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Abstract: Studies of electromyographic (EMG) patterns during movements in Parkinson’s disease (PD) have often yielded contradictory results, making it impossible to derive a set of rules to explain how muscles are activated to perform different movement tasks. We sought to clarify the changes in modulation of EMG parameters associated with control of movement distance during fast movements in patients with PD. Specifically, we studied surface EMG activity during rapid elbow flexion movements over a wide range of distances (5–72 degrees) in 14 patients with relatively mild symptoms of PD and 14 control subjects of similar age, sex, height, and weight. The PD group exhibited several changes in EMG modulation in-



cluding impaired modulation of agonist burst duration; increased number of agonist bursts; reduced scaling of agonist EMG magnitude in the more severely impaired subjects; and increased temporal overlap of the antagonist and agonist signals in the most severely impaired subjects. These findings suggest that progressive motor dysfunction in PD is accompanied by increasing deficits in modulating muscle activation. These results help clarify previous disparate and sometimes contradictory results of EMG patterns in subjects with PD. © 2001 Movement Disorder Society. Key Words: EMG; elbow; Parkinson’s disease



Parkinson’s disease (PD) is associated with several motor impairments, including bradykinesia, tremor, rigidity, and impaired postural reflexes. Some motor impairments, such as bradykinesia, are even apparent in single degree-of-freedom (DF) movements.1 Although single DF movements do not capture the complexity of most natural movements such as walking or reaching, they do allow us to precisely examine specific features of muscle activation that share many similar features of muscle activation with multi-DF movements.2 It is by comparing muscle activation patterns from neurologically healthy individuals with those from subjects with PD that we can gain insight into possible mechanisms of motor impairment in PD. To understand the control of movement in PD, it is necessary to start with a clear understanding of the control of movement in healthy subjects (see Pfann et al,



19983). Rapid single DF movements have been well studied in young, healthy subjects, and they are typically characterized by a triphasic electromyographic (EMG) burst pattern with alternating agonist–antagonist EMG bursts.4 The magnitude, duration, initial slope, and timing of the EMG bursts are modulated in systematic ways for movements of different distances, loads, and speeds.5 In addition, the biomechanical properties of the joint affect the details of this systematic modulation.3 For example, the strength of the subject affects the distance at which an increase in agonist burst duration is first observed.6 These patterns of muscle activation form the basis for comparison with EMG patterns recorded during similar tasks in subjects with PD. In PD, the deficits in EMG modulation during the control of movement distance are unclear. For example, in a review by Berardelli and colleagues,7 the EMG pattern in subjects with PD was determined to be associated with multiple cycles of EMG bursts; the duration of the bursts are normal, increasing in duration with increasing movement distance, and the burst amplitude increases with increasing movement distance but is underscaled. In
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CONTROL OF DISTANCE IN PARKINSON’S DISEASE contrast, Hallet and Khoshbin8 found that subjects with PD exhibit fixed agonist burst duration for movements of different distances (normal subjects were reported to have a fixed, constant agonist burst duration for elbow flexion movements over 10 and 40 degrees, while PD subjects had normal burst durations). Was the fixed duration burst a consequence of the restricted range of movement distance studied, or was the finding fundamentally different from the normal increase in burst duration with increase in movement distance during elbow flexion movements reported by Berardelli and colleagues?9 Such potential discrepancies can be clarified by a study designed to control several potential confounding factors. Studies of single-joint movements have led to several hypotheses about the cause of bradykinesia in PD. Several researchers have suggested that a specific deficit in EMG modulation underlies bradykinesia. For example, a reduced ability to modulate the magnitude of the agonist EMG burst leading to magnitude saturation,8 inappropriate modulation of the size of the agonist EMG burst leading to an agonist burst of reduced area,9 and a decreased rate of rise of initial agonist activation10 have all been proposed as the primary mechanism of slowness in single DF movements in PD. In contrast to the loss of the ability to modulate a specific component of the EMG control signal, Sheridan and Flowers11 proposed that subjects with PD slow down to compensate for an increase in the inherent variability of their movements. Based on this hypothesis, we would expect to observe a pattern of EMG modulation in subjects with PD similar to that of healthy subjects making movements over different distances at submaximal speed (i.e., increasing EMG magnitude with increasing distance and a transition from fixed duration agonist burst to increasing burst duration with increasing distance).3,12 Although others have concluded that kinematic data from subjects with PD are not consistent with those of healthy subjects moving at submaximal speeds,13,14 we can directly assess the extent to which the neural activation pattern in subjects with PD deviates from that of healthy subjects. Each of these possible causes of bradykinesia can be readily tested based on our understanding of control of movement distance in healthy subjects. We sought primarily to clarify the changes in the modulation of EMG parameters exhibited by patients with PD during single DF movements over different distances. We also looked for insight into the hypotheses regarding bradykinesia in PD. This study was designed to emphasize the effects of PD on EMG patterns by accounting for other factors known to affect EMG patterns. We examined single DF elbow flexion movements
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because the EMG pattern has been thoroughly studied in young, healthy subjects over different distances at maximal and submaximal speeds3,5 and because PD is known to cause motor impairment (slowing) in elbow flexion movements.15,16 We studied movements made over a large range of movement distances (5–72 degrees) to test whether or not the discrepancies in the literature regarding EMG patterns of patients with PD could be explained by the range of movements performed in different studies. In addition, we studied young subjects (under 55) to minimize effects of aging. Moreover, we compared the PD group to age-, sex-, and body size-matched controls to minimize the differences in EMG patterns that these factors have been shown to introduce, especially due to differences in the biomechanical properties of the joints. PATIENTS AND METHODS Subjects Fourteen patients with PD (seven males, seven females) and 14 age-, sex-, and size-matched neurologically healthy subjects were tested according to university-approved protocols. Written informed consent was obtained from each subject prior to testing. Eligibility for inclusion in the study was restricted to patients who (1) were younger than 55 years of age; (2) had a diagnosis of idiopathic PD; (3) were not taking levodopa; (4) had no other known neurological disorder as determined by history and neurological exam; and (5) had no known injury or other disease that might interfere with motor function. Neurologically healthy subjects had to meet similar criteria, and also had no history or clinical signs of neurological dysfunction. Patients currently taking levodopa were excluded to minimize drug-related changes in motor function during the testing period. There were, however, two patients (Subjects 1 and 11) who had received short trials of levodopa in the past (treatment had been discontinued months or years prior to this study), the other 12 having no history of levodopa exposure. Tables 1 and 2 provide descriptive information about the subjects with PD and the control subjects. There was no statistically significant difference in age (PD, 41.8 ± 6.2 years; control, 40.2 ± 6.6 years), height (PD, 5⬘ 8.7⬘⬘ ± 5⬘⬘; control, 5⬘ 8.4⬘⬘ ± 4.9⬘⬘), or weight (PD, 169 ± 45 lbs; control, 167 ± 44 lbs) between the PD and control groups (independent t-tests, all P > 0.5). Recruitment criteria restricted the PD group to those with relatively mild impairment as compared with the general parkinsonian population. This, in turn, reduces the likelihood that changes in EMG patterns of the PD group will be observed, thereby strengthening any clear findings that do result from this study.
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K.D. PFANN ET AL. TABLE 1.



Subject no.



Age (yr)



Sex



Height



Weight (lbs)



Disease duration (yr)



Motor UPDRS



Hoehn & Yahr



Rest tremor (limb tested)



Action tremor (limb tested)



Medication*



1 2 3 4 5 6 7 8 9 10 11 12 13 14



46 44 44 43 40 42 42 28 35 45 38 36 49 53



F F F F F F F M M M M M M M



5⬘11⬙ 5⬘4⬙ 5⬘1⬙ 5⬘ 5⬘6⬙ 5⬘4⬙ 5⬘8⬙ 5⬘10⬙ 6⬘3⬙ 6⬘4⬙ 6⬘ 6⬘ 6⬘1⬙ 5⬘10⬙



140 115 124 100 150 160 130 186 220 215 230 235 185 175



3.5 5.5 2.0 1.0 
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