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Abstract

Functional changes in the brain motor network are responsible for the major clinical features of
Parkinson’s disease (PD). Recent studies on investigation of the brain function show that there are
spontaneous fluctuations between regions at rest as resting state network affected in various disorders.
In this paper, we examine changes of functional dependency between brain regions of interest
associated with known anatomical pathology in Parkinson Disease (PD) using copula theory on resting
state fMRI. Five types of copulas were tested: Gaussian and t (Euclidean), Clayton, Gumbel and
Frank (Archimedean). We used an efficient maximum likelihood procedure for estimating copula
parameters. Goodness of fits was tested using root mean square error (RMSE) and kulback-leibler
divergence between each copula function and joint empirical cumulative distribution. Control vs PD
group comparison was also done on dependency parameter using parametric and nonparametric tests.
The results show that functional dependency between cerebellum and basal ganglia is much stronger
in PD than in control. In this paper, we proposed for the first time that joint distribution
characteristics could potentially provide information on discriminative features for functional
connectivity analysis between healthy and patients.
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Mean of Mean of D Mean of Mean of Mean of

Dependency Dependency ependency Dependency Dependency
numbers ROIs in Left parameters using parameters parameters parameters parameters using

hemisphere Gaussian copula | using t copula using Clyton using Gumbel Frank copula

copula copula

NC PD NC PD NC PD NC PD NC PD
1 L _CAU L CER -0.164 -0.232 -0.178 - 0.065 0.052 1.045 1.041 -0.975 -1.730
2 L_CAU L_HIPP -0.027 0.069 -0.038 0.079 0.090 0.349 1.068 1.232 -0.202 0.3756
3 L CAU L_MC -0.127 -0.174 -0.147 - 0.059 0.092 1.045 1.025 -0.948 -1.194
4 L_CAU L_PALL -0.116 0.108 -0.129 0.124 0.103 0.345 1.095 1.217 -0.870 0.976
5 L_CAU L_PFC -0.013 0.047 -0.018 0.055 0.078 0.147 1.055 1.081 -0.138 0.249
6 L CAU L PUT 0.094 0.294 0.093 0.332 0.272 0.532 1.198 1.341 0.736 2.151
7 L CAU L THAL -0.050 0.343 -0.082 0.370 0.111 0.985 1.099 1.688 -0.548 3.696
8 L_CER L_HIPP -0.023 -0.286 -0.039 - 0.155 0.014 1.100 1.013 -0.275 -2.149
9 L CER L_MC -0.089 0.077 -0.107 0.096 0.122 0.257 1.060 1.136 -0.592 0.431
10 L_CER L_PALL 0.108 -0.289 0.115 - 0.252 0.059 1.137 1.036 0.771 -2.095
11 L_CER L_PFC -0.206 -0.097 -0.214 - 0.078 0.146 1.067 1.076 -1.365 -0.668
12 L_CER L _PUT 0.073 -0.359 0.079 - 0.211 0.036 1112 1.009 0.452 -2.794
13 L CER L THAL -0.116 -0.244 -0.134 - 0.056 0.024 1.027 1.024 -0.842 -1.730
14 L_HIPP L_MC -0.095 -0.201 -0.093 - 0.114 0.033 1.061 1.022 -0.686 -1.394
15 L_HIPP L PALL 0.042 0.198 0.023 0.220 0.309 0.413 1.195 1.220 0.425 1.384
16 L _HIPP L PFC -0.208 -0.073 -0.216 - 0.074 0.053 1.042 1.037 -1.456 -0.405
17 L_HIPP L_PUT 0.105 0.266 0.113 0.299 0.304 0.514 1.171 1.305 0.787 1.905
18 L_HIPP L THAL -0.021 0.116 -0.027 0.132 0.226 0.415 1.138 1.238 -0.134 0.739
19 L MC L PALL -0.120 -0.143 -0.145 - 0.057 0.081 1.020 1.036 -0.767 -1.051
20 L MC L PFC 0.151 0.130 0.179 0.157 0.361 0.313 1.199 1.185 1.096 0.986
21 L MC L_PUT -0.087 -0.112 -0.102 - 0.129 0.087 1.077 1.045 -0.569 -0.762
22 L MC L THAL -0.149 -0.252 -0.187 - 0.042 0.093 1.026 1.034 -1.104 -1.829
23 L_PALL L_PFC -0.165 -0.111 -0.182 - 0.066 0.103 1.052 1.051 -1.113 -1.158
24 L_PALL L _PUT 0.658 0.716 0.691 0.757 1.719 1.805 2.191 2.201 6.860 6.897
25 L_PALL L _THAL 0.528 0.496 0.569 0.536 1.113 1.413 1.787 2.002 4.579 5.518
26 L_PFC L PUT -0.222 -0.117 -0.248 - 0.051 0.118 1.038 1.075 -1.473 -0.952
27 L_PFC L _THAL -0.151 -0.102 -0.164 - 0.023 0.025 1.005 1.006 -0.991 -0.676
28 L PUT L THAL 0.422 0.451 0.454 0.504 0.790 0.970 1.554 1.630 3.3846 3.808
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Mean of Mean of
Dgssﬁgeﬁcy Del\gggge?lfcy Dependency Dependency Del\ggﬁgeonfcy
Numbers ROls in Right parameters using parameters parameters parameters parameters using
hemisphere Gaussian copula using t copula using Clyton using Gumbel Frank copula
copula copula
NC PD NC PD NC PD NC PD NC PD
1 R_CAU R_CER -0.150 -0.231 | -0.151 | -0.252 0.045 0.020 1.041 1.001 -1.098 -1.636
2 R_CAU R_HIPP -0.070 -0.052 -0.082 | -0.071 0.101 0.241 1.039 1.126 -0.452 -0.396
3 R_CAU R_MC -0.140 -0.238 -0.167 | -0.262 0.071 0.053 1.056 1.028 -1.082 -1.902
4 R_CAU R_PALL -0.137 0.153 -0.156 0.170 0.091 0.377 1.064 1.206 -0.962 1.106
5 R_CAU R_PFC 0.057 0.078 0.075 0.098 0.170 0.212 1.081 1.140 0.470 0.387
6 R_CAU R_PUT 0.146 0.224 0.154 0.257 0.298 0.412 1.178 1214 0.970 1.562
7 R_CAU R_THAL 0.013 0.305 0.015 0.344 0.180 0.575 1.130 1.352 -0.027 2.439
8 R_CER R_HIPP 0.049 -0.129 0.050 -0.148 0.196 0.049 1.121 1.025 0.274 -0.903
9 R_CER R_MC -0.099 0.125 -0.114 0.134 0.032 0.308 1.019 1.151 -0.751 0.877
10 R_CER R_PALL 0.138 -0.223 0.158 -0.241 0.275 0.054 1.134 1.020 0.987 -1.752
11 R_CER R_PFC -0.246 -0.268 -0.270 | -0.298 0.029 0.025 1.006 1.019 -1.585 -2.026
12 R_CER R_PUT 0.040 -0.242 0.049 -0.269 0.184 0.079 1.102 1.032 0.284 -1.757
13 R_CER R_THAL -0.190 -0.289 | -0.227 | -0.333 0.023 0.051 1.011 1.013 -1.333 -2.055
14 R_HIPP R_MC -0.102 -0.045 | -0.106 | -0.039 0.144 0.112 1.089 1.064 -0.825 -0.304
15 R_HIPP R_PALL 0.063 0.162 0.054 0.184 0.257 0.383 1.144 1.239 0.383 1.119
16 R_HIPP R_PFC -0.209 -0.123 -0.216 | -0.134 0.033 0.103 1.032 1.054 -1.439 -0.974
17 R_HIPP R_PUT 0.105 0.285 0.111 0.311 0.344 0.586 1.218 1.322 0.878 2.130
18 R_HIPP R_THAL 0.051 0.153 0.054 -0.094 0.211 0.405 1.131 1.271 0.480 1.004
19 R_MC R_PALL -0.184 -0.185 | -0.207 0.167 0.021 0.049 1.008 1.027 -1.304 -1.382
20 R_MC R_PFC 0.065 0.049 0.071 -0.205 0.255 0.188 1.135 1.128 0.292 0.281
21 R_MC R_PUT -0.158 -0.079 -0.183 0.062 0.057 0.079 1.028 1.034 -1.187 -0.527
22 R_MC R_THAL -0.227 -0.278 | -0.264 | -0.311 | 1e-06 0.037 1.001 1.013 -1.633 -2.103
23 R_PALL R_PFC -0.228 -0.065 | -0.245 | -0.067 0.010 0.155 1.006 1.077 -1.496 -0.474
24 R_PALL R_PUT 0.595 0.643 0.628 0.681 1.393 1.479 1.877 2.081 5.326 6.068
25 R_PALL R_THAL 0.510 0.523 0.550 0.562 0.949 1.326 1.621 1.923 3.910 5.125
26 R_PFC R_PUT -0.287 -0.108 -0.316 | -0.119 0.014 0.104 1.009 1.069 -2.155 -0.758
27 R_PFC R_THAL -0.088 -0.113 | -0.096 | -0.130 0.065 0.106 1.047 1.063 -0.649 -0.851
28 R_PUT R_THAL 0.365 0.419 0.395 0.473 0.698 0.886 1.444 1.586 2921 3.505
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