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Disc

Cervical myelopathy results from compression

vencbrae on the spinal cord = spondylotic myelopathy
(degenerative) is the most common cause
Spinal cord
Bone Spur * Itisthe most common disorder of the
spinal cord in persons older than 55
—— . years of age
MRI Scan — Normal Cervical Spine MRI Scan — Pressure on the spinal cord
Nomber of * |ncidence of 4.04/100 persons-years
patients (%
Symptoms
Neck pain and stiffness 19 (39%)
Numlﬁness o: Iclrms g; (2;1;/2)
ol ciomsirons 33 {67%; TTT:
Leg stiffness 23 (47%) )
Gait disturbance 39 (80%) e Conservative
Lher.miﬂe phenomenon 3 (6%) .
e it are * Surgical
Signs . . .
Fyperrfleio of crms 36 (73 * anterior discectomy and fusion
Hypel.'reﬂe)'ua of legs 47 (96%) ) ) )
Isrr?s:?rceg%i'braﬁon sense at wrist gg Ei%i * pOSterlor |am|neCtomy and fUSIOn
Impaired vibration sense at ankle 32 (65%)
Reduced pinprick sense in arm 30 (61%)
Reduced pinprick sense in leg 32 (65%)
Weakness of arms 23 (47%)
Wedakness of legs (spastic paraparesis) 11 (22%)

Reduced pinprick sense with a level at trunk 9 (18%)



Cervical myelopathy

Dise Cervical myelopathy results from compression
Verteb on the spinal cord = spondylotic myelopathy
S— (degenerative) is the most common cause
Spinal cor

Question: '€

~How spinal lesions can affect the cortical
reorganization (of the hand)?

oair aisrurpance 97 \OV/p) - bullbcl VdLIVc

Lhermitte phenomenon 3 (6%)

Sphincter disturbances 19 (39%) ° H

Sudden quadriparesis 7 (14%) Su rglcal

Signs . . .
Fyperrfeia of s 36 (75 * anterior discectomy and fusion
Hyperreflexia of legs 47 (96%)

Spastic gait 29 (59%) ° 1 1 |
Impaired vibration sense at wrist 23 (47%) pOSterlor |am|neCtomy and fUSIOn
Impaired vibration sense at ankle 32 (65%)

Reduced pinprick sense in arm 30 (61%)

Reduced pinprick sense in leg 32 (65%)

Weakness of arms 23 (47%)

Wedakness of legs (spastic paraparesis) 11 (22%)

Reduced pinprick sense with a level at trunk 9 (18%)



. Induced Currents
Affect Neural
| Activity

Non-invasive and painless
Frontal camera: neuro-navigation
Coil

e 2 Tesla

e 2.54 cm deep stimulation
EMG electrodes
Mapping of the 2 hands: 2h
Prior IRM needed

Nexstim® NBS System combining MRI-based stereotactic navigation
and simultaneous electromyography (EMG)




TMS coil
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Precentral gyrus - Primary motor cortex Hand knob

f rﬂ TMS

APB FDI ADM

Upper motornuron Magnetic field = electric field
Transcranial MagnetlcSillﬂOﬂ (TMS) Device % S tlmu Ia tlon O f the
corticospinal tractus =2
detection of the motor evoked

Corticospinal tract

Spinal cord
potential by transcutaneous
Lower motor neurons e I eCt rOd eS
/ alcirodes
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Sequence Description:

Time Stim. Inter First Second Target Rep. Peeling User Coil Coil Coil EF max. EF max. EF at Ch1 Ch1 Ch2 Ch2 C

ID (ms) Type pulse Intens. Intens. 1D Stim. Depth Resp. Loc. Normal Dir. Loc. Value Target Amp. Lat. Amp. Lat. #
Int. (%%) (%%) ID (%%) X y z X v z X y z X y z (V/m) (V/m) wv) (ms) wv) (ms) [}

(ms) (mm) (mm) (mm) (mm) (mm) (mm)

1.1.1. 69198 Single - 30 - - - 30.2 - 132.7 2231 106.4 0.5203 0.854 -0.0059 -0.203 0.1304 0.9705 115.3 193.8 95.6 30.6 - - - - - -
1.1.2. 89485 Single - 32 - - - 30.2 - 135.4 219.5 107.7 0.5603 0.8272 0.0412 0.4765 -0.3627 0.8009 114.2 194 98.8 33.6 - - - - - -
1.1.3. 93123 Single - 32 - - - 30.2 - 135.3 217 111.9 0.5741 0.8131 0.0962 -0.1323 -0.0238 0.9909 1171 191.8 99.5 36.3 - - - - - -
1.1.4. 100757 Single - 32 - - - 30.2 - 130.6 220.6 114.9 0.5109 0.8525 0.111 -0.2678 0.0351 0.9628 113.9 193.2 103.2 35.3 - 73 243 - - -
1.1.5. 107559 Single - 32 - - - 30.2 - 131.3 221.3 1119 0.5069 0.8598 0.0624 -0.2671 0.0878 0.9596 114.7 193.5 99.7 35.1 - - - - - -
1.1.6. 112654 Single - 32 - - - 30.2 - 128.3 221.9 1143 0.4691 0.8765 0.1081 -0.1108 -0.063 0.9918 112.1 194.6 102.6 36 - - - - - -
1.1.7. 121390 Single - 34 - - - 30.2 - 139.7 215.2 1105 0.6866 0.7187 0.1103 -0.152 -0.0065 0.9884 119.7 190 98.5 37.3 - - - - - -
1.1.8. 127230 Single - 34 - - - 30.2 - 131.6 222.6 108.2 0.5115 0.8592 0.011 -0.6063 0.3518 0.7132 115.8 192.8 99.2 35.6 - - - - - -
1.1.9. 131662 Single - 34 - - - 30.2 - 129.5 2231 107.6 0.4453 0.8931 0.0641 -0.5995 0.2442 0.7622 114.1 194 99.3 371 - - - - - -
1.1.10. 135925 Single - 34 - - - 30.2 - 133.3 220.8 105.1 0.5151 0.8532 0.0822 0.3681 -0.3068 0.8777 1133 194.9 96.6 36.7 - - - - - -
1.1.11. 138477 Single - 34 - - - 30.2 - 128.1 2225 110.6 0.5084 0.855 0.1024 0.0706 -0.16 0.9846 1115 195.5 100 38.7 - - - - - -
1.1.12. 140698 Single - 34 - - - 30.2 - 133.4 218.9 1145 0.5296 0.8409 0.111 -0.2021 -0.002 0.9794 115.6 192.4 101.9 37.4 - - - - - -
1.1.13. 142875 Single - 34 - - - 30.2 - 131.7 221 1113 0.4874 0.8705 0.0683 -0.2339 0.0548 0.9707 114.7 193.6 99.3 375 - 64 23 - - -
1.1.14. 155269 Single - 37 - - - 30.2 - 130.1 223.4 109 0.5186 0.8543 0.0351 -0.3949 0.2029 0.896 114.3 193.9 98.7 39.1 - - - - - -
1.1.15. 158753 Single - 37 - - - 30.2 - 128.7 224.2 109.9 0.4966 0.8678 0.0182 -0.3111 0.1584 0.9371 113.2 194.6 98.8 39.4 - - - - - -
1.1.16. 161138 Single - 37 - - - 30.2 - 126.1 225.2 113.2 0.4208 0.9052 0.0602 -0.3164 0.0843 0.9449 1113 195.3 101.4 39.1 - - - - - -
1.1.17. 164856 Single - 37 - - - 30.2 - 135.9 217.2 115 0.5704 0.8131 0.1163 -0.2401 0.0297 0.9703 1173 1911 102.1 40 - - - 97 19.7 -
1.1.18. 169080 Single - 37 - - - 30.2 - 136.8 216.7 1145 0.5763 0.811 0.1007 -0.2158 0.0321 0.9759 117.8 190.8 1015 40.2 - - - - - -
1.1.19. 172169 Single - 37 - - - 30.2 - 133.2 220 1123 0.5252 0.8482 0.068 -0.2387 0.0702 0.9685 115.8 192.7 99.7 40.1 - - - - - -
1.1.20. 174963 Single - 37 - - - 30.2 - 133.9 220.8 107.3 0.5169 0.8555 0.0311 -0.2259 0.1013 0.9689 116.2 193 96.4 39.6 - - - 89 153 -
1.1.21. 178441 Single - 37 - - - 30.2 - 1423 211.6 11.2 0.7132 0.6922 0.1104 -0.4091 0.2832 0.8674 123.1 186.5 99.7 42 - - - - - -
1.1.22. 180795 Single - 37 - - - 30.2 - 140.3 2143 112.7 0.6986 0.7103 0.0863 -0.3995 0.2871 0.8706 121.4 187.9 100.8 405 - - - 76 20 -
1.1.23. 187198 Single - 37 - - - 30.2 - 119.2 228.2 108.3 0.3636 0.926 0.1019 -0.5636 0.1316 0.8155 107.8 197.3 100.3 40.5 - - - - - -
1.1.24. 201712 Single - 40 - - - 30.2 - 1315 222.3 110.1 0.485 0.8727 0.0565 -0.2829 0.0954 0.9544 114.7 193.8 98.4 426 - - - - - -
1.1.25. 205477 Single - 40 - - - 30.2 - 128.5 224 1124 0.4869 0.8722 0.0467 -0.2812 0.1059 0.9538 112.9 194.5 100.4 42.3 - - - - - -
1.1.26. 208657 Single - 40 - - - 30.2 - 136.9 216.4 1141 0.6085 0.7805 0.1434 -0.2352 0.0048 0.9719 118 190.6 101.6 43.6 - - - 84 20.7 -
1.1.27. 211562 Single - 40 - - - 30.2 - 142.8 211.8 110.2 0.655 0.7471 0.1127 -0.0757 -0.0834 0.9936 1213 188.6 98.3 449 - - - - - -
1.1.28. 218547 Single - 40 - - - 30.2 - 133 221.8 102.2 0.5517 0.8252 0.1212 0.5606 -0.4745 0.6786 1134 194.9 96.7 411 - - - - - -
1.1.29. 220842 Single - 40 - - - 30.2 - 131.7 2223 103.3 0.5471 0.8303 0.1063 0.5767 -0.4659 0.6711 112.4 195.4 97.5 41.8 - - - - - -
1.1.30. 223576 Single - 40 - - - 30.2 - 136.4 218.4 107.9 0.5527 0.823 0.1314 0.6143 -0.5088 0.6031 115 193.1 100.7 422 - - - - - -
1.1.31. 227049 Single - 40 - - - 30.2 - 123 226 110.6 0.4396 0.8903 0.1188 -0.2264 -0.0182 0.9739 109.7 196.5 99.9 443 - - - - - -
1.1.32. 251017 Single - 42 - - - 30.2 - 132.1 222.2 105.6 0.5212 0.8521 0.0484 -0.366 0.1719 0.9146 115.7 193.5 96 44.7 - - - 274 21 -
1.1.33. 256272 Single - 42 - - - 30.2 - 134.5 220.5 107 0.5311 0.8462 0.0438 0.1457 -0.1422 0.9791 114.8 194 96.4 441 - - - - - -
1.1.34. 259282 Single - 42 - - - 30.2 - 133.6 219.2 113.1 0.6248 0.7751 0.0939 0.1452 -0.2335 0.9614 114.4 193.4 101.1 46 - - - - - -
1.1.35. 262634 Single - 42 - - - 30.2 - 127.9 2231 110.2 0.5521 0.8209 0.1459 0.0459 -0.2047 0.9778 111.5 195.5 99.9 47.3 - - - - - -
1.1.36. 272324 Single - 42 - - - 30.2 - 132.4 221 102.3 0.5593 0.8246 0.0848 -0.7022 0.4169 0.5771 116.7 192.7 96.5 449 - - - - - -
1.1.37. 280246 Single - 42 - - - 30.2 - 129.4 224 104.3 0.4957 0.8677 0.038 -0.6326 0.3307 0.7003 114.4 1941 97.7 443 - - - - - -
1.1.38. 283213 Single - 42 - - - 30.2 - 129.6 223.8 100.8 0.4781 0.8781 0.0173 -0.6393 0.3345 0.6924 1145 194.4 95.2 44.2 - 63 21 - - -
1.1.39. 293011 Single - 42 - - - 30.2 - 130.2 2223 111.6 0.5416 0.8371 0.0772 0.2351 -0.239 0.9421 111.7 195.3 100.1 455 - - - - - -
1.1.40. 297015 Single - 42 - - - 30.2 - 121.4 227.6 112.8 0.3775 0.9242 0.0574 -0.3537 0.0866 0.9313 108.9 196.6 101.4 44.6 - - - - - -
1.1.41. 299949 Single - 42 - - - 30.2 - 118.9 229.7 105.6 0.3772 0.9257 0.0298 -0.541 0.1941 0.8183 108 197.6 97.7 43.8 - - - - - -
1.1.42. 303583 Single - 42 - - - 30.2 - 137 2173 109.8 0.578 0.8137 0.0619 -0.0989 -0.0054 0.9951 117.8 191.6 97.8 46.2 - - - - - -
1.1.43. 308640 Single - 42 - - - 30.2 - 133.2 220.6 110.9 0.528 0.8483 0.0392 -0.0906 0.0104 0.9958 115 193.5 98.6 45.2 - - - 323 21.7 -
1.1.44. 327170 Single - 42 - - - 30.2 - 129.9 220.8 115.8 0.5762 0.7997 0.1687 0.0253 -0.2238 0.9743 1123 194 104.4 46.6 - - - - - -
1.1.45. 370339 Single - 42 - - - 30.2 - 140.3 2146 107 0.6868 0.7192 0.1048 -0.4041 0.2581 0.8775 121.7 188.6 96.2 46.7 - - - 174 19 -
1.1.46. 382259 Single - 42 - - - 30.2 - 138.2 215.5 1116 0.6097 0.7759 0.1624 -0.2667 0.0079 0.9637 118.9 190.2 100 471 - - - - - -
1.1.47. 385266 Single - 42 - - - 30.2 - 138.9 215.3 108 0.6368 0.755 0.1564 -0.2608 0.0201 0.9652 119.7 190.2 97.2 471 - - - - - -
1.1.48. 388201 Single - 42 - - - 30.2 - 1423 212 107.2 0.7105 0.6918 0.1286 -0.3568 0.1968 0.9132 123.2 187.2 96.4 48.7 - - - - - -
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Precentral gyrus - Primary motor cortex

Hand knob

APB  FDI

Upper motor neurons

Corticospinal tract

/

Spinal cord

Transcranial Magnetic Stimulation (TMS) Device
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Background

Inter-individual heterogenicity of the
hand «hot spot» [1]

There is a somatotopic representation

of the hand muscles within the «hand
knob» [2-6]

Impact of laterality = incongruent
results [7-15]

Damage to the spinal = posterior shift
towards the somatosensory cortex
[16-18]



Background

Our hypothesis:

1. The dominant hand:

e smaller area
 |ower intensities of stimulation
* |ower latencies

2. Patients with cervical myelopathy:

e posterior extension reorganization — with bigger area
e bigger intensities of stimulation
* bigger latencies



Study population:

TMS mapping of

e 26 healthy subjects (HS)

e 13 adult patients (AP) with cervical myelopathy

(intramedullary or extramedullary)

Parameters studied:
* |ntensity of stimulation = 105% of the rMT

e rMT = 50 uV MEP (peak-to-peak) in at least
50% of the stimulations, within a latency in the
range of 20 ms

e Cortical areas = including all eliciting positive
stimulation in any of both muscles (CAxpg:aom)

e Latencies

1.02 mV EReuIEE
Latency

762 v Amplitude
PERER IS Latency




Latency [ms]

Cortical magnetic stimulation threshold rMT

Kruskal-Wallist test
p-value = 0.640
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Dominant vs non dominant hand

Regarding the three parameters
studied, potential differences
between dominant and non-

dominant hand within the two

populations, and by mixing them,

were below our detection
threshold

Statistically significant, but...

BES Healthy Subject



Cortical magnetic stimulation threshold rMT

701

Kruskal-Wallist test

p-value = 0.019 Overall (dominant and non-dominant Re S u I t S

. together) intensities of stimulation ' .
bigger for the patients’ group Healthy subjects vs patients

% . L | " The intensity of stimulation increased
B e from37.5+81%inHSto41.7+9.2 %

401
f - . in AP

301 i
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Overall patients’ maximal latency bigger than HS
Total hand motor cortical area
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Cortical area

Posterior shift in the axial
plane = an overlap with the
post-central gyrus in at least

one of the two hands, in

10/13 patients versus 5/26
healthy subjects



Cortical area

b) Patients




Discussion and conclusion

1. The dominant hand: . .
The effect of dominance is
* smallerarea _
e |ower intensities of stimulation small and requires a

« lower latencies rigorous approach...

Are the symptoms proportional to

2. Patients with cervical myelopathy: this cortical reorganization?
. posterior extension reorganization
*  bigger intensities of stimulation
*  bigger latencies

Are these differences found
reversible with effective surgical
treatment?
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