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Medical Sciences

A Comparison of the Effects of Continuous versus
Discontinuous Movement Patterns on Parkinsonian Rigidity and
Reflex Responses to Passive Stretch and Shortening
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Objective: Quantify the effect of a continuous compared to
discontinuous movement trajectory on parkinsonian rigidity
and reflex responses to passive stretch and shortening.

1. Introduction
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3DUNLQVRQ¶V GLVHDVH 3'  LV D SURJUHVVLYH QHXURGHJHQHUDWLYH
disease due to the loss of dopamine producing cells in the basal
nuclei. Motor dysfunction associated with PD includes rigidity,
bradykinesia, resting tremor and postural instability (14, 27).
Rigidity is a cardinal symptom of PD and is a primary component
of clinical diagnosis. Due to its responsiveness to dopaminergic
medication and surgical interventions, rigidity is also used to
assess the efficacy of anti-PD treatment (43, 45). Parkinsonian
rigidity is described as an increased, uniform resistance to passive
limb movement throughout the range of motion (19). A clinical
UDWLQJ VFDOH WKH 8QLILHG 3DUNLQVRQ¶V 'LVHDVH 5DWLQJ 6FDOH
83'56  LV XVHG WR DVVHVV ULJLGLW\ EDVHG RQ WKH H[DPLQHU¶V
SHUFHSWLRQ RI UHVLVWDQFH WR SDVVLYH PRYHPHQWV RI WKH SDWLHQW¶V
wrist, elbow, neck and ankle joints (13, 20). Clinical assessment
of rigidity is qualitative in nature, is highly subjective and is
heavily dependent XSRQ WKH H[DPLQHU¶V LQWHUSUHWDWLRQV DQG
experience (37).
The constant nature of parkinsonian rigidity has been shown
to be the result of the interaction change in the physical properties
of passive connective tissues (9, 10, 12, 32, 42, 46) as well as
aberrant reflex responses to stretch and shortening (5, 6, 8, 30, 39,
44). Previous research investigating reflex responses to stretch in
PD demonstrated that individuals with PD exhibit normal shortlatency stretch reflexes (5, 8, 30, 39) while the long-latency
stretch reflex was exaggerated when compared to healthy controls
(6, 39, 44). It has also been demonstrated that individuals with
PD exhibit enhanced shortening reactions, an anomalous muscle
activation in response to passive shortening (1, 3, 47). It has been
suggested that the exaggerated shortening reaction underlies the
XQLTXH FRQVWDQW ³OHDG-SLSH´ ULJLGLW\ SUHVHQW LQ 3' (2, 38, 48,
51).
Parkinsonian rigidity has been shown to be sensitive to a
number of factors including dopaminergic medication (40, 45),
movement amplitude (36), movement velocity (36) and
contralateral muscle contractions (35). Previous investigations of
mechanisms underlying PD-related rigidity have used
discontinuous movement trajectories (DISC), or pairs of passive
unidirectional movements separated by a quiescent period in
which no movement was imposed (25, 26, 35, 36, 51). For
example, one study investigating the effect of movement
amplitude and velocity on parkinsonian rigidity (36) implemented

Methods: Eighteen participants with 3DUNLQVRQ¶VGLVHDVH PD)
performed passive wrist flexion and extension movements
through a 90° range of motion at 50 °/sec using continuous
(CONT) and discontinuous (DISC) movement trajectories.
Participants were tested in both the OFF-MED and ON-MED
states. Rigidity was quantified by rigidity work score and
slopes of the moment-angle plots during both flexion and
extension. Reflex response was quantified by mean EMG
amplitudes of forearm musculature.
Results: No differences were observed between CONT and
DISC for rigidity (p = 0.18) or moment-angle plot slopes
(Flexion: p = 0.97; Extension: p = 0.89). However, medication
was associated with reductions in rigidity (p = 0.02) and
increases in moment-angle plot slopes (Flexion: p = 0.03;
Extension: p = 0.02). The CONT compared to DISC trajectory
was associated with greater EMG amplitudes in the shortened
muscles (p = 0.04) and smaller EMG ratios (p < 0.05) during
flexion, and greater EMG amplitudes in the lengthened
muscles (p = 0.02) during extension.
Dopaminergic
medication reduced EMG amplitudes in stretched muscles
during extension (p < 0.05).
Conclusions: The nature of the movement trajectory
(continuous vs. discontinuous) used during clinical
assessment does not alter the presentation of rigidity in PD.
Rigidity is reduced with the administration of dopaminergic
medication, independent of movement trajectory.
Significance: These data suggest that the presentation of
rigidity used in the determination of diagnosis, treatment and
prognosis in PD will not be affected by the continuous nature
of the movement trajectory used during clinical assessment.
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No differences in measures of rigidity (rigidity work
score or moment-angle plot slopes) were attributed to
movement trajectory
Dopaminergic medication significantly reduced rigidity
and increased moment-angle plot slopes
Flexors exhibited greater EMG amplitudes during
continuous versus discontinuous movement trajectories
Dopaminergic medication did not systematically alter
EMG amplitudes regardless of trajectory
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a passive wrist flexion movement followed by a one second pause
and then a passive wrist extension movement. However, due to
the sensitivity of parkinsonian rigidity to background muscle
activation (39), it could be postulated that a continuous movement
trajectory (CONT) in which no quiescent period exists (i.e. a
passive wrist flexion movement immediately followed by a
passive wrist extension movement) could enhance reflex
responses in individuals with PD altering the presentation of
rigidity. Previous research has demonstrated that muscle force
production is enhanced following a preliminary stretch (stretchshortening cycle; SSC). Several underlying mechanisms have
been suggested including passive input from connective tissues
(15, 21, 23) and stretch reflex responses (11, 31). A recent
investigation into the factors underlying enhanced force
production as a result of the SSC revealed that pre-activation was
a significant component in improving force production (16). This
force potentiation associated with the SSC may, in part, explain
previous research findings (36) describing the velocity-sensitive
nature of PD-related rigidity (17). The available evidence
suggests that the presence of a SSC may alter the presentation of
rigidity in individuals with PD by enhancing the shortening
reaction during a CONT compared to DISC movement trajectory,
functionally reducing the presentation of rigidity. A perceived
reduction in resistance to passive movement during a clinical
assessment via the UPDRS may result in misdiagnosis or
implementation of an inappropriate treatment regimen.
Identifying the response of parkinsonian rigidity to CONT and
DISC movement trajectories will inform clinical practitioners and
scientists regarding current rigidity assessment techniques.
Therefore, the purpose of this study was to investigate the
effect of CONT and DISC movement trajectories and
dopaminergic medication on parkinsonian rigidity and reflex
amplitudes of passively stretched and shortened muscles. It was
hypothesized that (1) a CONT movement trajectory would be
associated with reduced rigidity and greater shortening reactions
compared to a DISC movement trajectory and that (2) medication
would reduce rigidity, increase moment-angle plot slopes and
reduce reflex responses in both movement trajectories (CONT
and DISC).

subjects provided written informed consent prior to participation
in the study.

2.2 Experimental protocol
Each subject was initially evaluated using the Motor Section (Part
III) of the UPDRS (13); the subject was then seated in a height
DGMXVWDEOH FKDLU 7KH VXEMHFW¶V KDQG H[KLELWLQJ JUHDWHU ULJLGLW\
according to the UPDRS was placed in a manipulandum attached
WR WKH VKDIW RI D VHUYRPRWRU :LWK WKH VXEMHFW¶V VKRXOGHU DQG
forearm in neutral position and the elbow in approximately 120°
of flexion, the center of wrist joint rotation was aligned with the
center of rotation of the servomotor. The forearm was stabilized
using a vacuum bag splint which prevented forearm pronation and
supination. The metacarpal restraints of the manipulandum
restricted other motions of the wrist allowing only flexion and
extension.
Subjects were instructed to remain relaxed during passive
wrist flexion and extension movements generated by the
servomotor. Each trial began with the wrist at approximately 45°
of wrist extension and moved through a central range of motion of
90° (± 45°) at a constant velocity of 50 °/s. Two movement
trajectories were applied to the passive wrist including CONT and
DISC movement trajectories. The CONT was characterized by a
passive wrist flexion movement of 90° followed by an immediate
passive wrist extension movement of 90°. The DISC trajectory
was characterized by a passive wrist flexion movement of 90°
followed by a one second pause (no movement) then a passive
wrist extension movement of 90°. Two trials were collected for
each movement trajectory.
Trajectory presentation order
randomized and each trial was followed by a 30-second period of
rest to minimize motor adaptation and fatigue.
Resistance torque at the wrist was measured using a strain
gauge torque transducer (TRT-200, Pacific Scientific, CA, USA)
while angular position of the wrist joint was measured using
emulated encoder output from the servomotor controller (SC904
series, Pacific Scientific, CA, USA). Torque and position signals
were recorded at 1000 Hz and 100 Hz, respectively. To quantify
reflex responses to passive muscle stretch and shortening, surface
electromyography (EMG) signals were recorded from the
extrinsic wrist and finger flexor and extensor muscles including:
flexor carpi radialis (FCR), flexor carpi ulnaris (FCU), flexor
digitorum superficialis (FDS), extensor carpi radialis (ECR),
extensor carpi ulnaris (ECU), extensor digitorum communis
(EDC). EMG signals were recorded using a 16-channel surface
EMG system (Delsys, Inc., MA, USA). Electrode placement
followed previously published recommendations (34) and were
confirmed using manual muscle testing. EMG signals were
amplified (x10k) and band-pass filtered (20 ± 450 Hz) before
being sampled at 1000 Hz for each EMG channel. Torque,
position and EMG data were captured using custom software
(LabVIEW 2009, National Instruments, TX, USA).
Subjects with PD were tested in two medication states
including Off- (OFF-MED) and On-medication (ON-MED). The
OFF-MED condition occurred after a 12-hour withdrawal from
dopaminergic medication (22) when a majority of the beneficial
effects of dopamine replacement therapy was eliminated (7).
After OFF-MED testing was completed, subjects with PD selfadministered their regular dose of dopaminergic medication in the
laboratory. Following a 45- to 60-minute period of rest, the effect
of dopaminergic medication was validated verbally by the subject.
Once the efficacy of medication was established, the participants
repeated the experimental protocol in the ON-MED state.

2. Methods
2.1 Participants
Eighteen subjects with idiopathic PD (7 men, 11 women)
participated in this study. Subject anthropometrics, clinical
characteristics and medication profiles are presented in Table 1.
Each subject was assessed for inclusion using a verbal medical
history and the Motor Section (Part III) of the UPDRS (13).
Subjects were included if they (1) were between 40 and 80 years
of age, (2) were treated using dopaminergic medication, (3) had
the presence of clinical rigidity of 2 or 3 (mild to moderate or
marked) in one or both arms when dopaminergic medication was
temporarily withdrawn, and (4) had minimal tremor (<1, slightly
and infrequently present) in the tested arm in the untreated
condition. Subjects were excluded if cognitive impairments
prevented them from giving informed consent, understanding
instructions or providing adequate feedback. Subjects were also
excluded if they had insufficient wrist range of motion (less than
50° in either flexion or extension) or a history of upper extremity
impairment that would affect wrist motion. The experimental
protocol was approved by the Institutional Review Board of
Creighton University, Omaha, Nebraska, USA. This study was
conducted in accordance with the Declaration of Helsinki. All
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Table 1. 3DWLHQWV¶FOLQLFDOLQIRUmation
Age
(yrs)

Disease
Duration (yrs)

Gender

1

62

11

2

67

3

Rigidity (UPDRS)a

Arm
tested

Off

On

F

R

3

1

13

F

L

3

2

71

5

F

R

2

1

C/L 50/200 (x4); C/L/E 100 mg (x2); Pra
1.5 mg (x3)
C/L 25/100 (x3); R 1 mg (x3); S 5 mg
(x2)
C/L 25/100 (x3)

4

69

3

F

R

2

2

Pra 1.5 mg (x3)

5

65

3

M

L

2

1

C/L 25/100 mg (x3)

6

59

8

M

R

2

1

7

57

5

F

R

2

1

8

63

12

M

R

2

1

9

58

14

M

L

4

3

10

77

1

F

L

2

0

11

67

10

M

R

2

1

12

63

7

F

R

2

1

C/L 25/100 (x3); R 1.0 mg (x3)
Az 1 mg (x1); C/L 25/100 (x3); R 3.0 mg
(x3)
Am 100 mg (x1); C/L 25/100 (x2);
Am 100 mg (x2); C/L 25/100 (x3); Ct
200 mg (x3)
C/L 25/100 (x3)
Az 1.0 mg (x1); C/L 100 mg (x1); Ct 200
mg (x1)
Pra 1.5 mg (x3); S 1.0 mg (x1)

13

46

1

F

L

3

1

C/L 25/100 (x1); R 1.0 mg (x3)

14

73

2

M

L

3

2

C/L 25/100 (x3)

15

55

10

M

L

3

1

C/L 25/250 mg (x4); R 1 mg (x4)

16

72

4

F

R

2

1

C/L 25/100 (x1); R 3.0 mg (x4)

17

74

2

F

L

2

1

C/L 25/100 (x3)

18

48

2

F

L

2

1

C/L 25/100 (x3); Pra 1.5 mg (x1)

Patient

Medication Informationb

a

83'56 XQLILHG3DUNLQVRQ¶VGLVHDVHUDWLQJVFDOH 5LJLGLW\- absent; 1 - slight; 2 - mild to moderate; 3 - marked; 4 - severe.
b
Am - amantadine; Az - azilect; C/L - carbidopa/levodopa; C/L/E - carbidopa/levodopa/entacapone; Ct - comtan; E - entacopone; Pra - pramipexole; R ropinirole; S - selegiline.

Figure 1. A sample moment-DQJOHSORWIURPDUHSUHVHQWDWLYHVXEMHFWZLWK3DUNLQVRQ¶VGLVHDVHLQWKH2))-MED state during the passive wrist flexion and
extension movements through the 90° range of motion at 50 °/sec.

2.3 Data analyses

torque-angle plot was assessed using linear regression analyses
for the flexion and extension movements independently (35, 36,
49, 50). To remove calculation error associated with the inertial
components of the torque signal, immediately following the onset
of movement and associated with the inertia of the wrist and hand
segment, the initial 5° of the motion were excluded from the
rigidity analyses (Figure 2) (36).

To quantify rigidity of the wrist, torque and EMG data were
analyzed using custom software (MATLAB 2015, MathWorks,
MA, USA). Rigidity was quantified using the rigidity work score
(Figure 1) which is calculated as the torque signal integrated with
respect to the joint angle (18, 35, 36, 49). Further, the slope of the
ISSN 2377-2700 | www.jnsci.org/content/201
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Figure 2. A representative sample of joint position (dotted) and joint torque (solid) signals recorded from one subject during an imposed flexion and
extension movements at 50°/s. Rigidity work scores were calculated for the periods of flexion and extension while the inertial components of torque,
denoted by brackets, were omitted from the analysis.

EMG signals were full-wave rectified and low-pass filtered
with a cutoff frequency of 30 Hz. Mean EMG amplitudes were
calculated for each muscle within the flexion and extension
movement durations, respectively. Mean EMG values were
normalized to background EMG amplitude and were calculated as
the quotient of the mean EMG amplitudes during each
independent movement phase (flexion and extension) divided by
the mean background EMG amplitude during the 100 ms prior to
the onset of movement as suggested in the literature (39).
Normalized mean EMG values were grouped by function (flexors
or extensors) and represented by the sum of the EMG amplitudes
for each functional group (i.e. Flexors = FCR + FCU + FDS;
Extensors = ECR + ECU+ EDC). For example, the mean EMG
of stretched muscles was calculated as an average of normalized
mean EMG of extensors during the flexion movement and the
average of normalized mean EMG of flexors during the extension
movement (35, 36, 51). Conversely, the mean EMG of shortened
muscles was calculated as the average of normalized mean EMG
signals of the flexors during flexion and the average of
normalized mean EMG signals of the extensors during extension.
In addition to EMG responses to passive muscle stretch and
shortening, EMG ratios were calculated to represent the
interaction between the stretch reflex and shortening reaction.
The EMG ratio has been shown to be a robust index for the
assessment of parkinsonian rigidity (35, 51). The EMG ratio was
calculated as the normalized EMG activity of the stretched
muscles divided by the normalized EMG activity of the shortened
muscles during each phase of movement. For example, during the
imposed flexion movement the extensor muscles were stretched
while the flexor muscles were shortened. Thus the normalized
mean EMG in the stretched extensor muscles was divided by the
ISSN 2377-2700 | www.jnsci.org/content/201

normalized mean EMG in the shortened muscles obtaining an
EMG ratio for the flexion movement.
2.4 Statistical analyses
A series of 2 x 2 repeated measures analysis of variance
(ANOVAs) were performed to determine the main and interaction
effects of movement trajectory (CONT vs. DISC) and medication
(Off-Med vs. On-Med) on dependent variables associated with the
flexion and extension phases of wrist movement as well as the
total movement cycle (flexion and extension). In the presence of a
significant interaction effect, post hoc t-tests were performed as
tests of simple effects to determine the source of the significant
interaction. Dependent variables included rigidity work score,
torque-angle slope, EMG of stretched muscles, EMG of shortened
muscles and EMG ratio of stretched-shortened muscles. For all
statistical tests, significance was set at p < 0.05. All statistical
analyses were conducted using SPSS 21.0 (IBM, Armonk, NY,
USA).
3. Results
3.1 Rigidity
Table 2 shows the summary Rigidity Work Scores for the total
movement as well as the flexion and extension components of
each movement across all subjects. The repeated measures
ANOVA revealed no significant differences between the CONT
and DISC conditions in rigidity work scores across the total
movement (F = 2.019, p = 0.177), flexion movement (F = 0.662, p
= 0.441) or extension movement (F = 1.152, p = 0.300).
4

J Nat Sci, Vol.2, No.8, e201, 2016

Movement Trajectory & Rigidity in PD

Journal of Nature and Science (JNSCI), 2(8):e201, 2016

Table 2. Measures of rigidity including rigidity torque scores and moment-angle plot slopes. Rigidity torque scores are presented for the
overall movement (TOTAL) as well as flexion and extension components of the overall movement. Moment-angle plot slopes are
presented for the flexion and extension components of the passive movement. Presented as mean (SD).
Rigidity Work Score
Trajectory
CONT

DISC

Medication

Total

Flexion

OFF-MED

9.0 (4.2)


ON-MED

4.5 (2.1)

OFF-MED

9.4 (3.0)

ON-MED

6.4 (3.6)



5.8 (3.0)
2.1 (2.4)



4.7 (4.2)
2.2 (2.3)



Slope
Extension

Flexion

Extension

4.0 (1.4)

2.9 (0.6)

3.1 (2.0)

7.4 (4.9)

3.5 (3.1)

3.5 (1.4)

3.2 (2.7)

6.8 (3.3)

2.2 (1.5)



7.6 (5.9) 
2.6 (1.1)



7.0 (4.0) 

Note: * - denotes VLJQLILFDQWGLIIHUHQFHFRPSDUHGWR',6&WUDMHFWRU\- denotes significant difference compared to OFF-MED state.

Table 3. Normalized EMG measurements of reflex responses to stretch and shortening during the passive wrist flexion and extension
movements in the shortened muscles, lengthened muscles and the EMG ratio. Presented as mean (SD).
Rigidity Work Score
Trajectory
CONT

DISC

Medication

Total

Slope

Flexion

Extension

Flexion

Extension

OFF-MED

9.0 (4.2)

5.8 (3.0)

4.0 (1.4)

2.9 (0.6)

2.2 (1.5)

ON-MED

4.5 (2.1) 

2.1 (2.4) 

3.1 (2.0)

7.4 (4.9) 

7.6 (5.9) 

OFF-MED

9.4 (3.0)

4.7 (4.2)

3.5 (3.1)

3.5 (1.4)

2.6 (1.1)

ON-MED

6.4 (3.6) 

2.2 (2.3) 

3.2 (2.7)

6.8 (3.3) 

7.0 (4.0) 

Note: * - denotes significant difference compared to DISC WUDMHFWRU\- denotes significant difference compared to OFF-MED state.

The administration of dopaminergic medication was associated
with significant reductions in total rigidity work scores (F =
6.753, p = 0.021). The smaller total rigidity work scores in the
ON- compared to OFF-MED conditions were dominated by
significant reductions in rigidity work scores during the flexion
movement (F = 5.848, p = 0.027). Rigidity work scores in the
extension movement were not significantly reduced in the ONMED state (F = 0.169, p = 0.687). No trajectory by medication
interactions were observed for the rigidity work scores across the
total movement (F = 0.863, p = 0.369), flexion movement (F =
0.957, p = 0.342) or extension movement (F = 0.969, p = 0.341).
The slope of the torque-angle plot quantifies the uniform
QDWXUH RI ULJLGLW\LQ 3DUNLQVRQ¶V GLVHDVH Table 2 presents slopes
of the flexion and extension movements for all subjects. No
significant differences in torque-angle slopes were observed
between the CONT and DISC trajectories for the flexion
movement (F = 0.001, p = 0.972) or extension movement (F =
0.019, p = 0.892). Dopaminergic medication was associated with
significant increases in the slope of the torque-angle plot for both
the flexion movement (F = 6.204, p = 0.030) and the extension
movement (F = 7.911, p = 0.016). No significant trajectory by
medication interactions were present for the slopes of the torqueangle plots in either the flexion movement (F = 1.972, p = 0.188)
or extension movement (F = 0.719, p = 0.413).

MED condition. In the current study, muscle activation was
quantified using the mean EMG values of the stretched and
shortened muscles as well as EMG ratios of the stretchedshortened muscles for the flexion and extension movements.
Table 3 presents muscle activation levels and EMG ratios during
the flexion and extension movements.
During the flexion movement, the CONT trajectory was
associated with significantly greater EMG amplitudes in
shortened muscles (F = 4.817, p = 0.040) and significantly smaller
EMG ratios (F = 4.389, p = 0.048) than the DISC trajectory.
Post-hoc t-tests revealed that the CONT trajectory was associated
with significantly greater reflex responses EMG amplitudes than
the DISC in the shortened muscles in the ON-MED state (p =
0.032) while no differences were observed between the movement
trajectories (CONT vs. DISC) in the OFF-MED state (p = 0.175).
No significant differences were observed between CONT and
DISC trajectories in EMG amplitudes of the stretched muscles
during the flexion movement (F = 0.208, p = 0.652).
Administration of dopaminergic medication was not associated
with significant changes in EMG amplitudes of the stretched (F =
0.024, p = 0.879) or shortened muscles (F = 0.155, p = 0.698), or
EMG ratios (F = 0.007, p = 0.933).
During the extension movement, a significant trajectory by
medication interaction was observed for the stretched muscles (F
= 4.721, p = 0.041) and EMG ratios (F = 6.924, p = 0.016). Posthoc t-tests revealed that in the OFF-MED state, the CONT
trajectory was associated with significantly greater EMG
amplitudes in the stretched muscles than the DISC trajectory (p =
0.018), while no differences were observed between movement
trajectories in the ON-MED state. Post-hoc analyses also
revealed that in the CONT trajectory, the administration of
dopaminergic medication (OFF- vs. ON-MED) was associated
with significantly smaller EMG amplitudes of the stretched
muscles during the extension movement (p = 0.047). Conversely,
no differences were observed between the OFF- and ON-MED
states in the stretched muscles during the DISC trajectory (p =
0.051).

3.2 Reflex Electromyography (EMG)
Joint position and EMG activity of the wrist flexors and extensors
during the imposed extension movement are shown in Figure 3. In
this example from a representative subject, a stretch reflex and
shortening reaction are visualized in the OFF-MED (A) and ONMED (B) conditions. The stretch reflex was observed in the wrist
flexors while the shortening reaction was exhibited in the wrist
extensors during the presented extension movement. In Figure 3,
both the stretch reflex and shortening reaction were pronounced in
the OFF-MED condition, but substantially reduced in the ONISSN 2377-2700 | www.jnsci.org/content/201
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Figure 3. Representative joint position and EMG tracings of the wrist IOH[RUV DQG H[WHQVRUV IURP D VXEMHFW ZLWK 3DUNLQVRQ¶V GLVHDVH GXULQJ WKH ZULVW
extension movement at 50°/s with 60° range of motion. In the OFF-MED condition (A), a shortening reaction was observed in the extensors while a
stretch reflex was recorded in the wrist flexors. Dopaminergic medication greatly diminished the amplitude of these phenomena in the ON-MED condition
(B). The onset of movement is indicated by the vertical line. Top panel: joint position (°); middle panel: average EMG of wrist flexor muscles; lower
panel: averaged EMG of wrist extensor muscles.

A significant trajectory by medication interaction was also
observed for EMG ratios during the extension movement (F =
6.924, p = 0.016). Post-hoc t-tests revealed no significant
differences between the CONT and DISC trajectories in either the
OFF- (p = 0.066) or ON-MED states (p = 0.166). The post-hoc
analyses did not reveal a significant effect of medication in either
the CONT (p = 0.106) or DISC movement trajectories (p =
0.055). Though no significant differences were present, it should
be noted that administration of dopaminergic medication was
associated with non-significant decreases in EMG ratios in the
CONT trajectory while a small (non-significant) increase in EMG
ratios were observed in the DISC movement trajectory.

findings suggesting that reflex responses may be enhanced when
immediately following passive shortening in individuals with PD.
Parkinsonian rigidity is the mechanical outcome of changes in
the intrinsic properties of muscle and connective tissues as well as
aberrant reflexes (4, 9, 10, 28). A unique characteristic of
parkinsonian rigidity is the constant and uniform nature of the
resistance to passive motion (13). This hallmark symptom is the
result of exaggerated reflex responses to passive stretch and
shortening (25, 26, 50). Parkinsonian rigidity during passive
movements has been the focus of many research investigations
which have demonstrated that the magnitude of rigidity is
sensitive to a variety of movement parameters including
movement velocity and amplitude, and the performance of a
contralateral activation maneuver (35, 36). However, no previous
investigation has compared the rigidity response to a CONT
versus DISC movement trajectory. In the current study, no
differences were observed in rigidity work scores or momentangle plot slopes in the CONT compared to DISC movement
trajectories. These findings do not support the hypothesis that a
CONT would be associated with reduced rigidity compared to
DISC movement trajectories. Existing research has demonstrated
that torque and power output are enhanced during an active
stretch-shortening cycle compared to an isolated concentric
contraction (16, 33). Moreover, it has been suggested that the
presence of background neural drive potentiates muscle force (11,
31). Though muscular performance was enhanced during the
stretch-shortening cycle in these studies, it has been shown that
individuals with PD exhibit less efficient neuromuscular drive as
evidenced by greater EMG-torque ratios (33). However, the study

4. Discussion
The purpose of this study was to investigate the effect of
movement trajectory and dopaminergic medication on
parkinsonian rigidity and underlying reflex responses in
individuals with PD. The current findings revealed no differences
in measures of rigidity including rigidity work score or slopes of
the moment-angle plot when comparing between CONT and
DISC movement trajectories. Dopaminergic medication was
associated with significant reductions in rigidity work scores and
increased slopes of the moment-angle plots suggesting an
improvement in clinical rigidity symptoms. EMG data revealed
that reflex responses were greater in the CONT compared to
DISC movements in shortened muscles during flexion and
stretched muscles during extension. These data present novel
ISSN 2377-2700 | www.jnsci.org/content/201
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by Pedersen et al. (1997) investigated muscular performance
during voluntary muscular activation rather than a reflex response
to passive movement. In the present study, resistance to
independent passive stretch and shortening movements were
compared to passive stretch-shortening cycles at the wrist. The
present findings reveal no differences in rigidity between the two
experimental movement trajectories suggesting that a CONT
stretch-shortening cycle does not attenuate parkinsonian rigidity
compared to independent movements (DISC). These findings are
FOLQLFDOO\ UHOHYDQW LQ WKDW WKH\ LQIRUP SK\VLFLDQ¶V WKDW WKH
movement pattern (CONT vs. DISC) used to assess clinical
rigidity will not significantly alter clinical diagnosis or prognosis.
Though movement trajectory was not revealed to significantly
alter the amplitude or characteristics of parkinsonian rigidity,
these data clearly show that dopaminergic medication was
associated with reductions in PD-related rigidity. It has been
demonstrated that dopaminergic medication improves both the
direct and indirect striatal pathways in individuals with PD
reducing rigidity and enhancing motor coordination (24, 35, 52,
53). Therefore, these findings partially support the second
hypothesis by demonstrating that dopaminergic medication was
associated with reductions in rigidity work score and increases in
moment-angle plots slopes. Re-testing to assess the effect of
medication on rigidity was conducted 45 to 60 minutes following
the administration of anti-PD medication which has been
suggested to provide sufficient time for dopaminergic medication
to become efficacious (22) which was verbally confirmed by
participants. Further, these data demonstrating the effectiveness
of dopaminergic medication in reducing parkinsonian rigidity is
supported by previous research findings that have implemented a
similar timeline for re-testing (24, 35, 36, 52, 53).
In contrast to the measures of rigidity, EMG data
demonstrated a significant effect of movement trajectory.
Specifically, the shortened muscles had significantly greater
activation intensity during passive flexion while the stretched
muscles had greater activation intensity during passive extension
in the CONT compared to DISC movement trajectory.
Functionally these findings suggest that the flexor musculature
exhibits greater reflex responses to a CONT trajectory compared
to a DISC trajectory. However, the initial conditions of the
CONT and DISC were similar and thus no differences due to
movement trajectory should be observed during the initial flexion
movement. Further, as the order of trials were randomized, no
systematic differences in reflex responses should have been
observed due to habituation (29). One potential explanation for
these findings pertains to the level of background muscle
activation prior to the onset of the passive wrist movements. In
the present study, EMG signals were normalized to the resting

background EMG prior to the onset of movement (4). It is
possible that resting background EMG signals were smaller in the
CONT compared to DISC movement trajectories, potentially due
WRWKH³VPRRWKHU´QDWXUHRIWKHPRYHPHQWSDWWHUQ+RZHYer, no
evidence exists to support this postulation. The methodology by
which reflex responses are quantified should be further
investigated as preliminary research has suggested that the current
method may mask differences in reflex amplitudes in response to
stretch and shortening (41). Therefore, the methodology used in
the current study may underlie these distinct differences in reflex
responses to CONT versus DISC movement trajectories.
While the current study presents novel, clinically applicable
findings, the authors recognize several limitations to the current
study. One limitation of the current study pertains to the methods
used to quantify EMG amplitudes in the OFF- versus ON-MED
conditions. It has been previously suggested that one underlying
PHFKDQLVP RI SDUNLQVRQLDQ ULJLGLW\ LV WKH SDWLHQW¶V LQDELOLW\ WR
complete relax as evidenced by increased background EMG
amplitudes at rest. Previous research has demonstrated that
decreases of 11% in background EMG amplitudes associated with
dopaminergic medication which may contribute to difficulty
interpreting changes in EMG-related variables of aberrant reflex
responses in the OFF- compared to ON-MED states (36). A
second limitation of this study pertains to the period of time
between the OFF- and ON-MED testing. While previous research
has suggested that 45 to 60 minutes is sufficient for dopaminergic
medication to become efficacious (22) and the findings of the
current study demonstrated medication-induced improvements in
parkinsonian rigidity, it is possible that a greater period of time
would have resulted in greater differences in response to anti-PD
treatment.

1.

6.

2.
3.
4.

5.

Conclusions
The current study is the first to directly investigate the effect of a
CONT versus DISC movement trajectory on parkinsonian rigidity
and reflex responses to stretch and shortening. The findings of
this study demonstrate that movement trajectory does not
significantly alter parkinsonian rigidity and would therefore not
affect clinical diagnoses, treatments or prognoses. These data
also give rise to questions regarding the methods by which we
quantify the amplitudes of reflex responses.
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