
Fig. 5. 

Changes in performance across cycles in experiment 1 A - Changes in 

DB’s  performance during baseline session (left) and during adaptation or 

transfer  session (right).B, Changes in control subjects’ performance during 

adaptation or transfer session. C, The extent of transfer from left (cycle 1 of 

adaptation session) to right (cycle 1 of transfer session) arm. *Standard 

error bars indicate  within each cycle. 

Fig. 3. 

A - Representative EMG signals during hand squeezing. EMG was observed in 

both left FDI (upper panel) and right FDI (lower panel). The overlaid grey lines 

represent the linear envelope signal.

B, Time to peak EMG observed during left (L FDI) and right (R FDI) squeezing. 

What are Congenital Mirror Movements (CMMs)?

Congenital mirror movements (CMMs) have been conventionally 

thought to occur due to the corticospinal tracts that project irregularly to 

both sides of the body. More recently, it has been suggested that both 

brain hemispheres are activated during anticipated unilateral 

movements due to deficient transcallosal inhibition, leading to mirror 

movements on the unintended side as well. To further understand the 

mechanisms underlying CMMs, we examined the pattern of interlimb 

transfer following visuomotor adaptation in ‘DB’, an individual with 

CMMs. DB’s CMMs were established by detecting EMG signals in both 

arms during intended unilateral movements and also when transcranial 

magnetic stimulation (TMS) was applied to the motor cortex. 

Fig. 1. Experimental setup. Target was displayed on one of eight 

locations around start circle for each arm. 

Fig. 6
Representative hand-paths of reaching movements with left arm (upper panel) 

and with right arm (lower panel) in experiment 2. Hand-paths during baseline 

session (left), during early phase of adaptation (middle) and during late phase of 

adaptation (right). Largely curved hand-paths were observed upon exposure to 

the rotation condition during early phase of adaptation not only for left arm 

(adaptation session), but also for right arm (transfer session). 
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Results 

DB’s performances were compared with the data from control subjects. In both experiments, DB was able to 

adapt to the rotation with either arm; however, movement errors at the beginning of right-arm adaptation did 

not differ from those at the beginning of left-arm adaptation, indicating no transfer. These transfer patterns 

differ from those observed in controls, who demonstrated substantial transfer when the rotation directions 

were the same between the arms, but no transfer when they were opposite. These findings suggest that in 

DB, both hemispheres are activated during unilateral movements, but interhemispheric communication is 

compromised, resulting in mirror movements on the involuntary side.  Results of the study support the notion 

that individuals with CMMs have impaired interhemispheric communication resulting in lack of transfer of 

motor learning between the arms. However, the results of this study are only reflective of a single subject. 

Experimental Procedures

The subject of this experiment, a 27-year old male who exhibited 

CMMs, reported no history of any other neurological abnormalities, 

CMMs impacted his daily living minimally. In experiment 1, the subject’s 

performance was compared to those of six right-handed subjects 

between the age of 18 to 30 who were tested in the same experimental 

condition. In experiment 2, the subject’s performance was compared 

with the performance of seven right-handed subjects of ages 18 and 40 

under the same experimental condition of experiment 1. Following that, 

DB performed reaching movements with the left arm under a 

visuomotor condition in which the visual display was rotated 30 

counterclockwise about the start circle, and then with the right arm 

under the same (experiment 1) or opposing (experiment 2) rotation 

condition. 

Fig. 4. 

Representative hand-paths of reaching movements with left arm (upper panel) 

and with right arm (lower panel) in experiment 1. Hand-paths during baseline 

session (left), during early phase of adaptation (middle) and during late phase 

of adaptation (right). Largely curved hand-paths were observed upon exposure 

to the visuomotor rotation condition during early phase of adaptation not only 

for left arm (adaptation session), but also for right arm (transfer session). 

Fig. 7.

Changes in performance across cycles in experiment 2. A. Baseline 

session (left), during adaptation or transfer session (right). B. Changes in 

control subjects’ performance during adaptation or transfer session. 

*Standard error bars indicate variability across subjects for each cycle

Figure 2

A. Representative MEPs in response to TMS over left (left panel) and right (right 

panel) M1. The magnitude of contralateral MEPs (bottom left for TMS to left M1, 

top right for TMS to right M1) was greater than the magnitude of ipsilateral 

MEPs (top left for TMS to left M1, bottom right for TMS to right M1). Vertical 

broken lines indicate the time point at which TMS was delivered. B, MEP latency 

in response to TMS over left (left panel) and right (right panel) M1. The latency 

was similar (statistically not different) between ipsi- and contralateral sides in 

response to TMS over either M1. 


