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ADC apparent diffusion coefficient  

ALS amyotrophic lateral sclerosis  

CIDP chronic inflammatory demyelinating polyneuropathy

 

CSF  cerebrospinal fluid  

DM degenerative myelopathy  

DRG dorsal root ganglion  

DTI diffusion tensor imaging  

FA fractional anisotropy  

ICC intraclass correction coefficients  

IVDH intervertebral disc herniation  

LMN lower motor neuron  

MRI magnetic resonance imaging  

PWC Pembroke Welsh Corgi  

ROI region of interest  

SOD1 superoxide dismutase 1 1 



TE echo time  

TR repetition time  

UMN upper motor neuron  

WE water excitation  
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4  4 17 IVDH

3.0 MRI Achieva dStream, Philips, Amsterdam, Netherland
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MMRI  

MRI 8 3.0 MRI

Achieva dStream, Philips, Amsterdam, Netherland MRI



PROPOFOL injection, Fuji Pharma Co., Ltd., 

Toyama, Japan

Isoflurane, Pfizer Inc., New York, U.S.A.

T1

repetition time TR / echo time TE 570/13.8 msec

 1.5 mm T2 TR/TE 3113/90 msec  1.5 mm

0.1 mmol/kg OMNISCAN, Daiichi-Sankyo, Tokyo, 

Japan T1 DTI T8–

T9 L2–L3 TR/TE 

5571/70 msec  2 mm diffusion gradient encoding in 32 directions; 

b value 1,000 sec/mm2; field of view 250 x 250 mm; scan time 5 min  
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Easy R 40 ADC FA

DM IVDH 3 Kruskal-Wallis 

Bonferroni Mann-Whitney U

ADC FA DM Spearman 

MRI P <0.05 

rs >0.7  
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DTI 1–2 1–2 1–3 DM IVDH



T10–T11 T12–T13 L1–L2 L2–L3

P=0.024, 0.007, 0.027, 0.017 0.007

DM ADC T10–T11 T12–T13 L1–L2 L2–

L3 P=0.038, 0.004, 0.041, 0.038 0.024

DM ADC IVDH L1 L2

P=0.038 T8–L3 ADC 3

P<0.001 T8–L3 ADC DM IVDH

P=0.002 P<0.001  
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1–1  

 

DM IVDH PWC

 No.  kg IVDH 
1 DM 4 PWC 13.0 10.2 T12-T13, T13-L1, L2-L3 3.0
2 DM 4 PWC 15.2 10.1 L1-L2 3.5
3 DM 4 PWC 14.1 14.6 3.3
4 DM 4 PWC 15.9 14.6 T13-L1 3.0
5 DM 1 PWC 14.1 11.8 T13-L1 2
6 DM 1 PWC 12.7 13.6 T12-T13, T13,-L1 3
7 DM 1 PWC 11.0 12.3 7
8 DM 1 PWC 10.8 16.8 2
9 IVDH 11.7 3.4 T12-T13 5

10 IVDH 11.6 6.3 T11-T12, T12-T13, L5-L6, L6-L7 3
11 IVDH 3.5 5.2 T13-L1 3
12 IVDH 5.0 4.2 T13-L1 7
13 IVDH 10.8 4.5 T13-L1, L2-L3 4
14 IVDH 10.9 5.8 L2-L3, L3-L4 1
15 IVDH 5.1 6.7 L1-L2 11
16 IVDH 10.7 8.0 L2-L3 10
17 IVDH 11.9 5.6 T13-L1 1
18 IVDH 9.8 10.7 T13-L1 5
19 IVDH 4.7 4.8 T11-T12, T12-T13, L2-L3 5
20 IVDH 8.9 5.3 L2-L3 3
21 IVDH 10.1 7.1 T12-T13, T13-L1, L1-L2, L2-L3, L4-L5 1
22 4.0 13.5
23 4.0 18.4
24 5.0 14.0
25 5.5 12.3
26 PWC 10.7 10.7
27 2.8 10.6



1–2 DM IVDH ADC FA  

 

* P<0.05 ** P<0.01 ADC FA DM IVDH  

3  vs DM  vs IVDH  vs IVDH
T8-T9 1.096 0.239-1.567 0.575 0.198-2.287 1.065 0.732-2.457 0.123 1.000 1.000 0.091
T9-T10 1.338 0.617-1.578 0.536 0.194-1.958 1.162 0.615-1.952 0.134 0.540 1.000 0.230

T10-T11 1.360 0.913-1.787 0.780 0.107-1.348 1.324 0.605-2.023 0.024 0.038 1.000 0.060
T11-T12 1.339 0.982-2.059 0.836 0.579-1.422 1.263 0.542-1.902 0.062 0.060 1.000 0.360

T12-T13 1.445 1.243-1.763 0.857 0.519-1.280 1.183 0.746-1.946 0.007 0.004 0.537 0.091

T13-L1 1.285 0.984-1.428 0.748 0.393-1.437 1.305 0.682-1.733 0.027 0.041 1.000 0.060

L1-L2 1.325 0.896-1.473 0.915 0.261-1.171 1.317 0.408-1.603 0.017 0.038 1.000 0.038

L2-L3 1.360 1.252-1.728 0.892 0.246-1.431 1.116 0.544-2.188 0.007 0.024 0.109 0.110

T8-L3 1.408 1.048-1.627 0.713 0.440-0.840 1.279 0.767-1.767 <0.001 0.002 0.969 <0.001**
T8-T9 0.574 0.443-0.614 0.547 0.323-0.673 0.548 0.419-0.813 0.901 1.000 1.000 1.000
T9-T10 0.557 0.427-0.646 0.475 0.352-0.726 0.554 0.388-0.827 0.385 0.820 1.000 0.710

T10-T11 0.520 0.489-0.612 0.446 0.310-0.750 0.489 0.394-0.843 0.139 0.088 1.000 0.804
T11-T12 0.520 0.417-0.562 0.460 0.332-0.860 0.552 0.366-0.700 0.145 0.730 1.000 0.230
T12-T13 0.522 0.460-0.602 0.452 0.341-0.686 0.525 0.361-0.677 0.236 0.430 1.000 0.480
T13-L1 0.587 0.481-0.626 0.457 0.364-0.669 0.471 0.360-0.633 0.109 1.000 0.053 1.000
L1-L2 0.603 0.476-0.666 0.506 0.340-0.751 0.468 0.421-0.810 0.195 1.000 0.086 1.000
L2-L3 0.486 0.275-0.593 0.459 0.356-0.783 0.525 0.359-0.769 0.350 1.000 0.550 1.000

T8-L3 0.544 0.489-0.576 0.449 0.417-0.550 0.575 0.418-0.701 0.004 * 0.024 1.000 0.006

FA

P 

ADC

(×10
3
 mm

2
/s)

DM IVDH



1–3 DM ADC FA  

 

* P<0.05 ADC FA DM rs

rs P 
T8-T9 1.018 0.426-2.287 0.417 0.198-0.792 -0.711 0.048*
T9-T10 1.076 0.482-1.958 0.448 0.194-0.832 -0.711 0.048*

T10-T11 0.916 0.627-1.348 0.611 0.107-1.047 -0.470 0.240
T11-T12 1.097 0.649-1.422 0.696 0.579-0.867 -0.711 0.048*
T12-T13 0.930 0.662-1.280 0.727 0.519-1.046 -0.313 0.450
T13-L1 0.916 0.808-1.437 0.594 0.393-0.688 -0.873 0.011*
L1-L2 1.016 0.917-1.171 0.683 0.261-0.913 -0.783 0.022*
L2-L3 1.016 0.889-1.431 0.818 0.246-0.894 -0.747 0.033*
T8-L3 0.781 0.754-0.840 0.541 0.440-0.672 -0.723 0.043*
T8-T9 0.488 0.323-0.555 0.618 0.476-0.673 -0.819 0.013*
T9-T10 0.522 0.424-0.726 0.464 0.352-0.540 -0.325 0.432

T10-T11 0.485 0.398-0.750 0.412 0.310-0.451 -0.518 0.188
T11-T12 0.486 0.380-0.860 0.409 0.332-0.496 -0.446 0.268
T12-T13 0.452 0.433-0.686 0.422 0.341-0.516 -0.036 0.932
T13-L1 0.457 0.404-0.669 0.459 0.364-0.645 0.084 0.843
L1-L2 0.512 0.386-0.751 0.480 0.340-0.739 -0.133 0.754
L2-L3 0.448 0.356-0.572 0.459 0.444-0.783 0.253 0.545
T8-L3 0.456 0.420-0.550 0.426 0.417-0.454 -0.446 0.268

DM DTIDM 4DM 1

FA

ADC
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* P<0.05 ** P<0.01 ADC DM IVDH
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DM 1

29, 56

dorsal root ganglion DRG 56

water excitation WE WE

T1

32

WE



74, 84 WE

DRG 36 WE

DRG

DRG DM WE DRG

 

2 WE DRG

DRG DRG

WE DRG

DM WE DRG

DM DRG

IVDH  
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2020-230

 

 

 

DM IVDH WE 2019 8

2021 1 DM PWC DM

8 IVDH IVDH 13 6

DRG

MRI

DRG DM IVDH

3

DM 1 

2 SOD1 c.118G>A



3 MRI CSF 

3 DM

16, 17

DM 1 DM

DM 1

UMN 2 LMN

3 LMN

4 4 17 IVDH MRI

IVDH 1

2 3

4 5

5 1, 71 DM IVDH

 

 

MMRI  

MRI 8 3.0 MRI



Achieva dStream, Philips, Amsterdam, Netherland 2–1

MRI PROPOFOL injection, Fuji Pharma 

Co., Ltd., Toyama, Japan

Isoflurane, Pfizer Inc., New York, 

U.S.A. T1 TR/TE 

570/13.8 msec  1.5 mm T2 TR/TE 3113/90 msec

 1.5 mm 0.1 mmol/kg OMNISCAN, 

Daiichi-Sankyo, Tokyo, Japan T1

WE 13 msec TR 10.12–10.24 msec invention time

150–170 msec 0.375–0.500 mm 1.1–1.2 

mm flip angle 30°  

 

 

OsiriX MD version 4.1.2 OsiriX Pixmeo, Geneva, Switzerland

WE DRG DRG

81 2–2 WE T8

L2 DRG



DRG DRG

DRG WE

DRG DRG

DRG ai 0.375–0.5 mm

ti  

VDRG = ∑aiti 

DRG DRG

WE 2 DRG

L2 DRG

L2

DRG  

 

 

 Easy R 40 T8

L2 DRG L2

Spearman 

DRG DM IVDH 3 Kruskal-

Wallis Bonferroni Mann-Whitney 



U DRG DM Spearman 

MRI P <0.05 

rs >0.7  



 

 

 

2–1 8

4 4 5

3 4 PWC 1

1 1 1

L2

6.0 2.8–10.0 11.4 kg 6.6–14.0 kg 0.49 m2

0.33–0.58 m2 1.69 cm 1.34–1.88 cm 8 MRI

3

MRI 1

MRI

2

1

1 4 MRI

DM

8 PWC DM 1 4 4 4



2 2 4 4

24 MRI DM

1 3 DM

L2 13.2

10.8–15.9 12.3 kg 10.1–15.9 kg 0.52 m2 0.46–

0.63 m2 1.72 cm 1.63–1.80 cm IVDH

IVDH 24 6 3

6 9 IVDH

L2 11.7 2.6–15.7

6.7 kg 3.0–14.1 kg 0.33 m2 0.20–0.58 m2 1.44 cm

1.00–1.69 cm 11

4 2

1 IVDH 1 2 2

5 3 4 4 8 5 5

IVDH 12 T12–T13 9 T13–L1 6 L1–L2 4 T11–

T12 4 L2–L3 2 L4–L5 T9–T10 T10–T11 L3–L4 L5–L6

L6–L7 1 IVDH 1 15



2 4 3 1 4 3 5 1 15

9 24

DM P=0.009 IVDH P=0.012

L2

IVDH P=0.003, 0.005, 0.009 DM P<0.001

 

 

DDRG  

T8 L2 DRG

DRG T8 L2 DRG

DRG rs=0.792, P=0.024

2–2 DRG rs=0.691, P=0.037

3 DRG DRG

DRG  

 

DRG  

DM DRG T9 P=0.038 T10 P=0.042

L2 P=0.045 2–3, 2–3 DM



DRG IVDH T8 P=0.009 T9 P=0.003

T10 P=0.003 T11 P=0.010 T12 P=0.035 T13 P=0.031 L1 P=0.041

L2 P=0.002 T8 L2

DRG DM P=0.011 IVDH (P=0.002

2–4  

 

DDRG DM  

T8 L2 DRG DM 1

4 DRG

DM 1 4  

 

 

T8 L2 3

3
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WE

WE

DRG 73

WE

DRG

9, 19 MRI

DRG WE DRG

 

DRG DRG

DRG

chronic inflammatory demyelinating polyneuropathy CIDP

DRG CIDP

36 DM DRG

IVDH



CIDP WE DRG DM

 

DM DRG

29 DM T8

DM DRG

56 ALS

25, 70 DM DRG

DRG DM

T9 L2 DRG

DM

T8 DRG

4, 16, 50 DRG

DM DRG

DRG WE

WE

 



DRG DM 2

C7 DM

41 DM

DRG

29 DM

DRG WE MRI

DM DRG DM

 

DM IVDH

DM

IVDH DRG DM

IVDH DRG T8

L2 DRG DM IVDH

DM DRG

IVDH DRG

DRG



2, 81 DRG

DRG

DRG 52, 69, 

82 IVDH DRG

 

1 DRG

1

2

2 DM DM

DRG 4 WE

DM

DM

MRI

MRI

31

24 WE

WE

3 WE



DM 4

WE 4

DM PWC DM PWC

DM

5 DM IVDH

DRG

54 DRG

 

WE DRG

DRG DRG

DM

 



 

2–1  

 

DM IVDH PWC

 

 No. kg m
2

L2 cm
1 5.0 16.8 0.63 1.88 -
2 5.0 13.5 0.55 1.75 -
3 5.1 14.0 0.58 1.68 -
4 5.5 12.3 0.52 1.73 -
5 2.8 10.6 0.46 1.49 -
6 8.0 11.4 0.49 1.23 -
7 6.6 6.6 0.33 1.00 -
8 PWC 10.7 10.7 0.46 1.70 -
9 DM 4 PWC 13.0 13.1 0.54 1.69 3.0

10 DM 4 PWC 15.2 10.2 0.46 1.70 3.5
11 DM 4 PWC 14.1 12.3 0.52 1.75 3.0
12 DM 4 PWC 15.9 14.6 0.59 1.80 3.3
13 DM 1 PWC 14.1 11.8 0.49 1.76 2
14 DM 1 PWC 12.7 13.6 0.55 1.75 3
15 DM 1 PWC 11.0 12.3 0.52 1.63 7
16 DM 1 PWC 10.8 16.8 0.63 1.69 3
17 IVDH 11.7 6.1 0.33 1.22 3
18 IVDH 5.6 3.0 0.20 1.40 1.5
19 IVDH 9.8 4.6 0.25 1.54 1
20 IVDH 5.0 6.7 0.33 1.48 11
21 IVDH 15.7 3.1 0.20 1.18 5
22 IVDH 12.6 9.6 0.43 1.48 2
23 IVDH 15.4 7.2 0.36 1.54 6
24 IVDH 7.0 9.7 0.43 1.64 4
25 IVDH 3.6 5.2 0.29 1.28 3
26 IVDH 11.7 3.4 0.20 1.00 5
27 IVDH 13.4 6.5 0.33 1.55 11
28 IVDH 9.8 11.6 0.49 1.65 2
29 IVDH 12.3 3.4 0.20 1.46 1
30 IVDH 5.0 3.4 0.20 1.25 7
31 IVDH 5.9 4.2 0.25 1.35 15
32 IVDH 4.8 4.5 0.25 1.29 2
33 IVDH 7.2 12.8 0.52 1.66 1
34 IVDH 9.7 7.7 0.36 1.27 1
35 IVDH 10.1 7.1 0.36 1.60 21
36 IVDH 6.1 5.1 0.29 1.49 7
37 IVDH 10.4 9.5 0.43 1.67 2
38 IVDH 2.6 5.5 0.29 1.13 9
39 IVDH 10.9 5.8 0.29 1.68 1
40 IVDH 14.1 14.1 0.58 1.69 1



2–2 DRG L2  

 

* P<0.05 DRG  

rs P rs P rs P
T8 15.311 13.837-17.299 0.681 0.060 0.718 0.052 0.312 0.218
T9 15.429 13.439-17.674 0.761 0.037* 0.813 0.014* 0.602 0.083
T10 15.864 14.542-17.431 0.675 0.078 0.738 0.038* 0.418 0.332
T11 16.462 15.366-19.625 0.628 0.068 0.767 0.046* 0.298 0.524
T12 16.852 14.670-18.813 0.612 0.221 0.578 0.197 0.332 0.982
T13 16.632 14.113-21.612 0.789 0.021* 0.774 0.028* 0.571 0.151
L1 16.686 13.491-22.393 0.712 0.064 0.783 0.034* 0.667 0.078
L2 16.963 13.213-21.343 0.467 0.243 0.612 0.083 0.588 0.167

T8-L2 16.263 14.589-18.635 0.691 0.037* 0.792 0.024* 0.612 0.176
T8 29.404 20.765-35.736 -0.132 0.756 -0.048 0.935 0.214 0.619
T9 27.018 22.532-40.977 0.035 0.933 0.119 0.793 0.548 0.171
T10 29.088 19.169-41.861 -0.216 0.608 -0.143 0.752 0.238 0.582
T11 30.307 19.738-43.676 -0.048 0.910 0.024 0.977 0.333 0.428
T12 32.417 18.396-38.441 0.263 0.528 0.333 0.428 0.571 0.151
T13 32.365 21.924-39.569 -0.228 0.588 -0.167 0.703 0.095 0.840
L1 31.393 23.916-43.970 0.467 0.243 0.524 0.197 0.667 0.083
L2 31.413 19.162-45.487 -0.263 0.528 -0.124 0.619 -0.095 0.840

T8-L2 31.656 21.025-41.215 -0.048 0.911 0.124 0.812 0.571 0.151

DRG

mm
3

mm
2

L2



2–3 DM IVDH DRG  

 

* P<0.05 ** P<0.01 DRG DM IVDH  

3  vs DM  vs IVDH DM vs IVDH
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