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Introduction
Upper extremity dystonia is characterized by involuntary movements of 

the arm and hand accompanied by alterations in muscles tones.  These 

movements may adversely influence the functional abilities required for 

routine and complex activities of daily living.  Focal dystonia of the hand 

or upper extremity is most commonly seen as writerôs or musicianôs cramp 

and has been discussed in connection with abnormalities of the 

somatosensory system.  Some of the explanations for focal dystonia 

include perceptual deficits, impaired sensory integration, inappropriate 

muscle co-contraction, biomechanical limitations, and abnormalities of the 

basal ganglia and thalamus (Lim, Altenmuller & Bradshaw, 2001).  

Sensory training has been shown to improve functional hand use (Zeuner 

& Hallett, 2003).  Bly & McKenzie (2000) used sensory training with 

biofeedback to minimize abnormal movements and maximize function 

indicating that sensory training with strength and coordination training 

may improve motor control.  Sensory and motor training has been shown 

to improve hand movement and function.  Researchers have shown that 

coordination training with immobilization can improved hand movements 

(Priori, Pesenti, Cappellari, Scarlato, & Barbieri 2001).  Nowak et al 

(2005) showed that subjects were able to adjust grip force over time 

depending on object weight characteristics.  All of these finding suggest 

that a combined sensory and motor training program can be used to 

enhance upper hand and arm function for individuals with dystonia.

In addition researchers have begun using kinematic variables to 

evaluate movement smoothness of the upper extremity (Rohrer, Fasoli, 

Krebs, Hughes, Volpe, Frontera, Stein, & Hogan, 2002).  Movement 

smoothness, or jerk, is the change in angular acceleration during reaching.  

Smooth motions during reaching would be an indication of unimpaired 

movements. Using motion analysis technology, researchers have 

demonstrated the usefulness of movement smoothness as an outcome for 

upper extremity reaching (Chang, Wu, Wu, & Su, 2004).  We are unaware 

of any study applying motion analysis techniques for measuring 

movement smoothness to individuals with dystonia. 

The purpose of this case study consisted of two components: (1) to 

determine if movement smoothness could be measured in an individual 

with upper extremity dystonia, and (2) to explore the influence of object 

weight and reaching time on movement quality for an individual with 

dystonia.  The goal of this case study was to determine if there were 

specific sensory motor conditions which would improve reaching quality. 

Methods
A 65 year old male with dystonia involving the right wrist and 

forearm participated in five reaching trials in the upper 

extremity motion analysis laboratory.  The motion analysis 

laboratory uses a six 120 Hz Qualisys cameras.  For reaching 

trials, 7 mm spherical markers were placed on the subjectôs 

upper extremity: forearm, capitate, radial styloid, and ulnar 

styloid.  The subject was positioned in a high back chair with 

arms. The system was calibrated and the subject completed five 

reaching trials.  All reaching trials required the subject to pick 

up a standard plastic cup positioned at midline and move the 

cup 40 cm to the left.

Trial One:  Using a cup without weight, the subject 

was instructed to pick up and move the object to the identified 

position using his typical pace (control condition). Trial Two:  

Using a cup without weight, the subject was instructed to move 

the cup slowly (WO-S) Trial Three: The subject was then 

instructed to move the cup fast (WO-F). Trial Four:  The subject 

then completed reaching trials slowly with a 0.5 lb weight cuff 

placed inside the cup (WW-S). Trial Five:  Finally, the subject 

completed a reaching trial with weight, fast (WW-F)

Based on the kinematic data from the marker 

position, angular velocity and acceleration were calculated for 

pronation and supination (theta 1), wrist radial and ulnar 

deviation (theta 2), wrist flexion and extension (theta 3).  The 

primary outcome for this case study was the smoothness of 

movement calculated using the third derivative of position or 

the raw peak change in angular acceleration over time.

Results
The smoothness of motion varied across trials. For pronation 

and supination, all weight trials and speeds produced smoother 

motion than the individuals typical reaching pace.  The 

without-weight fast reaching trial yielded the smoothest of all 

forearm motions.  For wrist ulnar and radial deviation both 

slow trials and the WO-F condition yielded higher jerk values, 

while the weighted fast condition was smoother than the 

typical paced reach.  Finally ulnar and radial deviation showed 

the highest amounts of jerk when compared to other motions.  

However all four weighted and speed trials were below the 

subjects typical pace reaching rate. 

Discussion
This case study demonstrates that movement smoothness as measured by the 

third derivative of position can be measured during involuntary movements 

that are representative of upper extremity dystonia. Unlike other summative 

scale measures of dystonia, movement smoothness quantifies the degree of 

functional co-contraction of the upper extremity during reaching.  An 

unexpected advantage noted with this case study was the ability of movement 

smoothness to differentiate between specific arm motions.  When observing 

the subject during reaching, without the advantage of movement smoothness 

data, the clinical interpretation was that the primary involuntary movement 

was radial and ulnar deviation regardless of weight or speed.  The movement 

smoothness data indicated that only two of the conditions were problematic:  

WW-S and WO-F.  Conversely, the other two conditions (without-weight-

slow and with-weight-fast) yielded comparable or better motions than the 

control condition.

This has implications for designing a sensory motor program to 

help this individual minimize involuntary movements and maximize function.  

There appears to be an interaction between object weight and temporal 

components of reaching especially with wrist radial and ulnar deviation.  As 

expected, a fast reaching condition (WO-F) produced the highest amount of 

jerk.  However, the addition of weight for the fast condition (WW-F), actually 

improved movement in radial/ulnar deviation compared to the typical 

reaching rate. It appears that movement smoothness as measured in this study 

may be beneficial for customizing a sensory and motor training program for 

this individual.

These data are limited because of the single subject case study 

design and should therefore be interpreted with cautious optimism.  Although 

every attempt was made to minimize other body movements, the reaching 

trial has not been standardized.  Additionally, these data reflect individual 

reaches as opposed to repeated trials and are therefore more susceptible to 

extreme values.  Finally, there is the possibility for motor learning to have 

occurred across trials thus having the last trial present smoother due to trial 

order. 


