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Hippocampal ripples during offline periods predict motor sequence learning 	

- Offline rest periods are critical for motor skill learning and the hippocampus might be 
involved1-3.	
- Hippocampal ripples (80–120 Hz in humans) as a key mechanism for offline memory 	
  reactivation and consolidation in declarative memory4.

	

Question
- Are hippocampal ripples involved in human memories of motor skills?

Methods

Results

- Signals were recorded at 4096Hz and downsampled to 1024Hz.	
- Medial two hippocampal contacts were bipolar referenced.	
- Interictal epileptic discharges (IEDs) were identified following previously established 	
   automated methods5, prior to ripple detection.	
- Ripple detection criteria were based on prior human hippocampal ripple studies6,7, 	
   with an envelope of 80-120 Hz activity exceeding 1.5 S.D. from the mean.	
- Ripple Rate (Hz) = # detected ripples divided by artifact-free recording time in seconds.
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- 17 human epilepsy patients implanted with iEEG depth electrodes
- 9 male; age: 31.3 ± 10.2 years old
- 34 bipolar hippocampal contacts were visually identified on the post-implantation MRI.
- Statistical tests were modeld using Linear-Mixed Effects Models with participant and 
   contact as random effects. Rest ripple rates increase across training

Conclusions
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iEEG data preprocessing and ripple detection

- Ripple rates increase during rest periods following finger 
   tapping, which tracks learning behaviour across 
   participants and across training blocks. 
- The hippocampus may be involved in offline learning 
   beyond the declarative memory domain.  

Ripple rates: Rest > Tapping

- With one block increase,  the difference of 
ripple rates b/w rest vs tapping increases by 0.01 
on average (p = 0.010).
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- With one unit increase in ripple rate difference, tapping speed 
increases by 0.16 (previous block) and 0.21 (next block).

- Participants with greater 	
   ripple rate increase during 	
   rest (compared to tapping)	
   showed greater slope of 	
   improvement in tapping 	
   speed.
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Rest ripple rates linked to tapping speed
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Tapping speed increase 

Motor sequence learning (MSL) task

- With one block increase,  the speed of correct	
  sequence tapping increases by 0.09 on 	
  average (keypress/sec; p < 0.001).

p < 0.001
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Slope of Rest vs Tapping ripple	
rate change across blocks 
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Kendall's rank correlation 	

tau = 0.324; p = 0.038 	
(one-tailed)
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