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[ Abstract] Objective To investigate the effect of repetitive transcranial magnetic stimulation (rTMS) on
phantom limb pain (PLP) in amputees, and to compare the therapeutic effect with that of mirror therapy (MT).
Methods The study was designed as a randomized controlled trial. The evaluators were blinded, while the subjects and
the therapists were unblinded. Subjects were randomly assigned to either the rTMS group or the MT group with a
computer-generated random number table. From June 2018 to December 2020, from out of 45 amputee patients screened
for the study, 30 who met the inclusion criteria were recruited for the study. All patients were recruited from the
Rehabilitation Medicine Center, West China Hospital, Sichuan University. In the end, 4 patients withdrew from the study
and 26 patients (12 in the rTMS group and 14 in the MT group) completed the prescribed treatment and evaluation. The
rTMS group was given rTMS (1 Hz, 15 min, 5 d/week) for 2 weeks in addition to conventional rehabilitation therapy,
while the MT group received MT (corresponding movements of limbs, 15 min, 5 d/week) for 2 weeks in addition to
conventional rehabilitation therapy. PLP was evaluated by the Visual Analogue Scale (VAS) and Douleur Neuropathique 4
Questions (DN-4). Subjects were assessed before treatment (f,), immediately after the completion of the treatment (#,) and
3 months after the completion of the treatment (¢,). Results The mean age of the 26 patients was 39.73+£12.64. There
were 15 males and 11 females. According to the reported description of the characteristics of the PLP by the patients, the
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characteristics with the highest incidence were tingling, stabbing, numbing, electric shocks and burning in descending

order. There was no significant difference in the incidence of PLP characteristics between the two groups (P>0.05). The

two groups had comparable baseline data, showing no significant difference in VAS and DN-4 between the two groups at

t, (P>0.05). At ¢, and t,, the VAS and DN-4 scores were decreased from those of f,, showing statistically significant

difference in both groups (P<0.01 for both scores). In the rTMS group, there was no significant difference between VAS

and DN-4 scores at ¢, and those at ¢, (P>0.05). In the MT group, the VAS and DN-4 scores at t, were significantly lower

than those of ¢, (P<0.05). There was no statistically significant difference between the rTMS group and MT group in the

changes in pain measurements, i.e., VAS and DN-4 scores, before and after the intervention (P>0.05). The 26 patients who

completed the experiment showed no dizziness, headache, or other abnormalities during the study. Conclusion The

results of this study indicate that repetitive transcranial magnetic stimulation could improve PLP in amputees, and the

improvement effect was comparable to that of mirror therapy.
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Table 1 Comparison of baseline demographic data between the rTMS group and the MT group

Basic information Total (n=26) r'TMS group (n=12) MT group (n=14) P
Time since amputation/d 30.15%23.20 35.25+31.14 25.79+13.05 0.309
Agelyr. 39.73+12.64 44.00+12.74 36.07+11.79 0.112
Gender/case (%) 0.126
Male 15 (57.69) 5(41.67) 10 (71.43)
Female 11 (42.31) 7 (58.33) 4(28.57)
Levels of amputation/case (%) 0.364
Unilateral trans-humeral 3(11.54) 1(8.33) 2(14.29)
Unilateral trans-radial 5(19.23) 2(16.67) 3(21.43)
Unilateral trans-femoral 8(30.77) 6 (50.00) 2(14.29)
Unilateral trans-tibial 5(19.23) 1(8.33) 4 (28.57)
Unilateralknee disarticulation 3(11.54) 1(8.33) 2 (14.29)
Bilateral trans-humeral 1(3.85) 0 1(7.14)
Bilateral trans-femoral 1(3.85) 1(8.33) 0
Cause of injury/case (%) 0.501
Car accident 14 (53.85) 8 (66.67) 6 (42.86)
Electrical shock injury 4 (15.38) 2 (16.67) 2(14.29)
Being caught in rolling machinery 5(19.23) 2(16.67) 3(21.43)
Crushing by heavy objects 2(7.69) 0 2(14.29)
Knife stab 1(3.85) 0 1(7.14)
VAS 6.23£0.99 6.08+1.08 6.29+0.91 0.610
DN-4 5.88+1.63 6.25%1.66 5.64+1.60 0.352

Data were shown as X + s or case (%). rTMS: Repetitive transcranial magnetic stimulation; MT: Mirror therapy.
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Table2 Comparison of the features of PLP between the rTMS group

and the MT group
Total/ r'TMS group/  MT group/
Pain characteristic case (%), case (%), case (%), P
n=26 n=12 n=14
Burning 14 (53.85) 7 (58.33) 7(50.00)  0.671
Freezing 5(19.23) 4(33.33) 1(7.14)  0.091
Electric shocks 18 (69.23) 10 (83.33) 8(57.14)  0.149
Tingling 23(88.46) 10 (83.33) 13(92.86)  0.449
Stabbing 22(84.62) 10 (83.33) 12(85.71)  0.867
Numbing 20 (76.92) 9 (75.00) 11(78.57)  0.829
Itching 8 (30.77) 3 (25.00) 5(35.71)  0.555
Brush allodynia 11 (42.31) 7 (58.33) 4(28.57)  0.126
Unnatural position 10 (38.46) 4(33.33) 6 (42.86) 0.619
Telescoping 4(15.38) 1(8.33) 3(21.43) 0356
Throbbing 6 (23.08) 1(8.33) 5(35.71)  0.099
Cramping 2(7.69) 0 2(14.29) 0.173
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Fig 1 PLP characteristics of amputees

A: Total (n=26); B Comparison between the rTMS group (n=12) and the MT group (n=14).
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Table 3 Comparison of pre-intervention and post-intervention pain

measurements between the rTMS group and the MT group
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t 2.58+2.39° 2.36+1.74"" 0.783 W TEIRE S, S Ab—FrTRE R, Lt TMSHIE S

DN-4 FAYIZ Bl K BT XA A P s, ik — 205 RS R TS o 22
" o280 SorELO 0392 TELAHYE LA T FE 1 % B (O, WA TR AHEE L 25 B
f 3.672.10 3.64+1.65 0.974 L e .

. na JO DX R [ K v i T A T B T A S L I 2

t 3.33£2.27 221+1.63 0.157

Data were shown as ¥+ s or median (P,,-P,;). rTMS: Repetitive
transcranial magnetic stimulation; MT: Mirror therapy; t,: Assessment
before treatment; t,: Assessment at the end of the treatment; ,: Assessment 3
months after treatment. *P<0.01, vs. VAS, in the same group; #P<0.01, vs.
DN-4t, in the same group; AP<0.01, vs. VASt, in the same group; A P<0.05,
vs. DN-4t, in the same group.
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Table4 Comparison of changes in pain measurements between the
rTMS group and MT group before and after the intervention
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Data were shown as ¥+ s or median (P,;-P,;). rTMS: Repetitive
transcranial magnetic stimulation; MT: Mirror therapy; f,: Assessment
before treatment; t,: Assessment at the end of the treatment; ,: Assessment 3

months after treatment.
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