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Study objective
To test whether training with a brain-computer interface
(BCI) to control the movement of a phantom hand reduces
phantom limb pain.
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Classification of evidence
Class III.
What is known and what this paper adds
Studies suggest that BCI can be used to reduce phantom limb
pain. This trial shows that 3 days of BCI training can reduce
pain for a week.
Methods
This crossover trial included 12 men (age range, 37–68 years)
with chronic phantom limb pain of the arm due to amputation
or brachial plexus root avulsion. Patients were randomized to
a sequence of 2 3-day training sessions (“real training” vs
“random training”), with a ≥3-week washout period between
them. Before each session, participants opened and closed the
intact hand on cue while 84 sensors collected magnetoencephalography signals corresponding to 126 cortical points
contralateral to that hand. These data were used to construct
a real decoder to estimate the likelihood of the intact hand
opening. During “real training,” participants attempted to
move a virtual phantom hand via the BCI system incorporating the real decoder. During “random training,”
random values controlled the phantom hand’s movements.
Pain intensity was blindly assessed on a 100-mm visual analogue scale (VAS) before and after each training session and
by the patient on days 4–20.
Main results and the role of chance
The primary outcome was pain intensity on a 100-mm VAS at
day 4 (i.e. the day after training ended). Pain was reduced from
baseline after real training (mean/100 mm [SDs], 45.3 [24.2] to
30.9 [20.6]; p = 0.009), but not after random training (36.6
[18.5] to 36.7 [25.0]; p = 0.98). The VAS scores on days 4 and 8
after real training were 32% and 36% lower, respectively, than
the pre-training scores.

Harms
Increased pain occurred for 2 patients during real training and
7 patients during random training.
Bias, confounding, and other reasons for caution
The small study sample came from a single center and all
participants were men.
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