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Loss of spatiotemporal complexity in stroke-impaired finger control
revealed by reduced individual and task specificity

• Human hand movement is complex, with its postural coordination being 
higher dimensional than previously thought 1. 

• Post-stroke, hand coordination compelxity is reduced 2. 
• However, prior studies only analyzed endpoint forces and static postures and 

thus do not reveal how stroke affects the hand’s spatiotemporal coordination. 
• Further, while kinematic finger coordination appears task-specific in 

able-bodied adults1, it is unclear how reduced hand coordination complexity 
post-stroke affects the task- and individual-specificity of finger coordination. 

• Here, we characterized the spatiotemporal complexity of post-stroke finger 
coordination, determining if task- and individual-specificity is reduced 
post-stroke. 

• We hypothesize that post-stroke neural and biomechanical constraints...
1. Reduce the dimensional complexity of spatiotemporal finger force coor-

dination; 
2. Are associated with the intrusion of flexor-bias coordination pattern;
3. Diminish task- and individual specificity;
4. Alter spatiotemporal finger coordination structures.

Introduction

Methods
Participants: Younger (YA; N=30; 18-35 years) and older (OA; N=11; 55-85 years) 
able-bodied adults, and individuals post stroke (N=20; 30-80 years), in the chronic 
stage. 

Data Collection: Participants produced individuated finger forces to control a virtual 
dot in Cartesian space, moving it in one of six directions (abduction/adduction along 
the X-axis; flexion/extension along the Y- and Z-axes) at four force levels (20, 40, 60, 
and 80% of maximum voluntary force). They applied isometric forces using one in-
structed finger while keeping other fingers inactive. Forces from all five fingertips were 
recorded simultaneously, trimmed to a single force oscillation, and phase-averaged.

+X: adduction of MCP
-X: abduction of MCP
+Y: extension of PIP
-Y: flexion of PIP
+Z: extension of MCP
-Z: flexion of MCP
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Spatiotemporal coordination complexity is reduced 
in paretic fingers
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Paretic fingers require fewer PCs to explain 95% force variance compared to 
young- and older-adult able-bodied and non-paretic fingers.

Task- and individual- specificity are reduced in 
paretic fingers

Classification accuracy for tasks and individuals are reduced in paretic fingers 
compared to YA, OA, and NP fingers, even when using only a few higher-order 
principal components, but remains above chance across both high- and 
low-variance PCs for all groups.

Intrusion of flexor bias is correlated to reduced com-
plexity and task-specificity in paretic fingers

More intrusion of flexor bias  (negative bias difference) is associated with 
larger variance accounted for by PC1 and reduced task specificity 
(more negative difference values)

Post-stroke paretic fingers exhibit altered spatiotemporal 
coordination structures for force production

We used Principal Components Analysis (PCA) to extract spatiotemporal coordina -
tion structures from able-bodied (AB), non-paretic (NP) and paretic (P) fingers.

Spatiotemporal Complexity Analysis: We compared the number of PCs required to 
explain 95% of force variance across AB, NP and P fingers.

Task and Individual Specificity Analysis: We used Linear Discriminant Analysis to 
classify tasks using PCs for each participant, separately1, and classify participants using 
PCs from all participants performing the same tasks. 

Synergy Reconstruction Analysis: We used PCs from AB, NP and P fingers at 95% 
VAF to reconstruct other individuals' isometric finger force data. Similar reconstruction 
analysis was performed by Cheung et al. 20123. 
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Paretic fingers’ coordination structures poorly capture other fingers’ force 
variance. 

Our findings...
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1. Show that paretic fingers exhibit reduced complexity and a flexor bias 
across full isometric force trajectories, with this bias directly linked to reduced 
complexity and task-specificity 1.

2. Demonstrate that task- and individual-specificity is reduced post-stroke 
and low-variance PCs capture not only task-specific information in AB fin-
gers but also individual-specific information  in both AB and stroke-im-
paired finger control 2.

3. Reveal that post-stroke constraints alter spatiotemporal structures, empha-
sizing the need to quantify these spatiotemporal coordination patterns1-3.

4. Suggest that improving finger spatiotemporal complexity may expand the 
range of manual tasks that stroke survivors can perform during daily activity.
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