0.267 0.607 dB2_SD 1 0.000 0.983
dB2_SD 1 0306 0.582 dB3 SD 1 0,010 0,922
dB3_SD 1 0.003 0.957 dB4 SD 1 0.014 0.905
dB4 SD 1 0.062 0.804 dB5_SD 1 0.466 0.498
dB5_SD 1 0.005 0.944 dB_All 1 5.013 0.029*
dB_All 1 6.120 0.016* dBl 1 7.734 0.007**
Bl 1 9.195 0.004%% dB2 1 5.162 0.027*
dB2 1 5.765 0.019* dB3 1 4130 0.047*
dB3 1 5.170 0.027* dB4 1 3427 0.069
%
dB4 1 4521 0.038 S . 4463 0039
dBS 1 5.777 0.019* Group
dB_All SD 1 1.205 0.277
Group dB_All SD 1 0.439 0.510
dB1_SD 1 0.886 0350
dB1_SD ! 0.086 0.770 dB2 SD 1 0.194 0.661
dB2_SD 1 0.063 0.802 dB3 SD 1 0222 0,639
dB3 SD 1 0.104 0.748 dB4 SD ] 0.175 0.677
dB4_SD ! 0.001 0.974 dB5_SD 1 0.661 0.419
dB5_SD 1 0.281 0.598 dB_All 1 0.654 0.422
dB_All 1 0.695 0.408 dB1 1 0.541 0.465
dBl 1 0.832 0.365 dB2 ! 0.664 0419
dB2 1 0.617 0435 dB3 1 0.424 0.518
dB3 1 0.507 0.479 dB4 1 0.555 0.459
dB4 1 0.657 0421 dBS . 128 0266
dBs 1 0.785 0379 Sex
Sex dB_All_SD 1 18.500 0.000%*
dB_All SD 1 11.015 0.002%*
dB1_SD 1 18.460 0.000%*
dB1_SD 1 13.024 0.001%*
B2 SD 1 23.952 .000%*
dB2_SD 1 11.835 0.001%* B2 § 395 0.000
B3 SD 1 18. .000%*
dB3_SD 1 8.678 0.005%* dB3 8 8.086 0.000
B4 SD | 2678 0,005+ dB4 SD 1 15.096 0.000%*
dB5_SD 1 10.883 0.002%* dB5_SD 1 15.429 0.0007%*

§: two-way ANOVA

#55<0.01, *p<0.05

§: two-way ANOVA

#45<0.01, *p<0.05



[F5 12] AT ZE3A T 7|«5AF
SMR AMRI1 AMR2 AMR3

B All M 42.71+4.20 44.81+5.58 44.87+4.77 45.75+5.86
- F 38.83+4.04 39.6143.67 40.07+2.88 40.96+3.30
Bl M 44.78+4.51 45.97+4.84 46.58+4.12 46.96+5.11

F 40.41+4.04 40.90+4.10 41.54+£2.57 42.76+3.86

a8 M 43.44+4.40 44.86+5.45 45.28+4.95 46.0446.03
F 39.02+4.19 40.19+4.09 40.61+£3.17 41.73£3.27

B3 M 42.17+4.48 44.61+5.86 44.67+4.90 45.5346.25
F 38.54+4.51 39.7544.02 40.10+3.00 41.06+3.49

B4 M 41.54+3.76 44.4945.67 44.154£5.15 45.44+6.33
F 38.33£3.70 39.25+3.47 39.41+2.84 40.28+3.32

dB5 M 41.62+4.75 44.1246.30 43.65+£5.12 44.80+5.82
F 37.92+3.96 37.62+4.10 38.4243.82 38.83+£3.46

dB All SD M 10.82+1.18 11.58+1.48 10.82+1.07 10.34+1.25
- - F 11.67+0.85 13.12+1.42 12.58+0.93 12.79+1.38
4Bl SD M 10.98+1.45 11.79+1.27 11.15+0.74 10.52+1.16
- F 11.81+0.94 13.09+1.36 12.78+0.86 12.71£1.17
dB2 SD M 10.36+1.49 11.85+1.29 10.92+1.05 10.28+1.18
- F 11.59+0.79 13.06£1.42 12.59+0.99 12.78+1.44
dB3 SD M 10.65+1.38 11.52+£1.61 10.72+1.28 10.25£1.13
- F 11.60+0.89 13.01£1.53 12.56+1.02 12.66+1.50
dB4 SD M 10.62£1.26 11.25+1.57 10.63+£1.27 10.30+1.60
- F 11.60+£0.92 13.04+1.38 12.27+1.06 12.65+1.44
dBS5 SD M 10.52+1.38 11.27+£1.75 10.20+1.36 9.82+1.74
- F 11.55£1.10 12.48+1.60 12.18+1.05 12.61+1.65

M: male, F: female, unit: dB
[F5 13] 84 A=3d Hy 7|ssAE

SMR AMRI AMR2 AMR3

B All M 48.83+£10.90 49.30+10.50 48.89+10.83 49.11£10.75
- F 46.95+11.27 48.87+11.46 49.24+11.85 49.57+11.78

M 51.90+11.09 52.43+11.13 52.05+10.84 52.47+10.78

dBl F 49.30+11.65 51.66£11.91 52.23+11.92 52.61£12.49
B2 M 49.35+11.30 50.14+10.70 49.25+10.83 50.14+10.88

F 47.59+11.18 49.51+11.63 49.66+12.15 49.98+12.06

dB3 M 48.17+10.77 48.83+£10.35 48.29+10.86 48.34+10.77
F 46.82+11.59 48.63+11.31 48.95+12.38 49.28+12.02

M 48.09+10.91 48.06£10.67 44.15+5.15 47.22+10.80

dB4 F 45.98+11.38 47.27+12.02 39.41+2.84 48.40+11.63
M 46.64+11.13 47.08+10.23 47.17+£11.05 47.40+£11.28

dB3 F 45.00+11.13 46.90+11.07 47.68+11.44 47.43+11.11
M 10.16£2.04 11.4242.21 11.11£2.17 11.12+£1.94
dB_All SD

- - F 12.07+1.98 12.90+2.07 13.02+2.45 13.14£2.22
dB M 10.00+2.12 11.2242.38 11.03+2.11 11.09£1.65
15D F 12.17£1.82 12.93£2.26 13.20+2.32 13.04+£2.20

) M 9.66+2.46 11.03+£2.56 10.75+£2.28 10.49+1.77
dB2_SD F 11.99+2.03 12.7442.23 13.05+2.54 13.02+2.29
M 9.79+1.98 10.97+2.50 10.56+2.30 10.56+2.07

dB3_SD F 11.80+£2.12 12.54+2.37 12.33+£2.84 12.86+2.38
M 9.584+2.24 10.78+£2.40 10.49+2.23 10.62+£2.11

dB4 SD F 11.52+2.49 12.30+2.48 12.44+2.80 12.82+2.56
M 9.72+2.12 10.72+2.63 10.55+2.57 10.73£2.20

dB5_SD F 11.61£2.54 12.08+2.33 12.45+2.34 12.69+2.55

M: male, F: female, unit: dB



