
  

  

NTRODUCTION: Existing pharmaceutical treatments for major depressive disorder (MDD) can have a number of side-
effects, and are not effective in all patients.  Therefore, new approaches for treating MDD are needed.  Facial expressions 

are known to modulate mood, and there is evidence that manipulating expressions to activate facial muscles that typically 
only occur during “genuine” emotions can enhance this effect [1, 2].  For example, smiles without any particular emotional 
involvement (e.g. for social purposes) usually only consist of the upward curving of the lips, whereas spontaneous smiles due 
to positive emotions also involve a specific pattern around the eyes characterized by a raising of the cheeks and the 
appearance of crows-feet wrinkles next to the eyes (the “Duchenne marker”) [3, 4].  These two types of smiles involve 
different neural pathways, with the voluntary expression originating in the motor cortex and the “genuine” one originating in 
the subcortical nuclei.  We hypothesized that because of this close neural link between facial muscle activity and the brain 
regions involved in regulating emotion, using functional electrical stimulation (FES) to induce muscular contractions 
characteristic of the Duchenne marker might modulate the activity of central nervous regions related to positive emotions. 
Methods: Two groups of 12 able-bodied subjects participated in the study.  Before starting the experiment, all subjects 

were shown how to voluntarily perform a smile that includes the Duchenne marker, and a cognitive task was explained to 
them (n-back test, with n alternating between 0, 1, and 2 throughout the experiment).  In the intervention group, the subjects 
underwent 25 2-minute blocks consisting of the following four 30-second tasks: 1)  Produce a continuous voluntary smile 
including the Duchenne marker while receiving FES (no cognitive task); 2) Retain a neutral expression while performing the 
cognitive task; 3) Produce a continuous voluntary smile while performing the cognitive task and receiving FES; and 4) Retain 
a neutral expression while performing the cognitive task.  In the control group, subjects performed the same tasks, but did not 
receive the FES.  The FES was delivered using Compex Motion stimulators (Compex SA, Switzerland).  Small bipolar 
surface adhesive electrodes were placed bilaterally on the zygomatic major and orbicularis oculi muscles, which were 
stimulated simultaneously. 150 μs biphasic pulses were delivered at 60 Hz, with amplitudes in the 3-9 mA range.  The 
Positive and Negative Affect Schedule – Expanded Form (PANAS – X, [5]), a standardized assessment of mood, was 
administered before and after the experiment.  The PANAs-X consists of 60 base emotional descriptors rated on a scale of 1 
to 5, and several aggregate scores.  To avoid bias in this assessment, the subjects were given a false rationale for the study, 
such that they were not aware until the end that the true purpose was to investigate mood modulation. Note that the cognitive 
task included in the protocol was necessary to this deception.  We compared the “post – pre” change scores for all items of 
the PANAS – X between the control and intervention groups.  Unpaired t-tests or Kruskal-Wallis tests were used, based on 
the results of a Lilliefors test of normality for each comparison.  Statistical significance was defined as p < 0.05. Our primary 
outcomes were the base item “happy” and the aggregate scores “positive affect” and “joviality”, and all other PANAS-X 
items were considered secondary outcomes.   
Results: None of the three primary outcomes showed a statistically significant difference between groups.  Among the 

secondary outcomes, significant differences were found for “daring” (increase, p = 0.04), “scared” (decrease, p = 0.03), 
“determined” (increase, p = 0.03), and “concentrating” (decrease, p = 0.04).  
Conclusion: Despite the lack of effect on our primary outcomes, statistically significant changes were found in mood 

descriptors that are all relevant to MDD and its associated feelings of helplessness and lethargy.  This work provides initial 
evidence that FES may be able to modulate mood, but further work is required to better control the specific effects and 
explore clinical applications.   
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