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Micro-movements measured with an infrared camera have been shown to robustly distinguish 
patients with ADHD from healthy controls and to accurately predict treatment response outcomes 
(Teicher, et al., 2008).

With the exception of one MRI study, (Teicher, et al., 2000), the neural correlates of such objective 
measures are yet to be examined. 

Our long term goal is to develop objective behavioral markers in ADHD and identify their underlying 
neural correlates. A critical final step is to examine the neural correlates of micro-movements in 
healthy controls, and determine the extent to which they vary across development. Here, we report 
a pilot study that aims to:
1. Construct a template of neural correlates of micro-movement in neurotypical individuals using 

fMRI-based resting state functional connectivity (RSFC).
2. Examine the extent to which the neural correlates of micro-movements differ between typical 

child and adult populations.

Participants: 24 typically developing children (TDC) and 27 adults

Children Adults

N 24 27

Age, Mean (SD), years 10.4 (1.9) 29.4 (8.7)

Age Range 7-12 18-48

# Males 10 12

# Eyes open 11 22

Quotient® ADHD Test: Each participants wore a 
small reflector on their head while completing a 
continuous performance task. An infrared motion 
analysis system tracked the location of the head 
reflectors (50 Hz; 0.4 mm resolution). Our output 
variable of interest was # of microevents (also 
referred to as # of movements). A microevent occurs 
when the marker displaces by >1mm from the 
position of the position of the previous microevent.
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Methods

Older Adolescent/Adult Test:
3 targets, 1 non-target, 20 min.

Child Test: 1 target, 1 non-target
15 min. age 6-12, 20 min. ages 13-14

Motion Tracking System
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fMRI Data Acquisition
197 contiguous EPI functional volumes (3x3x4 voxels: TR=2000 ms). Subjects were instructed to rest with eyes open or closed 
(counterbalanced order, no group differences.) T1-weighted 3D anatomical images were collected for spatial normalization and localization. 
RSFC analyses were conducted to test for significant interactions between RSFC and micro-events as summarized below.



Results
Striatal RSFC/Movement Interactions

Putamen <---> Post Central Cortex

The surface maps on the left and right panels above show clusters of significant group interactions for the relationship between 
movement and RSFC of Post Central Cortex and left Ventral Rostral Putamen (vrP_L) and left Dorsal Rostral Putamen (drP_L), 
respectively. Scatter plots illustrate the interaction for the individual groups as well as the direction of the relationship within 
groups. The left plot shows that vrP_L/Post Central Cortex RSFC correlation is significant for both children (r=-0.42) and adults 
(r=0.65). Similarly, the right scatter plot illustrates the direction of the relationship between drP_L RSFC with the Post Central 
Cortex. It shows a significant correlation for the adults (r=0.65). Similar findings were evident for the right Ventral Rostral Putamen.

Caudate <---> Post Central Cortex 

The surface maps above illustrate significant group movement/RSFC interactions for left Ventral Striatum Inferior (VSi_L) left 
Ventral Striatum superior (VSs_L) and left Dorsal Caudate (DC_L) with Post Central Cortex, from left to right, respectively. As 
shown in the scatter plots, adults had a strong positive correlation between movement and RSCF for VSi_L (r=0.71), VSs_L 
(r=0.75) and DC_L (r=0.76). VSi_L showed a significant correlation for children (r= -0.402). Similar findings were evident for 
the right Dorsal Caudate.



Putamen <---> Cuneus/Occipital Cortex

Clusters with significant group interactions for the relationship between movement and RSFC of the left 
Dorsal Caudal Putamen (dcP_L) and drP_L with the Cuneus and Occipital Cortex are shown on the left and 
right surface maps, respectively. The plots illustrate the direction of the relationship between RSFC and 
movement for each group. For the dcP_L seed, both children (r= -0.53) and adults (r=0.55) exhibited a 
significant relationship between movement/RSFC. The adult group (r=0.64) showed a significant movement/
RSFC relationship for the drP_L seed. 

The surface maps show clusters with significant interaction between movement and RSFC of the VSs_L and 
DC_L (left and right panels, respectively) with Insula along with other heteromodal association areas. These 
areas are known to undergo significant changes with development. (Children RSFC > Adult RSFC)

Conclusion/Discussion

1. Multiple regions exhibited differential relationships between striatal connectivity and motor activity, as a function 
of age-group. For adults, greater motor activity was associated with stronger connectivity between lateral motor 
cortices and each, the caudate and putamen, the opposite relationship was observed for children. Similar patterns were 
observed for striatal RSFC with occipital cortices.

2. Developmentally sensitive regions also showed differential relationships between striatal connectivity and motor 
activity, as a function of age group. For example, caudate RSFC with the insula was positively correlated in children, 
but not in adults. In this circuit, increased movement was evident in those adults showing a pattern of RSFC similar to 
that of children.

3. Overall, age-group related differences in the relationship between striatal RSFC relationships and motor activity suggest 
that the neural correlates of motor hyperactivity are dynamic during development. Future studies in populations such 
as ADHD will need to take age-related differences into account. 


